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Preface

Fifteen years ago, in its landmark report To Err Is Human: Building a
Safer Health System, the Institute of Medicine (IOM) dramatically exposed
the issue of patient safety in health care. Stating the obvious—that human
beings make errors—but highlighting the theretofore rarely discussed
fact that those of us in health care also make errors, the report began a
quiet revolution in the way in which health care organizations address
the safety and quality of care. This report, Improving Diagnosis in Health
Care, is a follow-up to the earlier report and the most recent in the IOM’s
Quality Chasm Series. This report has three major themes.
First, Improving Diagnosis in Health Care exposes a critical type of
error in health care—diagnostic error—that has received relatively little
attention since the release of To Err Is Human. There are several reasons
why diagnostic error has been underappreciated, even though the correct
diagnosis is a critical aspect of health care. The data on diagnostic error
are sparse, few reliable measures exist, and often the error is identified
only in retrospect. Yet the best estimates indicate that all of us will likely
experience a meaningful diagnostic error in our lifetime. Perhaps the
most significant contribution of this report is to highlight the importance
of the issue and to direct discussion among patients and health care professionals and organizations on what should be done about this complex
challenge.
Second, patients are central to the solution. The report defines diagnostic error from the patient’s viewpoint as “the failure to (a) establish
an accurate and timely explanation of the patient’s health problem(s) or
(b) communicate that explanation to the patient.” The report’s first goal
xiii
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centers on the need to establish partnerships with patients and their families to improve diagnosis, and several recommendations aim to facilitate
and enhance such partnerships.
Third, diagnosis is a collaborative effort. The stereotype of a single
physician contemplating a patient case and discerning a diagnosis is
not always true; the diagnostic process often involves intra- and inter
professional teamwork. Nor is diagnostic error always due to h
 uman error;
often, it occurs because of errors in the health care system. The complexity
of health and disease and the increasing complexity of health care d
 emands
collaboration and teamwork among and between health care professionals,
as well as with patients and their families.
In addition to these major themes, the report highlights several key
issues that must be addressed if diagnostic errors are to be reduced:
•
•

•

•

•

Health care professional education and training does not take fully
into account advances in the learning sciences. The report emphasizes training in clinical reasoning, teamwork, and communication.
Health information technology, while potentially a boon to quality health care, is often a barrier to effective clinical care in its current form. The report makes several recommendations to improve
the utility of health information technology in the diagnostic
process specifically and the clinical process more generally.
There are few data on diagnostic error. The report recommends,
in addition to specified research, the development of approaches
to monitor the diagnostic process and to identify, learn from, and
reduce diagnostic error.
The health care work system and culture do not sufficiently support the diagnostic process. Echoing previous IOM work, the
report also recommends the development of an organizational
culture that values open discussion and feedback on diagnostic
performance.
In addition, the report highlights the increasingly important role
of radiologists and pathologists as integral members of the diagnostic team.

There were also areas where the committee that developed the report
wished we could go further but found that there are insufficient data
currently to support strong recommendations. One of those areas is the
payment system, now evolving from fee-for-service to more value- and
population-based. Research on the effects of novel payment systems on
diagnosis is sorely needed. Another area is that of medical liability. The
report recommends the adoption of communication and resolution programs as a key lever to improve the disclosure of diagnostic errors to
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patients and to facilitate improved organizational learning from these
events. However, other approaches for the resolution of medical injuries,
such as safe harbors for the adherence to evidence-based clinical practice
guidelines and administrative health courts, hold promise. More needs
to be known of their effect on the diagnostic process, and the report recommends demonstration projects to expand the knowledge base in these
areas.
A final area of potential controversy is the measurement of diagnostic
errors for public reporting and accountability purposes. The committee
believed that, given the lack of an agreement on what constitutes a diagnostic error, the paucity of hard data, and the lack of valid measurement
approaches, the time was simply not ripe to call for mandatory reporting.
Instead, it is appropriate at this time to leverage the intrinsic motivation of
health care professionals to improve diagnostic performance and to treat
diagnostic error as a key component of quality improvement efforts by
health care organizations. Better identification, analysis, and implementation of approaches to improve diagnosis and reduce diagnostic error are
needed throughout all settings of care.
As chair of the committee, I thank all of the members of the committee
for their individual and group contributions. I am grateful for the time,
energy, and diligence, as well as the diversity of experience and expertise,
they all brought to the process. When a diverse group of good people with
good intent come together for a common purpose, the process is richer
and more enjoyable, and the product more likely to be worthwhile. None
of the work of the committee would have been possible without the professional IOM staff, led by the study director, Erin Balogh. Both personally
and on behalf of the committee, I thank them for a truly collaborative,
incredibly responsive, and productive process.
John R. Ball
Chair
Committee on Diagnostic Error in Health Care
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Summary

The delivery of health care has proceeded for decades with a blind spot:
Diagnostic errors—inaccurate or delayed diagnoses—persist throughout all
settings of care and continue to harm an unacceptable number of patients.
For example:
•
•
•
•

A conservative estimate found that 5 percent of U.S. adults who
seek outpatient care each year experience a diagnostic error.
Postmortem examination research spanning decades has shown
that diagnostic errors contribute to approximately 10 percent of
patient deaths.
Medical record reviews suggest that diagnostic errors account for
6 to 17 percent of hospital adverse events.
Diagnostic errors are the leading type of paid medical malpractice
claims, are almost twice as likely to have resulted in the patient’s
death compared to other claims, and represent the highest proportion of total payments.

In reviewing the evidence, the committee concluded that most people
will experience at least one diagnostic error in their lifetime, sometimes
with devastating consequences. Despite the pervasiveness of diagnostic
errors and the risk for serious patient harm, diagnostic errors have been
largely unappreciated within the quality and patient safety movements
in health care. Without a dedicated focus on improving diagnosis, these
errors will likely worsen as the delivery of health care and the diagnostic
process continue to increase in complexity.
1
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Getting the right diagnosis is a key aspect of health care—it provides an explanation of a patient’s health problem and informs subsequent health care decisions. Diagnostic errors stem from a wide variety
of causes, including: inadequate collaboration and communication among
clinicians, patients, and their families;1 a health care work system that is
not well designed to support the diagnostic process; limited feedback to
clinicians about diagnostic performance; and a culture that discourages
transparency and disclosure of diagnostic errors—impeding attempts to
learn from these events and improve diagnosis. Diagnostic errors may
result in different outcomes, and as evidence accrues, these outcomes
will be better characterized. For example, if there is a diagnostic error, a
patient may or may not experience harm. Errors can be harmful because
they can prevent or delay appropriate treatment, lead to unnecessary or
harmful treatment, or result in psychological or financial repercussions.
Harm may not result, for example, if a patient’s symptoms resolve even
with an incorrect diagnosis.
Improving the diagnostic process is not only possible, but also represents a moral, professional, and public health imperative. Achieving that
goal will require a significant reenvisioning of the diagnostic process and
a widespread commitment to change among health care professionals,
health care organizations, patients and their families, researchers, and
policy makers.
DEFINITION AND CONCEPTUAL MODEL
The committee concluded that a sole focus on diagnostic error reduction will not achieve the extensive change necessary; a broader focus on
improving diagnosis is warranted. To provide a framework for this dual
focus, the committee developed a conceptual model to articulate the diagnostic process (see Figure S-1), describe work system factors that influence
this process (see Figure S-2), and identify opportunities to improve the
diagnostic process and outcomes (see Figure S-3).
The diagnostic process is a complex and collaborative activity that
unfolds over time and occurs within the context of a health care work
system. The diagnostic process is iterative, and as information gathering
continues, the goal is to reduce diagnostic uncertainty, narrow down the
diagnostic possibilities, and develop a more precise and complete understanding of a patient’s health problem.
The committee sought to develop a definition of diagnostic error that
reflects the iterative and complex nature of the diagnostic process, as
1

The term “family” is used for simplicity, but the term is meant to encompass all individuals who provide support or informal caregiving to patients in the diagnostic process.
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FIGURE S-1 The diagnostic process.

Figures S-1 and 2-1
raster image, not editable
broadside
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FIGURE S-2 The work system in which the diagnostic process takes place.

Figures S-2 and 2-1a

well as the need for a diagnosis
to convey
more than simply a label of a
raster image,
not editable
portrait
disease. The term “health problem”
is used in the definition because it is
a patient-centered and inclusive term to describe a patient’s overall health
condition. The committee’s definition of diagnostic error is the failure to
(a) establish an accurate and timely explanation of the patient’s health
problem(s) or (b) communicate that explanation to the patient. The definition employs a patient-centered perspective because patients bear the
ultimate risk of harm from diagnostic errors. A diagnosis is not accurate
if it differs from the true condition a patient has (or does not have) or if it
is imprecise and incomplete. Timeliness means that the diagnosis was not
meaningfully delayed; however, timeliness is context-dependent. While
some diagnoses may take days, weeks, or even months to establish, timely
may mean quite quickly (minutes to hours) for other urgent diagnoses.
The inclusion of communication is distinct from previous definitions, in
recognition that communication is a key responsibility throughout the
diagnostic process. From a patient’s perspective, an accurate and timely
explanation of the health problem is meaningless unless this information
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FIGURE S-3 The outcomes from the diagnostic process.
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reaches the patient so that a patient and health care professionals can act
on the explanation.2
In addition to defining and identifying diagnostic errors in clinical
practice, the report places a broader emphasis on improving the diagnostic process. Analyzing failures in the diagnostic process can provide
important opportunities for learning and continued improvement. Some
failures in the diagnostic process will lead to diagnostic errors; however,
other failures in the diagnostic process will not ultimately lead to a diag
nostic error, because subsequent steps in the process compensate for
the initial failure. In this report, the committee describes “failures in the
diagnostic process that do not lead to diagnostic errors” as near misses.
A related but distinct concept to diagnostic error is overdiagnosis,
defined as when a condition is diagnosed that is unlikely to affect the
individual’s health and well-being. While overdiagnosis represents a true
challenge to health care quality, it is not a diagnostic error. Overdiagnosis
is only detectable in population-based analyses—it is virtually impossible
to assess whether overdiagnosis has occurred for an individual patient.
However, improving the diagnostic process—such as reducing unnecessary diagnostic testing—may help avert overdiagnosis.
RECOMMENDATIONS
The committee’s recommendations address eight goals to improve
diagnosis and reduce diagnostic error (see Box S-1). These recommendations apply to all diagnostic team members and settings of care. Given the
early state of the field, the evidence base for some of the recommendations
stems from the broader patient safety and quality improvement literature.
Patients and patient advocates have much to offer on how to implement
the committee’s recommendations; leveraging the expertise, power, and
influence of the patient community will help spur progress.
Facilitate More Effective Teamwork in the Diagnostic Process
Among Health Care Professionals, Patients, and Their Families
The diagnostic process requires collaboration among health care professionals, patients, and their families. Patients and their families are
critical partners in the diagnostic process; they contribute valuable input
that facilitates the diagnostic process and ensures shared decision mak-

2 Because not all patients will be able to participate in the communication process, in some
instances communication would be between the health care professionals and a patient’s
family or designated health care proxy.
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BOX S-1
Goals for Improving Diagnosis and Reducing Diagnostic Error
•
•
•
•
•
•
•
•

 acilitate more effective teamwork in the diagnostic process among health care
F
professionals, patients, and their families
Enhance health care professional education and training in the diagnostic
process
Ensure that health information technologies support patients and health care
professionals in the diagnostic process
Develop and deploy approaches to identify, learn from, and reduce diagnostic
errors and near misses in clinical practice
Establish a work system and culture that supports the diagnostic process and
improvements in diagnostic performance
Develop a reporting environment and medical liability system that facilitates
improved diagnosis by learning from diagnostic errors and near misses
Design a payment and care delivery environment that supports the diagnostic
process
Provide dedicated funding for research on the diagnostic process and diagnostic errors

ing about the path of care. Health care professionals and organizations 3
are responsible for creating environments in which patients and their
families can learn about and engage in the diagnostic process and provide feedback about their experiences. One strategy is to promote the use
of health information technology (health IT) tools that make a patient’s
health information more accessible to patients. Involving patients and
their families in efforts to improve diagnosis is also critical because they
have unique insights into the diagnostic process and the occurrence of
diagnostic errors.
The diagnostic process hinges on successful intra- and interprofessional collaboration among health care professionals, including primary
care clinicians, physicians in various specialties, nurses, pharmacists,
technologists, therapists, social workers, patient navigators, and many
others. Thus, all health care professionals need to be well prepared and
supported to engage in diagnostic teamwork. The roles of some health
care professionals who participate in the diagnostic process have been
insufficiently recognized. The fields of pathology and radiology are criti3 The term “health care organization” is used for simplicity, but is meant to encompass
all settings in which the diagnostic process takes place, including integrated care delivery
settings, hospitals, clinician practices, retail clinics, and long-term care settings.
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cal to diagnosis, but professionals in these fields are not always engaged
as full members of the diagnostic team. Enhanced collaboration among
pathologists, radiologists, other diagnosticians, and treating health care
professionals4 has the potential to improve diagnostic testing.5 In addition, nurses are often not recognized as collaborators in the diagnostic
process, despite their critical roles in ensuring communication, care coordination, and patient education; monitoring a patient’s condition; and
identifying and preventing potential diagnostic errors.
Goal 1: Facilitate more effective teamwork in the diagnostic process
among health care professionals, patients, and their families
Recommendation 1a: In recognition that the diagnostic process is
a dynamic team-based activity, health care organizations should
ensure that health care professionals have the appropriate knowledge, skills, resources, and support to engage in teamwork in the
diagnostic process. To accomplish this, they should facilitate and
support:
• Intra- and interprofessional teamwork in the diagnostic
process.
• Collaboration among pathologists, radiologists, other diagnosticians, and treating health care professionals to improve
diagnostic testing processes.
Recommendation 1b: Health care professionals and organizations
should partner with patients and their families as diagnostic team
members and facilitate patient and family engagement in the diagnostic process, aligned with their needs, values, and preferences. To
accomplish this, they should:
• Provide patients with opportunities to learn about the diagnostic process.
• Create environments in which patients and their families
are comfortable engaging in the diagnostic process and sharing feedback and concerns about diagnostic errors and near
misses.
• Ensure patient access to electronic health records (EHRs), including clinical notes and diagnostic testing results, to facili

4

Treating health care professionals are clinicians who directly interact with patients.
The term “diagnostic testing” is broadly inclusive of all types of testing, including medical imaging, anatomic pathology and laboratory medicine, as well as other types of testing,
such as mental health assessments, vision and hearing testing, and neurocognitive testing.
5
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tate patient engagement in the diagnostic process and patient
review of health records for accuracy.
• Identify opportunities to include patients and their families
in efforts to improve the diagnostic process by learning from
diagnostic errors and near misses.
Enhance Health Care Professional Education
and Training in the Diagnostic Process
Getting the right diagnosis depends on all health care professionals
involved in the diagnostic process receiving appropriate education and
training. The learning sciences, which study how people learn, can be
used to improve education and training. For example, feedback—or information about the accuracy of a clinician’s diagnosis—is essential for
improved diagnostic performance. The authenticity of the learning environment can affect the acquisition of diagnostic skills; better alignment
of training environments with clinical practice promotes development of
diagnostic skills.
Opportunities to improve education and training in the diagnostic
process include: greater emphasis on teamwork and communication with
patients, their families, and other health care professionals; appropriate
use of diagnostic testing and the application of test results to subsequent
decision making; and the use of health IT. In addition, the lack of focus on
developing clinical reasoning and understanding the cognitive contributions to decision making represents a major gap in education within all
health care professions. Proposed strategies to improve clinical reasoning
include instruction and practice on generating and refining a differential
diagnosis, generating illness scripts, developing an appreciation of how
diagnostic errors occur and strategies to mitigate them, and engaging in
metacognition and debiasing strategies.
Oversight processes play a critical role in promoting competency in
the diagnostic process. Many accreditation organizations already require
skills important for diagnostic performance, but diagnostic competencies
need to be a larger priority within these requirements. Organizations responsible for licensure and certification can also help ensure that health
care professionals have achieved and maintain competency in the skills
essential for the diagnostic process.
Goal 2: Enhance health care professional education and training in the
diagnostic process
Recommendation 2a: Educators should ensure that curricula and
training programs across the career trajectory:
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• A
 ddress performance in the diagnostic process, including
areas such as clinical reasoning; teamwork; communication
with patients, their families, and other health care professionals; appropriate use of diagnostic tests and the application of these results on subsequent decision making; and use
of health information technology.
• Employ educational approaches that are aligned with evidence from the learning sciences.
Recommendation 2b: Health care professional certification and accreditation organizations should ensure that health care professionals have and maintain the competencies needed for effective
performance in the diagnostic process, including the areas listed
above.
Ensure That Health Information Technologies Support Patients
and Health Care Professionals in the Diagnostic Process
Health IT has the potential to improve diagnosis and reduce diagnostic errors by facilitating timely and easy access to information; communication among health care professionals, patients, and their families;
clinical reasoning; and feedback and follow-up in the diagnostic process.
However, many experts are concerned that health IT currently is not effectively facilitating the diagnostic process and may even be contributing
to diagnostic errors. Challenges include problems with usability, poor
integration into clinical workflow, difficulty sharing a patient’s health
information, and a limited ability to support clinical reasoning and identification of diagnostic errors in clinical practice. Better alignment of health
IT with the diagnostic process is warranted.
Because the diagnostic process occurs over time and can involve multiple health care professionals across different care settings, the free flow
of information is critical. Improved interoperability across health care
organizations and across laboratory and radiology information systems
is needed to achieve this information flow.
Although there may be patient safety risks in the diagnostic process
related to the use of health IT, it is difficult to determine the extent of the
problem. Health IT vendors often limit the sharing of information about
these risks. A previous IOM report recommended that the Department
of Health and Human Services (HHS) ensure insofar as possible that
health IT vendors support the free exchange of information about patient
safety and not prohibit sharing of such information. The present committee endorses this recommendation and highlights the need for shared
information about user experiences with health IT used in the diagnostic
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process. Independent evaluations of health IT products could also identify
potential adverse consequences that contribute to diagnostic errors.
Goal 3: Ensure that health information technologies support patients and
health care professionals in the diagnostic process
Recommendation 3a: Health information technology (health IT)
vendors and the Office of the National Coordinator for Health Information Technology (ONC) should work together with users to
ensure that health IT used in the diagnostic process demonstrates
usability, incorporates human factors knowledge, integrates measurement capability, fits well within clinical workflow, provides
clinical decision support, and facilitates the timely flow of information among patients and health care professionals involved in the
diagnostic process.
Recommendation 3b: ONC should require health IT vendors to
meet standards for interoperability among different health IT systems to support effective, efficient, and structured flow of patient
information across care settings to facilitate the diagnostic process
by 2018.
Recommendation 3c: The Secretary of Health and Human Services
should require health IT vendors to:
• Routinely submit their products for independent evaluation
and notify users about potential adverse effects on the diagnostic process related to the use of their products.
• Permit and support the free exchange of information about
real-time user experiences with health IT design and implementation that adversely affect the diagnostic process.
Develop and Deploy Approaches to Identify, Learn from, and
Reduce Diagnostic Errors and Near Misses in Clinical Practice
Due to the difficulty in identifying diagnostic errors and competing
demands from existing quality and safety improvement priorities, very
few health care organizations have processes in place to identify diagnostic errors and near misses. Nonetheless, identifying these experiences,
learning from them, and implementing changes will improve diagnosis
and reduce diagnostic errors. Health care organizations can also ensure
that systematic feedback on diagnostic performance reaches individuals,
care teams, and organizational leadership.
Postmortem examinations are a critical source of information on the
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epidemiology of diagnostic errors, but the number of postmortem examinations has declined precipitously. A greater emphasis on postmortem
examination research—including more limited approaches to postmortem
examinations—is warranted to better understand the incidence of diagnostic errors and the role of postmortem examinations in modern clinical
practice.
Health care professional societies can be engaged to identify highpriority areas to improve diagnosis, similar to the Choosing Wisely initiative on avoiding unnecessary care. Early efforts could focus on identifying
the most common diagnostic errors, “don’t miss” health conditions that
may result in patient harm, or diagnostic errors that are relatively easy
to address.
Goal 4: Develop and deploy approaches to identify, learn from, and reduce
diagnostic errors and near misses in clinical practice
Recommendation 4a: Accreditation organizations and the Medicare
conditions of participation should require that health care organizations have programs in place to monitor the diagnostic process and
identify, learn from, and reduce diagnostic errors and near misses
in a timely fashion. Proven approaches should be incorporated into
updates of these requirements.
Recommendation 4b: Health care organizations should:
• Monitor the diagnostic process and identify, learn from, and
reduce diagnostic errors and near misses as a component
of their research, quality improvement, and patient safety
programs.
• Implement procedures and practices to provide systematic
feedback on diagnostic performance to individual health
care professionals, care teams, and clinical and organizational leaders.
Recommendation 4c: The Department of Health and Human Services should provide funding for a designated subset of health care
systems to conduct routine postmortem examinations on a representative sample of patient deaths.
Recommendation 4d: Health care professional societies should
identify opportunities to improve accurate and timely diagnoses
and reduce diagnostic errors in their specialties.
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Establish a Work System and Culture That Supports the Diagnostic
Process and Improvements in Diagnostic Performance
Health care organizations influence the work system in which diag
nosis occurs and play a role in implementing change. The work systems
of many health care organizations could better support the diagnostic
process, for example, by integrating mechanisms to improve error recovery and resiliency in the diagnostic process.
The culture and leadership of health care organizations are key factors
in ensuring continuous learning in the diagnostic process. Organizations
need to promote a nonpunitive culture in which clinicians can identify
and learn from diagnostic errors. Organizational leadership can facilitate
this culture, provide resources, and set priorities for achieving progress
in diagnostic performance and reducing diagnostic errors.
Health care organizations can also work to address diagnostic
challenges related to fragmentation of the broader health care system.
Although improved teamwork and interoperability will help with fragmentation in health care, organizations need to recognize that patients
cross organizational boundaries and that this has the potential to contribute to diagnostic errors and failures to learn from them. Strengthening
communication and reliable diagnostic test reporting is one area where
this can be addressed.
Goal 5: Establish a work system and culture that supports the diagnostic
process and improvements in diagnostic performance
Recommendation 5: Health care organizations should:
• Adopt policies and practices that promote a nonpunitive culture that values open discussion and feedback on diagnostic
performance.
• Design the work system in which the diagnostic process
occurs to support the work and activities of patients, their
families, and health care professionals and to facilitate accurate and timely diagnoses.
• Develop and implement processes to ensure effective and
timely communication between diagnostic testing health
care professionals and treating health care professionals
across all health care delivery settings.
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Develop a Reporting Environment and Medical
Liability System That Facilitates Improved Diagnosis by
Learning from Diagnostic Errors and Near Misses
Reporting
Conducting analyses of diagnostic errors, near misses, and adverse
events presents the best opportunity to learn from such experiences and
implement changes to improve diagnosis. There is a need for safe environments, without the threat of legal discovery or disciplinary action, to analyze and learn from these events. Previously, the IOM recommended that
Congress extend peer review protections to data that are collected for improving the safety and quality of care. Subsequent legislation established
the Agency for Healthcare Research and Quality (AHRQ)-administered
Patient Safety Organization (PSO) program which conferred privilege
and confidentiality protections to patient safety information that is shared
with PSOs.
The PSO program is an important national lever to increase voluntary
error reporting and analysis, but progress has been impeded by several
challenges. For example, AHRQ developed Common Formats to encourage standardized event reporting, but the use of these formats is voluntary, and there is no Common Format specific to diagnostic error. Concern
that the federal privilege protections do not protect organizations from
state reporting requirements could also prevent voluntary submissions
to PSOs and decrease the potential for improved learning. Given the PSO
program’s potential to improve learning about diagnostic errors and near
misses, it is important to evaluate the program.
Medical Liability
The core functions of medical liability are to compensate negligently
injured patients and to promote quality by encouraging clinicians and
organizations to avoid medical errors. The current approach for resolving medical liability claims sets up barriers to improvements in quality
and patient safety. In addition, patients and their families are poorly
served by the current system. While medical liability is broader than
diagnosis, diagnostic errors are the leading type of paid medical malpractice claims.
Traditional medical liability reforms have not been effective in compensating negligently injured patients or deterring unsafe care. Alternative approaches are needed that enable patients and clinicians to become
allies in making health care safer by encouraging transparency and disclosure of medical errors. These reforms can enable prompt and fair com-
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pensation for avoidable injuries, while turning errors into opportunities
for learning and improvement.
Communication and resolution programs (CRPs) provide a pragmatic
approach for changing medical liability in that they are the most likely
to be implemented. Safe harbors for adherence to evidence-based clinical
practice guidelines could also help facilitate improvements in diagnostic accuracy by incentivizing the use of evidence-based diagnostic approaches; however, there are few clinical practice guidelines available for
diagnosis, and implementation is complex. Administrative health courts
offer a fundamental change that would promote a more open environment for identifying, studying, and learning from errors, but implementation is very challenging because of their operational complexity and
resistance from stakeholders who are strongly committed to preserving
the current tort-based system.
Risk Management
Professional liability insurance carriers and health care organizations
that participate in captive or other self-insurance arrangements have an
inherent interest and expertise in improving diagnosis. Improved collaboration between health professional liability insurance carriers and health
care professionals and organizations could support education, training,
and practice improvement strategies focused on improving diagnosis and
minimizing diagnostic errors.
Goal 6: Develop a reporting environment and medical liability system
that facilitates improved diagnosis by learning from diagnostic errors
and near misses
Recommendation 6a: The Agency for Healthcare Research and Quality (AHRQ) or other appropriate agencies or independent entities
should encourage and facilitate the voluntary reporting of diag
nostic errors and near misses.
Recommendation 6b: AHRQ should evaluate the effectiveness of
patient safety organizations (PSOs) as a major mechanism for voluntary reporting and learning from these events and modify the
PSO Common Formats for reporting of patient safety events to
include diagnostic errors and near misses.
Recommendation 6c: States, in collaboration with other stake
holders (health care organizations, professional liability insurance
carriers, state and federal policy makers, patient advocacy groups,
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and medical malpractice plaintiff and defense attorneys), should
promote a legal environment that facilitates the timely identification, disclosure, and learning from diagnostic errors. Specifically,
they should:
• Encourage the adoption of communication and resolution
programs with legal protections for disclosures and apologies under state laws.
• Conduct demonstration projects of alternative approaches to
the resolution of medical injuries, including administrative
health courts and safe harbors for adherence to evidencebased clinical practice guidelines.
Recommendation 6d: Professional liability insurance carriers and
captive insurers should collaborate with health care professionals
on opportunities to improve diagnostic performance through education, training, and practice improvement approaches and increase
participation in such programs.
Design a Payment and Care Delivery Environment
That Supports the Diagnostic Process
Fee-for-service (FFS) payment has long been recognized for its inability to incentivize well-coordinated, high-quality, and efficient health care.
There is limited information about the impact of payment and care delivery
models on diagnosis, but it likely influences the diagnostic process and the
occurrence of diagnostic errors. For example, FFS payment lacks financial
incentives to coordinate care among clinicians involved in the diagnostic
process, such as the communication among treating clinicians, pathologists, and radiologists about diagnostic test ordering, interpretation, and
subsequent decision making.
For all medical specialties, there are well-documented fee schedule
distortions that result in more generous payments for procedures and
diagnostic testing interpretations than for evaluation and management
(E&M) services. E&M services reflect the cognitive expertise and skills
that all clinicians use in the diagnostic process, and these distortions may
be diverting attention and time from important tasks in the diagnostic
process. Realigning relative value fees to better compensate clinicians
for cognitive work in the diagnostic process has the potential to improve
diagnosis while reducing incentives that drive inappropriate diagnostic
testing utilization.
E&M documentation guidelines have been criticized as onerous, often
irrelevant to patient care, and preventing clinical reasoning in the diagnostic process. Payment and liability concerns, facilitated by the growth
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in EHRs, have resulted in extensive clinical documentation that obscures
key information in patients’ medical records, results in inaccuracies in
patients’ EHRs, and can contribute to diagnostic errors.
Due to the limitations in FFS payment, a number of alternative payment and care delivery models are under evaluation; for example, half
of Medicare payments are expected to be based on alternative models by
2018. There is limited evidence concerning the impact of payment and
care delivery models—including FFS—on the diagnostic process and the
accuracy of diagnosis, and this represents a fundamental research need.
Even when alternative approaches to FFS are employed, they are often
influenced by FFS. Thus, the current challenges with FFS will need to be
addressed, even with the implementation of alternative payment and care
delivery models.
Goal 7: Design a payment and care delivery environment that supports
the diagnostic process
Recommendation 7a: As long as fee schedules remain a predominant mechanism for determining clinician payment, the Centers
for Medicare & Medicaid Services (CMS) and other payers should:
• Create current procedural terminology codes and provide
coverage for additional evaluation and management activities not currently coded or covered, including time spent by
pathologists, radiologists, and other clinicians in advising
ordering clinicians on the selection, use, and interpretation
of diagnostic testing for specific patients.
• Reorient relative value fees to more appropriately value the
time spent with patients in evaluation and management
activities.
• Modify documentation guidelines for evaluation and management services to improve the accuracy of information in
the electronic health record and to support decision making
in the diagnostic process.
Recommendation 7b: CMS and other payers should assess the impact of payment and care delivery models on the diagnostic process,
the occurrence of diagnostic errors, and learning from these errors.
Provide Dedicated Funding for Research on the
Diagnostic Process and Diagnostic Errors
The diagnostic process and diagnostic errors have been neglected
areas within the national research agenda; federal resources devoted to
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diagnostic research are overshadowed by those devoted to treatment. A
major barrier to research is the organization and funding of the National
Institutes of Health by disease or organ systems, which facilitates the study
of these specific areas but impedes research efforts that seek to provide
a more comprehensive understanding of diagnosis as a distinct research
area. Given the potential for federal research on diagnosis and diagnostic
error to fall between institutional missions, collaboration among agencies
is needed to develop a national research agenda on these topics. Because
overall federal investment in biomedical and health services research is
declining, funding for diagnosis and diagnostic error will draw federal
resources away from other priorities. However, given the consistent lack
of resources for research on diagnosis, and the potential for diagnostic
errors to contribute to patient harm and health care costs, funding for this
research is necessary for broader improvements to the quality and safety
of health care. In addition, improving diagnosis could potentially lead to
cost savings by preventing diagnostic errors, inappropriate treatment, and
related adverse events.
In addition to federal-level research, there is an important role for
public–private collaboration and coordination among the federal government, foundations, industry, and other stakeholders. Collaborative funding efforts extend the existing financial resources and reduce duplications
in research efforts. Parties can unite around areas of mutual interest and
spearhead progress.
Goal 8: Provide dedicated funding for research on the diagnostic process
and diagnostic errors
Recommendation 8a: Federal agencies, including the Department of
Health and Human Services, the Department of Veterans Affairs,
and the Department of Defense, should:
• Develop a coordinated research agenda on the diagnostic
process and diagnostic errors by the end of 2016.
• Commit dedicated funding to implementing this research
agenda.
Recommendation 8b: The federal government should pursue and
encourage opportunities for public–private partnerships among a
broad range of stakeholders, such as the Patient-Centered Outcomes Research Institute, foundations, the diagnostic testing and
health information technology industries, health care organizations, and professional liability insurers to support research on the
diagnostic process and diagnostic errors.
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Introduction

For decades, the delivery of health care has proceeded with a blind spot:
Diagnostic errors—inaccurate or delayed diagnoses—persist throughout
all care settings and harm an unacceptable number of patients. Getting
the right diagnosis is a key aspect of health care, as it provides an explanation of a patient’s health problem and informs subsequent health care
decisions (Holmboe and Durning, 2014). Diagnostic errors can lead to
negative health outcomes, psychological distress, and financial costs. If a
diagnostic error occurs, inappropriate or unnecessary treatment may be
given to a patient, or appropriate—and potentially lifesaving—treatment
may be withheld or delayed. However, efforts to identify and mitigate
diagnostic errors have so far been quite limited. Absent a spotlight to
illuminate this critical challenge, diagnostic errors have been largely un
appreciated within the quality and patient safety movements. The result
of this inattention is significant: It is likely that most people will experience at least one diagnostic error in their lifetime, sometimes with devastating consequences.
The topic of diagnosis raises a number of clinical, personal, cultural,
ethical, and even political issues that commonly capture public interest.
Members of the public are concerned about diagnosis and many have
reported experiencing diagnostic errors. For example, a survey by Isabel
Healthcare found that 55 percent of adults indicated that their main concern when visiting a family practitioner was being correctly diagnosed
(Isabel Healthcare, 2006). A poll commissioned by the National Patient
Safety Foundation found that approximately one in six of those surveyed
had experience with diagnostic error, either personally or through a close
19
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friend or relative (Golodner, 1997). More recently, 23 percent of people
surveyed in Massachusetts stated that they or someone close to them had
experienced a medical error, and approximately half of these errors were
diagnostic errors (Betsy Lehman Center for Patient Safety and Medical
Error Reduction, 2014). In the United Kingdom, the country’s National
Health Service concluded that diagnosis—including diagnostic error—
was the most common reason individuals complained about their health
care, accounting for approximately 35 percent of complaints (Parliamentary and Health Service Ombudsman, 2014).
In addition to diagnostic errors, the public is concerned about other
aspects of diagnosis, such as the value of making and communicating
diagnoses at early stages in conditions such as Alzheimer’s disease and
amyotrophic lateral sclerosis (Lou Gehrig’s disease) for which there is
currently no known cure (Hamilton, 2015). There is also a growing concern about overdiagnosis, such as the assignment of diagnostic labels to
conditions that are unlikely to affect the individual’s health and wellbeing (Welch et al., 2011); the focus of clinical attention on making new
diagnoses in older patients while ignoring limitations to their daily living
that need immediate attention (Gawande, 2014; Mechanic, 2014); and the
elevation of common behavioral traits to the level of formal diagnoses,
with the attendant treatment and confidentiality implications (Hazen et
al., 2013; Kavan and Barone, 2014; NHS, 2013). The Institute of Medicine
(IOM) report Beyond Myalgic Encephalomyelitis/Chronic Fatigue Syndrome:
Redefining an Illness brought attention to the problem that individuals with
debilitating but previously non-recognized symptom complexes may be
given inadequate attention by clinicians or ignored altogether because a
diagnosis is lacking (IOM, 2015; Rehmeyer, 2015). Diagnoses also affect
the health care that patients receive, eligibility for social security and
veterans disability benefits, as well as health care research and education
priorities.
The widespread challenge of diagnostic errors frequently rises to
broad public attention, whether the widely reported diagnostic error of
Ebola virus infection in a Dallas hospital emergency department or in
the occasional report of an extraordinarily high malpractice award for
failure to make a timely diagnosis of cancer or some other life threatening
disease (Pfeifer, 2015; Upadhyay et al., 2014; Wachter, 2014). The subjects
of diagnosis and diagnostic error have captured media interest, as indicated by television shows and columns about perplexing diagnoses and
coverage of patient experiences with diagnosis (Dwyer, 2012; Genzlinger,
2012; Gubar, 2014; New York Times, 2014; Washington Post, 2014). For example, Harper’s Magazine featured an essay that chronicled one patient’s
diagnostic journey and experience with diagnostic error through multiple
clinicians, Internet searches, conversations with friends and family, and
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decision support tools (Julavits, 2014). Books featuring patients’ experiences with diagnosis and the health care system have also been published
(Cahalan, 2012; Groopman, 2007; Sanders, 2010).
Given the importance of diagnosis to patients and to health care decision making, as well as the pervasiveness of diagnostic errors in practice, it
is surprising that this issue has been neglected within the quality improvement and patient safety movement (Gandhi et al., 2006; Graber et al., 2012;
Newman-Toker and Pronovost, 2009; Singh, 2014). There are a number of
reasons for the lack of attention to diagnostic errors. Major contributors are
the lack of effective measurement of diagnostic error and the difficulty in
detecting these errors in clinical practice (Graber et al., 2012; Singh, 2013).
Even if they can be measured or identified, diagnostic errors may not be
recognized, for example, when the error is identified by a second clinician
and feedback about the error is not provided to the original clinician. There
may also be debate about what constitutes a diagnostic error; even after
an extensive review of a patient’s chart, expert reviewers often disagree
about whether or not an error has occurred (Wachter, 2010; Zwaan and
Singh, 2015). Diagnostic errors may also be perceived as too difficult to
address because the reasons for their occurrence are often complex and
multifaceted (Berenson et al., 2014; Croskerry, 2003; Graber et al., 2005;
Schiff et al., 2005; Zwaan et al., 2009). This difficulty in identifying the
etiology of errors, combined with a lack of feedback on diagnostic performance in many health care settings, limits understanding and makes it
more difficult to prioritize improving diagnosis and reducing diagnostic
errors. Other factors that contribute to the limited focus on diagnostic error
include a lack of awareness of the problem, attitudes and culture that
encourage inaction and tolerance of errors, poorly understood characteristics of the diagnostic and clinical reasoning processes, and the need for
financial and other resources to address the problem (Berenson et al., 2014;
Croskerry, 2012).
Although diagnostic error has been largely underappreciated in efforts to improve the quality and safety of health care, this issue has
garnered national attention, and there is growing momentum for change
(Graber et al., 2012; Schiff and Leape, 2012; Wachter, 2010). Emerging
research has found new opportunities for the identification of diagnostic
errors and has led to a better understanding of the epidemiology and
etiology of these errors and of potential interventions to improve diag
nosis (Singh et al., 2014; Tehrani et al., 2013; Trowbridge et al., 2013;
Zwaan and Singh, 2015; Zwaan et al., 2010). Patients and families who
have experienced diagnostic error have become increasingly vocal
about their desire to share their unique insights to help identify patterns
and improve the diagnostic process for future patients (Haskell, 2014;
McDonald et al., 2013).
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Efforts to accelerate progress toward improving diagnosis can leverage four important movements in health care: the movements to improve
patient safety, to increase patient engagement, to foster professionalism,
and to encourage collaboration. Diagnostic error has been called the next
frontier in patient safety, even though the challenge of diagnostic error will
have benefits beyond the realm of patient safety, as such errors are a major
challenge to the quality of patient care (Newman-Toker and Pronovost,
2009). Patient engagement and the importance of shared decision making are
recognized as critical aspects of improving health care quality (IOM, 2001).
The current focus on professionalism emphasizes health care professionals’
intrinsic motivation and commitment to provide patients with high-quality,
patient-centered care (Berwick, 2015; Chassin and Baker, 2015; Madara and
Burkhart, 2015). The growing recognition of health care as a team-based
activity has led to greater collaboration among health care professionals,
both intra- and interprofessionally (IOM, 2001; Josiah Macy Jr. Foundation
and Carnegie Foundation for the Advancement of Teaching, 2010). These
four movements have collectively transformed the way that health care is
provided in the United States, and progress toward improving diagnosis
and reducing diagnostic errors is a natural outgrowth of these movements.
This report by the Committee on Diagnostic Error in Health Care synthesizes
current knowledge about diagnostic error and makes recommendations on
how to reduce diagnostic errors and improve diagnosis.
CONTEXT OF THE STUDY
This study is a continuation of the IOM Quality Chasm Series, which
focuses on assessing and improving the quality and safety of health care.
It includes the IOM reports To Err Is Human: Building a Safer Health System
and Crossing the Quality Chasm: A New Health System for the 21st Century.
The first report was a call to action: The committee concluded that the
care patients receive is not as safe as it should be (IOM, 2000). Estimating that tens of thousands of lives are lost each year because of medical
errors, the report catalyzed a movement to improve the safety of health
care in America. The second report defined high-quality care broadly
and set out a vision to close the chasm between what was known to be
high-quality care and what patients received in practice (IOM, 2001).
Together these reports stimulated widespread scrutiny of the health care
system and brought about large-scale efforts to improve the quality and
safety of care.
However, these reports focused primarily on the quality and safety of
medical treatment rather than on the diagnostic process. The majority
of quality improvement and patient safety efforts that have since followed
have been focused on improving the delivery of evidence-based care and
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preventing the adverse outcomes of treatment, such as medication and
surgical errors, and health care–associated infections.
ORIGIN OF TASK AND COMMITTEE CHARGE
In the summer of 2013, the Society to Improve Diagnosis in Medicine requested that the IOM Board on Health Care Services undertake a
study on diagnostic error as a continuation of the IOM’s Quality Chasm
Series. With support from a broad coalition of sponsors—the Agency for
Healthcare Research and Quality, the American College of Radiology, the
American Society for Clinical Pathology, the Cautious Patient Foundation,
the Centers for Disease Control and Prevention, the College of American
Pathologists, The Doctors Company Foundation, Janet and Barry Lang,
Kaiser Permanente National Community Benefit Fund at the East Bay
Community Foundation, and the Robert Wood Johnson Foundation—the
study began in January 2014.
An independent committee was appointed with a broad range of expertise, including diagnostic error, patient safety, health care quality and
measurement, patient engagement, health policy, health care professional
education, cognitive psychology, health disparities, human factors and
ergonomics, health information technology (health IT), decision analysis,
nursing, radiology, pathology, law, and health economics. Brief biographies
of the 21 members of this Committee on Diagnostic Error in Health Care are
presented in Appendix B. The charge to the committee was to synthesize
what is known about diagnostic error as a quality of care challenge and to
propose recommendations for improving diagnosis (see Box 1-1).
METHODS OF THE STUDY
The committee deliberated during five in-person meetings and numerous conference calls between April 2014 and April 2015. At three of
the meetings, the committee invited a number of speakers to inform its
deliberations. These speakers provided invaluable input to the committee
on a broad range of topics, including patient experiences with diagnostic error; the measurement, reporting, and feedback of diagnostic error;
health IT design and decision support; diagnostic errors in pathology and
radiology; patient safety culture; teams in diagnosis; psychiatry and diagnostic error; legal issues in diagnosis; and the prioritization of diagnostic
error. The committee also held a webinar with experts in cognition and
health care professional education. A number of experts and organizations provided written input to the committee on a broad array of topics.
In addition to receiving this expert input, the committee reviewed an
extensive body of literature to inform its deliberations.

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

24

IMPROVING DIAGNOSIS IN HEALTH CARE

BOX 1-1
Charge to the Committee on Diagnostic Error in Health Care
An ad hoc committee of the Institute of Medicine will evaluate the existing
knowledge about diagnostic error as a quality of care challenge; current definitions
of diagnostic error and illustrative examples; and areas where additional research
is needed. The committee will examine topics such as the epidemiology of diagnostic error, the burden of harm and economic costs associated with diagnostic
error, and current efforts to address the problem.
The committee will propose solutions to the problem of diagnostic error,
which may include: clarifying definitions and boundaries; integrating educational
approaches; addressing behavioral/cognitive processes and cultural change;
teamwork and systems engineering; measures and measurement approaches;
research; changes in payment; approaches to medical liability; and health information technology and other technology changes.
The committee will devise conclusions and recommendations that will propose
action items for key stakeholders, such as patients/advocates, health care pro
viders, health care organizations, federal and state policy makers, purchasers and
payers, credentialing organizations, educators, researchers, and the diagnostic
testing and health information technology industries to achieve desired goals.

CONCEPTUAL MODEL
To help frame and organize its work, the committee developed a conceptual model that defined diagnostic error and also illustrated the diag
nostic process, the work system in which the diagnostic process occurs,
and the outcomes that result from this process (see Chapters 2 and 3 for
detailed information on the conceptual model). The committee developed
a patient-centered definition of diagnostic error: the failure to (a) establish an accurate and timely explanation of the patient’s health problem(s)
or (b) communicate that explanation to the patient.
EXAMPLES OF DIAGNOSIS AND DIAGNOSTIC ERRORS
To illustrate the complexity of the diagnostic process and the range
of diagnostic errors that can occur, the committee has included a variety
of examples of experiences with diagnosis and diagnostic error. The committee was honored to hear patients’ and family members’ experiences
with diagnosis, both positive and negative; three of these experiences are
described in Box 1-2. During the committee’s deliberations, the United
States experienced its first case of Ebola virus infection; because the diag
nosis was initially missed in the emergency department, it illustrated a
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BOX 1-2
Patient and Family Experiences with Diagnosis
Jeff
Jeff was driving home from work when he started experiencing sharp chest
pains. Because he was close to the local hospital, he decided to drive directly to
the emergency department (ED). Jeff entered the ED stating that he believed he
was having a heart attack. He was immediately provided aspirin and nitroglycerin.
An electrocardiogram (EKG) was performed, with normal results. Jeff continued
to have chest pain. Because of his ongoing symptoms, the clinicians told Jeff
that they would ready the hospital’s helicopter in case he needed to be quickly
transported to another hospital for heart surgery. Jeff then started complaining of
pain in his leg to his wife, who had by then arrived at the hospital, and she told
the nurse that something must really be wrong because Jeff rarely complained of
pain. Upon further examination, clinicians found that Jeff’s left foot and leg were
swollen, and a computed tomography (CT) scan of Jeff’s chest was performed.
The CT scan showed that Jeff had an aortic dissection, “a serious condition in
which there is a tear in the wall of the major artery carrying blood out of the heart”
(MedlinePlus, 2015). His clinicians immediately put him in a helicopter and flew
him to another hospital, where he underwent an extensive surgery to repair the
aortic dissection and repair damage to his leg.
Jeff cited the willingness of his clinicians to listen to him and his wife and to
continue investigating his symptoms despite his normal EKG results as major
contributors to his rapid diagnosis. Because aortic dissections are life-threatening
events that require urgent treatment, the quick action of the ED to get Jeff to
surgery also contributed to the successful outcome.
Before his aortic dissection, Jeff was in good health. He now has several ongoing medical conditions as well as continued surveillance and treatment related to
the dissection. He sees a number of health care professionals on a regular basis.
Jeff’s experience has taught him the importance of communicating with one’s
health care professionals. He now proactively educates himself on his health
conditions, speaks up when he has a concern, prepares questions in advance
when he has an appointment, and continues to seek answers to questions that
he feels are not adequately addressed.
Carolyn
Carolyn came to the ED with chest pain, nausea, sweating, and radiating
pain through her left arm, which are often considered classic symptoms of a
heart attack. The ED clinicians ordered an EKG, blood tests, a chest X-ray, and
a treadmill stress test; all of these tests came back normal. Her ED clinician
diagnosed her as having acid reflux, noting she was in the right demographic for
this condition. When she asked the ED doctor about the pain in her arm, he was
dismissive of the symptom. Privately, a nurse in the ED asked Carolyn to stop
asking questions of the doctor, noting that he was a very good doctor and didn’t
like to be questioned. Carolyn was released from the hospital less than 5 hours
after the onset of her symptoms, feeling embarrassed about making a “big fuss”
continued

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

26

IMPROVING DIAGNOSIS IN HEALTH CARE

BOX 1-2 Continued
over a relatively common condition. Over the next 2 weeks, she developed increasingly debilitating symptoms, which prompted her return to the ED where
she received a diagnosis of significant heart disease. Carolyn had a myocardial
infarction caused by 99 percent blocked artery—what clinicians still call the “widow
maker” heart attack.
Sue and Her Family
Sue’s son, Cal, was born healthy in a large hospital, but jaundice appeared
soon afterward. Jaundice, or yellowing of the skin, occurs when many red blood
cells break down and release a chemical called bilirubin into the bloodstream.
Cal’s father, Pat, and Sue were informed that treatment for such newborn jaundice
isn’t usually necessary. Unfortunately, because of an incorrect entry of the family
blood types into Cal’s medical record, the hospital’s clinicians had not recognized
that a common blood incompatibility existed and could lead to serious elevations
in Cal’s bilirubin levels. Within 36 hours, Cal’s jaundice had deepened and spread
from head to toe. Nevertheless, without measuring his bilirubin level, the hospital
discharged Cal to home and provided Pat and Sue with reassuring information
about jaundice, never mentioning that high levels of bilirubin in the blood can
cause damage to the brain (Mayo Clinic, 2015). Four days later, Cal was more
yellow, lethargic, and feeding poorly. His parents took him to a pediatrician, who
noted the jaundice, still did not do a bilirubin test, and advised them to wait 24
more hours to see if Cal improved. The next day, at the request of his parents,
Cal was admitted to the hospital, and a blood test showed that the bilirubin level
in Cal’s blood was dangerously high. Over the next few days while Cal was in
the hospital, Pat and Sue reported to staff that he was exhibiting worrisome new
behaviors, such as a high-pitched cry, respiratory distress, increased muscle tone,
and arching of the neck and back. They were told not to worry. Later it became
clear that Cal was experiencing kernicterus, a preventable form of brain damage
caused by high bilirubin levels in the blood of newborns. As a result, at age 20, Cal
now has significant cerebral palsy, with spasticity of his trunk and limbs, marked
impairment of his speech, difficulty aligning his eyes, and other difficulties.

high-profile example of diagnostic error with important public health
implications (Upadhyay et al., 2014) (see Chapter 5). Appendix D includes
additional examples of diagnostic error in order to convey a broader sense
of the types of diagnostic errors that can occur.
ORGANIZATION OF THE REPORT
The report is organized into three major sections. Section I consists
of Chapters 2 and 3 and provides an overview of the diagnostic process
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Several years after Cal’s birth, Pat experienced progressively severe neck
pain, and a scan showed a mass on his cervical spine. While removing the mass,
the neurosurgeon sent a tissue sample to a hospital pathologist, who examined
the sample and called back to the operating room to report that it was an atypical spindle cell neoplasm. Assuming that this meant a benign mass, the surgical
team completed the operation and declared Pat cured. Following the operation,
however, the hospital pathologist performed additional stains and examinations
of Pat’s tissue, eventually determining that the tumor was actually a malignant
synovial cell sarcoma. Twenty-one days after the surgery, the pathologist’s final
report of a malignant tumor was sent to the neurosurgeon’s office, but it was
somehow lost, misplaced, or filed without the neurosurgeon seeing it. The revised
diagnosis of malignancy was not communicated to Pat or to his referring clinician.
Six months later, when his neck pain recurred, Pat returned to his neurosurgeon.
A scan revealed a recurrent mass that had invaded his spinal column. This mass
was removed and diagnosed to be a recurrent invasive malignant synovial cell
sarcoma. Despite seven additional operations and numerous rounds of chemotherapy and radiation, Pat died 2 years later, at 45 years old, with a 4-year-old
daughter and a 6-year-old son.
Cal’s and Pat’s (and Sue’s) experiences are examples of diagnostic errors that
led to inadequate treatment with major adverse consequences—all enabled by
poor communication and uncoordinated care by multiple health care providers.
Based on her family’s experiences, Sue believes that health care systems, pro
viders, patient advocates, payers, and regulators have a responsibility to collaborate to reduce diagnostic errors by:
•
•

Improving the processes of—and the accountability for—secure intra- and
interprofessional communication of patients’ clinical information.
Engaging patients more actively as true partners with their health care
providers—with improved information sharing, joint decision making, and
self-monitoring and reporting of health conditions and symptoms.

SOURCE: Personal communications with Jeff, Carolyn, and Sue (last names are not provided
for anonymity).

and diagnostic error in health care. Section II, or Chapters 4 through 8,
describes the challenges of diagnosis and is organized by the elements
of the work system: Chapter 4 discusses the diagnostic team members
and the tasks they perform in the diagnostic process; Chapter 5 discusses
the technologies and tools (specifically health IT) used in the diagnostic
process; Chapter 6 focuses on health care organizations and their impact
on the diagnostic process and diagnostic error; Chapter 7 describes the
external elements that influence diagnosis, including payment and care
delivery, reporting, and medical liability; and Chapter 8 highlights the
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research needs concerning the diagnostic process and diagnostic errors,
as drawn from the previous Chapters. Section III (Chapter 9) synthesizes
the committee’s main conclusions and recommendations for improving
diagnosis and reducing diagnostic error.
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The Diagnostic Process

This chapter provides an overview of diagnosis in health care, including the committee’s conceptual model of the diagnostic process and
a review of clinical reasoning. Diagnosis has important implications for
patient care, research, and policy. Diagnosis has been described as both
a process and a classification scheme, or a “pre-existing set of categories
agreed upon by the medical profession to designate a specific condition”
(Jutel, 2009).1 When a diagnosis is accurate and made in a timely manner,
a patient has the best opportunity for a positive health outcome because
clinical decision making will be tailored to a correct understanding of the
patient’s health problem (Holmboe and Durning, 2014). In addition, public policy decisions are often influenced by diagnostic information, such
as setting payment policies, resource allocation decisions, and research
priorities (Jutel, 2009; Rosenberg, 2002; WHO, 2012).
The chapter describes important considerations in the diagnostic process, such as the roles of diagnostic uncertainty and time. It also highlights the mounting complexity of health care, due to the ever-increasing
options for diagnostic testing2 and treatment, the rapidly rising levels
of biomedical and clinical evidence to inform clinical practice, and the
frequent comorbidities among patients due to the aging of the popula1

In this report, the committee employs the terminology “the diagnostic process” to convey
diagnosis as a process.
2 The committee uses the term “diagnostic testing” to be inclusive of all types of testing,
including medical imaging, anatomic pathology, and laboratory medicine, as well as other
types of testing, such as mental health assessments, vision and hearing testing, and neurocognitive testing.
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tion (IOM, 2008, 2013b). The rising complexity of health care and the
sheer volume of advances, coupled with clinician time constraints and
cognitive limitations, have outstripped human capacity to apply this new
knowledge. To help manage this complexity, the chapter concludes with a
discussion of the role of clinical practice guidelines in informing decision
making in the diagnostic process.
OVERVIEW OF THE DIAGNOSTIC PROCESS
To help frame and organize its work, the committee developed a
conceptual model to illustrate the diagnostic process (see Figure 2-1). The
committee concluded that the diagnostic process is a complex, patientcentered, collaborative activity that involves information gathering and
clinical reasoning with the goal of determining a patient’s health problem.
This process occurs over time, within the context of a larger health care
work system that influences the diagnostic process (see Box 2-1). The
committee’s depiction of the diagnostic process draws on an adaptation
of a decision-making model that describes the cyclical process of information gathering, information integration and interpretation, and forming a
working diagnosis (Parasuraman et al., 2000; Sarter, 2014).
The diagnostic process proceeds as follows: First, a patient experiences a health problem. The patient is likely the first person to consider
his or her symptoms and may choose at this point to engage with the
health care system. Once a patient seeks health care, there is an iterative
process of information gathering, information integration and interpretation, and determining a working diagnosis. Performing a clinical history
and interview, conducting a physical exam, performing diagnostic testing, and referring or consulting with other clinicians are all ways of accumulating information that may be relevant to understanding a patient’s
health problem. The information-gathering approaches can be employed
at different times, and diagnostic information can be obtained in different
orders. The continuous process of information gathering, integration, and
interpretation involves hypothesis generation and updating prior probabilities as more information is learned. Communication among health
care professionals, the patient, and the patient’s family members is critical in this cycle of information gathering, integration, and interpretation.
The working diagnosis may be either a list of potential diagnoses (a
differential diagnosis) or a single potential diagnosis. Typically, clinicians
will consider more than one diagnostic hypothesis or possibility as an
explanation of the patient’s symptoms and will refine this list as further
information is obtained in the diagnostic process. The working diagnosis
should be shared with the patient, including an explanation of the degree
of uncertainty associated with a working diagnosis. Each time there is a
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FIGURE 2-1 The committee’s conceptualization of the diagnostic process.
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BOX 2-1
The Work System
The diagnostic process occurs within a work system that is composed of diag
nostic team members, tasks, technologies and tools, organizational factors, the
physical environment, and the external environment (see figure on opposite page)
(Carayon et al., 2006, 2014; Smith and Sainfort, 1989):
•
•
•
•
•
•

 iagnostic team members include patients and their families and all health
D
care professionals involved in their care.
Tasks are goal-oriented actions that occur within the diagnostic process.
Technologies and tools include health information technology (health IT)
used in the diagnostic process.
Organizational characteristics include culture, rules and procedures, and
leadership and management considerations.
The physical environment includes elements such as layout, distractions,
lighting, and noise.
The external environment includes factors such as the payment and care
delivery system, the legal environment, and the reporting environment.

All components of the work system interact, and each component can affect
the diagnostic process (e.g., a change in the physical environment may affect the
usefulness and accessibility of health IT, and a change in the diagnostic team may
affect the assignment of tasks). The work system provides the context in which the
diagnostic process occurs (Carayon et al., 2006, 2014). There is a range of settings (i.e., work systems) in which the diagnostic process can occur—for example,
outpatient primary or specialty care office settings, emergency departments, inpatient hospital settings, long-term care facilities, and retail clinics. Each of these
includes the six components of a work system—diagnostic team members and
tasks, technologies and tools, organizational factors, the physical environment,
and the external environment—although the nature of the components may differ among and between settings. The six components of the work system and
how they are related to diagnosis and diagnostic error are described in detail in
Chapters 4–7.

revision to the working diagnosis, this information should be communicated to the patient. As the diagnostic process proceeds, a fairly broad list
of potential diagnoses may be narrowed into fewer potential options, a
process referred to as diagnostic modification and refinement (Kassirer et
al., 2010). As the list becomes narrowed to one or two possibilities, diagnostic refinement of the working diagnosis becomes diagnostic verification, in which the lead diagnosis is checked for its adequacy in explaining
the signs and symptoms, its coherency with the patient’s context (physiology, risk factors), and whether a single diagnosis is appropriate. When
considering invasive or risky diagnostic testing or treatment options, the
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Figures S-2 and 2-1a
raster image, not editable
portrait

diagnostic verification step is particularly important so that a patient is
not exposed to these risks without a reasonable chance that the testing
or treatment options will be informative and will likely improve patient
outcomes.
Throughout the diagnostic process, there is an ongoing assessment
of whether sufficient information has been collected. If the diagnostic
team members are not satisfied that the necessary information has been
collected to explain the patient’s health problem or that the information
available is not consistent with a diagnosis, then the process of information gathering, information integration and interpretation, and develop-
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ing a working diagnosis continues. When the diagnostic team members
judge that they have arrived at an accurate and timely explanation of
the patient’s health problem, they communicate that explanation to the
patient as the diagnosis.
It is important to note that clinicians do not need to obtain diagnostic
certainty prior to initiating treatment; the goal of information gathering
in the diagnostic process is to reduce diagnostic uncertainty enough to
make optimal decisions for subsequent care (Kassirer, 1989; see section on
diagnostic uncertainty). In addition, the provision of treatment can also
inform and refine a working diagnosis, which is indicated by the feedback
loop from treatment into the information-gathering step of the diagnostic
process. This also illustrates the need for clinicians to diagnose health
problems that may arise during treatment.
The committee identified four types of information-gathering activities
in the diagnostic process: taking a clinical history and interview; performing a physical exam; obtaining diagnostic testing; and sending a patient
for referrals or consultations. The diagnostic process is intended to be
broadly applicable, including the provision of mental health care. These
information-gathering processes are discussed in further detail below.
Clinical History and Interview
Acquiring a clinical history and interviewing a patient provides important information for determining a diagnosis and also establishes a
solid foundation for the relationship between a clinician and the patient.
A common maxim in medicine attributed to William Osler is: “Just listen
to your patient, he is telling you the diagnosis” (Gandhi, 2000, p. 1087).
An appointment begins with an interview of the patient, when a clinician compiles a patient’s medical history or verifies that the details of
the patient’s history already contained in the patient’s medical record are
accurate. A patient’s clinical history includes documentation of the current concern, past medical history, family history, social history, and other
relevant information, such as current medications (prescription and overthe-counter) and dietary supplements.
The process of acquiring a clinical history and interviewing a patient
requires effective communication, active listening skills, and tailoring
communication to the patient based on the patient’s needs, values, and
preferences. The National Institute on Aging, in guidance for conducting a clinical history and interview, suggests that clinicians should avoid
interrupting, demonstrate empathy, and establish a rapport with patients
(NIA, 2008). Clinicians need to know when to ask more detailed questions
and how to create a safe environment for patients to share sensitive information about their health and symptoms. Obtaining a history can be chal-
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lenging in some cases: For example, in working with older adults with
memory loss, with children, or with individuals whose health problems
limit communication or reliable self-reporting. In these cases it may be
necessary to include family members or caregivers in the history-taking
process. The time pressures often involved in clinical appointments also
contribute to challenges in the clinical history and interview. Limited time
for clinical visits, partially attributed to payment policies (see Chapter 7),
may lead to an incomplete picture of a patient’s relevant history and current signs and symptoms.
There are growing concerns that traditional “bedside evaluation”
skills (history, interview, and physical exam) have received less attention due the large growth in diagnostic testing in medicine. Verghese
and colleagues noted that these methods were once the primary tools for
diagnosis and clinical evaluation, but “the recent explosion of imaging
and laboratory testing has inverted the diagnostic paradigm. [Clinicians]
often bypass the bedside evaluation for immediate testing” (Verghese et
al., 2011, p. 550). The interview has been called a clinician’s most versatile
diagnostic and therapeutic tool, and the clinical history provides direction
for subsequent information-gathering activities in the diagnostic process
(Lichstein, 1990). An accurate history facilitates a more productive and
efficient physical exam and the appropriate utilization of diagnostic testing (Lichstein, 1990). Indeed, Kassirer concluded: “Diagnosis remains
fundamentally dependent on a personal interaction of a [clinician] with a
patient, the sufficiency of communication between them, the accuracy of
the patient’s history and physical examination, and the cognitive energy
necessary to synthesize a vast array of information” (Kassirer, 2014, p. 12).
Physical Exam
The physical exam is a hands-on observational examination of the patient. First, a clinician observes a patient’s demeanor, complexion, posture,
level of distress, and other signs that may contribute to an understanding
of the health problem (Davies and Rees, 2010). If the clinician has seen
the patient before, these observations can be weighed against previous
interactions with the patient. A physical exam may include an analysis
of many parts of the body, not just those suspected to be involved in the
patient’s current complaint. A careful physical exam can help a clinician
refine the next steps in the diagnostic process, can prevent unnecessary
diagnostic testing, and can aid in building trust with the patient ( Verghese,
2011). There is no universally agreed upon physical examination checklist;
myriad versions exist online and in textbooks.
Due to the growing emphasis on diagnostic testing, there are concerns that physical exam skills have been underemphasized in current
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health care professional education and training (Kassirer, 2014; Kugler
and Verghese, 2010). For example, Kugler and Verghese have asserted
that there is a high degree in variability in the way that trainees elicit
physical signs and that residency programs have not done enough to
evaluate and improve physical exam techniques. Physicians at Stanford
have developed the “Stanford 25,” a list of physical diagnostic maneuvers
that are very technique-dependent (Verghese and Horwitz, 2009). Educators observe students and residents performing these 25 maneuvers to
ensure that trainees are able to elicit the physical signs reliably (Stanford
Medicine 25 Team, 2015).
Diagnostic Testing
Over the past 100 years, diagnostic testing has become a critical
feature of standard medical practice (Berger, 1999; European Society

BOX 2-2
Laboratory Medicine, Anatomic
Pathology, and Medical Imaging
Pathology is usually separated into two disciplines: laboratory medicine and
anatomic pathology. Laboratory medicine, also referred to as clinical pathology,
focuses on the testing of fluid specimens, such as blood or urine. Anatomic
pathology addresses the microscopic examination of tissues, cells, or other solid
specimens.
Laboratory medicine is a medical subspecialty concerned with the examination
of specific analytes in body fluids (e.g., cholesterol in serum, protein in urine, or
glucose in cerebrospinal fluid), the specific identification of microorganisms (e.g.,
disease-causing bacteria in sputum, human immunodeficiency virus in blood, or
parasites in stool), the analysis of bone marrow specimens (e.g., the identification
of a specific of type of leukemia), and the management of transfusion therapy (e.g.,
cross-matching blood products, or plasmapheresis). Generally, clinical pathologists,
except those with blood banking and coagulation expertise, do not interact directly
with patients.
Anatomic pathology is a medical subspecialty concerned with the testing of
tissue specimens or bodily fluids, typically by specialists referred to as anatomic
pathologists, to interpret results and diagnose diseases or health conditions.
Some anatomic pathologists perform postmortem examinations (autopsies). Typically, anatomic pathologists do not interact directly with patients, with the notable
exception of the performance of fine needle aspiration biopsies.
Laboratory scientists, historically referred to as medical technologists, may
contribute to this process by preparing and collecting samples and performing
tests. Especially for laboratory medicine, the ordering of diagnostic tests and the
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of Radiology, 2010). Diagnostic testing may occur in successive rounds
of information gathering, integration, and interpretation, as each round of
information refines the working diagnosis. In many cases, diagnostic
testing can identify a condition before it is clinically apparent; for example, coronary artery disease can be identified by an imaging study
indicating the presence of coronary artery blockage even in the absence
of symptoms.
The primary emphasis of this section focuses on laboratory medicine,
anatomic pathology, and medical imaging (see Box 2-2). However, there
are many important forms of diagnostic testing that extend beyond these
fields, and the committee’s conceptual model is intended to be broadly
applicable. Aditional forms of diagnostic testing include, for example,
screening tools used in making mental health diagnoses (SAMHSA and
HRSA, 2015), sleep apnea testing, neurocognitive assessment, and vision
and hearing testing.

interpretation of results are usually performed by the patient’s treating clinician,
although pathologists have much to offer in these areas.
It is worth mentioning that with the advent of precision medicine, molecular
diagnostic testing is not specifically aligned with either clinical or anatomic pathology (see Box 2-3).
Medical imaging, also known as radiology, is a medical specialty that uses
imaging technologies (such as X-ray, ultrasound, computed tomography [CT],
magnetic resonance imaging [MRI], and positron emission tomography [PET]) to
diagnose diseases and health conditions. For many conditions, it is also used to
select and plan treatments, monitor treatment effectiveness, and provide longterm follow-up. Image interpretation is typically performed by radiologists or,
for selected tests involving radioactive nuclides, nuclear medicine physicians.
Technologists support the process by carrying out the imaging protocols. Most
radiologists today have subspecialty training (e.g., in pediatric radiology or neuro
radiology), while the remainder (about 18 percent) are generalists (Bluth et al.,
2014). Specialists in other clinical disciplines, such as emergency medicine physicians and cardiologists, may be trained and credentialed to perform and interpret
certain types of medical imaging. This can include imaging (such as ultrasound)
to localize tissue targets during biopsy.
A new subspecialty in radiology is molecular imaging, which involves the use
of functional MRI techniques as well as MRI, PET/CT, or PET/MRI with molecular
imaging probes. Several new molecular imaging probes have recently been approved for clinical use, and a growing number are entering clinical trials. The field
of radiology also includes interventional radiology, which offers image-guided
biopsy and diagnostic procedures as well as image-guided, minimally invasive
treatments.
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Although it was developed specifically for laboratory medicine, the
brain-to-brain loop model is useful for describing the general process of
diagnostic testing (Lundberg, 1981; Plebani et al., 2011). The model includes nine steps: test selection and ordering, sample collection, patient
identification, sample transportation, sample preparation, sample analysis, result reporting, result interpretation, and clinical action (Lundberg,
1981). These steps occur during five phases of diagnostic testing: prepre-analytic, pre-analytic, analytic, post-analytic, and post-post-analytic
phases. Errors related to diagnostic testing can occur in any of these
five phases, but the analytic phase is the least susceptible to errors
(Eichbaum et al., 2012; Epner et al., 2013; Laposata, 2010; Nichols and
Rauch, 2013; Stratton, 2011) (see Chapter 3).
The pre-pre-analytic phase, which involves clinician test selection and
ordering, has been identified as a key point of vulnerability in the work
process due to the large number and variety of available tests, which
makes it difficult for nonspecialist clinicians to accurately select the correct test or series of tests (Hickner et al., 2014; Laposata and Dighe, 2007).
The pre-analytic phase involves sample collection, patient identification, sample transportation, and sample preparation. During the analytic
phase, the specimen is tested, examined, or both. Adequate performance
in this phase depends on the correct execution of a chemical analysis or
morphological examination (Hollensead et al., 2004), and the contribution
to diagnostic errors at this step is small. The post-analytic phase includes
the generation of results, reporting, interpretation, and follow-up. Ensuring accurate and timely reporting from the laboratory to the ordering
clinician and patient is central to this phase. During the post-post-analytic
phase, the ordering clinician, sometimes in consultation with pathologists,
incorporates the test results into the patient’s clinical context, considers
the probability of a particular diagnosis in light of the test results, and
considers the harms and benefits of future tests and treatments, given
the newly acquired information. Possible factors contributing to failure
in this phase include an incorrect interpretation of the test result by the
ordering clinician or pathologist and the failure by the ordering clinician
to act on the test results: for example, not ordering a follow-up test or not
providing treatment consistent with the test results (Hickner et al., 2014;
Laposata and Dighe, 2007; Plebani and Lippi, 2011).
The medical imaging work process parallels the work process described for pathology. There is a pre-pre-analytic phase (the selection
and ordering of medical imaging), a pre-analytic phase (preparing the
patient for imaging), an analytic phase (image acquisition and analysis),
a post-analytic phase (the imaging results are interpreted and reported to
the ordering clinician or the patient), and a post-post-analytic phase (the
integration of results into the patient context and further action). The rel-
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evant differences between the medical imaging and pathology processes
include the nature of the examination and the methods and technology
used to interpret the results.
Laboratory Medicine and Anatomic Pathology
In 2008 a Centers for Disease Control and Prevention (CDC) report
described pathology as an “essential element of the health care system,”
stating that pathology is “integral to many clinical decisions, providing
physicians, nurses, and other health care providers with often pivotal
information for the prevention, diagnosis, treatment, and management
of disease” (CDC, 2008, p. 19). Primary care clinicians order laboratory
tests in slightly less than one third of patient visits (CDC, 2010; Hickner
et al., 2014), and direct-to-patient testing is becoming increasingly prevalent (CDC, 2008). There are now thousands of molecular diagnostic tests
available, and this number is expected to increase as the mechanisms of
disease at the molecular level are better understood (CDC, 2008; Johansen
Taber et al., 2014) (see Box 2-3).
The task of selecting the appropriate diagnostic testing is challenging for clinicians, in part because of the sheer volume of choices. For example, Hickner and colleagues (2014) found that primary care clinicians
report uncertainty in ordering laboratory medicine tests in approximately
15 percent of diagnostic encounters. Choosing the appropriate test requires
understanding the patient’s history and current signs and symptoms, as
well as having a sufficient suspicion or pre-test probability of a disease or
condition (see section on probabilistic reasoning) (Pauker and Kassirer,
1975, 1980; Sox, 1986). The likelihood of disease is inherently uncertain in
this step; for instance, the clinician’s patient population may not reflect
epidemiological data, and the patient’s history can be incomplete or otherwise complicated. Advances in molecular diagnostic technologies and new
diagnostic tests have introduced another layer of complexity. Many clinicians are struggling to keep up with the growing availability of such tests
and have uncertainty about the best application of these tests in screening,
diagnosis, and treatment (IOM, 2015a; Johansen Taber et al., 2014).
Diagnostic tests have “operating parameters,” including sensitivity
and specificity that are particular to the diagnostic test for a specific disorder (see section on probabilistic reasoning). Even if a test is performed
correctly, there is a chance for a false positive or false negative result. Test
interpretation involves reviewing numerical or qualitative (yes or no)
results and combining those results with patient history, symptoms, and
pretest disease likelihood. Test interpretation needs to be patient-specific
and to consider information learned during the physical exam and the
clinical history and interview. Several studies have highlighted test inter-
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BOX 2-3
Molecular Diagnostics
The President’s Precision Medicine Initiative highlights the growing interest in
taking individual variability into account when defining disease, tailoring treatment,
and improving prevention (NIH, 2015). This initiative hinges on recent advances in
molecular and cellular biology, which have provided insights into the mechanisms
of disease at the molecular level. These advances have contributed to the development of molecular diagnostic testing, which analyzes a patient’s biomarkers in
the genome or proteome. Concurrently, the role of pathology has expanded from
morphologic observations into comprehensive analyses using combined histological, immunohistochemical, and molecular evaluations.
The use of molecular diagnostics is a rapidly developing area. Molecular
diagnostic tests are being developed and used to diagnose and monitor disease,
assess risk, inform whether a particular therapy is likely to be effective in a specific
patient, and predict a patient’s response to therapy (AvaMedDx, 2013). Molecular
diagnostic testing can identify a variety of specific genetic alterations relevant
to diagnosis and treatment; molecular diagnostic techniques are also used to
detect the genetic material of organisms causing infection. Panels of biomarkers
are being developed into molecular diagnostic tests (omics-based tests) that are
used to assess risk and inform treatment decisions, such as Oncotype DX and
MammaPrint in breast cancer (IOM, 2012).
Molecular diagnostic testing is expected to improve patient management and
outcomes. The potential advantages of molecular diagnostics include (1) providing earlier and more accurate diagnostic methods; (2) offering information about
disease that will better tailor treatments to patients; (3) reducing the occurrence

pretation errors, such as the misinterpretation of a false positive human
immunodeficiency virus (HIV) screening test for a low-risk patient as
indicative of HIV infection (Gigerenzer, 2013; Kleinman et al., 1998). In
addition, test performance may only be characterized in a limited patient
population, leading to challenges with generalizability (Whiting et al.,
2004).
The laboratories that conduct diagnostic testing are some of the most
regulated and inspected areas in health care (see Table 2-1). Some of the
relevant entities include The Joint Commission and other accreditors, the
federal government, and various other organizations, such as the College
of American Pathologists (CAP) and the American Society for Clinical
Pathology. There are many ways in which quality is assessed. Examples
include proficiency testing of clinical laboratory assays and pathologists
(e.g., Pap smear proficiency testing), many of which are regulated under
the Clinical Laboratory Improvement Amendments, and inter-laboratory
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of side effects from unnecessary treatments; (4) providing better tools to for the
monitoring of patients for treatment success or disease recurrence; and (5) improving patient outcomes and quality of life.
However, the translation of molecular diagnostic technologies into clinical
practice has been a complex and challenging endeavor.   One major challenge
is the development and rigorous evaluation of molecular diagnostic tests before
their implementation in clinical practice. The development pathway is often timeconsuming, expensive, and uncertain. In addition, there are underdeveloped and
inconsistent standards of evidence for evaluating the scientific validity of tests and
a lack of appropriate study designs and analytical methods for these analyses
(IOM, 2007, 2010, 2012). Ensuring that diagnostic tests have adequate analytical
and clinical validity is critical to preventing diagnostic errors. For example, in 2005
the Centers for Disease Control and Prevention and the Food and Drug Administration issued a warning about potential diagnostic errors related to false positives
caused by contamination in a Lyme disease test (Nelson et al., 2014). As molecular diagnostic testing becomes increasingly complex (such as the movement from
single biomarker tests to omics-based tests that rely on high-dimensional data and
complex algorithms), there is considerable interest in ensuring their appropriate
development and use (IOM, 2012). Molecular diagnostic testing presents many
regulatory, clinical practice, and reimbursement challenges; an Institute of Medicine study is looking into these issues and is expected to release a report in 2016
(IOM, 2015b). For example, one regulatory issue is the oversight of laboratorydeveloped tests, an area that has been met with considerable controversy (see
Table 2-1) (Evans and Watson, 2015; Sharfstein, 2015). A clinical practice issue
is next generation sequencing, which may frequently identify new genetic variants
with unknown implications for health outcomes (ACMG Board of Directors, 2012).

comparison programs (e.g., CAP’s Q-Probes, Q-Monitors, and Q-Tracks
programs).
Medical Imaging
Medical imaging plays a critical role in establishing the diagnoses for
innumerable conditions and it is used routinely in nearly every branch of
medicine. The advancement of imaging technologies has improved the
ability of clinicians to detect, diagnose, and treat conditions while also
allowing patients to avoid more invasive procedures (European Society
of Radiology, 2010; Gunderman, 2005). For many conditions (e.g., brain
tumors), imaging is the only noninvasive diagnostic method available. The
appropriate choice of imaging modality depends on the disease, organ,
and specific clinical questions to be addressed. Computed tomography
(CT) and magnetic resonance imaging (MRI) are first-line methods for as-
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TABLE 2-1 Examples of Entities Involved in Quality Improvement and
Oversight of Clinical and Anatomic Laboratories
Entity

Role in Quality or Oversight

Centers for
Disease Control
and Prevention
(CDC)

The CDC performs research on laboratory testing processes, including
quality improvement studies, and develops technical standards
and laboratory practice guidelines (CDC, 2014). The CDC also
manages the Clinical Laboratory Improvement Advisory Committee
(CLIAC), a body that offers guidance to the federal government on
quality improvement in the clinical laboratory and revising Clinical
Laboratory Improvement Amendments (CLIA) standards.

Centers for
Medicare &
Medicaid
Services (CMS)

CMS regulates laboratories under CLIA (CMS, 2015b). To ensure
CLIA compliance, laboratories undergo review of results reporting,
laboratory personnel credentialing (i.e., competency assessment),
quality control efforts, and procedure documentation. Laboratories
are also required to perform proficiency testing (PT), a process in
which a laboratory receives an unknown sample to test and report
the findings back to the PT program, which evaluates the laboratory’s
performance.
CMS grants states or accreditation organizations the authority to
deem a laboratory as CLIA-compliant. In most cases the laboratory is
deemed compliant by virtue of being accredited by the accreditation
organization. Accreditation organizations with deeming authority
for CLIA include AABB, the American Association for Laboratory
Accreditation, the American Society for Histocompatibility and
Immunogenics, COLA, the College of American Pathologists,
the Healthcare Facilities Accreditation Program, and The Joint
Commission (CMS, 2014).

Food and Drug
Administration
(FDA)

FDA reviews and assesses the safety, efficacy, and intended use of in
vitro diagnostic tests (IVDs) (FDA, 2014a). FDA assesses the analytical
validity (i.e., analytical specificity and sensitivity, accuracy, and
precision) and clinical validity (i.e., the accuracy with which the test
identifies, measures, or predicts the presence or absence of a clinical
condition or predisposition), and it develops rules and guidance
for CLIA complexity categorization. One subset of IVDs, laboratory
developed tests (LDTs), has been granted enforcement discretion from
FDA; in 2014 FDA stated its intent to begin regulating LDTs (FDA,
2014b).

American
Academy
of Family
Physicians
(AAFP)

The AAFP offers a number of CMS-approved PT programs (AAFP,
2015).
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TABLE 2-1 Continued
Entity

Role in Quality or Oversight

American
Society for
Clinical
Pathology
(ASCP)

ASCP certifies medical laboratory professionals. ASCP also manages a
CMS-approved PT program for gynecologic cytology (ASCP, 2014).

College of
American
Pathologists
(CAP)

CAP accreditation ensures the safety and quality of laboratories and
satisfies CLIA requirements. CAP also offers an inter-laboratory peer
PT program (CAP, 2013, 2015). This program includes
• Q
 -Tracks: a continuous quality monitoring process
• Q-Probes: a short-term study that provides a time slice assessment
of performance
• Q-Monitors: customized programs that address process-,
outcome-, and structure-oriented quality assurance issues

Healthcare
Facilities
Accreditation
Program
(HFAP)

HFAP accreditation ensures the safety and quality of laboratories and
satisfies CLIA requirements (HFAP, 2015).

The Joint
Commission

The Joint Commission accreditation ensures the safety and quality of
laboratories and satisfies CLIA requirements (The Joint Commission,
2015).

sessing conditions of the central and peripheral nervous system, while for
musculoskeletal and a variety of other conditions, X-ray and ultrasound
are often employed first because of their relatively low cost and ready
availability, with CT and MRI being reserved as problem-solving modalities. CT procedures are frequently used to assess and diagnose cancer, circulatory system diseases and conditions, inflammatory diseases, and head
and internal organ injuries. A majority of MRI procedures are performed
on the spine, brain, and musculoskeletal system, although usage for the
breast, prostate, abdominal, and pelvic regions is rising (IMV, 2014).
Medical imaging is characterized not just by the increasingly precise
anatomic detail it offers but also by an increasing capacity to illuminate
biology. For example, magnetic resonance spectroscopic imaging has allowed the assessment of metabolism, and a growing number of other MRI
sequences are offering information about functional characteristics, such
as blood perfusion or water diffusion. In addition, several new tracers for
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molecular imaging with PET (typically as PET/CT) have recently been
approved for clinical use, and more are undergoing clinical trials, while
PET/MRI was recently introduced to the clinical setting. Functional and
molecular imaging data may be assessed qualitatively, quantitatively,
or both. Although other forms of diagnostic testing can identify a wide
array of molecular markers, molecular imaging is unique in its capacity
to noninvasively show the locations of molecular processes in patients,
and it is expected to play a critical role in advancing precision medicine,
particularly for cancers, which often demonstrate both intra- and intertumoral biological heterogeneity (Hricak, 2011).
The growing body of medical knowledge, the variety of imaging
options available, and the regular increases in the amounts and kinds of
data that can be captured with imaging present tremendous challenges for
radiologists, as no individual can be expected to achieve competency in
all of the imaging modalities. General radiologists continue to be essential
in certain clinical settings, but extended training and sub-specialization
are often necessary for optimal, clinically relevant image interpretation, as
is involvement in multidisciplinary disease management teams. Further
more, the use of structured reporting templates tailored to specific examinations can help to increase the clarity, thoroughness, and clinical
relevance of image interpretation (Schwartz et al., 2011).
Like other forms of diagnostic testing, medical imaging has limitations. Some studies have found that between 20 and 50 percent of all advanced imaging results fail to provide information that improves patient
outcome, although these studies do not account for the value of negative imaging results in influencing decisions about patient management
(Hendee et al., 2010). Imaging may fail to provide useful information
because of modality sensitivity and specificity parameters; for example,
the spatial resolution of an MRI may not be high enough to detect very
small abnormalities. Inadequate patient education and preparation for an
imaging test can also lead to suboptimal imaging quality that results in
diagnostic error.
Perceptual or cognitive errors made by radiologists are a source of diagnostic error (Berlin, 2014; Krupinski et al., 2012). In addition, incomplete
or incorrect patient information, as well as insufficient sharing of patient
information, may lead to the use of an inadequate imaging protocol, an
incorrect interpretation of imaging results, or the selection of an inappropriate imaging test by a referring clinician. Referring clinicians often
struggle with selecting the appropriate imaging test, in part because of
the large number of available imaging options and gaps in the teaching of
radiology in medical schools. Although consensus-based guidelines (e.g.,
the various “appropriateness criteria” published by the American College
of Radiology [ACR]) are available to help select imaging tests for many

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

THE DIAGNOSTIC PROCESS

47

conditions, these guidelines are often not followed. The use of clinical
decision support systems at the point of care as well as direct consultations with radiologists have been proposed by the ACR as methods for
improving imaging test selection (Allen and Thorwarth, 2014).
There are several mechanisms for ensuring the quality of medical imaging. The Mammography Quality Standards Act (MQSA)—overseen by
the Food and Drug Administration—was the first government-mandated
accreditation program for any type of medical facility; it was focused on
X-ray imaging for breast cancer. MQSA provides a general framework
for ensuring national quality standards in facilities that perform screening mammography (IOM, 2005). MQSA requires all personnel at facilities
to meet initial qualifications, to demonstrate continued experience, and
to complete continuing education. MQSA addresses protocol selection,
image acquisition, interpretation and report generation, and the communication of results and recommendations. In addition, it provides facilities
with data on diagnostic performance that can be used for benchmarking,
self-monitoring, and improvement. MQSA has decreased the variability
in mammography performed across the United States and improved the
quality of care (Allen and Thorwarth, 2014). However, the ACR noted that
MQSA is complex and specified in great detail, which makes it inflexible,
leading to administrative burdens and the need for extensive training of
staff for implementation (Allen and Thorwarth, 2014). It also focuses on
only one medical imaging modality in one disease area; thus, it does not
address newer screening technologies (IOM, 2005). In addition, the Medicare Improvements for Patients and Providers Act (MIPPA)3 requires that
private outpatient facilities that perform CT, MRI, breast MRI, nuclear
medicine, and PET exams be accredited. The requirements include personnel qualifications, image quality, equipment performance, safety standards,
and quality assurance and quality control (ACR, 2015a). There are four
CMS-designated accreditation organizations for medical imaging: ACR,
the Intersocietal Accreditation Commission, The Joint Commission, and
RadSite (CMS, 2015a). MIPPA also mandated that, beginning in 2017, ordering clinicians will be required to consult appropriateness criteria to order
advanced medical imaging procedures, and the act called for a demonstration project evaluating clinician compliance with appropriateness criteria
(Timbie et al., 2014). In addition to these mandated activities, societies such
as ACR and the Radiological Society of North America (RSNA) provide
quality improvement programs and resources (ACR, 2015b; RSNA, 2015).

3

Public Law 110-275 (July 15, 2008).
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Referral and Consultation
Clinicians may refer to or consult with other clinicians (formally or
informally) to seek additional expertise about a patient’s health problem.
The consult may help to confirm or reject the working diagnosis or may
provide information on potential treatment options. If a patient’s health
problem is outside a clinician’s area of expertise, he or she can refer the
patient to a clinician who holds more suitable expertise. Clinicians can
also recommend that the patient seek a second opinion from another clinician to verify their impressions of an uncertain diagnosis or if they believe
that this would be helpful to the patient. Many groups raise awareness
that patients can obtain a second opinion on their own (AMA, 1996; CMS,
2015c; PAF, 2012). Diagnostic consultations can also be arranged through
the use of integrated practice units or diagnostic management teams
(Govern, 2013; Porter, 2010; see Chapter 4).
IMPORTANT CONSIDERATIONS IN THE DIAGNOSTIC PROCESS
The committee elaborated on several aspects of the diagnostic process
which are discussed below, including
•
•
•
•
•

 iagnostic uncertainty
d
time
population trends
diverse populations and health disparities
mental health
Diagnostic Uncertainty

One of the complexities in the diagnostic process is the inherent uncertainty in diagnosis. As noted in the committee’s conceptual model of
the diagnostic process, an overarching question throughout the process
is whether sufficient information has been collected to make a diagnosis.
This does not mean that a diagnosis needs to be absolutely certain in order
to initiate treatment. Kassirer concluded that:
Absolute certainty in diagnosis is unattainable, no matter how much
information we gather, how many observations we make, or how many
tests we perform. A diagnosis is a hypothesis about the nature of a
patient’s illness, one that is derived from observations by the use of inference. As the inferential process unfolds, our confidence as [clinicians] in
a given diagnosis is enhanced by the gathering of data that either favor
it or argue against competing hypotheses. Our task is not to attain cer-
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tainty, but rather to reduce the level of diagnostic uncertainty enough to
make optimal therapeutic decisions. (Kassirer, 1989, p. 1489)

Thus, the probability of disease does not have to be equal to one (diagnostic certainty) in order for treatment to be justified (Pauker and Kassirer,
1980). The decision to begin treatment based on a working diagnosis is informed by: (1) the degree of certainty about the diagnosis; (2) the harms and
benefits of treatment; and (3) the harms and benefits of further informationgathering activities, including the impact of delaying treatment.
The risks associated with diagnostic testing are important considerations when conducting information-gathering activities in the diagnostic
process. While underuse of diagnostic testing has been a long-standing
concern, overly aggressive diagnostic strategies have recently been recognized for their risks (Zhi et al., 2013) (see Chapter 3). Overuse of diagnostic testing has been partially attributed to clinicians’ fear of missing
something important and intolerance of diagnostic uncertainty: “I am
far more concerned about doing too little than doing too much. It’s the
scan, the test, the operation that I should have done that sticks with
me—sometimes for years. . . . By contrast, I can’t remember anyone I
sent for an unnecessary CT scan or operated on for questionable reasons
a decade ago” (Gawande, 2015). However, there is growing recognition
that overly aggressive diagnostic pursuits are putting patients at greater
risk for harm, and they are not improving diagnostic certainty (Kassirer,
1989; Welch, 2015).
When considering diagnostic testing options, the harm from the procedure itself needs to be weighed against the potential information that
could be gained. For some patients, the risk of invasive diagnostic testing
may be inappropriate due to the risk of mortality or morbidity from the
test itself (such as cardiac catheterization or invasive biopsies). In addition, the risk for harm needs to take into account the cascade of diagnostic
testing and treatment decisions that could stem from a diagnostic test result. Included in these assessments are the potential for false positives and
ambiguous or slightly abnormal test results that lead to further diagnostic
testing or unnecessary treatment.
There are some cases in which treatment is initiated even though
there is limited certainty in a working diagnosis. For example, an individual who has been exposed to a tick bite or HIV may be treated with
prophylactic antibiotics or antivirals, because the risk of treatment may
be felt to be smaller than the risk of harm from tick-borne diseases or HIV
infection. Clinicians sometimes employ empiric treatment strategies—or
the provision of treatment with a very uncertain diagnosis—and use
a patient’s response to treatment as an information-gathering activity
to help arrive at a working diagnosis. However, it is important to note
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that response rates to treatment can be highly variable, and the failure
to respond to treatment does not necessarily reflect that a diagnosis is
incorrect. Nor does improvement in the patient’s condition necessarily validate that the treatment conferred this benefit and, therefore, that
the empirically tested diagnosis was in fact correct. A treatment that is
beneficial for some patients might not be beneficial for others with the
same condition (Kent and Hayward, 2007), hence the interest in precision
medicine, which is hoped to better tailor therapy to maximize efficacy
and minimize toxicity (Jameson and Longo, 2015). In addition, there are
isolated cases where the morbidity and the mortality of a diagnostic procedure and the likelihood of disease is sufficiently high that significant
therapy has been given empirically. Moroff and Pauker (1983) described
a decision analysis in which a 90-year-old practicing lawyer with a new
1.5 centimeter lung nodule was deemed to have a sufficiently high risk
for mortality from lung biopsy and high likelihood of malignancy that the
radiation oncologists felt comfortable treating the patient empirically for
suspected lung cancer.
Time
Of major importance in the diagnostic process is the element of time.
Most diseases evolve over time, and there can be a delay between the onset of disease and the onset of a patient’s symptoms; time can also elapse
before a patient’s symptoms are recognized as a specific diagnosis (Zwaan
and Singh, 2015). Some diagnoses can be determined in a very short time
frame, while months may elapse before other diagnoses can be made. This
is partially due to the growing recognition of the variability and complexity of disease presentation. Similar symptoms may be related to a number
of different diagnoses, and symptoms may evolve in different ways as a
disease progresses; for example, a disease affecting multiple organs may
initially involve symptoms or signs from a single organ. The thousands
of different diseases and health conditions do not present in thousands of
unique ways; there are only a finite number of symptoms with which a
patient may present. At the outset, it can be very difficult to determine
which particular diagnosis is indicated by a particular combination of
symptoms, especially if symptoms are nonspecific, such as fatigue. Diseases may also present atypically, with an unusual and unexpected constellation of symptoms (Emmett, 1998).
Adding to the complexity of the time-dependent nature of the diagnostic process are the numerous settings of care in which diagnosis occurs
and the potential involvement of multiple settings of care within a single
diagnostic process. Henriksen and Brady noted that this process—for patients, their families, and clinicians alike—can often feel like “a disjointed
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journey across confusing terrain, aided or impeded by different agents,
with no destination in sight and few landmarks along the way” (Henriksen and Brady, 2013, p. ii2).
Some diagnoses may be more important to establish immediately
than others. These include diagnoses that can lead to significant patient
harm if not recognized, diagnosed, and treated early, such as anthrax,
aortic dissection, and pulmonary embolism. Sometimes making a timely
diagnosis relies on the fast recognition of symptoms outside of the health
care setting (e.g., public awareness of stroke symptoms can help improve
the speed of receiving medical help and increase the chances of a better
recovery) (National Stroke Association, 2015). In these cases, the benefit
of treating the disease promptly can greatly exceed the potential harm
from unnecessary treatment. Consequently, the threshold for ordering
diagnostic testing or for initiating treatment becomes quite low for such
health problems (Pauker and Kassirer, 1975, 1980). In other cases, the
potential harm from rapidly and unnecessarily treating a diagnosed condition can lead to a more conservative (or higher-threshold) approach in
the diagnostic process.
Population Trends
Population trends, such as the aging of the population, are adding
significant complexity to the diagnostic process and require clinicians
to consider such complicating factors in diagnosis as comorbidity, polypharmacy and attendant medication side effects, as well as disease and
medication interactions (IOM, 2008, 2013b). Diagnosis can be especially
challenging in older patients because classic presentations of disease are
less common in older adults (Jarrett et al., 1995). For example, infections
such as pneumonia or urinary tract infections often do not present in
older patients with fever, cough, and pain but rather with symptoms
such as lethargy, incontinence, loss of appetite, or disruption of cognitive function (Mouton et al., 2001). Acute myocardial infarction (MI) may
present with fatigue and confusion rather than with typical symptoms
such as chest pain or radiating arm pain (Bayer et al., 1986; Qureshi et al.,
2000; Rich, 2006). Sensory limitations in older adults, such as hearing and
vision impairments, can also contribute to challenges in making diagnoses
(Campbell et al., 1999). Physical illnesses often present with a change in
cognitive status in older individuals without dementia (Mouton et al.,
2001). In older adults with mild to moderate dementia, such illnesses can
manifest with worsening cognition. Older patients who have multiple
comorbidities, medications, or cognitive and functional impairments are
more likely to have atypical disease presentations, which may increase the
risk of experiencing diagnostic errors (Gray-Miceli, 2008).
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Diverse Populations and Health Disparities
Communicating with diverse populations can also contribute to the
complexity of the diagnostic process. Language, health literacy, and cultural barriers can affect clinician–patient encounters and increase the
potential for challenges in the diagnostic process (Flores, 2006; IOM, 2003;
The Joint Commission, 2007). There are indications that biases influence
diagnosis; one well-known example is the differential referral of patients
for cardiac catheterization by race and gender (Schulman et al., 1999). In
addition, women are more likely than men to experience a missed diagnosis of heart attack, a situation that has been partly attributed to real
and perceived gender biases, but which may also be the result of physiologic differences, as women have a higher likelihood of presenting with
atypical symptoms, including abdominal pain, shortness of breath, and
congestive heart failure (Pope et al., 2000).
Mental Health
Mental health diagnoses can be particularly challenging. Mental
health diagnoses rely on the Diagnostic and Statistical Manual of Mental
Disorders (DSM); each diagnosis in the DSM includes a set of diagnostic
criteria that indicate the type and length of symptoms that need to be
present, as well as the symptoms, disorders, and conditions that cannot be
present, in order to be considered for a particular diagnosis (APA, 2015).
Compared to physical diagnoses, many mental health diagnoses rely on
patient reports and observation; there are few biological tests that are
used in such diagnoses (Pincus, 2014). A key challenge can be distinguishing physical diagnoses from mental health diagnoses; sometimes physical
conditions manifest as psychiatric ones, and vice versa (Croskerry, 2003a;
Hope et al., 2014; Pincus, 2014; Reeves et al., 2010). In addition, there are
concerns about missing psychiatric diagnoses, as well as overtreatment
concerns (Bor, 2015; Meyer and Meyer, 2009; Pincus, 2014). For example,
clinician biases toward older adults can contribute to missed diagnoses
of depression, because it may be perceived that older adults are likely
to be depressed, lethargic, or have little interest in interactions. Patients
with mental health–related symptoms may also be more vulnerable to
diagnostic errors, a situation that is attributed partly to clinician biases;
for example, clinicians may disregard symptoms in patients with previous
diagnoses of mental illness or substance abuse and attribute new physical
symptoms to a psychological cause (Croskerry, 2003a). Individuals with
health problems that are difficult to diagnose or those who have chronic
pain may also be more likely to receive psychiatric diagnoses erroneously.
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CLINICAL REASONING AND DIAGNOSIS
Accurate, timely, and patient-centered diagnosis relies on proficiency
in clinical reasoning, which is often regarded as the clinician’s quintessential competency. Clinical reasoning is “the cognitive process that is necessary to evaluate and manage a patient’s medical problems” (Barrows,
1980, p. 19). Understanding the clinical reasoning process and the factors
that can impact it are important to improving diagnosis, given that clinical reasoning processes contribute to diagnostic errors (Croskerry, 2003a;
Graber, 2005). Health care professionals involved in the diagnostic process
have an obligation and ethical responsibility to employ clinical reasoning
skills: “As an expanding body of scholarship further elucidates the causes
of medical error, including the considerable extent to which medical errors, particularly in diagnostics, may be attributable to cognitive sources,
insufficient progress in systematically evaluating and implementing suggested strategies for improving critical thinking skills and medical judgment is of mounting concern” (Stark and Fins, 2014, p. 386). Clinical
reasoning occurs within clinicians’ minds (facilitated or impeded by the
work system) and involves judgment under uncertainty, with a consideration of possible diagnoses that might explain symptoms and signs, the
harms and benefits of diagnostic testing and treatment for each of those
diagnoses, and patient preferences and values.
The current understanding of clinical reasoning is based on the dual
process theory, a widely accepted paradigm of decision making. The
dual process theory integrates analytical and non-analytical models of
decision making (see Box 2-4). Analytical models (slow system 2) involve
a conscious, deliberate process guided by critical thinking (Kahneman,
2011). Nonanalytical models (fast system 1) involve unconscious, intuitive, and automatic pattern recognition (Kahneman, 2011).
Fast system 1 (nonanalytical, intuitive) automatic processes require
very little working memory capacity. They are often triggered by stimuli
or result from overlearned associations or implicitly learned activities.4
Examples of system 1 processes include the ability to recognize human
faces (Kanwisher and Yovel, 2006), the diagnosis of Lyme disease from a
bull’s-eye rash, or decisions based on heuristics (mental shortcuts), intuition, or repeated experiences.
In contrast, slow system 2 (reflective, analytical) processing places
a heavy load on working memory and involves hypothetical and counterfactual reasoning (Evans and Stanovich, 2013; Stanovich and Toplak,
2012). System 2 processing requires individuals to generate mental models
4

The term “system 1” is an oversimplification because it is unlikely there is a single cognitive or neural system responsible for all system 1 cognitive processes.
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BOX 2-4
Models of Clinical Reasoning
Analytical models (slow system 2). Hypothetico-deductivism is an analytical
reasoning model that describes clinical reasoning as hypothesis testing (Elstein
et al., 1978, 1990). The steps involved in hypothesis testing include
1. Cue acquisition: Clinicians obtain contextual information by taking a history,
performing a physical examination, administering diagnostic tests, or consulting with other clinicians.
2. Hypothesis generation (working diagnoses): Clinicians formulate alternative
diagnostic possibilities.
3. Cue interpretation (diagnostic modification and refinement): Clinicians
interpret the consistency of the information with each of the alternative
hypotheses under consideration.
4. Hypothesis evaluation (diagnostic verification): The data are weighed and
combined to evaluate whether one of the working diagnoses can be confirmed. If not, further information gathering, hypothesis generation, interpretation, and evaluation is conducted until verification is achieved (Elstein and
Bordage, 1988).
Analytical reasoning models have several additional characteristics. First, the
generation of a set of hypotheses that occurs after cue acquisition facilitates the
construction of a differential diagnosis, with evidence suggesting that the consideration of potential hypotheses prior to gathering information can improve diagnostic
accuracy (Kostopoulou et al., 2015). Second, in order to supplement hypotheses
retrieved from memory, some clinicians may employ clinical decision support
tools. Third, the evolving list of diagnostic hypotheses determines subsequent
information-gathering activities (Kassirer et al., 2010). Fourth, the entire process
involves, either explicitly or implicitly, clinicians assigning and updating the probability of each potential diagnosis, given the available data (Kassirer et al., 2010).
These models hold that clinical problem-solving tasks, such as diagnosis, require deliberate, logically sound reasoning by clinicians. Thus, clinical reasoning
can be improved by developing the critical thinking skills (Papp et al., 2014). They
also imply that clinical reasoning uses the presence or absence of specific signs
or symptoms to be evidence that either confirms or disproves a diagnosis. Studies

of what should or should not happen in particular situations, in order to
test possible actions or to explore alternative causes of events (Stanovich,
2009). Hypothetical thinking occurs when one reasons about what should
occur if some condition held: For example, if this patient has diabetes,
then the blood sugar level should exceed 126 mg/dl after an 8-hour fast,
or if prescribed a diabetes medication, the sugar level should improve.
Counterfactual reasoning occurs when one thinks about what should
occur if the situation differed from how it actually is. The deliberate,
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have shown that clinicians do participate in analytical reasoning (Barrows et al.,
1982; Elstein et al., 1978; Neufeld et al., 1981). However, studies also suggest that
experience is crucial to the development of expertise and that general problemsolving skills, such as hypothesis testing, cannot account for differences in clinical
reasoning skills between experts and novices (Elstein and Schwarz, 2002; Groen
and Patel, 1985; Neufeld et al., 1981; Norman, 2005). These findings support a
role for nonanalytical models of clinical reasoning and the importance of content
knowledge and clinical experience.
Nonanalytical models (fast system 1). Broadly construed through a pattern-recognition framework, nonanalytical models attempt to understand clinical reasoning
through human categorization and classification practices. These models suggest
that clinicians make diagnoses and choose treatments by matching presenting
patients to their mental models of diseases (or information about diseases that
is stored in memory). Although the nature of these mental models remain under
debate, most assume that they are either exemplars (specific patients seen previously and stored in memory as concrete examples) or prototypes (an abstract disease conceptualization that weighs disease features according to their frequency)
(Bordage and Zacks, 1984; Norman, 2005; Rosch and Mervis, 1975; Schmidt et
al., 1990; Smith and Medin, 1981, 2002).
Expert pattern matching by experienced clinicians may involve illness scripts,
in which elaborated disease knowledge includes enabling conditions or risk factors
(e.g., physical contact with the Ebola virus); the pathophysiology of the disease
(Ebola virus replication, invasion and destruction of endothelial surfaces); and the
signs and symptoms of the disease (bleeding from Ebola) (Boshuizen and Schmidt,
2008). After encountering a patient, a clinician may activate a single illness script
or multiple scripts. Illness scripts differ from exemplars and prototypes by having
more extensive knowledge stored for each disease. As the diagnostic process
evolves, the clinician matches the activated scripts against the presenting signs
and symptoms, with the best matching script offered as the most likely diagnosis.
While exemplars, prototypes, and illness scripts are assumed to encode different types of information about disease conditions—that is, actual instances
versus typical presentation versus multidimensional information—pattern recognition models assume them to play the same role in diagnosis.

conscious, and reflective nature of both hypothetical and counterfactual
reasoning illustrates the analytical nature of system 2.
Heuristics—mental shortcuts or cognitive strategies that are automatically and unconsciously employed—are particularly important for
decision making (Gigerenzer and Goldstein, 1996). Heuristics can facilitate decision making but can also lead to errors, especially when patients
present with atypical symptoms (Cosmides and Tooby, 1996; Gigerenzer,
2000; Kahneman, 2011; Klein, 1998; Lipshitz et al., 2001; McDonald, 1996).
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When a heuristic fails, it is referred to as a cognitive bias. Cognitive biases,
or predispositions to think in a way that leads to failures in judgment,
can also be caused by affect and motivation (Kahneman, 2011). Prolonged
learning in a regular and predictable environment increases the successfulness of heuristics, whereas uncertain and unpredictable environments
are a chief cause of heuristic failure (Kahneman, 2011; Kahneman and
Klein, 2009). There are many heuristics and biases that affect clinical reasoning and decision making (see Table 2-2 for medical and nonmedical
examples). Additional examples of heuristics and biases that affect decision making and the potential for diagnostic errors are described below
(Croskerry, 2003b):
•

•

•

•

 he representativeness heuristic answers the question, “how
T
likely is it that this patient has a particular disease?” by assessing
how typical the patient’s symptoms are for that disease. If the
symptoms are highly typical (e.g., fever and nausea after contact
with an individual from West Africa with Ebola virus), then it is
likely the patient will be diagnosed as having that condition (e.g.,
Ebola virus infection). The representativeness bias refers to the
tendency to make decisions based on a typical case, even when
this may lead to an incorrect judgment. The representativeness
bias helps to explain why an incorrect diagnosis (e.g., a patient
diagnosed as not having Ebola virus infection) is made when
presenting symptoms are atypical (e.g., no fever or nausea after
contact with a person from West Africa).
Base-rate neglect describes the tendency to ignore the prevalence
of a disease in determining a diagnosis. For example, a clinician
may think the diagnosis is acid reflux because it is a prevalent
condition, even though it is actually an MI, which can present
with similar symptoms (e.g., chest pain), but is less likely.
The overconfidence bias reflects the universal tendency to believe
that we know more than we do. This bias encourages individuals
to diagnose a disease based on incomplete information; too much
faith is placed in one’s opinion rather than on carefully gathering
evidence. This bias is especially likely to develop if clinicians do
not have feedback on their diagnostic performance.
Psych-out errors describe the increased susceptibility of people
with mental illnesses to clinician biases and heuristics due to
their mental health conditions. Patients with mental health
issues may have new physical symptoms that are not considered
seriously because their clinicians attribute them to their mental
health issues. Patients with physical symptoms that mimic mental illnesses (hypoxia, delirium, metabolic abnormalities, central
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TABLE 2-2 Examples of Heuristics and Biases That Influence Decision
Making
Heuristic or Bias

Medical Example

Nonmedical Example

Anchoring is the
tendency to lock onto
salient features in
the patient’s initial
presentation and failing
to adjust this initial
impression in the light
of later information.

A patient is admitted from
the emergency department
with a diagnosis of heart
failure. The hospitalists who
are taking care of the patient
do not pay adequate attention
to new findings that suggest
another diagnosis.

We buy a new car based
on excellent reviews and
tend to ignore or downplay
negative features that are
noticed.

Affective bias refers to
the various ways that
our emotions, feelings,
and biases affect
judgment.

New complaints from
patients known to be
“frequent flyers” in the
emergency department are
not taken seriously.

We may have the belief
that people who are poorly
dressed are not articulate or
intelligent.

Availability bias refers
to our tendency to more
easily recall things that
we have seen recently or
things that are common
or that impressed us.

A clinician who just recently
read an article on the pain
from aortic aneurysm
dissection may tend toward
diagnosing it in the next few
patients he sees who present
with nonspecific abdominal
pain, even though aortic
dissections are rare.

Because of a recent
news story on a tourist
kidnapping in Country “A,”
we change the destination
we have chosen for our
vacation to Country “B.”

Context errors reflect
instances where we
misinterpret the
situation, leading to an
erroneous conclusion.

We tend to interpret that
a patient presenting with
abdominal pain has a
problem involving the
gastrointestinal tract, when
it may be something else
entirely: for example, an
endocrine, neurologic or
vascular problem.

We see a work colleague
picking up two kids from
an elementary school
and assume he or she has
children, when they are
instead picking up someone
else’s children.

Search satisficing, also
known as premature
closure, is the tendency
to accept the first
answer that comes
along that explains
the facts at hand,
without considering
whether there might
be a different or better
solution.

The emergency department
clinician seeing a patient
with recent onset of low back
pain immediately settles on
a diagnosis of lumbar disc
disease without considering
other possibilities in the
differential diagnosis.

We want a plane ticket that
costs no more than $1,000
and has no more than one
connection. We perform an
online search and purchase
the first ticket that meets
these criteria without
looking to see if there is a
cheaper flight or one with
no connections.
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nervous infections, and head injuries) may also be susceptible to
these errors.
In addition to cognitive biases, research suggests that fallacies in
reasoning, ethical violations, and financial and nonfinancial conflicts of
interest can influence medical decision making (Seshia et al., 2014a,b).
These factors, collectively referred to as “cognitive biases plus,” have been
identified as potentially undermining the evidence that informs clinical
decision making (Seshia et al., 2014a,b).
The interaction between fast system 1 and slow system 2 remains controversial. Some hold that these processes are constantly occurring in parallel and that any conflicts are resolved as they arise. Others have argued that
system 1 processes generate an individual’s default response and that system 2 processes may or may not intervene and override system 1 processing
(Evans and Stanovich, 2013; Kahneman, 2011). When system 2 overrides
system 1, this can lead to improved decision making, because engaging in
analytical reasoning may correct for inaccuracies. It is important to note that
slow system 2 processing does not guarantee correct decision making. For
instance, clinicians with an inadequate knowledge base may not have the
information necessary to make a correct decision. There are some instances
when system 1 processing is correct, and the override from system 2 can
contribute to incorrect decision making. However, when system 1 overrides
system 2 processing, this can also result in irrational decision making.
Intervention by system 2 is likely to occur in novel situations when
the task at hand is difficult; when an individual has minimal knowledge
or experience (Evans and Stanovich, 2013; Kahneman, 2011); or when an
individual deliberately employs strategies to overcome known biases
(Croskerry et al., 2013). Monitoring and intervention by system 2 on system 1 is unlikely to catch every failure because it is inefficient and would
require sustained vigilance, given that system 1 processing often leads to
correct solutions (Kahneman, 2011). Factors that affect working memory
can impede the ability of system 2 to monitor and, when necessary, intervene on system 1 processes (Croskerry, 2009b). For example, if clinicians
are tired or distracted by elements in the work system, they may fail to
recognize when a decison provided by system 1 processing needs to be
reconsidered (Croskerry, 2009b).
System 1 and system 2 perform optimally in different types of clinical practice settings. System 1 performs best in highly reliable and predictable environments but falls short in uncertain and irregular settings
(Kahneman and Klein, 2009; Stanovich, 2009). System 2 performs best in
relaxed and unhurried environments.
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Dual Process Theory and Diagnosis
This section applies the dual process theory of clinical reasoning to the
diagnostic process (Croskerry, 2009a,b; Norman and Eva, 2010; Pelaccia et
al., 2011). Croskerry and colleagues provide a framework for understanding the cognitive activities that occur in clinicians as they iterate through
information gathering, information integration and interpretation, and
determining a working diagnosis (Croskerry et al., 2013) (see Figure 2-2).
When patients present, clinicians gather information and compare
that information with their knowledge about various diseases. This can
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FIGURE 2-2 The dual process model of diagnostic decision making. When a
patient presents to a clinician, the initial data include symptoms and signs of
disease, which can range from single characteristics of disease to illness scripts. If
the symptoms and signs of illness are recognized, system 1 processes are used. If
Figure 2-2
they are not recognized, system 2 processes
are used. Repetition of data to system
vector editable
2 processes may eventually be recognized
as a new pattern and subsequently probroadside
cessed through system 1. Multiple arrows stem from system 1 processes to depict
intuitive, fast, parallel decision making. Because system 2 processes are slow and
serial, only one arrow stems from system 2 processes, depicting analytical decision
making. The executive override pathway shows that system 2 surveillance has the
potential to overrule system 1 decision making. The irrational override pathway
shows the capability for system 1 processes to overrule system 2 analytical decision making. The toggle arrow (T) illustrates how the decision maker may employ
both fast system 1 and slow system 2 processes throughout the decision-making
process. The manner in which data are processed through system 1 and system 2
determines the calibration of a clinician’s diagnostic performance, or a clinician’s
understanding of his/her diagnostic abilities and limitations.
SOURCE: Adapted by permission from BMJ Publishing Group Limited. Cognitive
debiasing 1: Origins of bias and theory of debiasing. P. Croskerry, G. Singhal, and
S. Mamede. BMJ Quality and Safety 22(Suppl 2):ii58–ii64. 2013.
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include comparing a patient’s signs and symptoms with clinicians’ mental models of diseases (or information about diseases that is stored in
memory as exemplars, prototypes, or illness scripts; see Box 2-4). This
initial pattern matching is an instance of fast system 1 processing. If a
sufficiently unique match occurs, then a diagnosis may be made without
involvement of slow system 2.
However, some symptoms or signs may not be recognized or they
may trigger mental models for several diseases at once. When this happens, slow system 2 processing may be engaged, and the clinician will
continue to gather, integrate, and interpret potentially relevant information until a working diagnosis is generated and communicated to the
patient. When this process triggers pattern matches for several mental
models of disease, a differential diagnosis is developed. At this point,
the diagnostic process shifts to slow system 2 analytical reasoning. Based
on their knowledge base, clinicians then use deductive reasoning: If this
patient has disease A, what clinical history and physical examination findings might be expected, and does the patient have them? This process is
repeated for each condition in the differential diagnosis and may be augmented by additional sources of information, such as diagnostic testing,
further history gathering or physical examination, or referral or consultation. The cognitive process of reassessing the probability assigned to each
potential diagnosis involves inductive reasoning,5 or going from observed
signs and symptoms to the likelihood of each disease to determine which
hypothesis is most likely (Goodman, 1999). This can help refine and
narrow the differential diagnosis. Further information gathering activities
or treatment could provide greater certainty regarding a working diagnosis or suggest that alternative diagnoses be considered. Throughout this
process, clinicians need to communicate with patients about the working
diagnosis and the degree of certainty involved.
Task complexity and expertise affect which cognitive system is dominantly employed in the diagnostic process. System 1 processing is more
likely to be used when patients present with typical signs and symptoms
of disease. However, system 2 processing is likely to intervene in situations marked by novelty and difficulty, when patients present with atypical signs and symptoms, or when clinicians lack expertise (Croskerry,
2009b; Evans and Stanovich, 2013). Novice clinicians and medical students
are more likely to rely on analytical reasoning throughout the diagnostic
process compared to experienced clinicians (Croskerry, 2009b; Elstein and
Schwartz, 2002; Kassirer, 2010; Norman, 2005). Expert clinicians possess
better developed mental models of diseases, which support more reliable
pattern matching (system 1 processes) (Croskerry, 2009b). As a clinician
5

Inductive reasoning involves probabilistic reasoning (see the following section).
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accumulates experience, the repetition of system 2 processing can expand
pattern matching possibilities by building and storing in memory mental
models for additional diseases that can be triggered by patient signs and
symptoms. The ability to create and develop mental models through
repetition explains why expert clinicians are more likely to rely on pattern recognition when making diagnoses than are novices—continuous
engagement with disease conditions allows the expert to develop more
reliable mental models of disease—by retaining more exemplars, creating
more nuanced prototypes, or developing more detailed illness scripts.
The way in which information is processed through system 1 and
system 2 informs a clinician’s subsequent diagnostic performance. Figure 2-3 illustrates the concept of calibration, or the process of a clinician
becoming aware of his or her diagnostic abilities and limitations through
feedback. Feedback mechanisms—both in educational settings (see
Chapter 4) and in learning health care systems (see Chapter 6)—allow
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FIGURE 2-3 Calibration in the diagnostic process. Favorable or unfavorable information about a clinician’s diagnostic performance provides good feedback and
improves clinician calibration. When a patient’s diagnostic outcome is unknown,
it will be treated as favorable and lead to poor calibration.
SOURCE: Adapted with permission from The feedback sanction. P. Croskerry.
Academic Emergency Medicine 7(11):1232–1238, 2000.
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clinicians to compare their patients’ ultimate diagnoses with the diagnoses that they provided to those patients. Calibration enables clinicians to
assess their diagnostic accuracy and improve their future performance.
Work system factors influence diagnostic reasoning, including diagnostic team members and tasks, technologies and tools, organizational
characteristics, the physical environment, and the external environment.
For example, Chapter 6 describes how the physical environment, including lighting, noise, and layout, can influence clinical reasoning. Chapter
5 discusses how health IT can improve or degrade clinical reasoning, depending on the usability of health IT (including clinical decision support),
its integration into clinical workflow, and other factors. Box 2-5 describes
how certain individual characteristics of diagnostic team members can
affect clinical reasoning.
Probabilistic (Bayesian) Reasoning
As described above, the diagnostic process involves initial information gathering that leads to a working diagnosis. The process of ruling in
or ruling out a diagnosis involves probabilistic reasoning as findings are
integrated and interpreted. Probabilistic (or Bayesian) reasoning provides
a formal method to avoid some cognitive biases when integrating and
interpreting information. For instance, when patients present with typical
symptoms but the disease is rare (e.g., the classic triad of headache, sweating, and rapid heart rate for pheochromocytoma), base rate neglect and
the representativeness bias may lead clinicians to overestimate the likelihood of pheochromocytoma among patients presenting with high blood
pressure. Using Bayesian reasoning and formally revising probabilities of
the various diseases under consideration helps clinicians avoid these errors. Clinicians can then decide whether to pursue additional information
gathering or treatment based on an accurate estimate of the likelihood
of disease, the harms and benefits of treatment, and patient preferences
(Kassirer et al., 2010; Pauker and Kassirer, 1980).
Probabilistic reasoning is most often considered in the context of
diagnostic testing, but the presence or absence of specific signs and symptoms can also help to rule in or rule out diseases. The likelihood of a
positive finding (the presence of signs or symptoms or a positive test)
when disease is present is referred to as sensitivity. The likelihood of
a negative finding (the absence of symptoms, signs, or a negative test)
when a disease is absent is referred to as specificity. If a sign, symptom,
or test is always positive in the presence of a particular disease (100 percent sensitivity), then the absence of that symptom, sign, or test rules out
disease (e.g., absence of pain or stiffness means the patient does not have
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BOX 2-5
Individual Characteristics That Influence Clinical Reasoning
There are a number of individual characteristics that can affect clinical reasoning, including intelligence and knowledge, age, affect, experience, personality,
physical state, and gender.
Intelligence and Knowledge
Intelligence refers to individuals’ abilities to engage in high-level cognitive
tasks such as reasoning, problem solving, and decision making (Croskerry and
Musson, 2009). High scores on intelligence tests indicate that an individual is
adept at these cognitive tasks and is more likely to engage system 2 processes
to monitor and, when necessary, override system 1 processing (Croskerry and
Musson, 2009; Eva, 2002; Evans and Stanovich, 2013). Although intelligence that
allows one to monitor and override system 1 processing is important, it rarely suffices by itself for good clinical reasoning. A sufficiently large knowledge base of
both biological science and disease conditions is also important. The extent of a
clinician’s knowledge base depends on memory capacity and training, two factors
that can vary among individual clinicians.
Age
It is likely that clinician age has an impact on clinical reasoning abilities
(Croskerry and Musson, 2009; Eva, 2002; Singer et al., 2003; Small, 2001). For
example, older and more experienced clinicians may be better able to employ
system 1 processes in diagnosis, due to well-developed mental models of disease.
However, as clinicians age, they tend to have more trouble considering alternatives and switching tasks during the diagnostic process (Croskerry and Musson,
2009; Eva, 2002). Not all individuals experience cognitive or memory decline at
the same rate or time though many people start to experience moderate declines
in analytical reasoning capacity at some point in their 70s (Croskerry and Musson,
2009).
Affect
Affective factors such as mood and emotional state often play a role (both
positive and negative) in clinical reasoning and decision making (Blanchette
and Richards, 2009; Croskerry, 2009b; Croskerry et al., 2008; Loewenstein and
Lerner, 2003; Slovic and Peters, 2006; Slovic et al., 2002, 2004; Vohs et al., 2007).
When an obvious solution to a problem is not present, emotions may help direct
people toward an outcome that is better than one that would be produced by random choice (Johnson-Laird and Oatley, 1992; Stanovich, 2009). Decision making
guided by one’s emotional response to a situation is decision making mediated
by the affect heuristic (Slovic et al., 2002).
In cases where precision is important or when an emotional response is
unlikely to be a reliable indicator, the affect heuristic can lead to negative consequences. For instance, clinicians may unwittingly allow emotional responses
toward their patients to guide their clinical reasoning, even though these feelings
are an unreliable indicator of their patients’ health problems. In these cases, the
continued
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BOX 2-5 Continued
clinicians’ reasoning is said to be subject to the affect bias (Croskerry et al., 2008).
Affective states such as irritation and stress due to environmental conditions can
also affect reasoning, primarily through decreasing the ability of system 2 processes to monitor and override system 1 processes (Croskerry et al., 2008, 2010).
Experience
Novices and experts employ different decision-making practices (Kahneman,
2011). Such differences also occur in the way that expert and novice clinicians
reason about their patients’ health problems (Eva et al., 2010). Expert nurses,
for instance, have been found to collect a wider range of cues than their novice counterparts during clinical decision making (Hoffman et al., 2009). Expert
clinicians are more likley to rely on system 1 processing during the diagnostic
process, while novice practioners and medical students rely more on conscious,
explicit, linear analytical reasoning. Furthermore, expert clinicians are likely to
be more accurate than novices when they employ system 1 processes because
they have larger stores of developed mental models of disease conditions. While
some have argued that experts are more susceptible to premature closure (i.e.,
accepting a diagnosis before it has been sufficiently verified), there is evidence
that experience is more likely to lead to diagnostic flexibility than an explicit metacognitive rule requiring one to “consider alternatives” (Eva and Cunnington, 2006;
Eva et al., 2010; McSherry, 1997).
Personality, Physical State, and Gender
Individual personality influences clinical reasoning and decision making
(Croskerry and Musson, 2009). Arrogance, for instance, may lead to clinician overconfidence, a personality trait identified as a source of diagnostic error (Berner
and Graber, 2008; Croskerry and Norman, 2008). Other personality traits, such
as openness to experiences and agreeableness, could improve decision making
in some individuals if it increases their openness to divergent views and feedback.
A clinician’s physical state can also influence reasoning. Fatigue and sleep
deprivation have been found to impede system 2 processing interventions on
system 1 processes (Croskerry and Musson, 2009; Zwaan et al., 2009).
Additionally, some research suggests that there are gender-specific effects
associated with reasoning, including a male tendency toward risk-taking (Byrnes
et al., 1999). Other studies have failed to replicate this proposed gender effect
(Croskerry and Musson, 2009).

polymyalgia rheumatica). If a sign, symptom, or test is always negative in
the absence of a particular disease (100 percent specificity), then the presence of that symptom, sign, or test rules in disease (e.g., all patients with
Kayser–Fleischer rings have Wilson’s disease; all patients with Koplik’s
spots have measles).
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However, nearly all signs, symptoms, or test results are neither
100 percent sensitive or specific. For example, studies suggest exceptions
for findings such as Kayser–Fleischer rings with other causes of liver
disease (Frommer et al., 1977; Lipman and Deutsch, 1990) or Koplik’s
spots with parvovirus B19 or echovirus (Suringa et al., 1970) and even
for Reed-Sternburg cells for Hodgkin’s lymphoma (Azar, 1975).
Bayes’ theorem provides a framework for clinicians to revise the
probability of disease, given disease prevalence, as well as the presence
or absence of clinical findings or positive or negative test results (Grimes
and Schulz, 2005; Griner et al., 1981; Kassirer et al., 2010; Pauker and
Kassirer, 1980). Bayesian calculators are available to facilitate these probability revision analyses (Simel and Rennie, 2008). Box 2-6 works through
two examples of probabilistic reasoning. While most clinicians will not
formally calculate probabilities, the logical principles behind Bayesian
reasoning can help clinicians consider the trade-offs involved in further
information gathering, decisions about treatment, or evaluating clinically
ambiguous cases (Kassirer et al., 2010). The committee’s recommendation
on improving diagnostic competencies includes a focus on diagnostic test
ordering and subsequent decision making, which relies on the principles
of probabilistic reasoning.

BOX 2-6
Examples of Probabilistic (Bayesian) Reasoning
Suppose a clinician considers the possibility of Group A b-hemolytic streptococcus (GABHS) infection in a patient presenting with pharyngitis (sore throat).
The absence of nasal congestion occurs in 51 percent of patients with GABHS
and in 42 percent of patients without GABHS (Centor et al.,1980). GABHS causes
about 10 percent of acute pharyngitis; thus, 90 percent of pharyngitis is not due
to GABHS (e.g., viral) (Snow et al., 2001). The likelihood of having GABHS and
the absence of nasal congestion is then 5.1 percent (51 percent of 10 percent)
and of non-GABHS and the absence of nasal congestion is 37.8 percent (42 percent of 90 percent). Bayesian reasoning then calculates the likelihood of GABHS
among those without nasal congestion to be 11.9 percent (5.1 percent divided by
[5.1 percent plus 37.8 percent]). The absence of nasal congestion does not help
distinguish GABHS from non-GABHS but does illustrate how the absence of a
symptom can raise the probability of disease.
However, fever occurs in 24 percent of those with GABHS and 11 percent of
those without GABHS (Centor et al., 1980), so 2.9 percent have GABHS without
nasal congestion but with fever (11.9 percent with GABHS without nasal congestion times 24 percent), whereas 9.7 percent have non-GABHS without nasal
congestion but with fever (88.1 percent with non-GAHBS without nasal congescontinued
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BOX 2-6 Continued
tion times 11 percent). Thus, among patients with an initial 10 percent chance
of GABHS, the likelihood of GABHS rises to 23 percent in patients without nasal
congestion but with fever (2.9 percent divided by [2.9 percent + 9.7 percent]).
Consequently, fever is a distinguishing symptom; if present, it doubles the likelihood of GABHS, and, conversely, its absence would only reduce the likelihood
of GABHS to 10.3 percent because it is not a very sensitive symptom (present in
only 24 percent of patients with GABHS). The presence of three additional distinguishing symptoms (tonsillar exudates, no cough, and swollen, tender anterior
cervical nodes) would raise the likelihood of GABHS to 70 percent, and if those
three additional distinguishing symptoms were absent, the likelihood of GABHS
would fall to 3 percent (Centor et al., 1980; Snow et al., 2001).
To provide a second example, suppose a woman has a 0.8 percent risk of
having breast cancer. Among women with breast cancer, a mammogram will be
positive in 90 percent (sensitivity). Among women without breast cancer, a mammogram will be positive in 7 percent (false positive rate or 1 minus a specificity of
93 percent). If the mammogram is positive, what is the likelihood of this woman
having breast cancer? Bayes’ rule provides the answer. Among 1,000 women,
8 (0.8 percent of 1,000) will have breast cancer and about 7 (90 percent of 8)
would have a true positive mammogram. Among the 992 without breast cancer,
69 (7 percent of 992) will have a false positive mammogram. Thus, among the 76
women with a positive mammogram, 7—or 9 percent—will have breast cancer.
When a very similar question was presented to practicing physicians with an average of 14 years of experience, their answers ranged from 1 percent to 90 percent,
and very few answered correctly (Gigerenzer and Edwards, 2003). Thus, a better
understanding of probabilistic reasoning can help clinicians apply signs, symptoms,
and test results to subsequent decision making (such as refining or expanding a
differential diagnosis, determining the likelihood that a patient has a specific diagnosis on the basis of a positive or negative test result, deciding whether retesting
or ordering new tests is appropriate, or beginning treatment) (see Chapter 4).

THE DIAGNOSTIC EVIDENCE BASE AND CLINICAL PRACTICE
Advances in biology and medicine have led to improvements in prevention, diagnosis, and treatment, with a deluge of innovations in diagnostic testing (IOM, 2000, 2013a; Korf and Rehm, 2013; Lee and Levy,
2012). The rising complexity and volume of these advances, coupled with
clinician time constraints and cognitive limitations, have outstripped human capacity to apply this new knowledge (IOM, 2011a, 2013a; Marois
and Ivanoff, 2005; Miller, 1956; Ostbye et al., 2005; Tombu et al., 2011;
Yarnall et al., 2003). The Institute of Medicine report Best Care Lower Cost:
The Path to Continuously Learning Health Care in America concluded that
“diagnostic and treatment options are expanding and changing at an
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accelerating rate, placing new stresses on clinicians and patients, as well
as potentially impacting the effectiveness and efficiency of care delivery”
(IOM, 2013a, p. 10). The sheer number of potential diagnoses illustrates
this complexity: There are thousands of diseases and related health conditions categorized in the National Library of Medicine’s medical subjects headings system and around 13,000 in International Classification of
Diseases, 9th Edition, with new conditions and diseases added every year
(Medicaid.gov, 2015).
With the rapidly increasing number of published scientific articles on
health (see Figure 2-4), health care professionals have difficulty keeping
up with the breadth and depth of knowledge in their specialties. For example, to remain up to date, primary care clinicians would need to read
for an estimated 627.5 hours per month (Alper et al., 2004). McGlynn
and colleagues (2003) found that Americans receive only about half of
recommended care, including recommended diagnostic processes. Thus,
clinicians need approaches to ensure they know the evidence base and
are well-equipped to deliver care that reflects the most up-to-date information. One of the ways that this is accomplished is through team-based
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FIGURE 2-4 Number of journal articles published on health care topics per year
from 1970 to 2010. Publications have increased steadily over 40 years.
SOURCE: IOM, 2013a.
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care; by moving from individuals to teams of health care professionals,
patients can benefit from a broader set of resources and expertise to
support care (Gittell et al., 2010) (see Chapter 4). In addition, systematic
reviews and clinical practice guidelines (CPGs) help synthesize available
information in order to inform clinical practice decision making (IOM,
2011a,b).
CPGs came into prominence partly in response to studies that found
excessive variation in diagnostic and treatment-related care practices,
indicating that inappropriate care was occurring (Chassin et al., 1987;
IOM, 1990; Kosecoff et al., 1987; Lin et al., 2008; Song et al., 2010). CPGs
are defined as “statements that include recommendations intended to
optimize patient care that are informed by a systematic review of the
evidence and an assessment of the benefits and harms of alternative care
options” (IOM, 2011a, p. 4). CPGs can include diagnostic criteria for specific conditions as well as approaches to information gathering, such as
conducting a clinical history and interview, the physical exam, diagnostic
testing, and consultations.
CPGs translate knowledge into clinical care decisions, and adherence
to evidence-based guideline recommendations can improve health care
quality and patient outcomes (Bhatt et al., 2004; IOM, 2011a; Peterson et
al., 2006). However, there have been a number of challenges to the development and use of CPGs in clinical practice (IOM, 2011a, 2013a,b; Kahn et
al., 2014; Timmermans and Mauck, 2005). Two of the primary challenges
are the inadequacy of the evidence base supporting CPGs and determining the applicability of guidelines for individual patients (IOM, 2011a,
2013b). For example, individual patient preferences for possible health
outcomes may vary, and with the growing prevalence of chronic disease,
patients often have comorbidities or competing causes of mortality that
need to be considered. CPGs may not factor in these patient-specific variables (Boyd et al., 2005; Mulley et al., 2012; Tinetti et al., 2004). In addition,
the majority of scientific evidence about any diagnostic test typically is
focused on test accuracy and not on the impact of the test on patient outcomes (Brozek et al., 2009; Trikalinos et al., 2009). This makes it difficult
to develop guidelines that inform clinicians about the role of diagnostic
tests within the diagnostic process and about how these tests can influence the path of care and health outcomes for a patient (Gopalakrishna
et al., 2014; Hsu et al., 2011). Furthermore, diagnosis is generally not a
primary focus of CPGs; diagnostic testing guidelines typically account for
a minority of recommendations and often have lower levels of evidence
supporting them than treatment-related CPGs (Tricoci et al., 2009). The
adoption of available clinical practice guideline recommendations into
practice remains suboptimal due to concerns about the trustworthiness of
the guidelines as well as the existence of varying and conflicting guide-
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lines (Ferket et al., 2011; Han et al., 2011; IOM, 2011a; Lenzer et al., 2013;
Pronovost, 2013).
Health care professional societies have also begun to develop appropriate use or appropriateness criteria as a way of synthesizing the
available scientific literature and expert opinion to inform patient-specific
decision making (Fitch et al., 2001). With the growth of diagnostic testing
and substantial geographic variation in the utilization of these tools (due
in part to the limitations in the evidence base supporting their use), health
care professional societies have developed appropriate use criteria aimed
at better matching patients to specific health care interventions (Allen and
Thorwarth, 2014; Patel et al., 2005).
Checklists are another approach that has been implemented to improve the safety of care by, for example, preventing health care–acquired
infections or errors in surgical care. Checklists have also been proposed
to improve the diagnostic process (Ely et al., 2011; Schiff and Leape, 2012;
Sibbald et al., 2013). Developing checklists for the diagnostic process may
be a significant undertaking; thus far, checklists have been developed for
discrete, observable tasks, but the complexity of the diagnostic process,
including the associated cognitive tasks, may represent a fundamentally
different type of challenge (Henriksen and Brady, 2013).
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3
Overview of Diagnostic
Error in Health Care

This chapter explains the committee’s definition of diagnostic error,
describes the committee’s approach to measurement, and reviews the
available information about the epidemiology of diagnostic error. The
committee proposes five purposes for measurement: to establish the incidence and nature of the problem of diagnostic error; to determine the
causes and risks of diagnostic error; to evaluate interventions; for education and training purposes; and for accountability purposes. Because
diagnostic errors have been a very challenging area for measurement,
the current focus of measurement efforts has been on understanding the
incidence and nature of diagnostic error and determining the causes and
risks of diagnostic error. The committee highlighted the way in which
various measurement approaches could be applied to develop a more
robust understanding of the epidemiology of diagnostic error and the
reasons that these errors occur.
DEFINITION OF DIAGNOSTIC ERROR
The Institute of Medicine (IOM) has defined quality of care as “the
degree to which health services for individuals and populations increase
the likelihood of desired health outcomes and are consistent with current
professional knowledge” (IOM, 1990, p. 5). The IOM’s report Crossing
the Quality Chasm further elaborated on high-quality care by identifying
six aims of quality: “[H]ealth care should be (1) safe—avoiding injuries
to patients from the care that is intended to help them; (2) effective—
providing services based on scientific knowledge to all who could ben81
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efit and refraining from providing services to those not likely to benefit;
(3) patient-centered—providing care that is respectful of and responsive
to individual preferences, needs, and values, and ensuring that patient
values guide all clinical decisions; (4) timely—reducing waits and sometimes harmful delays for both those who receive and those who give care;
(5) efficient—avoiding waste, including waste of equipment, supplies,
ideas, and human resources; and (6) equitable—providing care that does
not vary in quality because of personal characteristics, such as gender,
ethnicity, geography, and socioeconomic status” (IOM, 2001, p. 6). Communicating accurate and timely diagnoses to patients is an important
component of providing high-quality care; errors in diagnosis are a major
threat to achieving high-quality care.
The IOM defines an error in medicine to be the “failure of a planned
action to be completed as intended (i.e., error of execution) and the use
of a wrong plan to achieve an aim (i.e., error of planning) [commission]”
(IOM, 2004, p. 30). The definition also recognizes the failure of an unplanned action that should have been completed (omission) as an error
(IOM, 2004). The IOM report To Err Is Human: Building a Safer Health System distinguished among four types of error: diagnostic, treatment, preventive, and other (see Box 3-1). An adverse event is “an event that results
in unintended harm to the patient by an act of commission or omission
rather than by the underlying disease or condition of the patient” (IOM,
2004, p. 32).
The committee’s deliberations were informed by a number of existing definitions and definitional frameworks on diagnostic error (see
Appendix C). For instance, Graber and colleagues used a classification
of error from the Australian Patient Safety Foundation to define diagnostic error as a “diagnosis that was unintentionally delayed (sufficient
information was available earlier), wrong (another diagnosis was made
before the correct one), or missed (no diagnosis was ever made), as judged
from the eventual appreciation of more definitive information” (Graber et
al., 2005, p. 1493). They further divided diagnostic error into three main
categories: no-fault errors, system-related errors, and cognitive errors. Nofault errors, originally described by Kassirer and Kopelman (1989), stem
from factors outside the control of the clinician or the health care system,
including atypical disease presentation or patient-related factors such as
providing misleading information. The second category, system-related
errors, can include technical or organizational barriers, such as problems
with communication and care coordination; inefficient processes; technical failures; and equipment problems. Finally, there are cognitive errors
that clinicians may make. The causes of these can include inadequate
knowledge, poor critical thinking skills, a lack of competency, problems
in data gathering, and failing to synthesize information (Chimowitz et al.,
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BOX 3-1
Types of Errors Described in
To Err Is Human: Building a Safer Health System
Diagnostic
Error or delay in diagnosis; failure to employ indicated tests; use of outmoded
tests or therapy; failure to act on results of monitoring or testing
Treatment
Error in the performance of an operation, procedure, or test; error in administering the treatment; error in the dose or method of using a drug; avoidable
delay in treatment or in responding to an abnormal test; inappropriate (not
indicated) care
Preventive
Failure to provide prophylactic treatment; inadequate monitoring or follow-up
of treatment
Other
Failure of communication; equipment failure; other system failure
SOURCE: IOM, 2000, p. 36.

1990). Each of these errors can occur in isolation, but they often interact
with one another; for instance, system factors can lead to cognitive errors.
Schiff and colleagues (2009, p. 1882) defined diagnostic error as “any
mistake or failure in the diagnostic process leading to a misdiagnosis, a
missed diagnosis, or a delayed diagnosis.” Schiff and colleagues (2005)
divide the diagnostic process into seven stages: (1) access and presentation, (2) history taking/collection, (3) the physical exam, (4) testing,
(5) assessment, (6) referral, and (7) follow-up. A diagnostic error can
occur at any stage in the diagnostic process, and there is a spectrum
of patient consequences related to these errors ranging from no harm
to severe harm. Schiff and colleagues noted that not all diagnostic process errors will lead to a missed, delayed, or wrong diagnosis, and not
all errors (either in the diagnostic process or related to misdiagnosis) will
result in patient harm. Relating this model to Donabedian’s structureprocess-outcome framework, Schiff and colleagues consider diagnosis to
be an intermediate outcome of the diagnostic process, and any resulting
adverse patient harm would be considered true patient outcomes (Schiff
and Leape, 2012; Schiff et al., 2005, 2009).
In describing diagnostic error, Singh focused on defining missed op-
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portunities, where a missed opportunity “implies that something different
could have been done to make the correct diagnosis earlier. . . . Evidence
of omission (failure to do the right thing) or commission (doing something
wrong) exists at the particular point in time at which the ‘error’ occurred”
(Singh, 2014, p. 99). Singh’s definition of a missed opportunity takes into
account the evolving nature of a diagnosis, making the determination of
a missed opportunity dependent on the temporal or sequential context
of events. It also assumes that missed opportunities could be caused by
individual clinicians, the care team, the system, or patients. Singh also
highlighted preventable diagnostic harm—when a missed opportunity
results in harm from delayed or wrong treatment or test—as the best opportunity to intervene.
Newman-Toker (2014a,b) developed a conceptual model of diagnostic
error that attempted to harmonize the current definitional frameworks.
His framing distinguished between diagnostic process failures and diag
nostic labeling failures. Diagnostic process failures include problems in
the diagnostic workup, and they may include both cognitive and system
errors. Diagnosis label failures occur when the diagnosis that a patient
receives is incorrect or when there is no attempt to provide a diagnosis
label. Newman-Toker identified preventable diagnostic error as the overlap between a diagnostic process failure and a diagnostic label failure,
and he noted that this is similar to Singh’s conceptualization of a missed
opportunity (Singh, 2014). A preventable diagnostic error differs from a
near-miss process problem, which is a failure in the diagnostic process
without a diagnostic labeling failure. Newman-Toker also identifies unavoidable misdiagnosis, which is a diagnostic labeling failure that may
occur in the absence of a diagnostic process failure and corresponds to
the no-fault category described earlier. Furthermore, his model illustrates
that harm may—or may not—result from diagnostic process failures and
diagnostic labeling failures.
In reviewing the diagnostic error literature, the committee concluded
that there are varying definitions and terminology currently in use to
describe diagnostic error. For example, there is disagreement about exactly
what constitutes a diagnostic error as well as about the precise meanings
of a delayed diagnosis, a missed diagnosis, and a misdiagnosis (NewmanToker, 2014b). Some treat the terms “diagnostic error” and “misdiagnosis”
as synonyms (Newman-Toker, 2014b; Newman-Toker and Pronovost,
2009). There are some who prefer the term “diagnosis error” rather than
“diagnostic error” because they conclude that diagnostic error should refer
to the process of arriving at a diagnosis, whereas diagnosis error should
refer to the final multifactorial outcome, of which the diagnostic process
is only one factor (Berenson et al., 2014). Some use the term “missed
diagnosis” solely for situations in which the diagnosis was found upon
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autopsy (Graber et al., 2005; Newman-Toker, 2014b). While some definitions of diagnostic error include unavoidable errors, others conceptualize
diagnostic error as something that stems from a failure in the diagnostic
process (Graber et al., 2005; Newman-Toker, 2014b; Schiff et al., 2009). In
part, the various definitions that have arisen reflect the intrinsic dualistic
nature of the term “diagnosis,” which has been used to refer both to a
process and to the result of that process. Definitions of diagnostic error
can also vary by stakeholder; for example, a patient’s definition of a diagnostic error may be different from a clinician- or research-oriented definition of diagnostic error. Other terms used in the diagnostic error literature
include diagnostic accuracy (Wachter, 2014), misdiagnosis-related harm
(Newman-Toker and Pronovost, 2009), and preventable diagnostic errors
(Newman-Toker, 2014b).
Because of this lack of agreement, the committee decided to formulate
a new definition of diagnostic error. The committee’s patient-centered
definition of diagnostic error is:
the failure to (a) establish an accurate and timely explanation of the
patient’s health problem(s) or (b) communicate that explanation to
the patient.

The definition frames a diagnostic error from the patient’s perspective, in recognition that a patient bears the ultimate risk of harm from a
diagnostic error. The committee’s definition is two-pronged; if there is a
failure in either part of the definition, a diagnostic error results. It also
conveys that each arm of the definition may be evaluated separately for
measurement purposes (see section on measurement and assessment of
diagnostic error).
The first part of the committee’s definition focuses on two major
characteristics of diagnosis: accuracy and timeliness. A diagnosis is not
accurate if it differs from the true condition a patient has (or does not
have) or if it is imprecise and incomplete (lacking in sufficient detail). It is
important to note that a working diagnosis, described in Chapter 2, may
lack precision or completeness but is not necessarily a diagnostic error.
The nature of the diagnostic process is iterative, and as information gathering continues, the goal is to reduce diagnostic uncertainty, narrow down
the diagnostic possibilities, and develop a more precise and complete
diagnosis. The other characteristic the committee highlighted was timeliness. Timeliness means that the diagnosis was not meaningfully delayed.
However, the committee did not specify a time period that would reflect
“timely” because this is likely to depend on the nature of a patient’s condition as well as on a realistic expectation of the length of time needed to
make a diagnosis. Thus, the term “timely” will need to be operationalized
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for different health problems. Depending on the circumstances, some diagnoses may take days, weeks, or even months to establish, while timely
may mean quite quickly (minutes to hours) for other urgent diagnoses.
The second part of the committee’s definition focuses on communication. A fundamental conclusion from the committee’s deliberations was
that communication is a key responsibility in the diagnostic process. From
a patient’s perspective, an accurate and timely explanation of the health
problem is meaningless unless this information reaches the patient so that
a patient and health care professionals can act on the explanation. The
phrase “explanation of the patient’s health problem(s)” was chosen because it was meant to describe the health problem (or problems) involved
as well as the manner in which the information is conveyed to a patient.
The explanation needs to align with a patient’s level of health literacy and
to be conveyed in a way that facilitates patient understanding. Because
not all patients will be able to participate in the communication process,
there will be some situations where the explanation of the health problem
may not be feasible to convey or be fully appreciated by the patient (e.g.,
pediatric patients or patients whose health problems limit or prevent
communication). In these circumstances, the communication of the health
problem would be between the health care professionals and a patient’s
family or designated health care proxy. There may also be urgent, lifethreatening situations in which a patient’s health problem will need to
be communicated following treatment. However, even in these urgent
situations, patients and their families need to be informed about new
developments, so that decision making reflects a patient’s values, preferences, and needs. Timely communication is also context-dependent: With
some health problems, providing an explanation to a patient can take
weeks or months to establish. However, throughout this time clinicians
can communicate the working diagnosis, or the current explanation of
the patient’s health problem, as well as the degree of certainty associated
with this explanation.
The phrase “failure to establish” is included in the definition because
it recognizes that determining a diagnosis is a process that involves both
the passage of time and the collaboration of health care professionals,
patients, and their families to reach an explanation. The committee chose
the term “health problem” because it is more inclusive than the term
“diagnosis” and often reflects a more patient-centered approach to under
standing a patient’s overall health condition. For example, a health problem could include a predisposition to developing a condition, such as a
genetic risk for disease. In addition, there are circumstances when it is
important to focus on resolving the symptoms that are interfering with a
patient’s basic functioning, described as “activities of daily living,” rather
than focusing exclusively on identifying and following up on all of a
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patient’s potential diagnoses (Gawande, 2007). Individual patient preferences for possible health outcomes can vary substantially, and with the
growing prevalence of chronic disease, patients often have comorbidities
or competing causes of mortality that need to be taken into consideration
when defining a patient’s health problem and subsequent plan for care
(Gawande, 2014; Liss et al., 2013; Mulley et al., 2012).
There could be situations in which clinicians and health care organizations, practicing conscientiously (e.g., following clinical practice
guidelines or established standards of care), may be unable to establish
a definitive diagnosis. Sometimes a health care professional will need to
acknowledge an inability to establish a diagnosis and will need to refer
the patient to other specialists for further assessment to continue the diag
nostic process. However, in some cases, this iterative process may still not
lead to a firm diagnosis. For example, individuals may have signs and
symptoms that have not been recognized universally by the medical community as a specific disease. From the patient’s perspective, this could be
a diagnostic error, but medicine is not an exact science, and documenting
and examining such instances could provide an opportunity to advance
medical knowledge and ultimately improve the diagnostic process.
The committee’s definition reflects the six aims of high-quality care
identified by the IOM (2001). It specifically refers to effectiveness and
efficiency (i.e., accuracy), timeliness, and patient-centeredness as important aspects of diagnosis, while assuming safety and equity throughout
the diagnostic process. Patients and their families play a key role in the
diagnostic process, but a patient’s care team is ultimately responsible for
facilitating the diagnostic process and the communication of a diagnosis
(see Chapter 4).
The committee’s definition of diagnostic error differs from previous
definitions in that it focuses on the outcome from the diagnostic process
(the explanation of the patient’s health problem provided to the patient).
Other definitions of diagnostic error focus on determining whether or
not process-related factors resulted in the diagnostic error. For example,
Singh’s definition focuses on whether there was a missed opportunity to
make a diagnosis earlier (Singh, 2014). Likewise, Schiff and colleagues’
(2009) definition of diagnostic error requires a determination that there
was a mistake or failure in the diagnostic process. The committee’s focus
on the outcome from the diagnostic process is important because it reflects
what matters most to patients—the communication of an accurate and
timely explanation of their health problem. However, identifying failures
in the diagnostic process is also critically important, which is reflected
in the committee’s dual focus on improving the diagnostic process and
reducing diagnostic errors. The committee’s discussion of measurement
includes an emphasis on understanding where failures in the diagnostic
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process can occur and the work system factors that contribute to these
failures (see section on determining the causes and risks of diagnostic
error).
Analyzing failures in the diagnostic process provide important information for learning how to improve the work system and the diag
nostic process. Some failures in the diagnostic process will lead to
diagnostic errors; however, other failures in the diagnostic process will
not ultimately lead to a diagnostic error. In this report, the committee
describes “failures in the diagnostic process that do not lead to diagnostic
errors” as near misses.1 In other words, a near miss is a diagnosis that
was almost erroneous. For example, it would be considered a near miss
if a radiologist reported no significant findings from a chest X-ray, but a
primary care clinician reviewing the image identified something that required further follow-up (Newman-Toker, 2014b). While there may have
been a failure in the diagnostic process, the patient nonetheless received
an accurate and timely explanation of the health problem. Examining near
misses can help identify vulnerabilities in the diagnostic process as well
as strengths in the diagnostic process that compensate for these vulnerabilities (see discussion of error recovery in Chapter 6). Likewise, several
of the committee’s recommendations focus on identifying both diagnostic
errors and near misses because they both serve as learning opportunities
to improve diagnosis.
The diagnostic process can lead to a number of outcomes (see Figure 3-1). An accurate and timely diagnosis that is communicated to a patient presents the best opportunity for a positive health outcome because
clinical decision making will be tailored to a correct understanding of the
patient’s health problem. Diagnostic errors and near misses can stem from
a wide variety of causes and result in multiple outcomes, and as evidence
accrues, a more nuanced picture of diagnostic errors and near misses
will develop. For example, further research can be directed at better
understanding the causes of diagnostic errors and vulnerabilities in the
1 The term “near miss” is used within many fields—including health care—with varying
definitions. For example, an IOM report defined a near miss as “an act of commission or
omission that could have harmed the patient but did not cause harm as a result of chance,
prevention, or mitigation” (IOM, 2004, p. 227). Because diagnostic errors can have a range
of outcomes (including no harm) this definition of near miss is not consistent with the
committee’s definition of diagnostic error. However, the committee’s conceptualization of
a near miss is similar to previous uses. For example, the 2004 IOM report states that most
definitions of a near miss imply an incident causation model, in which there is a causal chain
of events that leads to the ultimate outcome: “Near misses are the immediate precursors to
later possible adverse events” (IOM, 2004, p. 227). Rather than focus on adverse events as
the outcome of interest, the committee’s outcome of interest is diagnostic error. Thus, the
committee’s definition of a near miss is a failure in the diagnostic process that does not lead
to diagnostic error.
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Figures S-3 and 3-1

FIGURE 3-1 Outcomes from the diagnostic process.
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diagnostic process. Some of the reasons diagnostic errors and near misses
occur may be more remediable to interventions than others. In addition,
determining which types of diagnostic errors are priorities to address, as
well as which interventions could be targeted at preventing or mitigating
specific types of diagnostic errors, will be informative in improving the
quality of care.
A better understanding of the outcomes resulting from diagnostic
errors and near misses will also be helpful. For example, if there is a
diagnostic error, a patient may or may not experience harm. The potential harm from diagnostic errors could range from no harm to significant
harm, including morbidity or death. Errors can be harmful because they
can prevent or delay appropriate treatment, lead to unnecessary or harmful treatment, or result in psychological or financial repercussions. Harm
may not result, for example, if a patient’s symptoms resolve even with an
incorrect diagnosis. Diagnostic errors and near misses may also lead to inefficiency in health care organizations (e.g., the provision of unnecessary
treatments) and increase system costs unnecessarily (covering the costs
of otherwise unnecessary care or medical liability expenses). Diagnostic
errors and near misses influence both the morale of individuals participating in the diagnostic process and public trust in the health care system.
Correct diagnoses, diagnostic errors, and near misses can be used as opportunities to learn how to improve the work system and the diagnostic
process (Klein, 2011, 2014).
OVERUTILIZATION IN THE DIAGNOSTIC
PROCESS AND OVERDIAGNOSIS
There is growing recognition that overdiagnosis is a serious problem in health care today, contributing to increased health care costs,
overtreatment, and the associated risks and harms from this treatment
(Welch, 2015; Welch and Black, 2010). Overdiagnosis has been described
as “when a condition is diagnosed that would otherwise not go on to
cause symptoms or death” (Welch and Black, 2010, p. 605). Chiolero and
colleagues note that advances in prevention and diagnosis “have changed
the diagnostic process, expanding the possibilities of interventions across
asymptomatic individuals and blurring the boundaries between health,
risk, and disease” (Chiolero et al., 2015, p. w14060). Overdiagnosis has
been attributed to the increased sensitivity of diagnostic testing (e.g., improved radiographic resolution); the identification of incidental findings;
the widening boundaries or lowered thresholds for defining what is abnormal (e.g., hypertension, diabetes, or cholesterol levels); and clinicians’
concerns about missing diagnoses and subsequent medical liability risks
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(see Chapter 7 for a discussion of defensive medicine concerns) (Chiolero
et al., 2015; Gawande, 2015; Moynihan et al., 2012).
Recent discussions in the diagnostic error community have drawn attention to the issue of overdiagnosis and whether overdiagnosis should be
defined and classified as an error (Berenson et al., 2014; Newman-Toker,
2014b; Zwaan and Singh, 2015). Although overdiagnosis is a complex
and controversial topic, it is distinct from diagnostic error. For example,
Chiolero and colleagues (2015, p. w14060) state: “Overdiagnosis is . . .
neither a misdiagnosis (diagnostic error), nor a false positive result (positive test in the absence of a real abnormality).” Similarly, Gawande makes
the distinction between overdiagnosis and diagnostic error: “Overtesting
has also created a new, unanticipated problem: overdiagnosis. This isn’t
misdiagnosis—the erroneous diagnosis of a disease. This is the correct
diagnosis of a disease that is never going to bother you in your lifetime”
(Gawande, 2015). Challenges in terminology and the blurry distinctions
between diagnosis and treatment add to the confusion between over
diagnosis and diagnostic error. Recent reports in the literature have used
the term “overdiagnosis” broadly to incorporate the concept of over
medicalization, including overdetection, overdiagnosis, overtreatment,
and overutilization (Carter et al., 2015). For example, widening the criteria used to define a disease may raise important concerns about over
medicalization, but if a diagnosis is consistent with consensus guidelines
for medical practice, it would not constitute a diagnostic error as defined
by the committee.
A major reason overdiagnosis is not characterized as an error is because it is found primarily with population-based estimates; it is virtually impossible to assess whether overdiagnosis has occurred for an
individual patient (Welch and Black, 2010). Our understanding of biology and disease progression is often not advanced enough to determine
which individuals are going to be harmed by their health condition,
versus the health conditions that are never going to lead to patient harm
(e.g., thyroid, breast, and prostate cancers). Thus, clinicians are treating
patients based on uncertain prognoses, and many more people are treated
compared to those who actually benefit from treatment. Likewise, screening guidelines are intended to identify populations that will most likely
benefit from screening, but not all individuals who undergo screening
will benefit. For example, screening mammography—like many interventions—is an imperfect test with associated harms and benefits; some
breast cancers will be missed, some women will die from breast cancer
regardless of being screened, and some cancers that are identified will
never lead to harm (Pace and Keating, 2014). Because current diagnostic
testing technologies often cannot distinguish the cancers that are likely
to progress and lead to patient harm from those that will not, inevitably
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clinicians treat some patients with breast cancer who will not benefit from
the treatment (Esserman et al., 2009). It would be incorrect (and largely
impossible) to classify these cases as errors because clinicians are basing
screening and treatment decisions on the best available medical knowledge, and the assessment of overdiagnosis is dependent on populationbased analysis. For example, once diagnosed and treated for cancer, it
is impossible to know whether the patient’s outcome would have been
different if the tumor (which may have been indolent rather than lifethreatening) had never been diagnosed.
However, overdiagnosis represents a true challenge to health care
quality, and further efforts are warranted to prevent overdiagnosis and
associated overtreatment concerns. Reducing overdiagnosis will likely
require improved understanding of disease biology and progression, as
well as increased awareness of its occurrence among health care professionals, patients, and their families (Chiolero et al., 2015). In addition, an
important strategy that has been suggested for preventing overdiagnosis
and associated overtreatment is avoiding unnecessary and untargeted
diagnostic testing (Chiolero et al., 2015).
Box 3-2 provides an overview of overutilization of diagnostic testing
in health care. Based on the committee’s definition of diagnostic error,
which focuses on the outcomes for patients, overutilization of diagnostic
testing is not necessarily a diagnostic error. Overutilization of diagnostic
testing would be considered a failure in the diagnostic process (failure
in information gathering—see the measurement section below). Overutilization is a serious concern, and efforts to improve diagnosis need to
focus on preventing inappropriate overutilization of diagnostic testing
(Newman-Toker, 2014a).
Improving diagnosis should not imply the adoption of overly aggressive diagnostic strategies. Chapter 2 highlights that the goal of diagnostic
testing is not to reduce diagnostic uncertainty to zero (an impossible task),
but rather to optimize decision making by judicious use of diagnostic
testing (Newman-Toker et al., 2013; Kassirer, 1989). This is also why the
committee highlighted iterative information gathering and the role of
time in the diagnostic process; oftentimes it is not appropriate to test for
everything at the outset—further information-gathering activities can be
informed by test results, time, and a patient’s response to treatment. The
committee makes a number of recommendations throughout the report
that are targeted at preventing overutilization in the diagnostic process,
including improved collaboration and communication among treating clinicians and pathologists, radiologists, and other diagnostic testing health
care professionals, as well as increased emphasis on diagnostic testing in
health care professional education (see Chapters 4 and 6).
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BOX 3-2
Overutilization of Diagnostic Testing
While diagnostic testing has brought many improvements to medical care,
 dvances in diagnostic testing have also led to some challenges, including an
a
under-reliance on more traditional diagnostic tools, such as careful history taking and the physical exam, and the inappropriate utilization of diagnostic testing
(Iglehart, 2009; Newman-Toker et al., 2013; Rao and Levin, 2012; Zhi et al.,
2013). Inappropriate use has included both overutilization (testing when it is not
indicated) and underutilization (not testing when it is indicated).
The use of diagnostic testing to rule out conditions, clinicians’ intolerance
of uncertainty, an enthusiasm for the early detection of disease in the absence of
symptoms, and concerns over medical liability can all contribute to overutilization
(Grimes and Schulz, 2002; Newman-Toker et al., 2013; Plebani, 2014). In one
survey of physicians in specialties at high risk of litigation (emergency medicine,
general surgery, orthopedic surgery, neurosurgery, obstetrics/gynecology, and
radiology), 59 percent of respondents reported that they ordered more tests than
were medically indicated (Studdert et al., 2005). In an analysis that examined
patient understanding of medical interventions, researchers identified a complex
array of reasons for overuse, including payment systems that favor more testing
over patient interaction, the ease of requesting tests, and patient beliefs that more
testing and treatment is equivalent to better care (Croskerry, 2011; Hoffmann and
Del Mar, 2015). When a clinician does not have enough time to discuss symptoms
and potential diagnoses with a patient, ordering a test is sometimes considered
more straightforward and less risky (Newman-Toker et al., 2013). Another contributing factor is an overestimation of the benefits of testing; for example, patients
often overestimate the benefits of mammography screening (Gigerenzer, 2014;
Hoffmann and Del Mar, 2015).
The overutilization of medical imaging techniques that employ ionizing radiation (such as computed tomography [CT]) is of special concern and has gained
considerable attention in the wake of research showing a marked increase in radia
tion exposure from medical imaging in the U.S. population (Hricak et al., 2011).
Epidemiological studies have found reasonable, though not definitive, evidence
that exposure to ionizing radiation (organ doses ranging from 5 to 125 millisieverts)
result in a very small but statistically significant increase in cancer risk (Hricak et
al., 2011). Children are more radiosensitive than adults, and cancer risks increase
with cumulative radiation exposure. In addition to age at exposure, genetic considerations, sex, and fractionation and protraction of exposure may influence the
level of risk. Medical imaging needs to be justified by weighing its potential benefit
against its potential risk. It is important to be sure that imaging is truly indicated
and to consider alternatives to the use of ionizing radiation, especially for pediatric
patients and those with a history of radiation exposure. In 2010 the Food and Drug
Administration launched the Initiative to Reduce Radiation Exposure, aimed at
promoting the justification of all imaging examinations and the optimization of imaging protocols so as to minimize radiation doses (FDA, 2015). Studies have shown
that the use of clinical decision support and guidelines can minimize unnecessary
radiation exposure and that they could prevent as many as 20 to 40 percent of CT
scans without compromising patient care (Hricak et al., 2011).
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MEASUREMENT AND ASSESSMENT OF DIAGNOSTIC ERROR
For a variety of reasons, diagnostic errors have been more challenging
to measure than other quality or safety concepts. Singh and Sittig (2015,
p. 103) note that “[c]ompared with other safety concerns, there are also
fewer sources of valid and reliable data that could enable measurement”
of diagnostic errors. Studies that have evaluated diagnostic errors have
employed different definitions, and the use of varying definitions can lead
to challenges in drawing comparisons across studies or synthesizing the
available information on measurement (Berenson et al., 2014; Schiff and
Leape, 2012; Singh, 2014). Even when there is agreement on the definition
of diagnostic error, there can be genuine disagreement over whether a
diagnostic error actually occurred, and there are often blurry boundaries
between different types of errors (e.g., treatment or diagnostic) (Singh and
Sittig, 2015; Singh et al., 2012a).
The complexity of the diagnostic process itself, as well as the inherent
uncertainty underlying clinical decision making, makes measurement a
challenging task (Singh, 2014; Singh and Sittig, 2015). The committee’s
conceptual model illustrates the complex, time-dependent, and teambased nature of the diagnostic process as well as all of the potential
work system factors that can contribute to the occurrence of diagnostic
error. The temporal component of the diagnostic process can complicate
measurement because the signs and symptoms of a health condition may
evolve over time, and there can be disagreement about what an acceptable
time frame is in which to make a timely diagnosis (Singh, 2014; Zwaan
and Singh, 2015). Clinical reasoning plays a role in diagnostic errors, but
clinical reasoning processes are difficult to assess because they occur in
clinicians’ minds and are not typically documented (Croskerry, 2012;
Wachter, 2010). Similarly, some measurement approaches, such as medical
record reviews, may not identify diagnostic errors because information
related to diagnosis may not be documented (Singh et al., 2012a). Furthermore, many people recover from their health conditions regardless of the
treatment or diagnosis they receive, so a diagnostic error may never be
recognized (Croskerry, 2012).
The Purposes of Measurement
There are a variety of ways that measurement can be used in the context of the diagnostic process and in assessing the occurrence of diagnostic
errors. The committee identified five primary purposes for measuring
diagnostic errors: establishing the incidence and nature of the problem
of diagnostic error; determining the causes and risks of diagnostic error;
evaluating interventions to improve diagnosis and reduce diagnostic
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e rrors; for educational and training purposes; and for accountability purposes (e.g., performance measurement). Each of these purposes is described in greater detail below.
1.

2.

3.

4.

5.

Establish the incidence and nature of the problem of diagnostic error.
Today this task is primarily the province of research and is likely
to remain that way for the foreseeable future. Researchers have
used a variety of methods to assess diagnostic errors. Attention to
harmonizing these approaches and recognizing what each method
contributes to the overall understanding of diagnostic error may
better characterize the size and dimensionality of the problem and
may facilitate assessment of diagnostic error rates over time.
Determine the causes and risks of diagnostic error. This use of measurement and assessment is also primarily undertaken in research
settings, and this is also likely to continue. Previous research has
provided numerous insights into causes and risks, but moving
from these insights to constructing approaches to prevent or detect problems more rapidly will require additional work.
Evaluate interventions. This report should stimulate the development of programs designed to prevent, detect, and correct diagnostic errors across the spectrum, but these programs will require
appropriate measurement tools (both quantitative and qualitative) to allow a rigorous assessment of whether the interventions
worked. This will be particularly challenging for measuring prevention, as is always the case in medical care. Research needs to
focus on the required attributes of these measurement tools for
this application.
Education and training. Given the importance of lifelong learning
in health care, it will be useful to have measurement tools that
can assess the initial training of health care professionals, the
outcomes of ongoing education, and the competency of health
care professionals. For this application, these tools need to provide an opportunity for feedback and perhaps decision support
assistance in identifying potential high risk areas. In this instance,
the measurement tools need to include not only the assessment
of whether an event occurred or is at risk for occurring but also
effective methods for feeding back information for learning.
Accountability. In today’s environment, significant pressure exists
to push toward accountability through public reporting and payment for every area in which a potential problem has been identified in health care. As an aspiration, the committee recognizes that
transparency and public reporting are worthy goals for helping
patients identify and receive high-quality care. However, current
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pushes for accountability neglect diagnostic performance, and
this is a major limitation of these approaches. The committee’s
assessment suggests that it would be premature either to adopt
an accountability framework or to assume that the traditional accountability frameworks for public reporting and payment will be
effective in reducing diagnostic error. A primary focus on intrinsic
motivation—unleashing the desire on the part of nearly all health
care professionals to do the right thing—may be more effective
at improving diagnostic performance than programs focused on
public reporting and payment. Public awareness may also be a
key leverage point, but at this point measurement approaches
that reveal weak spots in the diagnostic process and identify
errors reliably are lacking. For both health care professionals and
patients, it is critical to develop measurement approaches that
engage all parties in improving diagnostic performance.
With this in mind, the following discussion elaborates on three of
the purposes of measurement: Establishing the incidence and nature
of diagnostic error, determining the causes and risks of diagnostic error,
and evaluating interventions. This section summarizes the approaches
to measurement that are best matched to each purpose. All of the data
sources and methods that were identified have some limitations for the
committee-defined purposes of measurement.
Issues related to assessing the competency of health care professionals
are addressed in Chapter 4; because the committee determined that it is
premature to consider diagnostic error from an accountability framework,
measurement for the purpose of accountability is not described further
in this chapter.
Establishing the Incidence and Nature of
the Problem of Diagnostic Error
A number of data sources and methods have been used to understand
the incidence and nature of diagnostic error, including postmortem examinations (autopsy), medical record reviews, malpractice claims, health
insurance claims, diagnostic testing studies, and patient and clinician
surveys, among others (Berner and Graber, 2008; Graber, 2013; Singh and
Sittig, 2015).
Before reviewing each of these approaches, the committee sought
to identify or construct a summary, population-based estimate of the
frequency with which diagnostic errors occur. Such a number can underscore the importance of the problem and, over time, be used to evaluate
whether progress is being made. To arrive at such a number, the com-

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

OVERVIEW OF DIAGNOSTIC ERROR IN HEALTH CARE

97

mittee considered the necessary measurement requirements to establish
the incidence and nature of diagnostic errors. First, one would need an
estimate of the number of opportunities to make a diagnosis each year
(denominator) and the number of times the diagnosis (health problem)
is not made in an accurate and timely manner or is not communicated to
the patient. This formulation takes into consideration the fact that during any given year patients may experience multiple health problems
for which a diagnosis is required; each represents an opportunity for the
health care system to deliver an accurate and timely explanation of that
health problem. About one-third of ambulatory visits are for a new health
problem (CDC, 2015). The formulation also reflects the fact that the final
product (the explanation of the patient’s health problem) needs to be free
of defects; that is, it needs to meet all elements of a correct diagnosis (accuracy, timeliness, and communication).
Perhaps not surprisingly, the available research estimates were not
adequate to extrapolate a specific estimate or range of the incidence of
diagnostic errors in clinical practice today. Even less information is available to assess the severity of harm caused by diagnostic errors. Part of
the challenge in gathering such data is the variety of settings in which
these errors can occur; these settings include hospitals, emergency departments, a variety of outpatient settings (such as primary and specialty
care settings and retail clinics), and long-term-care settings (such as nursing homes and rehabilitation centers). A second part of the challenge is
the complexity of the diagnostic process itself. Although there are data
available to examine diagnostic errors in some of these settings, there are
wide gaps and much variability in the amount and quality of information
available. In addition, a number of problems arise when aggregating data
across the various research methods (such as postmortem examinations,
medical record reviews, and malpractice claims). Each method captures
information about different subgroups in the population, different dimensions of the problem, and different insights into the frequency and causes
of diagnostic error. Taken together, however, the committee concluded
that the evidence suggests that diagnostic errors are a significant and
common challenge in health care and that most people will experience
at least one diagnostic error in their lifetime. The committee based this
observation on its collective assessment of the available evidence describing the epidemiology of diagnostic errors. In each data source that
the committee evaluated, diagnostic errors were a consistent quality and
safety challenge.
The committee anticipates that its definition of diagnostic error will
inform measurement activities. The two components of the definition—
(a) accuracy and timeliness and (b) communication—will likely have to
be accounted for separately. For example, it is often difficult to determine
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from a medical record review whether the diagnosis has been communicated to the patient. Other data sources, such as patient surveys, may be
helpful in making this determination. Alternatively, medical record charting practices could be improved to emphasize communication because of
its importance in improving diagnosis and subsequent care. Measuring
each arm of the definition is also consistent with the committee’s approach to identifying failures in the diagnostic process; the committee
specifies that each step in the diagnostic process can be evaluated for its
susceptibility to failures (see section on determining the causes and risks
of diagnostic error).
To better understand both the challenges and the opportunities associated with the various measurement methods, the committee examined
for each of the data sources (1) the mechanism by which eligible patients
were identified for assessment (denominator) and (2) the way that diagnostic errors were identified (numerator). The results are summarized
in Table 3-1. In the sections following the table, the committee describes
each data source; highlights the features of the data source that enhance or
limit its utility for estimating the incidence of diagnostic error; describes
the methods that have been used in studies to select cases for review
(the denominator); and describes the methods for determining if an error occurred (numerator). Next, a summary of what is known about the
incidence of diagnostic errors from studies that use those data sources is
offered. Each section ends with a discussion of potential improvements
to the methods that use each data source.
TABLE 3-1 Methods for Estimating the Incidence of Diagnostic Errors

Data Source
Postmortem
examination
(Autopsy)

Key Features of the
Data Source

Method(s) for
Selecting Cases
for Review
(Denominator)

Deaths only
Limited number of
reviews
Selection bias (typically
focused on
unexpected deaths)
Limited workforce

Consecutive series
with criteria
Convenience samples
Prespecified criteria
Requests (from
clinicians or
families)

Method for
Determining if Error
Occurred (Numerator)
Comparison to
another data source
(medical record,
interview, location/
circumstance of
death)
Cause of death
determination
Effects or indication of
disease
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TABLE 3-1 Continued

Data Source

Key Features of the
Data Source

Method(s) for
Selecting Cases
for Review
(Denominator)

Method for
Determining if Error
Occurred (Numerator)

Medical
records

Rely on documentation
(what was recorded,
such as clinical
history and interview,
physical exam, and
diagnostic testing)

Prespecified criteria
(e.g., trigger tool)
Random sample

Implicit review/expert
assessment
Explicit criteria

Medical
malpractice
claims

Requires claim to be
filed; more likely for
negligent care
Most studies done on
closed claims

Classification criteria
(typically based
on claim made in
suit)

Claims adjudication
process (including
courts)

Health
insurance
claims

Requires a billable event
Relies on documentation
necessary for payment

Criteria-based
algorithm
(selected)
Universe of claims

Criteria-based
algorithm

Diagnostic
testing

Source data available
for review
Applies only to
diagnoses for which
diagnostic testing
data are a key factor
Focus on interpretation

Random sample
Prespecified criteria

Expert assessment
compared to original

Medical
imaging

Source data available
for review
Applies only to
diagnoses for which
medical imaging data
are a key factor
Focus on interpretation

Random sample
Prespecified criteria

Expert assessment
compared to original

Surveys of
clinicians

Subject to nonresponse
bias
May be difficult to
validate

Sample receiving
survey

Descriptive statistics
on self-report

Surveys of
patients

Subject to nonresponse
bias
May be difficult to
validate

Sample receiving
survey

Descriptive statistics
on self-report
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Postmortem Examinations
Description of the data source Postmortem examinations, often referred
to as autopsies, are highly specialized surgical procedures that are conducted to determine the cause of death or extent of disease. Hoyert (2011,
p. 1) identifies two primary types of postmortem exams conducted in the
United States: (1) “hospital or clinical autopsies, which family or physicians request to clarify cause of death or assess care,” and (2) “medicolegal
autopsies, which legal officials order to further investigate the circumstances surrounding a death.” Postmortem exams may vary from an
external-only exam to a full external and internal exam, depending on
the request. While this chapter focuses on full-body postmortem exams,
Chapter 6 describes the potential future state of postmortem examinations,
which may include more minimally invasive approaches, such as medical
imaging, laparoscopy, biopsy, histology, and cytology.
Notes about the data source Postmortem exams are considered a very
strong method for identifying diagnostic errors because of the extensiveness of the examination that is possible (Graber, 2013; Shojania, 2002).
However, there are some limitations to this data source for the purpose
of estimating the incidence of diagnostic error. Postmortem exams are
conducted on people who have died; thus, the results can only provide information about diagnostic errors that led to the patient’s death and about
other diseases present that had not been previously identified, whether or
not they contributed to the patient’s death. A very limited number of postmortem exams are performed annually, and postmortem exam rates can
also vary geographically and institutionally. Little information is available
for characterizing the relationship between those who receive postmortem
exams and the potential number of eligible cases, but those who undergo
autopsy are more likely to have experienced a diagnostic error and that
error is more likely to have contributed to the patient’s (premature) death
(an example of selection bias) (Shojania, 2002).
Methods for identifying cases for review (denominator) The decision
about whether an individual patient will receive a postmortem exam is
based on requests from clinicians or family members as well as on local
criteria set by coroners or medical examiners. With the exception of post
mortem examinations done for criminal forensic purposes, family members must consent to having the procedure done. There is no systematic
information on the frequency with which the request for an autopsy is refused (which would introduce response bias into results). The performance
of postmortem exams has declined substantially in the United States in
recent decades (Lundberg, 1998). National data on postmortem exams
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have not been collected since 1994; at that time, fewer than 6 percent of
non-forensic deaths underwent a postmortem exam (Shojania et al., 2002).
Research studies that have used postmortem exam results have used
consecutive series, prespecified criteria (including randomly selected autopsies), or convenience samples (Shojania, 2002).
Methods for determining if an error occurred (numerator) The results of
the postmortem exam typically provide a cause of death and a description
of the presence and severity of other diseases. These results are compared
to another data source, typically medical records or interviews with treating clinicians or family members. Discrepancies between what was found
in the postmortem exam and what was known prior to that are the basis
for determining the occurrence of a diagnostic error. Such determinations
are subject to the reliability and validity of both the postmortem exam
findings and the results from the data collected from the original sources.
What is known Postmortem examinations have been described as an important method for detecting diagnostic errors (Berner and Graber, 2008;
Graber, 2013). In their review of postmortem examination data, Shojania
and colleagues concluded that “the autopsy continues to detect important errors in clinical diagnosis” (Shojania et al., 2002, p. 51). On average,
10 percent of postmortem exams were associated with diagnostic errors
that might have affected patient outcomes (i.e., Class I errors). 2 They
estimated that the prevalence of major errors (i.e., Class I and II errors)
related to the principal diagnosis or the cause of death was 25 percent.
Some incidental findings found during postmortem exams should not
be classified as diagnostic errors; of primary importance is identifying
diagnostic errors that contributed to a patient’s death (Class I errors). 3
Shojania and colleagues noted that some selection bias is reflected in this
estimate because the cases in which there was more uncertainty about the
diagnosis were more likely to undergo postmortem exam. A systematic review of diagnostic errors in the intensive care unit found that 8 percent of
postmortem exams identified a Class I error and that 28 percent identified
at least one diagnostic error (Winters et al., 2012). According to Shojania
et al. (2003, p. 2849), the rates of autopsy-identified diagnostic errors have
2

A Class I error is a major diagnostic error that likely played a role in the patient’s death.
A Class II error is a major diagnostic error that did not contribute to the patient’s death. A
Class III error is a minor diagnostic error that is not related to the patient’s cause of death
but is related to a terminal disease. A Class IV error is a missed minor discrepancy (Winters
et al., 2012).
3 For example, incidental findings of prostate cancer that are not relevant to the patient’s
provision of health care, terminal disease, or death may not be appropriate to classify as
diagnostic error.
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declined over time but remain “sufficiently high that encouraging ongoing use of the autopsy appears warranted.” Based on their findings, they
estimated that among the 850,000 individuals who die in U.S. hospitals
each year, approximately 8.4 percent (71,400 deaths) have a major diagnosis that remains undetected (Shojania et al., 2003).
Opportunities for improvement The committee concluded that post
mortem exams play a critical role in understanding the epidemiology of
diagnostic errors and that increasing the number of such exams is warranted. In addition, tracking the number of deaths, those eligible and
selected for postmortem exams, and the refusal rate among family members would enable the development of better national estimates of diagnostic error incidence. The committee weighed the relative merits of increasing
the number of postmortem examinations conducted throughout the United
States versus a more targeted approach. The committee concluded that
it would be more efficient to have a limited number of systems who are
highly qualified in conducting postmortem exams participate to produce
research-quality information about the incidence and nature of diagnostic
errors among a representative sample of patient deaths. This approach reflects both financial realities and workforce challenges (i.e., a limited number of pathologists being available and willing to conduct a large number of
such exams) (see also Chapter 6). The systems that are selected to routinely
conduct postmortem exams could also investigate how new, minimally
invasive postmortem approaches compare to full-body postmortem exams.
Medical Records
Description of the data source A medical record is defined as a documented account of a patient’s examination and treatment that includes the
patient’s clinical history and symptoms, physical findings, the results of
diagnostic testing, medications, and therapeutic procedures. The medical
record can exist in either paper or electronic form.
Notes about the data source Medical records exist only for patients who
have sought care from a clinician, team, or facility. Although there are
some common conventions for structuring medical records (both in paper
and electronic formats), much of the content of the record depends on
what the clinician chooses to include; thus, there may be variations in the
extent to which clinical reasoning is documented (e.g., what alternative
diagnoses were considered, the rationale for ordering [or not ordering]
certain tests, and the way in which the information was collected and
integrated). Both regulatory and local rules affect which members of the
diagnostic team contribute to the documentation in a medical record
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and how they contribute. Except in highly integrated systems, patients
typically have a separate medical record associated with each clinician
or facility from which they have sought care. When patients change their
source of care, the information from medical records maintained by the
previous clinicians may or may not be incorporated into the new record.
Methods for identifying cases for review (denominator) The most common methods for identifying cases for review are either to draw a random
sample of records from a facility (especially hospitals), clinic, or clinician
practice or to assemble a criteria-based sample (e.g., a trigger tool). The
criteria-based tools typically select events that have been associated with
a higher probability of identifying a diagnostic error, such as unplanned
readmissions to a hospital, emergency department visits after an out
patient visit, or the failure of a visit to occur after an abnormal test result.
Estimates of the incidence of diagnostic errors based on medical records
need to account for the probability that an individual is included in the
study sample and the likelihood that a visit (or set of visits) requires that
a diagnosis be made. Because these factors likely vary by geography and
patient populations, arriving at national estimates from studies done in
limited geographic areas is difficult.
Methods for determining if an error occurred (numerator) There are
two common methods for determining if an error occurred: implicit and
explicit. In the implicit method, an expert reviewer, taking into account
all of the information that is available in the medical record, determines
whether or not an accurate or timely diagnosis was made and, if a defect
in the process occurred, the nature of that problem. In the explicit method,
specific criteria are developed and data are abstracted from the medical
record to determine whether or not an error occurred. The reliability of
implicit and explicit methods for assessing quality of care and patient
safety has been studied. Generally, implicit methods have been found to
be less reliable than explicit methods (Hofer et al., 2004; Kerr et al., 2007).
In the Utah and Colorado Medical Practice Study, which was one of the
sources for estimating medical errors in the IOM’s To Err Is Human report,
the inter-rater reliability (agreement among reviewers) was κ=0.40–0.41
(95 percent confidence interval, 0.30–0.51) for identifying adverse events
and κ=0.19–0.24 (95 percent confidence interval, 0.05–0.37) for identifying negligent adverse events (Thomas et al., 2002). These rates are considered moderate to poor (Landis and Koch, 1977). The reliabilities for
the Harvard Medical Practice Study were in the same range (Brennan et
al., 1991). Zwaan et al. (2010) reported a reliability of κ=0.25 (95 percent
confidence interval, 0.05–0.45) (fair) for identifying adverse events and of
κ=0.40 (95 percent confidence interval, 0.07–0.73) (moderate) for whether
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the event was preventable. Reliability in turn can affect the event rate
that is reported. By contrast, the inter-rater reliability for explicit review
of records for quality studies has been reported at approximately 0.80
(McGlynn et al., 2003).
What is known Two studies based on medical record reviews reported in
the literature in the 1990s and early 2000s estimated that diagnostic errors
account for 7 and 17 percent of adverse events in hospitalized patients,
respectively. In the Harvard Medical Practice Study of more than 30,000
patient records, diagnostic errors were identified in 17 percent of the adverse events (Leape et al., 1991). A review of 15,000 records from Colorado
and Utah found that diagnostic errors constituted 6.9 percent of adverse
events (Thomas et al., 2000).
More recently, Zwaan and colleagues conducted a retrospective
patient record review to assess the occurrence of diagnostic adverse
events (harm associated with a diagnostic error) within hospitals in the
Netherlands (Zwaan et al., 2010). Those researchers found that diagnostic
adverse events occurred in 0.4 percent of all hospital admissions and that
diagnostic adverse events accounted for 6.4 percent of all adverse events.
The researchers had reviewers classify the causes of diagnostic adverse
events by human, organizational, technical, patient-related, and other
factors (Zwaan et al., 2010). They further divided the “human” category
into knowledge-based, rule-based, skill-based, or other (such as violations or failures by deliberate deviations from rules or procedures). They
found that human failures were the main cause of diagnostic adverse
events—96.3 percent of these events had a human cause.4 However, organizational and patient-related factors were present in 25.0 percent and
30.0 percent of diagnostic adverse events, respectively. The researchers
found that the primary causes of diagnostic adverse events were
knowledge-based failures (physicians did not have sufficient knowledge
or applied their knowledge incorrectly) and information transfer failures
(physicians did not receive the most current updates about a patient).
In another study by Zwaan and colleagues (2012), rather than focusing exclusively on adverse events, the researchers had four internists
review 247 patient medical records for patients with dyspnea (shortness
of breath) symptoms. The reviewers used a questionnaire to identify
failures in diagnostic reasoning, diagnostic errors, and harm. They found
that failures in diagnostic reasoning occurred in 66 percent of the cases,
that diagnostic errors occurred in 13.8 percent of all cases, and that the
patient was harmed in 11.3 percent of cases. Although cases with diag4

It is likely that the “human failures” identified in this study actually related to work
system factors.
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nostic errors and patient harm had more failures in diagnostic reasoning,
in 4 percent of the cases diagnostic errors occurred in the absence of diag
nostic reasoning failures.
Singh et al. (2014) estimated the frequency of diagnostic error in the
outpatient setting using data from three prior studies (Murphy et al., 2014;
Singh et al., 2010a, 2012a). Two of the studies used “triggered” electronic
queries to identify suspected cases of diagnostic error. In one study these
triggers identified medical records in which a patient had a primary care
visit followed by an unplanned hospitalization or unscheduled follow-up
appointment, while the other study looked for a lack of follow-up for abnormal colorectal cancer findings. The third study examined consecutive
cases of lung cancer. Physicians reviewed medical records to determine
if there was a diagnostic error (defined as a missed opportunity to make
or pursue the correct diagnosis when adequate data were available at the
index [i.e., first] visit) (Singh, 2012a). The combined estimate of diagnostic
error based on these three datasets was about 5 percent. Extrapolating
to the entire U.S. population, Singh et al. (2014) estimated that approximately 12 million adults (or 1 in 20 adults) experience a diagnostic error
each year; the researchers suggested that about half of these errors could
be potentially harmful. Due to the definition of diagnostic error that Singh
and colleagues employed, they asserted—as have other researchers—that
this number may be a conservative estimate of the rate of outpatient diag
nostic errors (Aleccia, 2014).
Opportunities for improvement Medical records will continue to be an
important source of data for assessing diagnostic errors. The advent of
electronic forms that make some methods more cost-efficient, combined
with mechanisms such as health information exchanges that may make
it easier to assemble the entire patient diagnostic episode, may enhance
the use of these methods. Developing a standard method that could be
applied to a random sample of records (either nationally or in prespecified
settings) would enhance opportunities to learn about both the incidence
and the variation in the likelihood of patients experiencing a diagnostic
error. Greater attention to the reliability with which the method is applied,
particularly through the use of explicit rather than implicit methods,
would also enhance the scientific strength of these studies.
Medical Malpractice Claims
Description of the data source Medical malpractice claims are defined
as the electronic and paper databases maintained by professional liability
insurers on claims that have been filed by patients or their families seeking compensation for alleged medical errors, including diagnostic errors;
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the information in support of the claims (medical records, depositions,
other reports); and the final determination, whether achieved through a
settlement or a court ruling. In addition to files maintained by insurers,
the Health Resources and Services Administration, an agency within the
Department of Health and Human Services (HHS), maintains the National Practitioner Data Bank (NPDB). The NPDB is a repository of clinician names, affiliations, and malpractice payments that have been made.
It serves primarily as a system to facilitate comprehensive review of the
credentials of clinicians, health care entities, providers, and suppliers,
but it has been used for research as well. Many states also require claim
reporting for purposes of maintaining a state-level database of paid claim
information.
Notes about the data source For a diagnostic error to be included in
malpractice claims datasets, a patient must have filed a claim, which is a
relatively rare event (Localio et al., 1991), and is more likely if the patient
has experienced significant harm or if negligence is a factor. For example,
one study using data from the Harvard Medical Practice Study estimated
that the probability of negligent injury was 0.43 percent and that the probability of nonnegligent injury was 0.80 percent (Adams and Garber, 2007).
Furthermore, the probability that a claim would be filed was 3.6 percent
if a negligent injury occurred and 3.2 percent if a nonnegligent injury
occurred. The probability that a claim would be paid was 91 percent for
negligent injury claims and 21 percent for nonnegligent injury claims.
Thus, malpractice claims data provide a small window into the problem
of diagnostic errors and are biased toward more serious diagnostic errors.
For diagnosis-related claims, an average of 5 years elapses between the
incident and the settlement of the claim (Tehrani et al., 2013). The validity of claims is uncertain; some claims will be filed and closed when no
error occurred. Many, if not most, errors do not lead to malpractice claims.
Cases may also be dismissed even when a true diagnostic error occurred.
Methods for identifying cases for review (denominator) Studies of diagnostic error using malpractice claims data use all malpractice claims (any
allegation) as the denominator.
Methods for determining if an error occurred (numerator) In malpractice claims, the allegation in the claim is the basis for a determination;
multiple allegations can be associated with a single claim. A number of
studies have assessed the validity of malpractice claims (Localio et al.,
1991; Studdert et al., 2000, 2006). Generally speaking, studies use only
closed claims, that is, those for which the insurer has determined that no
further legal action will be taken (claims may be closed due to settlement,
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verdict, dismissal, abandonment, or other reasons). Data from CRICO’s
Comparative Benchmarking System indicate that 63 percent of closed
diagnosis-related cases were withdrawn, denied, or dismissed with no
indemnity payment (CRICO, 2014).
What is known Tehrani et al. (2013) analyzed 25 years of closed medical malpractice claims from the National Practitioner Data Bank in order
to characterize the frequency, patient outcomes, and economic consequences of diagnostic errors. The researchers found that diagnostic errors
were the leading type of paid malpractice claims (28.6 percent) and were
responsible for the highest proportion of total payments (35.2 percent)
(Tehrani et al., 2013). Diagnostic errors were almost twice as likely to
be associated with patient death as other allegation categories (such as
treatment, surgery, medication, or obstetrics claims). Almost 70 percent
of diagnostic error claims were from the outpatient setting, but inpatient
diagnostic error claims were more likely to be associated with patient
death. The researchers estimated that the 2011 inflation-adjusted mean
and median per claim payout for diagnostic error were $386,849 and
$213,250, respectively.
Schiff and colleagues (2013) reviewed closed primary care malpractice
claims in Massachusetts from 2005 to 2009. During that 5-year period, 551
medical malpractice claims were from primary care practices. More than
70 percent of the allegations were related to diagnosis. The diagnoses
most often appearing in these claims were cancer, heart diseases, blood
vessel diseases, infections, and stroke.
CRICO has conducted comprehensive analyses of its claim files and
associated medical records for diagnostic errors (CRICO, 2014; Siegal,
2014). CRICO’s database represents about 30 percent of the NPDB and
includes around 400 hospitals and health care entities and 165,000 physicians. In CRICO’s analysis of data from 2008 to 2012 (including more
than 4,500 cases and more than $1 billion total incurred losses), the organization reported that diagnosis-related claims represented 20 percent
of cases by volume and 27 percent of indemnity payments. It found that
diagnostic errors are more common in the ambulatory care setting than
in the inpatient or emergency department setting (56 percent versus 28
percent and 16 percent, respectively). Within the inpatient setting, the top
diagnoses represented in closed malpractice claims included myocardial
infarction (MI) and cardiac events, complications of care (failure to rescue), and infections/sepsis (Siegal, 2014). In the ambulatory care setting,
cancer, cardiac care (including MI), and injury (orthopedic, head, and
spine) represented the top diagnoses in paid claims. CRICO found that
cancer represented almost one-third of all the diagnosis-related medical
malpractice claims.
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The Doctors Company, another large national medical liability insurer, compiled information from its 2007–2013 claims database for the
committee. In its analysis of diagnosis-related claims, The Doctors Company included information from 10 medical specialties (internal medicine, family medicine, obstetrics, cardiology, gynecology, general surgery,
emergency medicine, orthopedics, pediatrics, and hospital medicine). For
the 10 specialties, diagnosis-related claims constituted between 9 percent
(obstetrics) and 61 percent (pediatrics) of total claims. The analysis included the top five diagnoses associated with each specialty’s malpractice claims. That analysis indicated that more than half of the diagnoses
appeared within multiple specialties and generally were for commonly
encountered diseases (such as acute MI, acute cerebral vascular accident,
cancer, and appendicitis) (Troxel, 2014).
Opportunities for improvement For malpractice claims to be useful for
estimating the incidence of diagnostic error, it will be necessary to develop a better understanding of the underlying prevalence of diagnostic
error as well as of the probability that a claim will be filed if an error
has occurred and the likelihood that a filed claim will be settled. This
will require significant research activity, and such research would have
to explore variations by geography, specialty, type of error, and other
factors. Databases from malpractice insurers contain much more clinical
detail than the NPDB and are likely to be more useful in describing patterns of diagnostic errors, such as the steps in the diagnostic process that
present the highest risk for different diagnoses. CRICO’s benchmarking
studies demonstrate the utility of these data for understanding where in
the diagnostic process errors are most likely to occur and what factors
contributed to the error. This can be useful for designing both monitoring
and improvement programs.
Health Insurance Claims
Description of the data source The data source consists of electronic
databases maintained by health insurance companies that contain the
details of bills submitted by health care professionals and organizations
for payment of services delivered. Both public (e.g., Medicare, Medicaid)
and private (e.g., Aetna, Blue Cross, United Healthcare) entities maintain
such databases on the individuals with whom they have a contractual arrangement to provide payment. Typically, health care professionals and
organizations bill multiple insurers for services.
Notes about the data source For information to be present in the database, a patient has to have used a service, a claim must have been filed,
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the service must have been covered, and (usually) payment must have
been made. Claims are based on structured coding systems (ICD-9/10,
CPT-IV, NDC, DRG) and do not generally include clinical details (e.g.,
results of history and physical examinations, diagnostic testing results)
except as categorical codes. Because data are available electronically and
represent the universe of claims filed for any insurer, the probability that
a patient or episode of care has been selected for analysis can be calculated. Because health care professionals and organizations bill multiple
insurance companies, each of which has different rules, it can be difficult
to understand the health care professionals’ and organizations’ overall
practices with data from a single source.
Methods for identifying cases for review (denominator) Although a
random sample of claims or groups of claims could be selected, it is more
common to focus studies on those with patterns of care consistent with
the possibility that a diagnostic error occurred.
Methods for determining if an error occurred (numerator) Frequently, an
algorithm is developed to determine when an error likely occurred, such
as cases in which there is no evidence that a diagnostic test was done prior
to a new diagnosis being made (e.g., breast cancer diagnosis in the absence of a screening mammogram). Health insurance claims data may be
linked to other data sources (e.g., National Death Index, diagnostic testing
results, medical records) to make a determination that an error occurred.
What is known Within the quality and safety field, improvements in
the measurement of both process and outcome measures of quality have
been made possible by the expanding use of health information technology (health IT) and health insurance claims databases over the past several decades. For example, health insurance claims databases linked to
validated federal death registries have made possible the measurement of
30-day mortality for acute MI, heart failure, and pneumonia, all of which
are considered as outcome measures of quality. Similar databases provide
the backbone for measuring process quality measures (such as 30-day
rehospitalizations, appropriate assessment of left ventricular function in
patients with congestive heart failure, and retinopathy screening among
patients with diabetes). There are a few examples of the use of these data
for investigating diagnostic error. Newman-Toker and colleagues (2014)
identified patients who were admitted to the hospital with a diagnosis of
stroke who in the previous 30 days had been treated and released from
an emergency department for symptoms consistent with a stroke. They
found that 12.7 percent of stroke admissions reflected potential missed
stroke diagnoses and 1.2 percent reflected probable missed diagnoses.
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These rates suggest that 15,000 to 165,000 stroke diagnoses are missed
annually in the United States, with a higher risk for missed diagnoses
among younger, female, and white patients. The researchers note that
their estimates of diagnostic error are inferred rather than confirmed because of the lack of clinical detail in health insurance claims.
Opportunities for improvement Health insurance claims databases
maintained by the Centers for Medicare & Medicaid Services (CMS) and
by commercial insurers offer the possibility of measuring certain types of
diagnostic errors, identifying their downstream clinical consequences and
costs, and understanding the system-level, health care professional–level,
and patient-level factors that are associated with these errors.
For example, analyses of claims data could be used in “look back”
studies to identify the frequency with which acute coronary syndrome is
misdiagnosed. Specifically, for those enrollees who are ultimately diag
nosed with acute coronary syndrome, analysts could explore how frequently these beneficiaries were seen by health care professionals in the
week prior to ultimate diagnosis (either in outpatient, emergency department, or hospital settings), the incorrect diagnoses that were made, and
the factors associated with the diagnostic error. For instance, this epidemiologic approach using large administrative databases would make it
possible to determine whether the diagnostic error occurs more frequently
in specific hospitals, among specific types of clinicians or practice settings,
or during particular days of the week when staffing is low or the volume
of patients treated is unexpectedly high. The strength of this approach
to understanding the epidemiology of diagnostic error is its ability to
provide national estimates of diagnostic error rates across a vast array of
conditions; to understand how these diagnostic error rates vary across
geography and specific settings of care; to study the impact of specific
care delivery models on diagnostic error rates (e.g., do accountable care
organizations lower diagnostic errors?); and to update measurements as
quickly as the administrative data are themselves collected. The main
critique of this approach concerns the validity of the findings because of
the limited availability of the clinical data necessary to confirm a diagnosis. Thus, this data source may be most useful in combination with other
sources.
Diagnostic Testing (Anatomic and Clinical Pathology)
Description of the data source Diagnostic testing includes the examination of secretions, discharges, blood, or tissue using chemical, microscopic, immunologic, or pathologic methods for the purposes of making
or ruling out a diagnosis. Analysis of the data may involve automated
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processes or a visual examination by trained health care professionals
(clinical and anatomic pathologists).
Notes about the data source A unique feature of this type of data is that
the original source data (the samples) are frequently available for reanalysis or inspection by another health care professional, thus allowing for
an independent assessment based on the same data. For the committee’s
purposes, the focus is on those diagnoses for which diagnostic testing
findings are a key information source. A common taxonomy in this field
distinguishes among five phases: pre-pre-analytic (i.e., deciding whether
or not to order a particular test), pre-analytic (i.e., sample labeling and
acquisition, test performance), analytic (i.e., the accuracy of the test or
examination of the sample), post-analytic (i.e., the results are reported
correctly, interpreted correctly, and communicated back to the ordering
clinician in a timely way), and post-post-analytic (i.e., the ordering clinician uses test results to inform patient care) (Plebani et al., 2011). For the
purpose of examining the incidence of diagnostic error, the committee
focused on those circumstances in which diagnostic testing results are a
key information source. One study estimated that at least 10 percent of
diagnoses require diagnostic testing results in order to be considered fi
 nal;
this number is likely higher today (Epner et al., 2013; Hallworth, 2011;
Peterson et al., 1992). Primary care clinicians order tests in about one-third
of patient visits (Hickner et al., 2014). For anatomic pathology specimens,
which require visual inspection and clinical judgment, second reviews by
another pathologist offer insight into the potential rate of diagnostic error.
Methods for identifying cases for review (denominator) Two methods—random samples and prespecified criteria—are commonly used to
identify cases. Both methods allow for the denominator to be characterized (i.e., the probability that a case was reviewed, the characteristics of
the cases reviewed as compared to all cases).
Methods for determining if an error occurred (numerator) Because testing involves multiple steps, there are many different methods for identifying errors, including an examination of other data sources such as medical
records, malpractice claims, or pharmacy databases (Callen et al., 2011).
For second review studies, an error is typically defined as a discrepancy
between the findings of the first pathologist and the second pathologist.
This review can identify errors in which a finding that leads to a diagnosis
was missed and errors in which a finding was inaccurate (i.e., no disease
was found by the second reviewer). Second review studies typically assume that the second review is more accurate, but these studies do not
typically link to patient outcomes. When second reviews are linked to
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patient outcomes, Renshaw and Gould (2005) concluded that in many
cases, the first reviewer was correct. For other diagnostic tests, errors may
be detected in the interpretation or communication of results in a timely
manner.
What is known Plebani reported that errors in laboratory medicine
studies vary greatly because of the heterogeneity in study designs and the
particular step or steps in the process that were examined (Plebani, 2010).
A considerable focus on the analytic phase has led to substantial reductions in errors in that step; the pre- and post-analytic phases are seen as
more vulnerable to error. A review published in 2002 (that only classified
the diagnostic testing process in three phases) found that 32 to 75 percent
of errors occurred in the pre-analytic phase, 13 to 32 percent in the analytic
phase, and 9 to 31 percent in the post-analytic phase (Bonini et al., 2002). A
study of urgent diagnostic testing orders in the hospital, which also classified the diagnostic testing process in three phases, found that 62 percent
of errors were in the pre-analytic phase, 15 percent in the analytic phase,
and 23 percent in the post-analytic phase (Carraro and Plebani, 2007).
One study estimated that 8 percent of errors had the potential to result in
serious patient harm (Goldschmidt and Lent, 1995). A systematic review
of the literature on follow-up of test results in the hospital found failure
rates of 1 to 23 percent in inpatients and 0 to 16.5 percent in emergency
department patients (Callen et al., 2011).
As Berner and Graber (2008) note, second reviews in anatomic
pathology identify varying discrepancy rates. The College of American
Pathologists and the Association of Directors of Anatomic and Surgical
Pathology recently published guidelines based on a systematic review of
the literature which found a median rate of major discrepancies in 5.9 percent of cases (95 percent confidence interval, 2.1–10.5 percent) (Nakhleh
et al., 2015). The study also reported variations in the rate by the service
performed (surgical pathology versus cytology), the organ system (single
versus multiple), and the type of review (internal versus external). Kronz
and Westra (2005) report a diagnostic discrepancy rate for the head and
neck found by second review of between 1 and 53 percent for surgical
pathology and 17 to 60 percent for cytopathology. A study by Gaudi and
colleagues (2013) found that pathologists with dermatopathology fellowship training were more likely to disagree with preliminary diagnoses
provided by nonspecialist pathologists.
Opportunities for improvement The contribution of diagnostic testing
to diagnosis is substantial, but it has not been systematically quantified
recently. The understanding of this critical information source could be
improved by developing better methods for identifying and enumerating
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the diagnoses for which such testing is critical, mechanisms for evaluating the appropriateness of test ordering, and methods for determining
the impact on patient outcomes. Additionally, studies that use diagnostic
variance as a surrogate for accuracy (second reviews in which the second
reviewer is considered more accurate) could benefit from the inclusion of
patient outcomes.
Medical Imaging
Description of the data source The data are visual representations of
the interior of the body generated using a variety of methods (e.g., X-ray,
ultrasound, computed tomography [CT], magnetic resonance imaging,
and positron emission tomography) that are collected for the purpose of
diagnosis; these visual representations generally require interpretation by
a radiologist or, in certain circumstances, physicians in nuclear medicine,
emergency medicine, or cardiology. In this context, the medical imaging
data are reviewed by at least one other clinician, and the findings of all
health care professionals are recorded.
Notes about the data source As with anatomic pathology, a unique feature of this data type is the availability of the original images for review
by a second radiologist. The focus is on those diagnoses for which medical imaging results are a key information source. In approximately 15
percent of office visits, an imaging study is ordered or provided (CDC,
2010), whereas one or more medical imaging studies are ordered in approximately 47 percent of emergency department visits (CDC, 2011). In
both settings, X-rays are the most common imaging method used.
Methods for identifying cases for review (denominator) Typically a random sample of cases is selected for second review, although some studies have included prespecified criteria (e.g., cases known to have higher
potential rates of error in interpretation, or abnormal findings only).
Methods for determining if an error occurred (numerator) An error is
assumed to have occurred whenever a discrepancy exists between the
two clinicians in interpreting the medical imaging study. Some studies
have also involved radiologists conducting a second review of their own
previously completed studies.
What is known Berlin noted that medical imaging discrepancy rates as
indicated by second review have not changed much over the past 60 years
(Berlin, 2014). For instance, a study by Abujudeh and colleagues explored
intra- and interobserver variability in medical imaging by having three
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experienced radiologists review 30 of their own previously interpreted
CT exams and 30 CT exams originally interpreted by other radiologists
(Abujudeh et al., 2010). They found a major discrepancy rate of 26 percent
for interobserver variability and 32 percent for intraobserver variability.
Velmahos and colleagues (2001) found an 11 percent discrepancy rate between the preliminary and final readings of CT scans of trauma patients.
Discrepancy rates were negatively associated with level of experience:
The lower the level of experience of the preliminary reader, the more
likely there was to be a discrepancy. In many of the second review studies
in imaging, high error rates resulted from using a denominator that consisted only of abnormal cases. Studies that look at real-time errors—that
is, devising an error rate using both normal and abnormal exams as
the denominator—suggest an error rate in the 3 to 4.4 percent range
(Borgstede et al., 2004).
Opportunities for improvement Medical imaging plays a key role in
many diagnoses, and errors in the use and interpretation of these studies
can contribute to diagnostic error. For the purposes of estimating the
incidence of diagnostic error due to errors related to medical imaging,
it would be useful to identify the subset of diagnoses for which medical
imaging results are central to making the diagnosis and to conduct s tudies
to determine the likelihood of errors, the nature of those errors, and
the variation in the circumstances under which errors occur. The role of
second reviews in error recovery—identifying and “intercepting” errors
before they affect patient outcomes—both for medical imaging and for
anatomic pathology is discussed in Chapter 6.
Surveys of Clinicians
Description of the data source The data come from questionnaires (written, telephone, interview, Web-based) that obtain clinicians’ self-reports
about diagnostic errors they have made or what they know about diagnostic errors made by other clinicians. The information content of such
surveys can vary.
Notes about the data source As with all surveys, the results can be affected by a number of biases, including nonresponse bias (nonresponders
being systematically different from responders, such as being more or less
likely to have committed a diagnostic error) or reporting bias (systematic
differences in the information that is revealed or suppressed, such as
not reporting more serious errors). Unless the self-report can be compared to an authoritative source, it is difficult to determine the validity of
rates based solely on self-report. Surveys usually have the advantage
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of anonymity, which might make respondents more likely to report their
errors accurately than through other methods.
Methods for identifying cases for review (denominator) Surveys are
frequently conducted on random samples of clinicians, making the implicit denominator the number of opportunities a clinician had to make
a diagnosis in the study period. Convenience samples are also used (e.g.,
surveys of clinicians participating in a continuing medical education
course). Reports of survey findings have used different denominators,
but often the denominator is the number of clinicians responding to the
survey.
Methods for determining if an error occurred (numerator) An error is
judged to have occurred when a clinician self-reports having made one or
more diagnostic errors in the study time frame. Some studies have asked
about errors known to the clinician that were made by other clinicians
or experienced by family members. This approach makes estimating the
incidence rate nearly impossible, as the true denominator is unknown.
What is known Schiff et al. (2009) surveyed physicians and asked them
to recall instances of diagnostic error. In their analysis of 583 reports of
diagnostic error, they found that physicians readily recalled instances
of diagnostic error; the most commonly reported diagnostic errors were
pulmonary embolism, drug reactions, cancer, acute coronary syndrome,
and stroke. Singh and colleagues (2010b, p. 70) surveyed pediatricians
about diagnostic errors and found that “more than half of respondents
reported that they made a diagnostic error at least once or twice per
month.” In another survey of physicians, 35 percent reported that they
had experienced medical errors either in their own or a family member’s
care (Blendon et al., 2002).
Opportunities for improvement For the purposes of making national
estimates of the incidence of diagnostic errors, it would be useful to have
more clearly defined sampling frames, more detailed questions about the
nature of the errors and the circumstances surrounding the error, and an
opportunity to compare this method to other methods that use different
data sources. Surveys have the advantage of being a potentially easy way
to get a snapshot of diagnostic error rates, but the quality of the information may make this source less useful for other applications. The biases
that are inherent in surveys are difficult to overcome and likely limit the
utility of this source.

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

116

IMPROVING DIAGNOSIS IN HEALTH CARE

Surveys of Patients
Description of the data source The data come from questionnaires
(written, telephone, interview, Web-based) that obtain patients’ selfreports about diagnostic errors they have experienced or their awareness
of diagnostic errors experienced by others. The information collected
can vary.
Notes about the data source As with all surveys, the results can be affected by nonresponse bias and by reporting bias. Unless there are opportunities to compare answers to other data sources, it may not be possible
to confirm the validity of the responses. Patient definitions of diagnostic errors might vary from the definitions of health care professionals.
Patient surveys can be very useful in determining whether a new health
problem was explained to the patients and whether they understood the
explanation.
Methods for identifying cases for review (denominator) Surveys are
usually conducted on a sample of patients that is randomly drawn from
some population (e.g., geographic area, members of a health plan, and
patients who utilize a specific care setting) or selected so that the patients
meet certain criteria (similar to the trigger tools discussed above). Convenience samples are also used.
Methods for determining if an error occurred (numerator) The determination of an error is based on self-report by the patient. Some studies
inquire about both the patient’s own experience and that of others known
to the patient. The latter approach makes it impossible to estimate a
true incidence rate because of uncertainty around the real size of the
denominator.
What is known In one survey of patients, 42 percent reported that they
had experienced medical errors either in their own or a family member’s
care (Blendon et al., 2002). A poll commissioned by the National Patient
Safety Foundation found that approximately one in six of those surveyed
had experience with diagnostic error, either personally or through a close
friend or relative (Golodner, 1997). More recently, 23 percent of people
surveyed in Massachusetts indicated that they or someone close to them
had experienced a medical error, and approximately half of these errors were diagnostic errors (Betsy Lehman Center for Patient Safety and
Medical Error Reduction, 2014). Weissman and colleagues (2008) surveyed patients about adverse events during a hospital stay and compared
survey-detected adverse events with medical record review. Twenty-three
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percent of surveyed patients reported at least one adverse event, compared to 11 percent identified by medical record review.
Opportunities for improvement The particular value of patient surveys
is likely to be related to understanding failures at the front end of the
diagnostic process (failure to engage) and in the process of delivering
an explanation to the patient. Both are critical steps, and patients are
uniquely positioned to report on those elements of diagnostic performance. The committee did not have examples of this application, and
potential future uses are discussed in Chapter 8.
Other Methods
A variety of other methods have been employed to examine different
dimensions of diagnostic error. These methods were not included in the
table because they are unlikely to be a major source for estimating the incidence of error.
Patient actors, or “standardized patients,” have been used to assess
rates of diagnostic error. Patient actors are asked to portray typical presentations of disease, and clinicians are assessed on their diagnostic performance. In one study in internal medicine, physicians made diagnostic
errors in 13 percent of interactions with patient actors portraying four
common conditions (Peabody et al., 2004). In a more recent multicenter
study with unannounced patient actors, Weiner et al. (2010) looked at
both biomedical-related errors (such as errors in diagnosis and treatment)
and context-related errors (such as the lack of recognition that a patient
may be unable to afford a medicine based on certain patient cues) in
patient management. They found that physicians provided care that was
free from errors in 73 percent of the uncomplicated encounters but made
more errors in more complex cases (Weiner et al., 2010).
Many health care organizations in the United States have systems in
place for patients and health care professionals to report minor and major
adverse events. However, voluntary reporting typically results in underreporting and covers only a limited spectrum of adverse events (AHRQ,
2014b). For example, one study found that over half of voluntary reports
concentrated on medication/infusion adverse events (33 percent), falls
(13 percent), and administrative events, such as discharge process, documentation, and communication (13 percent) (Milch et al., 2006). In Maine,
the use of a physician champion to encourage voluntary diagnostic error
reporting was implemented in 2011. During the 6-month pilot, there were
36 diagnostic errors reported. Half of the diagnostic errors were associated with moderate harm, and 22 percent of the diagnostic errors were
classified as causing severe harm (Trowbridge, 2014).
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Direct observation is another method that has been used to identify
medical errors. Andrews and colleagues (1997) conducted observational
research within a hospital setting and found that approximately 18 percent of patients in the study experienced a serious adverse event.
There have also been efforts to assess disease-specific diagnostic error
rates, using a variety of data sources and methods. Berner and Graber
(2008) and Schiff and colleagues (2005) provide examples of diagnostic
errors in a variety of disease conditions.
Summary of Approaches to Assess the Incidence of Diagnostic Error
A number of methods have been used to assess the frequency with
which diagnostic error occurs. Based on the committee’s review, the most
promising methods for estimating incidence are postmortem exams, medical record reviews, and medical malpractice claims analysis, but none
of these alone will give a valid estimate of the incidence of diagnostic
error. This conclusion is consistent with studies in the broader area of
medical errors and adverse events. For example, the Office of Inspector
General of HHS completed an analysis that compared different measurement methods (nurse reviews, analysis of administrative claims data,
patient interviews, analysis of incident reports, and an analysis of patient
safety indicators) and found that 46 percent of patient safety events were
identified by only one of the methods (Office of Inspector General, 2010).
Levtzion-Korach and colleagues (2010) compared information gathered
with five different measurement approaches—incident reporting, patient
complaints, risk management, medical malpractice claims, and executive
WalkRounds—and concluded that each measurement method identified
different but complementary patient safety issues. In a related commentary, Shojania concluded that “it appears that a hospital’s picture of patient safety will depend on the method used to generate it” (Shojania,
2010, p. 400). This suggests that no one method will perfectly capture the
incidence and the nature of medical errors and adverse events in health
care: “[A] compelling theme emerged . . . different methods for detecting
patient safety problems overlap very little in the safety problems they
detect. These methods complement each other and should be used in
combination to provide a comprehensive safety picture of the health care
organization” (Shekelle et al., 2013, p. 416). This likely applies to the measurement of diagnostic errors; with the complexity of the diagnostic process, multiple approaches will be necessary to provide a more thorough
understanding of the occurrence of these errors.
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Determining the Causes and Risks of Diagnostic Error
This section describes how measurement can be used to better characterize diagnostic errors by identifying the causes and the risks associated with diagnostic error. Characterization of diagnostic errors requires
understanding (1) which aspects in the diagnostic process are susceptible
to failures and (2) what the contributing factors to these failures are. The
committee used its conceptual model and input from other frameworks
to provide a context for the measurement of the causes and the risks of
diagnostic error. Measurement can focus on diagnostic process steps, the
work system components, or both in order to identify causes and risks of
diagnostic error.
The Diagnostic Process and Measurement Approaches
to Identifying Potential Failures
Because the diagnostic process is a complex, team-based, iterative
process that occurs over varying time spans, there are numerous opportunities for failures. The failures can include (1) the step never occurring,
(2) the step being done incompletely or incorrectly (accuracy), and (3) a
meaningful delay in taking a step (timeliness). In Figure 3-2, the committee’s conceptual model is used to identify where in the diagnostic process
these failures can occur, including the failure of engagement in the health
care system, failure in the diagnostic process, failure to establish an explanation of the health problem, and failure to communicate the explanation
of the health problem.
Table 3-2 is organized around the major steps in the diagnostic process and adapts Schiff and colleagues’ (2009) framework to the failures
associated with each of these steps. For example, diagnostic testing is part
of several diagnostic steps where failures may happen, namely, during
information gathering, integration, and interpretation. The last column
identifies some of the methods that can be used to identify failures in
actual practice settings. Experimental laboratory methods are a complementary approach to the methods in Table 3-2 to understand potential
failures related to reasoning (Kostopoulou et al., 2009, 2012; Zwaan et
al., 2013). The following discussion includes more information about the
measurement approaches that can be used at each of these steps.
Failure of engagement This step primarily involves either patients not
recognizing symptoms or health risks rapidly enough to access the
health care system or patients experiencing significant barriers to accessing health care. Health care organizations are familiar with routine
measures of eligible patients presenting for common screening tests;
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FIGURE 3-2 Places in the diagnostic process where failures can occur that contribute to diagnostic errors.
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TABLE 3-2 Methods for Detecting Failures Across the Diagnostic Process
Where in the
Diagnostic
Process the
Failure Occurred

Nature of Failurea

Methods for Detecting Failures

Failure to engage
in the health
care system or
in the diagnostic
process

• D
 elay in patient presenting
• Patient unable to access care

Analysis of emergency
department, urgent care,
and other high-risk cohorts
Surveys to determine why
and what could be done
differently

Failure in
information
gathering

• F
 ailure/delay in eliciting key
history, physical exam finding
• Failure to order or perform
needed tests
• Failure to review test results
• Wrong tests ordered
• Tests ordered in the wrong
sequence
• Technical errors in the handling,
labeling, processing of tests

Random reviews
Diagnostic trigger tools (e.g.,
high-risk cohort algorithms
and missed opportunity
targets)
Comparison to checklists
Video recording and debriefing
(e.g., “stimulated recall”)

Failure in
information
integration

• F
 ailures in hypothesis generation
• Suboptimal weighting and
prioritization
• Failure to recognize or weight
urgency

Debriefing
Diagnostic conferences
Random exams

Failure in
information
interpretation

• I naccurate or failed
interpretation of history, physical
exam findings, test results

Second review of samples

Failure to
establish an
explanation
(diagnosis)

• S
 uboptimal weighting and
prioritization
• Delay in considering diagnosis
• Failure to follow up
• Scientific knowledge limitations
(e.g., signs and symptoms that
have not been recognized as a
specific disease)

Random reviews
Examination of expected
follow-up (e.g., Kaiser
Permanente’s SureNet
system)
Postmortem examinations

Failure to
communicate the
explanation to
the patient

•
•
•
•

Video recording and debriefing
Survey patients
Medical record review
Shared decision making result

a Adapted

 atient not notified
P
Delay in notification
Incomplete explanation
Patient does not understand
explanation

from Schiff et al., 2009.
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these systems can be extended to detect other failures to engage (or
reengage) related to routine monitoring for disease progress, follow-up
of abnormal test results, and so on (Danforth et al., 2014; Kanter, 2014;
Singh et al., 2009). Surveys and interviews with patients can be used to
identify approaches that are likely to be successful (and unsuccessful) in
reducing delays and increasing engagement. The CRICO benchmarking
study found that 1 percent of malpractice claims had an error associated
with a failure to engage (CRICO, 2014).
Failure in information gathering The information-gathering step can
involve failures to elicit key pieces of information; a failure to order the
right diagnostic testing (in the right sequence or with the right specification); or technical errors in the way that samples are handled, labeled,
and processed. The CRICO benchmarking study found that 58 percent of
cases had one or more errors in the initial diagnostic assessment (CRICO,
2014). Failure to order appropriate diagnostic tests has been found to
account for 55 percent of missed or delayed diagnoses in malpractice
claims in ambulatory care (Gandhi et al., 2006) and 58 percent of errors
in emergency departments (Kachalia et al., 2006). In their examination of
physician-reported cases of error, Schiff and colleagues (2009) found that
a failure or delay in ordering needed tests was the second most common
factor contributing to a diagnostic error. Methods of rapid detection might
include random reviews, diagnostic trigger tools, checklists, observation,
video or audio recording, and feedback.
Failure in interpretation Inaccurate or failed attempts to interpret information gathered in the diagnostic process can involve such things as
diagnostic tests, clinical history and interview, or information received
from referral and consultation with other clinicians. CRICO reported that
23 percent of cases in its malpractice benchmarking study had errors in
diagnostic test interpretation; 49 percent had errors in medical imaging,
20 percent in medicine, 17 percent in pathology, and 8 percent in surgery
(CRICO, 2014). Schiff and colleagues (2009) reported that an erroneous
laboratory or radiology reading of a test contributed to 11 percent of the
diagnostic errors that they examined. Studies have shown that an incorrect interpretation of diagnostic tests occurs in internal medicine (38 percent reported in Gandhi et al., 2006) and emergency medicine (37 percent
reported in Kachalia et al., 2006). Hickner and colleagues (2008) found
that 8.3 percent of surveyed primary care physicians reported uncertainty
in interpreting diagnostic testing. Failure in interpretations for medical
imaging and anatomic pathology can be identified through second reviews conducted by expert clinicians.
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Failure in integration Integration failures can be divided into failures
in hypothesis generation, the suboptimal weighting and prioritization
of information gathered in the diagnostic process, and the failure to recognize or weight urgency of clinical signs or symptoms. In examining
major diagnostic errors, Schiff and colleagues (2009) found that 24 percent
were the result of a failure to consider or a delay in considering the correct diagnosis. Potential approaches to measuring failure in integration
include structured debriefings with the clinicians involved, conferences
that review diagnostic errors (such as morbidity and mortality [M&M]
conferences and root cause analyses), and random reviews.
Failure to establish an explanation (diagnosis) Failures can also occur
when there is a failure to establish the explanation of the patient’s health
problem. This can include suboptimal weighting and prioritization of
clinical signs and symptoms, delays in considering a diagnosis, or failing
to follow up with patients (including failing to create and implement an
appropriate follow-up plan). CRICO (2014) found that referral errors were
common in cancer cases in which there were diagnostic errors (48 percent
of cases lacked appropriate referrals or consults). Methods for identifying these failures include random reviews and the analysis of expected
follow-up, such as Kaiser Permanente’s SureNet system (Danforth et al.,
2014; Graber et al., 2014).
Failure to communicate the explanation Failures to communicate the
explanation of a patient’s health problem can include cases in which no
communication was attempted, in which there was a delay in communicating the explanation, or in which the communication occurred but it
was not aligned with a patient’s health literacy and language needs and
was not understood. CRICO (2014) reported that 46 percent of cases in
its benchmarking study involved a failure in communication and followup, including 18 percent of cases where the clinician did not follow up
with the patient and 12 percent of cases where the information was not
communicated within the care team. Potential measurement methods for
this step include video recording and debriefing, patient surveys, medical
record reviews, and shared decision-making results.
Other researchers have employed different classification schemes to illustrate where in the diagnostic process failures occur. For example, some
researchers have classified the diagnostic process into three phases: initial
diagnostic assessment; diagnostic test performance, interpretation, and results reporting; and diagnostic follow-up and coordination (CRICO, 2014;
Lyratzopoulos et al., 2015). Another framework that is useful to depict
the steps in the diagnostic testing process where failures can occur is the
brain-to-brain loop model described in Chapter 2. The nine-step process
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was originally developed in the laboratory medicine setting (Lundberg,
1981; Plebani et al., 2011), but it can be applied to anatomic pathology
and medical imaging as well. Targeted measurement has shown that the
phases of the process that are most prone to errors occur outside of the
analytical phase and include test ordering (part of the diagnostic process
information-gathering step) and subsequent decision making on the basis of the test results (part of the interpretation step) (Epner et al., 2013;
Hickner et al., 2014; Plebani et al., 2011).
The Work System and Measurement Approaches to
Identifying Potential Vulnerabilities and Risk Factors
In considering the options for making significant progress on the
problem of diagnostic error, it is important to understand the reasons why
these failures occur. For this discussion, the committee draws on the general patient safety literature, and applies it specifically to the challenge of
diagnostic error. Traditional approaches to evaluating medical errors have
focused on identifying individuals at fault. However, the modern patient
safety movement has emphasized the importance of a systems approach
to understanding medical errors. According to the IOM report To Err Is
Human: Building a Safer Health System:
The common initial reaction when an error occurs is to find and blame
someone. However, even apparently single events or errors are due most
often to the convergence of multiple contributing factors. Blaming an
individual does not change these factors and the same error is likely to
recur. Preventing errors and improving patient safety for patients require
a systems approach in order to modify the conditions that contribute to
errors. People working in health care are among the most educated and
dedicated workforce in any industry. The problem is not bad people; the
problem is that the system needs to be made safer. (IOM, 2000, p. 49)

Often, a diagnostic error has multiple contributing factors. One analogy that has been employed to describe this phenomenon is the Swiss
cheese model developed by psychologist James Reason (AHRQ, 2015a;
Reason, 1990). In this model, a component of the diagnostic process would
represent a slice of cheese in a stack of slices. Each component within the
diagnostic process has vulnerabilities to failure (represented by the holes
in a slice of Swiss cheese); in a single step of the diagnostic process, this
may not affect the outcome. However, if the vulnerabilities (holes in the
Swiss cheese) align, a diagnostic error can result.
Another way to think about the causes of diagnostic error is to distinguish between active errors and latent errors. Active errors typically
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involve frontline clinicians (sometimes referred to as the “sharp end” of
patient safety) (IOM, 2000). In contrast, latent errors are more removed
from the control of frontline clinicians and can include failures in organizations and design that enable active errors to cause harm (often called
the “blunt end” of patient safety) (AHRQ, 2015a; IOM, 2000). In the event
of a medical error, too often the focus is on identifying active errors, especially within health care organizations with punitive cultures that focus
on individual blame and punishment. But the IOM noted that:
Latent errors pose the greatest threat to safety in a complex system
because they are often unrecognized and have the capacity to result in
multiple types of active errors. . . . Latent errors can be difficult for people
working in the system to notice since the errors may be hidden in the
design of routine processes in computer programs or in the structure
or management of an organization. People also become accustomed to
design defects and learn to work around them, so they are often not
recognized. (IOM, 2000, p. 55)

In line with the IOM’s earlier work, the committee took a systems
approach to understanding the causes and risks of diagnostic errors.
Consistent with the committee’s conceptual model, measurement for this
purpose examines the different dimensions of the work system to identify
the circumstances under which diagnostic errors are more (and less) likely
to occur and to identify the risk factors for such errors. Factors contributing to diagnostic errors can be mapped along the components of the work
system, including diagnostic team members and their tasks, technologies
and tools, organizational characteristics, the physical environment, and
the external environment.
Some of the more familiar approaches for assessing the system causes
of medical errors are M&M conferences that apply a modern patient
safety framework (a focus on understanding contributing factors rather
than a focus on individual errors and blame) (Shojania, 2010) and root
cause analyses (AHRQ, 2015b). For example, root cause analysis methods
were applied to identify the factors that contributed to delays in diagnosis in the Department of Veterans Affairs system (Giardina et al., 2013).
Diagnostic errors have also been evaluated in M&M conferences (Cifra
et al., 2015).
As the committee’s conceptual model shows, the diagnostic process is
embedded in a work system. Examining how the various dimensions of
the work system contribute to diagnostic errors or how they can be configured to enhance diagnostic performance leads to a deeper understanding
of the complexity of the process. Table 3-3 identifies the dimensions of the
work system, the contribution each makes to diagnostic errors, and ex-
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amples of measurement methods that have been used to assess each area.
Although diagnostic team members are a critical component of the work
system, approaches to ensuring diagnostic competency are addressed in
Chapter 4 and they are not included here. The focus here is on the specific
measurement tools that are available to help health care organizations
better identify aspects of the work system that present vulnerabilities
for diagnostic errors. A distinctive feature of some of these methods is
TABLE 3-3 Methods for Assessing the Effect of the Work System on
Diagnostic Errors
Work System Dimension

Contribution to Diagnostic
Errors

Examples of Methods for
Assessing Effects

Tasks and workflow
• Problems with
information
o	Amount
o	Accuracy
o	Completeness
o	Appropriateness
• Communication issues
• Task complexity
• Situation awareness
• Poor workflow design
• Interruptions
• Inefficiencies
• Workload

Information gathering
Information integration
Information interpretation
Information visualization
(where, when, and
how the information is
received in the system)
Fragmented workflow
and lack of support for
accurate and timely
information flow
Work-around strategies
that increase risk

Cognitive task and work
analysis methods (e.g.,
decision ladder model)
Observation of care process
(e.g., work sampling;
task analysis; video
recording of care process
and debriefing, e.g.,
stimulated recall)
Situation awareness
Workflow modeling
Proactive risk assessment,
including failure mode
and effects analysis

Technology
• Inappropriate technology
selection
• Poor design
• Poor implementation
• Use error
o	Failure to use
technology
o	Failure to respond to
signals
• Failure of technology
(breakdown)
• Misuse of automation

Lack of support for stages/
steps of diagnostic
process: information
gathering, information
integration, information
interpretation
Data overload
Information visualization
(where, when, and
how the information is
received in the system)

Usability evaluation
Observation of technology
in use
Proactive risk assessment,
including failure mode
and effect analysis
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TABLE 3-3 Continued
Work System Dimension
Organizational characteristics
• Culture
• Leadership and
management
• Staffing
• Work organization
(distribution of roles,
rounding process, etc.)
• Scheduling

Physical environment
• Noise
• Lighting
• Poor physical layout

Contribution to Diagnostic
Errors

Examples of Methods for
Assessing Effects

Not supporting work
system design efforts
aimed at improving the
diagnostic process and
preventing/mitigating
diagnostic errors
Conflicting messages about
regulations across the
organization
Confusion about
responsibilities for tasks
with unclear roles
Reluctance to question
people with greater
authority

Culture surveys
Surveys aimed at assessing
leadership and
management in quality/
safety improvement
Interviews or focus groups
with clinicians and
patients

Additional stressors
on diagnostic team
members that can
affect cognitive tasks
in diagnostic process:
information gathering,
information integration,
and information
interpretation

Physical human factors/
ergonomics methods
(e.g., direct assessment of
noise and lighting [with
equipment], survey of
diagnostic team members
regarding physical
environment)
Link analysis for assessment
of physical layout and
team communication

that they can be used proactively to identify risks before an error occurs,
versus the measurement methods described above that examine steps
leading to an error that has already occurred.
Tasks and workflow The diagnostic process involves a series of tasks
and an implicit or explicit workflow that contains and connects those
tasks. A variety of challenges can occur with the tasks and workflow that
are required to make a diagnosis, including problems with the information (amount, accuracy, completeness, appropriateness), communication
issues, the complexity of the task, a lack of situational awareness, poor
workflow design, interruptions, and inefficiencies. These issues contribute
to diagnostic error at each step in the information gathering, integration, and interpretation process; they can contribute to problems with the
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timeliness of information availability, and they can lead to problems in
cognitive processing.
There are a variety of measurement approaches that can be used
to evaluate tasks and workflow. It should be noted that these are best
applied in the real-world environment in which the diagnosis is being
made. The methods include cognitive task and work analysis (Bisantz and
Roth, 2007; Rogers et al., 2012; Roth, 2008); observation of care processes
(Carayon et al., 2014); situation awareness (Carayon et al., 2014; Salas et
al., 1995); workflow modeling (Kirwan and Ainsworth, 1992); and proactive risk assessment (Carayon et al., 2014). These methods are briefly
described below.
Cognitive task and work analysis The purpose of cognitive task and work
analysis is to identify and describe the cognitive skills that are required
to perform a particular task, such as making a diagnosis. The most common method used for such an analysis is an in-depth interview combined
with observations of the specific task of interest (Schraagen et al., 2000).
Because cognitive errors are an important contributing factor to diagnostic errors (Croskerry, 2003) these methods are likely to have considerable
utility in efforts to reduce errors. Koopman and colleagues (2015) used
cognitive task analysis to examine the relationship between the information needs that clinicians had in preparing for an office visit and the information presented in the electronic health record. They found a significant
disconnect between clinician needs and the amount of information and
the manner in which it was presented. This disconnect can lead to cognitive overload, a known contributor to error (Patel et al., 2008; Singh et
al., 2013). The researchers recommended significant reengineering of the
clinical progress note so that it matched the workflow and information
needs of primary care clinicians.
Observation of care processes Process observation is a means of verifying what exactly occurs during a particular process (CAHPS, 2012). Frequently, these observations are documented in the form of process maps,
which are graphical representations of the various steps required to accomplish a task. The approach is able to capture the complex demands
imposed on members of the diagnostic team, and it allows for the “documentation of the coordination and communication required between
clinicians to complete a task, use their expertise, tools, information and
cues to problem solve” (Rogers et al., 2012). For example, Fairbanks and
colleagues (2010) used this method to examine workflow and information
flow in an emergency department’s use of digital imaging by applying
both hierarchical task analysis and information process diagrams. The
analysis identified gaps in how the information system for imaging sup-
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ported communication between radiologists and emergency department
physicians. In analyzing diagnostic error, this technique can identify the
role that contextual or social factors play in assisting or impeding problem
resolution (Rogers et al., 2012). Observations of care processes can also
provide input for other work system analysis methods, such as cognitive task and work analysis as well as failure mode and effects analysis
(FMEA).
Situation awareness Endsley (1995, p. 36) defined situation awareness
as “the perception of elements in the environment within a volume of
time and space, the comprehension of their meaning, and the projection of their status in the near future.” Situation awareness has been
applied at the individual, team, and system levels. There are a variety of
approaches to measuring situation awareness, including objective and
subjective measures, performance and behavioral measures, and process
indices. Because of the multidimensional nature of the construct, a combination of approaches is likely most useful. Examples of measurement
tools in medicine include the Anesthetists’ Non-Technical Skills (ANTS)
measure (Fletcher et al., 2003), the Ottawa Global Rating Scales (Kim et
al., 2006), and an instrument to measure pediatric residents’ self-efficacy
skills (which include situation awareness) in crisis resource management
(Plant et al., 2011).
Workflow modeling Workflow modeling is a form of prospective analysis used to describe the processes and activities involved in completing
clinical tasks. In contrast to observing work processes, modeling techniques allow for quantitative and qualitative estimations of tasks and
of the possible paths that can be taken to complete them (Unertl et al.,
2009). Challenges to workflow modeling in health care—and diagnosis in
particular—include the fact that clinicians must remain flexible because of
the need to respond to the nonroutine presentation of symptoms, results,
and events as well as the variability in workflow across different health
care organizations. Resulting models can be adapted and modified as
necessary to reflect observations of care processes. Numerous methods for
workflow modeling exist. Carayon et al. (2012) describe 100 methods in 12
categories (e.g., data display/organization methods and process mapping
tools) for workflow modeling of the implementation of health IT. Jun et
al. (2009) focus on eight workflow or process modeling methods that have
been used in quality improvement projects; these include flowcharts and
communication diagrams. These methods have great potential for helping
to understand the dynamic sequences of tasks performed by various team
members in the diagnostic process.
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Proactive risk assessment The term “proactive risk assessment” refers to a
variety of methods that are used to identify, evaluate, and minimize potential risks or vulnerabilities in a system. An example of such a method
is FMEA. Several steps are involved in FMEA, including graphically describing the process, observing the process to ensure that the diagram is
an accurate representation, brainstorming about failure modes, conducting a hazard analysis (i.e., different ways in which a particular process
can fail to achieve its purpose), and development of a plan to address
each failure mode along with outcome measures. DeRosier and colleagues
(2002) describe the use of this method by the Department of Veterans
Affairs (VA) National Center for Patient Safety and provide concrete examples of its application.
Technology A variety of technologies are used in the diagnostic process,
and these can contribute to diagnostic errors for a variety of reasons,
including inappropriate technology selection, poor design, poor implementation, use error, technology breakdown or failure, and misuse of
automation. Technology failures contribute to problems in information
gathering, integration, and interpretation; they may also produce information overload and may interfere with cognitive processes because of
problems with the way the information is received and displayed.
Methods for improving the selection, design, implementation, and
use of technology involve some of the methods described above, such as
workflow modeling, FMEA, and other proactive risk assessment methods.
In particular, many health care organizations have been concerned about
whether enough attention is being paid to the usability of health IT. For
example, in a study of physician job satisfaction, Friedberg and colleagues
(2013) found that a number of factors related to electronic health records
(EHRs) had a substantial impact on satisfaction, including: poor usability, the time required for data entry, interference in patient interactions,
greater inefficiencies in workflow, less fulfilling work content, problems
in exchanging information, and a degradation of clinical documentation.
This study used a mixed-method design which included semi-structured
and structured interviews with physicians. Its findings were consistent
with research using other methods to assess the extent to which EHRs
are enhancing care delivery (Armijo et al., 2009; Unertl et al., 2009). The
American Medical Informatics Association Board of Directors issued recommendations about improving the usability of EHRs that were based
in large part on usability studies that had been conducted by Middleton
and colleagues (2013). The use of various usability evaluation methods
can help in ensuring that usability concerns are addressed as early as
possible in the design process. For example, Smith and colleagues incorporated usability testing into the design of a decision-support software
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tool to catch missed follow-up of abnormal cancer test results in the VA
(Smith et al., 2013). These various possible usability evaluation methods
include heuristic evaluation methods, scenario-based usability evaluation, user testing, and the observation of technology in use (Gosbee and
Gosbee, 2012).
Organizational characteristics Culture, leadership, and management are
some of the organizational characteristics that can affect the diagnostic
process. Some of the culture-related issues that can contribute to diagnostic error are a lack of organizational support for improvements, conflicting
messages about regulations, confusion about task responsibilities, and the
perception by people that they should not speak up even when they know
a problem is occurring. These issues have been identified in the broader
context of patient safety but are likely to affect diagnostic processes as
well.
The main mechanisms for assessing these organizational characteristics are surveys (about culture, leadership, management, collaboration,
communication) and focus groups. For instance, Shekelle and colleagues
(2013) identified a number of survey-based measures in these areas as part
of a report on the context-sensitivity of patient safety practices.
Physical environment Various characteristics of the physical environment (e.g., noise, lighting, layout) may affect the diagnostic process
(Alvarado, 2012; Parsons, 2000). The physical environment places addi
tional stresses on a diagnostic team that can affect the performance of
cognitive tasks and information gathering, integration, and interpretation.
For example, the layout and lighting of the radiology reading room may
hinder accurate viewing of screens. Emergency departments are another
example of a place where it makes sense to examine the effects of the
physical environment on diagnostic errors (Campbell et al., 2007).
Human factors/ergonomics methods can be used to evaluate the
physical environment. These methods include, for example, making
a direct assessment of noise and lighting with specific equipment (e.g.,
a light meter) and direct observation of care processes to identify challenges related to layout. For instance, observing the physical movements
of clinicians can help identify communication among team members and
the barriers posed by the physical environment (e.g., lack of available
equipment or poorly located equipment; see Potter et al., 2004; Wolf et al.,
2006). In addition, surveys can also be used to gather data from a larger
population of staff and patients about environmental characteristics, such
as the adequacy of lighting and the perception of noise and its impact. In
an example of this approach, Mahmood and colleagues (2011) surveyed
nurses about the aspects of their physical environment that affected the
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risk of medication errors. Many of these factors contribute to latent errors—for example, creating conditions under which cognitive functioning
is impaired because of the work environment itself.
Summary The committee reviewed a number of methods for assessing
the effects of the work system on diagnostic error. This section highlights
a number of those methods and illustrates how they have been applied
in various health care settings to develop insights into the risks of error
and to identify potential areas for improvement. The methods have in
common the fact that they combine observation of the actual processes
(tasks, communication, interaction with technology) with documentation
of those processes. These methods can be relatively labor intensive, and
they tend to require application at the individual site level, which implies
that this is work that all teams and settings in which diagnoses are made
need to become more skilled at undertaking. While standardized tools exist (surveys, methods of observation, and analysis of teams) and might be
applied to samples of different types of teams and settings to identify particular vulnerabilities for diagnostic error, the most useful application of
these methods is typically for improvement at the local level. The human
factors science in this area suggests that a number of likely problems can
be readily identified—that is, that deep study may not be necessary—but
the complexity of the interactions among these various factors suggests
that high levels of vigilance and attention to measurement will likely be
necessary throughout the health care system.
Evaluating Interventions
Measurement will be critical to assessing whether changes that are
intended to improve diagnosis and reduce diagnostic errors are effective.
Changes can be implemented and evaluated as part of a quality improvement program or a research project. For both purposes it would be helpful
to develop assessment tools that can be implemented within routine clinical practice to rapidly identify potential failures in the diagnostic process,
to alert clinicians and health care organizations to diagnostic errors, and to
ascertain trend changes over time. For quality improvement approaches,
establishing a baseline (knowing the current rate of failure in a particular
step in the diagnostic process using some of the measurement methods
in Table 3-2) will provide the main method for understanding whether
interventions are having the desired effect. For research studies, the specific aims and change strategy under evaluation will indicate what measurement choice should be made from a broader set or possibilities (e.g.,
long-term clinical outcomes, diagnostic errors, diagnostic process failures,
and contextual variables hypothesized or known to influence diagnostic
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performance). In some cases the aim of measurement will be to assess
whether interventions designed to address specific failures are resulting
in lower failure rates. In other cases the aim of measurement will be to
assess whether a global intervention reduces multiple causes simultaneously. This purpose relates to the work system focal point for analysis and
intervention (Table 3-3 measures). An important contribution to research
in this area will be the identification of approaches that can reduce the risk
for diagnostic error.
There have been few studies that have evaluated the impact of interventions on improving diagnosis and reducing diagnostic error. McDonald
and colleagues (2013) conducted a systematic review to identify interventions targeted at reducing diagnostic error. They found more than 100
evaluations of interventions and grouped them into six categories: “techniques (changes in equipment, procedures, and clinical approaches); personnel changes (the introduction of additional health care professionals
or the replacement of certain health care professionals for others); educational interventions (residency training, curricula, and maintenance
of certification changes); structured process changes (implementation of
feedback mechanisms); technology-based interventions (clinical decision
support, text messaging, and pager alerts); and additional review methods (independent reviews of test results)” (McDonald et al., 2013, p. 383).
The measures used in these intervention studies included diagnostic accuracy, outcomes related to further diagnostic test use, outcomes related
to further therapeutic management, direct patient-related outcomes, time
to correct therapeutic management, and time to diagnosis; 26 of the 100
intervention studies examined diagnostic delays. The researchers identified 14 randomized trials (rated as having mostly a low to moderate risk
of bias), 11 of which reported interventions that reduced diagnostic errors.
The evidence appeared to be strongest for technology-based interventions
and specific techniques. The researchers found that very few studies evaluated the impact of the intervention on patient outcomes (e.g., mortality,
morbidity), and they suggested that further evaluations of promising
interventions should be conducted in large studies across diverse settings
of care in order to enhance generalizability (McDonald et al., 2013).
Two previous reviews evaluated the impact of “system-related interventions” and “cognitive interventions” on the reduction of diagnostic
errors (Graber et al., 2012; Singh et al., 2012b). For system-related interventions Singh and colleagues concluded, “Despite a number of suggested interventions in the literature, few empirical studies have tested
interventions to reduce diagnostic error in the last decade. Advancing
the science of diagnostic error prevention will require more robust study
designs and rigorous definitions of diagnostic processes and outcomes to
measure intervention effects” (Singh et al., 2012b, p. 160). Graber and col-
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leagues identified a variety of possible approaches to reducing cognitive
errors in diagnosis. Not all of the suggested approaches had been tested,
and of those that had been tested, they generally involved observing
trainees in artificial settings, making it difficult to extrapolate the results
to actual practice. “Future progress in this area,” they concluded, “will
require methodological refinements in outcome evaluation and rigorously
evaluating interventions already suggested” (Graber et al., 2012, p. 535).
The three systematic reviews of diagnostic interventions draw similar
conclusions about the heterogeneity of measures used as well as the dearth
of patient-reported outcomes. Synthesizing information from the available interventions is difficult because of the lack of comparable outcomes
across studies. As with other areas of quality and patient safety, improved
patient outcomes is a common goal, but it may not be practical to assess
such patient outcomes during limited-time intervention studies (or quality
improvement efforts). Intermediate measures that assess process failures
(e.g., the development of algorithms to identify and quantify missed opportunities for making a specific diagnosis among an at-risk population)
or cognitive problems (e.g., debriefing to determine what biases are at
play and at what frequency) will continue to provide useful information
for understanding the influence of an intervention at its point of expected
action (as part of the diagnostic process or other component of the work
system, or at the sharp or blunt end of care). As with other areas of patient
safety research and quality improvement, evidence connecting any intermediate measures to patient outcomes will need proper attention.
Another key area of attention for patient safety intervention research,
which applies to diagnostic error measurement, is context-sensitivity. As
noted in the section on identifying risks for diagnostic error, work system
dimensions have the potential to contribute to diagnostic error. For any
diagnostic error reduction intervention, measurement focused on context
variables (e.g., dimensions of the work system, as noted in Table 3-3) will
allow testing of the hypothesized role of these variables in diagnostic error. Shekelle and colleagues (2013) pointed to the need for evidence about
the context in which safety strategies have been adopted and tested in
order to help health care organizations understand what works and under
what circumstances, so that the intervention strategy can be adapted
appropriately to local needs. McDonald summarized domains and measurement options for studying context in relation to quality improvement
interventions, which could be extended to new areas such as diagnostic
safety interventions. She noted that “efficient and effective means to incorporate the domain of context into research . . . has received relatively
minimal attention in health care, even though the salience of this broad
topic is well understood by practitioners and policy makers” (McDonald,
2013, p. S51).
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In summary, there are a multitude of specific measurement choices
when developing and testing interventions for quality improvement or research, but no single repository of options exists. Funders and researchers
have developed repositories of measurement tools for various other topics
and applications. For example, the Agency for Healthcare Research and
Quality’s Care Coordination Measures Atlas is a resource that includes
a measurement framework, identified measures with acceptable performance characteristics, and maps of these measures to framework domains
(AHRQ, 2014a). A similar resource would be useful for those involved in
diagnostic error interventions from proof of concept through the spread of
successful interventions with widespread applicability (i.e., cases in which
an intervention exhibits limited context sensitivity or the cases in which an
intervention works well within many contexts). Such a resource could
build on the domains and measures shown in Tables 3-2 and 3-3, as well
as other sources from quality improvement and patient safety research
applicable to diagnostic error.
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4
Diagnostic Team Members and Tasks:
Improving Patient Engagement and
Health Care Professional Education
and Training in Diagnosis

This chapter describes the team-based nature of the diagnostic process, the importance of clinicians partnering with patients and their families throughout the process, and the education and training that health
care professionals need to participate effectively in the diagnostic process.
Making accurate and timely diagnoses requires teamwork among health
care professionals, patients, and their family members. In terms of the
committee’s conceptual model of the diagnostic process, the focus of this
chapter is on two of the elements of the work system: diagnostic team
members (health care professionals, patients, and their families) and the
tasks they perform in the diagnostic process (see Figure 4-1). The committee makes two recommendations targeted at improving teamwork and
patient engagement in the diagnostic process and preparing health care
professionals to effectively participate in the diagnostic process.
THE DIAGNOSTIC PROCESS AS A TEAM ENDEAVOR
This study was originally titled “Diagnostic Error in Medicine,” but
based on discussions at its first meeting, the committee concluded that
“Diagnostic Error in Health Care” was a more accurate description because it better reflected the patient-centered and teamwork-oriented aspects of the diagnostic process. This conceptualization of diagnosis grew
out of the recognition that too often the diagnostic process is characterized as a solitary activity, taking place exclusively within an individual
physician’s mind. While the task of integrating relevant information and
communicating a diagnosis to a patient is often the responsibility of an
145
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FIGURE 4-1 Diagnostic team members and the tasks they perform are two elements of the work system in which the diagnostic process occurs.
Figure 4-1
raster image, not editable
diagnosticportrait
process ideally

individual clinician, the
involves collaboration
among multiple health care professionals, the patient, and the patient’s
family. Patients and their families play a pivotal role in the diagnostic process. Thus, arriving at accurate and timely diagnoses—even those made
by an individual clinician working with a single patient—involves teamwork. The number of health care professionals involved in the diagnostic
process can vary substantially depending on the nature of the patient’s
health problem: For example, McDonald (2014) noted that a diagnostic
process could involve a single clinician if the suspected diagnosis is considered something straightforward, such as a common cold. However,
at the other end of the spectrum, the diagnostic process could be quite
complex and involve a broad array of health care professionals, such as
primary care clinicians, diagnostic testing health care professionals, multiple specialists if different organ systems are suspected to be involved,
nurses, pharmacists, and others.
Even though some diagnoses continue to be made by individual
clinicians working independently, this solitary approach to the diagnostic
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process is likely to be insufficient given the changing nature of health
care (see Chapter 2). The mounting complexity of health care, including ever-increasing options for diagnostic testing and treatment and the
movement toward precision medicine; the rapidly rising levels of biomedical and clinical evidence to inform clinical practice; and the frequent
comorbidities among patients due to the aging of the population will
require greater reliance on team-based diagnosis (IOM, 2008, 2013b). To
manage the increasing complexity in health care and medicine, clinicians
will need to collaborate effectively and draw on the knowledge and expertise of other health care professionals, as well as patients and families,
throughout the diagnostic process. The committee recognizes that reframing the diagnostic process as a team-based activity may require changing
norms of health care professional roles and responsibilities and that these
changes may take some time and may meet some resistance. Nevertheless, the committee concluded that improving diagnosis will require a
team-based approach to the diagnostic process, in which all individuals
collaborate toward the goal of accurate and timely diagnoses. Consistent
with the committee’s conclusion, recent reports in the literature make the
case that the diagnostic process is a team-based endeavor (Graedon and
Graedon, 2014; Haskell, 2014; Henriksen and Brady, 2013; McDonald,
2014). For example, Schiff noted that the new paradigm for diagnosis
is that it is carried out by a well-coordinated team of people working
together through reliable processes; in this view, diagnosis is the collective
work of the team of health care professionals and the patient and his or
her family (Schiff, 2014b).
In health care, teamwork has been described as a “dynamic process
involving two or more health [care] professionals with complementary
backgrounds and skills, sharing common health goals and exercising
concerted physical and mental effort in assessing, planning, or evaluating
patient care. This is accomplished through interdependent collaboration,
open communication and shared decision-making” (Xyrichis and Ream,
2008, p. 238). Five principles of team-based care have been identified by
the Institute of Medicine (IOM): shared goals, clear roles, mutual trust,
effective communication, and measurable processes and outcomes (see
Box 4-1). Research by a number of organizations, including the IOM,
has highlighted the important role that teamwork plays in health care
(Borrill et al., 2000; Boult et al., 2009; IOM, 2001, 2013a,b; Josiah Macy
Jr. Foundation and Carnegie Foundation for the Advancement of Teaching, 2010; Naylor et al., 2010; WHO, 2010). A report commissioned by
the Robert Wood Johnson Foundation identified several factors that are
important to fostering and sustaining interprofessional collaboration:
patient-centeredness, leadership commitment, effective communication,
awareness of roles and responsibilities, and an organizational structure
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BOX 4-1
Principles of Team-Based Health Care
Shared goals: The team—including the patient and, where appropriate, family
members or other support persons—works to establish shared goals that reflect
patient and family priorities and that can be clearly articulated, understood, and
supported by all team members.
Clear roles: There are clear expectations for each team member’s functions, responsibilities, and accountabilities, which optimizes the team’s efficiency and often
makes it possible for the team to take advantage of a division of labor, thereby
accomplishing more than the sum of its parts.
Mutual trust: Team members earn each others’ trust, creating strong norms of
reciprocity and greater opportunities for shared achievement.
Effective communication: The team prioritizes and continuously refines its communication skills. It has consistent channels for candid and complete communication, which are accessed and used by all team members across all settings.
Measurable processes and outcomes: The team agrees on and implements
reliable and timely feedback on successes and failures in both the functioning
of the team and achievement of the team’s goals. These are used to track and
improve performance immediately and over time.
SOURCE: Adapted from IOM, 2012c.

that integrates interprofessional practice (CFAR et al., 2015). A review by
the United Kingdom’s National Health Service found that teamwork has
“been reported to reduce hospitalization time and costs, improve service
provision, [and] enhance patient satisfaction, staff motivation and team
innovation” (Borrill et al., 2000, p. 14). One study found that a “culture of
collaboration” is a key feature shared by academic medical centers considered to be top performers in quality and safety (Keroack et al., 2007), and
a literature review found moderate evidence for an association between
teamwork and positive patient outcomes, with the most consistent evidence from the intensive care unit setting (Sorbero et al., 2008). Another
study found that surgical teams that did not engage in teamwork had
worse patient outcomes, including a higher likelihood of death or serious
complications (Mazzocco et al., 2009). These findings are consistent with
those from other sectors. For example, in the aviation and nuclear power
industries, teamwork and training in team-based skills have been found

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

DIAGNOSTIC TEAM MEMBERS AND TASKS

149

to improve performance and reduce errors related to communication and
coordination problems (Leonard et al., 2004; Salas et al., 2008; Weaver et
al., 2014).
Compared to teamwork in other areas of health care, teamwork in
the diagnostic process has not received nearly as much attention. Teamwork in diagnosis is likely to be somewhat distinct from the teamwork
that occurs after a diagnosis is made, in part due to the fluid, or unstable,
collection of health care professionals involved in the diagnostic process.
Fluid team membership has been recognized as a strategy to deal with
fast-paced, complex tasks such as diagnosis where preplanned coordination may not be possible and where communication and coordination
are a necessity (Bushe and Chu, 2011; Edmondson, 2012; Vashdi et al.,
2013). Fluid team membership can introduce new challenges, such as a
reduced sense of belonging to the team and a decrease in team efficacy
(Bushe and Chu, 2011; Dineen and Noe, 2003; Shumate et al., 2010). A
number of strategies have been identified as ways to lessen the negative
impacts of fluid teams, including standardizing roles and skills, reducing
task interdependence, and increasing health care professionals’ understanding of others’ roles (Bushe and Chu, 2011). Although teams focused
on patient treatment may also exhibit fluidity, the uncertainty and complexity of the diagnostic process make unstable team membership more
likely in the diagnostic process.
The committee concluded that literature on the role of teams in diag
nosis is limited and that lessons from teamwork in other settings, including the treatment setting, are applicable to the diagnostic process. In
testimony to the committee, Eduardo Salas of the University of Central
Florida said that teamwork was likely to improve diagnosis and reduce
diagnostic errors because teamwork has been found to mitigate communication and coordination challenges in other areas of health care. These
same challenges have been found to have an impact on diagnostic performance (Gandhi, 2014; IOM, 2013b; The Joint Commission, 2014; Schiff,
2014a; Singh, 2014; Sutcliffe et al., 2004). Emerging research also suggests
that teamwork will improve the diagnostic process; one study found that
medical students working in teams made fewer diagnostic errors than
those working individually, and other research has found that collaboration among treating clinicians and clinical pathology teams resulted in
better diagnostic test selection (Hautz et al., 2015; Seegmiller et al., 2013).
Diagnosis depends on health care professionals with differing educational and training backgrounds working together and practicing to
the full extent of their education and training (IOM, 2001, 2012c). Having clear roles and responsibilities leaves “those with greater training or
responsibility free to perform tasks or to solve problems for which they
are uniquely equipped” (Baldwin and Tsukuda, 1984, p. 427), while other
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tasks in the diagnostic process can be distributed to health care professionals within their own scope of practice (Baldwin and Tsukuda, 1984;
IOM, 2011a). Improving diagnostic performance requires participating
individuals to recognize the importance of teamwork as well as the contributions of other health care professionals to the diagnostic process.
In recognition that the diagnostic process is a dynamic team-based
activity, health care organizations should ensure that health care professionals have the appropriate knowledge, skills, resources, and support to engage in teamwork in the diagnostic process. Ensuring that
individuals participating in the diagnostic process have the appropriate resources and support extends beyond the purview of this chapter
and requires a systems approach to diagnosis, including consideration
of health information technology (health IT) resources (see Chapter 5),
an organizational culture and work system that supports teamwork (see
Chapter 6), and payment and care delivery models that promote teamwork (see Chapter 7). This chapter focuses on describing the individuals
involved in the diagnostic process, identifying opportunities to facilitate
patient engagement and intra- and interprofessional collaboration in the
diagnostic process, and ensuring that team members have and maintain
appropriate competencies in the diagnostic process.
Participants in the Diagnostic Process
The committee described diagnostic teamwork as the collaboration of
interrelated individuals working toward the goal of establishing and communicating an accurate and timely explanation of a patient’s health problem (Salas et al., 2008). Teamwork in the diagnostic process involves the
collaboration of patients and their families; diagnosticians, such as physicians, physician assistants (PAs), and advanced practice nurses (APNs);
and health care professionals who support the diagnostic process, such as
nurses, pharmacists, laboratory scientists, radiology technologists, medical assistants, and patient navigators.
Figure 4-2 illustrates the relationship among individuals participating
in the diagnostic process. Patients and their family members are located
at the center because the ultimate goal of the diagnostic process is to
explain a patient’s health problem and to inform subsequent decision
making about a patient’s care. Surrounding patients and their families
are diagnosticians, health care professionals whose tasks include making
diagnoses. Encircling the diagnosticians are health care professionals who
support the diagnostic process. Although Figure 4-2 distinguishes between diagnosticians and health care professionals who support the diagnostic process, this distinction may be less clear in practice. For example,
triage—a complex cognitive nursing task designed to identify patients
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FIGURE 4-2 Teamwork in the diagnostic process includes the collaboration of a
patient and his or her family members, diagnosticians, and health care professionals who support the diagnostic process.
Figure 4-2
raster image, not editable
needing immediate medical care—has not typically been included as a
portrait

component in the diagnostic process, but it can often play a de facto role
because a nurse may identify a suspected diagnosis during this process
(Soni and Dhaliwal, 2012). Similarly, incorrect triage decisions can also
introduce cognitive biases (such as framing or anchoring effects) that can
contribute to diagnostic errors (see Chapter 2). The overlapping nature
of the diagnostic team members in Figure 4-2 reflects the importance of
effective communication and collaboration among all individuals in the
diagnostic process.
Teamwork in the diagnostic process rarely involves static, fixed diag
nostic teams; instead, participation in diagnosis is often dynamic and
fluctuates over time, depending on what areas of expertise are needed to
diagnose a specific patient and where the patient engages in the diagnostic process. The teamwork involved in the diagnostic process is illustrated
in Figure 4-3. If there is good care coordination, a partnership is formed
between a patient and his or her primary care team. If a patient develops
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Figure 4-3

FIGURE 4-3 An example of diagnostic teamwork and the potential participants in the diagnostic process. The arrows in the
figure illustrate the importance of communication among team members.
NOTE: PT = physical therapist.
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symptoms that require further evaluation, the primary care team can
collaborate with other health care professionals (such as pathologists,
radiologists, and specialty care clinicians) in the diagnostic process and
coordinate subsequent care. The depiction in Figure 4-3 of the various
ways that patients and health care professionals interact during the diagnostic process is likely an idealization of clinical practice. For example,
patients and their families will often take on a significant burden of care
coordination because of the fragmentation of the health care system, a
lack of interoperability of patients’ electronic health records (EHRs), and
payment incentives that do not promote care coordination (Bodenheimer,
2008; Press, 2014). In addition, patients may lack a usual source of primary
care, which can hinder care coordination efforts (CDC, 2014; HHS, 2013).
Patients and Their Family Members
The goal of patient engagement in diagnosis is to improve patient
care and outcomes by enabling patients and their families to contribute
valuable input that will facilitate an accurate and timely diagnosis and improve shared decision making about the path of care. Because patients are
a heterogeneous population with varying needs, values, and preferences,
their roles in diagnosis need to be individually tailored. Patients hold
critical knowledge that informs the diagnostic process, such as knowledge
of their health history, their symptoms, their exposure to individuals or
environmental factors, the course of their condition, the medications they
are taking, as well as knowledge gained from information searches that
they conducted in advance of their appointment. In addition, patients and
their families may also maintain a more complete version of their own
medical records, and they can help ensure that test results are received
and facilitate communication among their clinicians (Gruman, 2013).
Diagnosticians
Diagnosticians are health care professionals (physicians, PAs, APNs,
and others) who are educated and licensed to provide patients with diag
noses. Although a diagnostician is defined as any health care professional
with diagnosis in his or her scope of work, in general, physicians are
expected to deal with a greater complexity of diagnostic tasks than other
diagnosticians. In addition to diagnosing patients’ health problems, diagnosticians often participate in a variety of other health care tasks, such as
the provision of preventive care and the management of patients’ chronic
and acute health conditions. Diagnosticians work in all health care settings and include both general and specialist practitioners. Their clinical
reasoning skills come into play as they collect and integrate information
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from a patient’s clinical history, interview, physical exam, diagnostic testing, and consultations with or referrals to other health care professionals
(see Chapter 2).
Pathologists and radiologists are diagnosticians who provide information and consultations that are critical to diagnosing patients’ health
problems, such as advising on the appropriate diagnostic testing for a
particular patient and conveying the implications of the test results to
treating health care professionals.1 Despite the important roles that laboratory medicine, anatomic pathology, and medical imaging play in a
diagnosis, pathologists and radiologists have sometimes been treated as
ancillary or support services. Expert testimony to the committee found
that many pathologists and radiologists have not been adequately engaged in the diagnostic process and that better collaboration among all
diagnostic team members is necessary (Allen and Thorwarth, 2014; Kroft,
2014). The committee concluded that a culture that perpetuates the notion of anatomic pathology, laboratory medicine, and medical imaging
as ancillary health care services will inhibit efforts to improve diagnosis.
Thus, the committee recommends that health care organizations should
facilitate and support collaboration among pathologists, radiologists,
other diagnosticians, and treating health care professionals to improve
diagnostic testing processes. This includes collaboration throughout the
testing process, including the ordering of appropriate tests or images,
analysis and interpretation, the reporting and communication of results,
and subsequent decision making. Depending on a patient’s health problem, treating clinicians may also need to work collaboratively with other
diagnosticians, such as sleep specialists, cardiologists, and others. Education and training of health care professionals also needs to ensure that
they are prepared to work in this manner.
Health Care Professionals Who Support the Diagnostic Process
In addition to diagnosticians, the diagnostic process may involve an
array of health care professionals, including nurses, medical assistants,
radiology technologists, laboratory scientists, pharmacists, patient navigators, social workers, therapists, nutritionists, and many others. These
health care professionals play a crucial role by facilitating the diagnostic
process through the performance of their tasks.
Nurses in particular play a key role in the diagnostic process (see
Box 4-2). Nurses may ensure communication and care coordination
among diagnostic team members, monitor a patient over time to see if
the patient’s course is consistent with a working diagnosis, and identify
1

Treating health care professionals are clinicians who directly interact with patients.
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BOX 4-2
Suggested Actions for Nurses to Improve
Diagnosis and Reduce Diagnostic Error
1. K
 now the major diagnoses of your patients.
2. Be the voice of your patients and their advocate in navigating their health care.
3. Be the eyes of the diagnostic team in detecting, reporting, and documenting
changes in your patients’ symptoms, signs, complaints, or conditions.
4. Be the monitor of the diagnostic team. Is your patient responding to treatment
as expected?
5. Help optimize communication between your patient and the care team:
a. Help patients tell their story and relate all of their symptoms.
b. Check patients’ understanding of their diagnoses and what they’ve been
told.
6. Be the watchdog for appropriate care coordination.
7. Educate patients about the diagnostic process.
8. Learn about how diagnostic errors arise and how they can be avoided.
9. Educate patients about diagnostic tests and explain why they are needed,
what the patient will experience, and what the results will reveal.
10. Help patients with the emotional and psychological difficulties that arise when
a diagnosis is not yet known or is known to be bad.
SOURCE: Adapted from SIDM and NPSF, 2014. Reprinted, with permission, from the Society
to Improve Diagnosis in Medicine and the National Patient Safety Foundation.

potential diagnostic errors. Nurses facilitate patient engagement in the
diagnostic process by communicating with patients about their history,
actively listening to patients’ descriptions of their reasons for a visit, documenting patients’ symptoms, assessing vital signs, and conveying this
information to other clinicians. Nurses need to be full and active members
of the diagnostic team, with opportunities to present their observations
and conclusions to other team members. The committee’s understanding
of nurses as crucial contributors to the diagnostic process builds on the
recommendations of the IOM report The Future of Nursing: Leading Change,
Advancing Health (IOM, 2011a). This report provided a road map for transforming nursing practice in the United States. To achieve the necessary
changes, the report offered four key recommendations (IOM, 2011a):
•
•

Nurses should practice to the full extent of their education and
training.
Nurses should achieve higher levels of education and training
through an improved education system that promotes seamless
academic progression.
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•
•

Nurses should be full partners, with physicians and other health
professionals, in redesigning health care in the United States.
Effective workforce planning and policy making require better
data collection and an improved information infrastructure.

In the 5 years since the report’s release, there has been increased
awareness of and growing support for these recommendations in nursing
schools, health care professional societies, and health care organizations.
For example, AARP and the Robert Wood Johnson Foundation recently
launched the “Future of Nursing: Campaign for Action,” an initiative
designed to drive implementation of the report’s recommendations.2
Despite these efforts, progress in the implementation of these recommendations has been uneven. Reenvisioning the roles that nurses play in the
diagnostic process is one component of these larger efforts to transform
the practice of nursing in the United States.
Radiology technologists and laboratory scientists also play important
roles in the diagnostic process. In some cases, radiology technologists take
images and make decisions, such as how many and what type of images
to take. For example, ultrasound technologists will capture images of normal structures and take additional images of any abnormalities they find.
If the radiology technologist does not notice an abnormality, important
information may not be conveyed to the radiologist, which may negatively impact the diagnostic process. Laboratory scientists are tasked with
procuring samples, preparing samples for analysis, performing analyses,
and ensuring that the testing tools are functioning properly. In some cases,
these scientists may detect a specimen abnormality during the analysis
process that suggests an unsuspected diagnosis or necessitates further
investigation.
Pharmacists can make important contributions to the diagnostic process, especially in identifying and averting health problems that stem
from drug side effects and interactions (Hines and Murphy, 2011; Malone
et al., 2005). Pharmacists and treating clinicians can collaborate to identify whether a patient’s symptoms may be due to the side effects of a
particular drug or the interaction of multiple medications. Because clinicians may not be aware of all possible drug side effects or interactions,
pharmacists may also provide input in the selection of medications for a
patient’s health problem.

2

See www.campaignforaction.org.
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Facilitating Teamwork in Clinical Practice
Health care organizations play a critical role in ensuring effective
teamwork. Thus, the committee recommends that health care organizations should facilitate and support intra-and interprofessional
teamwork in the diagnostic process. There are a number of strategies
that health care organizations can employ to improve teamwork in the
diagnostic process. Creating a culture that encourages intra- and inter
professional collaboration is critical, as is designing a work system that is
supportive of effective teamwork, including the use of results reporting
tools that convey important information to the diagnostic team members
(see Chapter 6). For example, the use of health IT and telemedicine may
help facilitate communication and collaboration among team members,
especially when geographically distant health care professionals are involved in the diagnostic process (see Chapter 5). The following section
describes several opportunities for improving collaboration, such as care
delivery reforms, treatment planning conferences, diagnostic management teams, integrated practice units, morbidity and mortality conferences, and multidisciplinary rounds.
Care Delivery Reforms
Two care delivery reforms—patient-centered medical homes (PCMHs)
and accountable care organizations (ACOs)—have recently been implemented across the country as a means to improve patient care coordination and increase communication among health care professionals (see
Chapter 7). PCMHs are designed to improve the quality of primary care
by fostering a sense of partnership among patients and clinicians and by
designating a particular health care practice as being accountable for a
patient’s care (Health Affairs, 2010; Schoen et al., 2007). PCMHs can improve team-based care by acting as the nexus of coordination and communication for a patient and his or her health care professionals; recent
evidence suggests that attempts to improve primary care by enhancing
its role in coordination have shown some success in improving patient
and staff experiences and reducing hospitalization (AHRQ, 2010a). Some
PCMH demonstrations are still under evaluation, and other PCMHs are
trying new formats; for example, Maryland Blue Cross Blue Shield is offering incentives for physicians to form virtual panels that serve as de facto
PCMHs (CMS, 2013; Dentzer, 2012). Barriers to PCMHs include the high
up-front costs associated with implementing the health IT infrastructure
necessary for improved communication and collaboration and also difficulties in incentivizing outside clinicians to work with those in the PCMH
(Crabtree et al., 2010; Rittenhouse et al., 2009).
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ACOs are organized groups of health care professionals, practices,
or hospitals that work together to assume responsibility for and provide
cost-effective care to a defined population of beneficiaries. The Affordable
Care Act created ACOs to address delivery system fragmentation and
to align incentives to improve communication and collaboration among
health care professionals (Berwick, 2011). Although the evidence needed
to evaluate the impact of ACOs on improved communication and care
coordination is still being collected, there are early indications that ACOs
can improve patient care. For example, the Medicare Physician Group
Practice, the predecessor to ACOs, demonstrated achievement of 29 of
32 quality measures (Iglehart, 2011), and an early study shows that some
Pioneer ACOs were able to reduce overall costs (CMS, 2013). As with
PCMHs, high initial costs associated with health IT implementation are a
barrier to implementation (Kern, 2014).
Treatment Planning Conferences
Treatment planning conferences (also referred to as tumor boards)
are a form of case review in which a multidisciplinary team of health
care professionals “review and discuss the medical condition and treatment options of a patient” (NCI, 2015). Treatment planning conferences
are often held for specific types of cancers, and their participants may
include surgeons, medical oncologists, radiologists, radiation oncologists,
pathologists, nurses, and other collaborating health care professionals.
These conferences generally serve two purposes: to help diagnose complex cases involving cancer and to consider treatment options for patients
with a cancer diagnosis. An advantage of this approach is that it provides
a collaborative environment where an intra- and interprofessional team of
clinicians can share information and opinions. The evidence on whether
treatment planning conferences improve patient outcomes is inconclusive;
although a number of studies have found that a small percentage of initial
cancer diagnoses changed after review in a treatment planning conference
(Chang et al., 2001; Cohen et al., 2009; Newman et al., 2006; Pawlik et al.,
2008; Santoso et al., 2004), a multisite study found that treatment planning
conferences did not significantly improve the quality of care of patients
(Keating et al., 2012). Despite the mixed evidence, treatment planning
conferences may help to identify and avoid potential diagnostic errors by
bringing multiple perspectives to challenging diagnoses. This approach
could also be applied to diagnoses other than cancer, especially ones with
serious health consequences or complex symptom presentations.
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Diagnostic Management Teams
Health care organizations can support teamwork among pathologists, radiologists, other diagnosticians, and treating health care professionals by forming diagnostic management teams (DMTs).3 For example,
Vanderbilt University’s DMT is designed to improve diagnosis through
improved communication and access to diagnostic specialists; it offers
participating health care professionals assistance in selecting appropriate
diagnostic tests and interpreting diagnostic test results (Govern, 2013).
DMT consultations consider a patient’s clinical information to provide a
context for the test result, and they ensure that a clinically valuable interpretation is included in the test result report. Clinicians who participate
in this process report a favorable view of DMTs, and although perceived
high initial costs are a potential barrier, there is some evidence that DMTs
can lower overall costs (Seegmiller et al., 2013).
Integrated Practice Units
Integrated practice units (IPUs) have been proposed as a way to
improve the value of health care and to address the communication
problems that result from system fragmentation (Porter, 2010; Porter and
Lee, 2013). An IPU is a group of clinicians and non-clinicians who are
responsible for the comprehensive care of a specific medical condition
and the associated complications or for a set of closely related conditions (Porter and Lee, 2013). The members of an IPU have expertise in
the relevant condition and work together as a team to provide total care
for patients, including inpatient care, outpatient care, and health care
education. The IPU model, which has been applied to such conditions
as breast cancer and joint replacement, has been shown to improve patient outcomes. For example, patients treated by a spinal care IPU were
found to miss fewer days of work, require fewer physical therapy visits,
and fewer magnetic resonance images to evaluate their back problems
(Porter and Lee, 2013).
Morbidity and Mortality Conferences
Morbidity and mortality (M&M) conferences are forums that bring
clinicians together to review cases involving medical errors and adverse
events that have occurred. M&M conferences have been used to better understand how errors occur and to help health care organizations identify
work system failures and develop interventions to address these failures
3

Personal communication, M. Laposata, August 8, 2014.

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

160

IMPROVING DIAGNOSIS IN HEALTH CARE

(AHRQ, 2008). These conferences have been used to elucidate the causes
of diagnostic error and to help improve diagnostic performance (Cifra et
al., 2014, 2015).
Multidisciplinary Rounds
Multidisciplinary rounds (also referred to as interdisciplinary rounds)
bring health care professionals from different disciplines together to consider the diagnosis and treatment of specific patients. These rounds may
involve interacting with patients, or may be part of a lecture with a
patient-actor. They provide an opportunity for health care professionals
to learn how other health care professionals approach medical issues
and to interact with health care professionals from different disciplines.
Multidisciplinary rounds have been associated with improvements in care
quality, shortened length of stays, and enhancements in resident education (O’Mahony et al., 2007).
PATIENT ENGAGEMENT IN DIAGNOSIS
The IOM report Crossing the Quality Chasm: A New Health System for
the 21st Century highlighted patient-centeredness as a core aim of the
health care system and defined it as “providing care that is respectful
of and responsive to individual patient preferences, needs, and values
and ensuring that patient values guide all clinical decisions” (IOM, 2001,
p. 6). A critical feature of patient-centeredness is the active engagement
and shared decision making of patients and their families in the patients’
health care. Patient engagement has been defined as “actions [people] take
to support their health and benefit from health care” (CFAH, 2015) and
has been shown to increase patient satisfaction with care and to improve
health outcomes (Boulding et al., 2011; Etchegaray et al., 2014; Glickman
et al., 2010; Lucian Leape Institute, 2014; Safran et al., 1998; Sequist et
al., 2008; Weingart, 2013). The goal of patient engagement in diagnosis
is to improve patient care and outcomes by enabling patients and their
families to contribute valuable input that will facilitate an accurate and
timely diagnosis and improve shared decision making about the path of
care. There are a variety of factors that present challenges to patient engagement in diagnosis, and the committee makes one recommendation to
improve patient and family engagement in the diagnostic process.
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Challenges to Patient Engagement in Diagnosis
Patients and their families may not be effectively engaged in the diagnostic process for a variety of reasons, including both patient-related
factors and health care professional and system factors (see Box 4-3).
Patient-Related Factors
The patient-related factors that prevent active engagement in the
diagnostic process can include unfamiliarity with and poor access to the
health care system; difficulty with communication due to language, health
literacy, and cultural barriers; and a patient’s lack of comfort in taking

BOX 4-3
Challenges to Effective Patient and Family
Engagement in the Diagnostic Process
Patients and families may:
• Fear complaining and being seen as difficult
• Feel a lack of control or vulnerability for many reasons (sick, scared, social
status)
• Not always take their own problems seriously enough
• Lack understanding of the health care system or opportunities to become
involved
• Encounter inexperienced health care professionals
• Have language and health literacy barriers
• Be unsure how to seek resolution to a problem when issues are not
resolved at the point of care
Health care professionals may:
• Dismiss patients’ complaints and knowledge
• Act on implicit or explicit biases and stereotypes
• Incorrectly assume that a patient does not want to be involved in his or her
care
Health care systems may exhibit:
• Disjointed care through a lack of coordination and teamwork
• Breakdowns in communication among health care professionals
• Failure to transmit information to patients
• Failure to adequately review or follow up on diagnostic testing results
• Lack of disclosure or apology after diagnostic errors
SOURCE: McDonald et al., 2013. Adapted by permission from BMJ Publishing Group Limited.
The patient is in: Patient involvement strategies for diagnostic error mitigation. McDonald,
K. M., C. L. Bryce, and M. L. Graber. BMJ Quality and Safety 22(2):30–36. 2013.
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an active role in diagnosis. Patients are a heterogeneous population, and
their needs, values, preferences, and ability to engage in the diagnostic
process vary considerably.
Some patients may fear asserting themselves in the diagnostic process
because they do not want to appear to be difficult and risk alienating their
clinician, which could affect the quality of their care (Frosch et al., 2012).
In one study involving cancer patients who thought there had been a
serious breakdown in their care, 87 percent did not formally report their
concern to the health care organization (Mazor et al., 2012). A patient may
also feel uncomfortable asking for a referral to seek a second opinion or
asking to see a more experienced clinician (Entwistle et al., 2010). The
stress that patients feel related to their health, to navigating the health care
system, to missing work, or to dealing with insurance issues can make
them less likely to participate in their own care (Evans, 2013). A patient’s
symptoms and severity of illness can also prevent active engagement in
the diagnostic process.
Access to the health care system varies across patients, depending on
factors such as health insurance coverage, socioeconomic status and the
affordability of health care, and health care delivery system attributes,
which in turn can affect the patient’s care. For example, the location of
health care facilities and the hours of availability for patient care can affect
a patient’s access to health care. Poor access to, and unfamiliarity with, the
health care system may contribute to delays in seeking care for symptoms,
which can result in a disease being more advanced when it is diagnosed,
leading to a worse prognosis or a more invasive treatment which could
have been avoided. Certain populations are more likely to have difficulty
obtaining care, including racial and ethnic minorities and individuals of
low socioeconomic status (AHRQ, 2013a,b).
Cultural and language barriers can be significant challenges that prevent patients from fully engaging in the diagnostic process. Approximately 22 percent of the 60 million people living in the United States
who speak a language other than English at home report not being able
to speak English well or at all (Ryan, 2013). The IOM report Unequal
Treatment: Confronting Racial and Ethnic Disparities in Health Care noted
that “Language barriers may affect the delivery of adequate care through
poor exchange of information, loss of important cultural information,
misunderstanding of physician instruction, poor shared decision making, or ethical compromises (e.g., difficulty obtaining informed consent)”
(IOM, 2003b, p. 17). In addition, The Joint Commission has found that
miscommunications and misunderstandings increase the risk for adverse
events in health care (The Joint Commission, 2007). These barriers have
also been associated with diagnostic errors (Flores, 2006; Marcus, 2003;
Price-Wise, 2008). To meet the needs of patients with limited English pro-
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ficiency, some health care organizations have instituted policies to ensure
that language services, such as those provided by interpreters, are available and that educational literature is provided in languages other than
English (HHS, 2015). Despite these steps, a study found that even when
hospitals have a policy regarding language services, they often do not
provide staff with the training necessary to access language services, they
do not assess the competency of interpreters, and there is little oversight
of the quality of the translated literature (Wilson-Stronks, 2007).
Even if a patient speaks the same language as his or her clinicians,
there can be communication challenges if the patient has limited health
literacy or if clinicians use unfamiliar medical terminology (IOM, 2004). In
the United States more than 80 million adults have a poor level of health
literacy, which has been defined as “the degree to which individuals have
the capacity to obtain, process, and understand basic health information
and services needed to make appropriate health decisions” (AHRQ, 2011,
p. ES-1). Health literacy requires applying a complex set of skills involving reading, listening, analysis, and decision making to health settings
(NNLM, 2013). Patients lacking health literacy skills may be limited in
their ability to participate in the diagnostic process and in decision making about the planned path of care (Peters et al., 2007). A recent study
indicated that a group of medical trainees, including PA and MD students,
lacked confidence in their ability to communicate effectively with patients
with low health literacy (Ali et al., 2014).
There is a tremendous amount of information and resources available
on the Internet and mobile applications to help patients identify potential
diagnoses and to plan for health care appointments. A 2013 Pew Research
Center study found that 35 percent of American adults have used online
resources to diagnose a condition in themselves or someone else (Fox and
Duggan, 2013). These resources have varying levels of accuracy, and patients may have difficulty assessing the quality of the information available
to them (NLM, 2012b; Semigran et al., 2015). Clinicians may also react negatively to patients’ use of this information in clinical visits (Julavits, 2014).
Patients’ level of comfort with actively engaging in care decisions, such
as asking questions, stating preferences, or seeking alternative opinions,
may differ considerably from one patient to another. Some patients may
prefer to be actively involved in all aspects of the decision-making process,
while others would rather defer to their clinicians’ judgment (Fowler, 2011).
In a national survey, the majority of respondents reported that they would
like clinicians to effectively engage them in health care decision making by
talking about their diagnosis and explaining the options available, including the risks and their impact on quality of life and the costs associated with
them (IOM, 2012b). Another survey found that 96 percent of respondents
desired to be asked questions and to be given choices regarding their care,
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and approximately half preferred to have their clinicians make the final
decisions (Levinson et al., 2005). Clinicians may not be aware of—or they
may misjudge—the role that a patient desires to play in decision making,
and as a result they may make decisions that are misaligned with patient
preferences, a phenomenon that has been referred to as a preference mis
diagnosis (Mulley et al., 2012). Factors such as age, gender, medical history,
familiarity with the health care system, socioeconomic status, and cultural
issues can factor in to patients’ preferences regarding engagement and
shared decision making (Boyer et al., 2001; Cox et al., 2012; Lipson et al.,
2003; Longtin et al., 2010). Several studies have found that female patients
who are younger and have more education tend to prefer a more active role
in decisions regarding their health (Arora and McHorney, 2000; Deber et al.,
2007; Say et al., 2006). A survey of low-income patients faced with major
medical decisions found that 75 percent wanted to be very involved in the
decision-making process (BSCF, 2014).
Health Care Professional and System Factors
A major concern cited by health care professionals is a lack of time to
truly engage patients in the diagnostic process (Anderson and Funnell,
2005; Sarkar et al., 2012, 2014; Stevenson, 2003). Compared to more
procedure-oriented tasks, fee-for-service payment does not incentivize the
time spent on evaluation and management services that reflect the cognitive expertise and skills that clinicians employ in the diagnostic process
(National Commission on Physician Payment Reform, 2013). This creates
an environment in which communication, such as the clinical history and
interview, may be rushed and patients may not have time to thoroughly
discuss their symptoms and health concerns, although new models of
payment and care delivery may make this a higher priority (AHRQ,
2014c; Cosgrove et al., 2013; Roades, 2013) (see Chapter 7). Time pressures
may also lead to an overreliance on diagnostic testing in place of patient
engagement, even when these may be inappropriate (Newman-Toker et
al., 2013; Rao and Levin, 2012; Zhi et al., 2013) (see Chapter 3). The use
of EHRs may also lead to problems with patient engagement, as health
care professionals may be distracted from communicating with patients
as they enter information in the EHR (O’Malley et al., 2010; Spain, 2014)
(see Chapter 5).
Although many clinicians are positive about engaging with their
patients (Stevenson, 2003), there are indications that some may be resistant to active patient involvement (Graedon and Graedon, 2014; Haskell,
2014; IOM, 2013a; Julavits, 2014). In interactions with patients, certain
clinician behaviors can discourage open communication and patient engagement, including being dismissive of a patient’s complaints and their
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knowledge of their symptoms, not listening, or interrupting frequently
(Dyche and Swiderski, 2005; Marvel et al., 1999; McDonald et al., 2013).
For example, one study found that after a clinician entered the room, patients spoke without being interrupted for an average of only 12 seconds;
the clinicians frequently interrupted the patients before they had finished
speaking (Rhoades et al., 2001). Clinicians’ vulnerability to cognitive
and affective biases may also contribute to behaviors that hinder patient
engagement and contribute to diagnostic errors (Croskerry, 2013; Klein,
2005). Clinicians may exhibit biases in regard to gender, race, ethnicity,
sexual orientation, age, obesity, a patient’s health problem (e.g., chronic
pain, mental health), or other factors (IOM, 2003b, 2011b,c, 2012e; Puhl
and Brownell, 2001; Schwartz et al., 2003). For example, clinicians may
be judgmental or blame patients for their illnesses, and this could affect
a patient’s willingness to participate in the diagnostic process (Croskerry,
2003). Patients may fear disclosing sensitive information to their clinicians, such as their sexual orientation, due to a fear that such disclosure
could negatively affect their care (Durso and Meyer, 2013; Foglia and
Fredriksen-Goldsen, 2014; IOM, 2011b). If this information is not disclosed, Foglia and Fredriksen-Goldsen (2014) note that it could result in
diagnostic error, such as a delay in diagnosing a serious health problem.
The Unequal Treatment report found that “bias, stereotyping, prejudice,
and clinical uncertainty on the part of health care providers may contribute to racial and ethnic disparities in healthcare” (IOM, 2003b, p. 12).
For example, one study found that a patient’s race and gender independently influenced how physicians managed chest pain; physicians were
significantly more likely to refer white men exhibiting signs of coronary
artery disease for cardiac catheterization than to refer black women
with the same symptoms (Schulman et al., 1999). Clinicians may also
disregard symptoms in patients with previous diagnoses of mental illness or substance abuse and may attribute new physical symptoms to a
psychological cause without a proper evaluation. Alternatively, clinicians
may incorrectly diagnose or assume psychiatric, alcohol, or drug abuse
diagnoses for serious medical conditions, such as hypoxia, delirium,
metabolic abnormalities, or head injuries; a mistake known as a “psychout error” (Croskerry, 2003).
Fragmentation of health care and poor coordination of care hinder
patient engagement and can contribute to errors in diagnosis (CFAH,
2014c; Gandhi and Lee, 2010; Gandhi et al., 2006; IOM, 2013a; Schiff, 2008;
Starfield, 2000). In cases where there is poor care coordination and communication among clinicians, patients and their families may need to convey their information among their health care professionals. For example,
one survey found that approximately 25 percent of patients reported that
their doctors did not share information about their medical history or
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test results with other health care professionals involved in a patient’s
care (Stremikis et al., 2011). Limited interoperability among EHRs and
laboratory and medical informatics systems may also prevent the flow
of information among clinicians and health care settings (see Chapter 5).
Improving Patient Engagement in the Diagnostic Process
Patients and their families play a crucial role in the diagnostic process but the ultimate responsibility for supporting and enabling patient
and family engagement in the diagnostic process rests with health care
professionals and organizations. Health care professionals need to embrace patients and their families as essential partners in the diagnostic
process, with valuable contributions that can improve diagnosis and avert
diagnostic errors. Thus, the committee recommends that health care
professionals and organizations should partner with patients and their
families as diagnostic team members and facilitate patient and family
engagement in the diagnostic process, aligned with their needs, values,
and preferences.
Learning About the Diagnostic Process
To facilitate patient and family engagement, the committee recommends that health care professionals and organizations provide patients with opportunities to learn about the diagnostic process. One
of the challenges that patients and their families face with diagnosis is
their unfamiliarity with the process; thus, informing patients and their
families about it has the potential to improve engagement and reduce
diagnostic errors. Patients may be unfamiliar with the terminology related
to the diagnostic process, such as a “differential diagnosis” or a “working
diagnosis,”4 and also with the role of time in the process. For example, a
health care professional may propose a working diagnosis if there is some
uncertainty in the diagnosis, and this may change with new information.
For some health problems, watchful waiting is appropriate, and patients
need to be informed that time can give clinicians a better understanding
of their health problem. It is also important that patients understand when
and who to contact if their symptoms do not resolve or if they experience
new symptoms that do not seem to fit with a working diagnosis. Providing information explaining the roles and tasks of the various individuals

4 A differential diagnosis is a list of possible diagnoses ranked from most probable to
least probable based on the available information. A working diagnosis is a preliminary or
provisional diagnosis, and it may be in the form of a differential diagnosis.
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involved in diagnosis could also facilitate more active engagement in the
diagnostic process.
A number of groups have developed information and resources to
help patients become more actively involved in their health care, including the diagnostic process (CFAH, 2014c; The Joint Commission,
2015; Josiah Macy Jr. Foundation, 2014; Lucian Leape Institute, 2014).
The Center for Advancing Health has developed a variety of resources
to help patients gain maximum benefit from their health care, including information about communicating with clinicians, organizing health
care, seeking knowledge about health, and other topics (CFAH, 2014a,b).
The Speak Up™ Program offers materials to help patients become more
actively involved in their care and avoid errors (The Joint Commission,
2015). The National Patient Safety Foundation, the Society to Improve
Diagnosis in Medicine, and Kaiser Permanente have developed resources
to help patients get the right diagnosis (see Boxes 4-4 and 4-5) (Kaiser
Permanente, 2012; NPSF and SIDM, 2014). The actions suggested in the
resources include having a thorough knowledge of medical history, formulating notes about symptoms and questions to bring to appointments,
and maintaining a list of medications (such as prescriptions, over-thecounter medications, dietary supplements, and complementary and alternative medicines). Health care professionals and organizations can also
inform patients and families about the reliability and accuracy of online
resources and direct them to reputable sources (FamilyDoctor.org, 2014;
Mayo Clinic, 2015; NLM, 2012a,b; Semigran et al., 2015).
Health Care Environments That Are Supportive of Patient and Family Engagement
Health care professionals and the organizations in which they practice
can facilitate patient engagement in the diagnostic process by improving
communication and shared decision making and by addressing health
literacy barriers. Thus, the committee recommends that health care professionals and organizations should create environments in which patients and their families are comfortable engaging in the diagnostic
process and sharing feedback and concerns about diagnostic errors and
near misses. Health care organizations will need to carefully consider
whether their care delivery systems and processes fully support patient
engagement and work to improve systems and processes that are oriented
primarily toward meeting the needs of health care professionals rather
than patients and their families. One of the most important actions that
health care professionals can take to implement this recommendation is
to improve their communication skills because effective patient–clinician
communication is critical to making accurate diagnoses and to averting
diagnostic errors. Several organizations offer communication training
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BOX 4-4
Checklist for Getting the Right Diagnosis
1. T
 ell Your Story Well: Be clear, complete, and accurate when you tell your clinician about your illness.
• Be Clear – Take some time to think about when your symptoms started,
what made your symptoms better or worse, or if your symptoms were
related to taking medications, eating a meal, exercising, or a certain time
of day.
• Be Complete – Try to remember all of the important information about your
illness. Write down some notes and bring them with you. A family member
may be able to help you with this.
• Be Accurate – Sometimes you may see multiple clinicians during a medical
appointment. Make sure your clinicians hear the same story regarding your
illness.
2. Be a Good Historian:
• Remember what treatments you have tried in the past, if they helped, and
what, if any, side effects you experienced.
• Think about how your illness has progressed over time.
• Think about your family’s medical history and if you may be at risk for similar illnesses.
3. Keep Good Records:
• Keep your own records of test results, referrals, and hospital admissions.
• Keep an accurate list of your medications.
• Bring your medication list with you when you see your clinician or pharmacist.
4. Be an Informed Consumer:
• Learn about your illness by looking at reliable sources on the Internet or
visit a local library.
• Learn about the tests or procedures you are having done.
• Learn about your medications:
o	
Know the names of your medications (both brand names and generic).
For example: Tylenol (brand name) and acetaminophen (generic name)
o	
Know what the medication is for.
o	
Know the amount (dose) you need to take.
o	
Know the time(s) you need to take it during the day.
o	
Know the side effects to watch for and report to your clinician.
o	
Know if the medication interacts with any food or drugs.
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5. Take Charge of Managing Your Health:
• When meeting with your clinician, use the Ask Me 3 brochure, Good Questions for Getting the Right Diagnosis:
1. What could be causing my problem?
2. What else could it be?
3. When will I get my test results, and what should I do to follow up?
• If you have more than one clinician, make sure each clinician knows what
the other person is thinking and planning.
• Make sure each clinician knows all of your test results, medications, or
other treatments.
• Be informed and involved in decisions about your health.
6. Know Your Test Results:
• Make sure both you and your clinician get the results from any tests that
are done.
• Don’t assume that no news is good news; call and check on your test
results.
• Ask what the test results mean and what needs to be done next.
7. Follow Up:
• Ask when you need to make another appointment (follow up) with your
clinician once you start treatment.
• Ask what to expect from the treatment or what it will do for you.
• Ask what you need to do if you get new symptoms or start to feel worse.
8. Make Sure It Is the Right Diagnosis:
• Sometimes your diagnosis is the most “likely” thing that is wrong, but it may
not be the “right” diagnosis.
• Don’t be afraid to ask “What else could this be?”
• Encourage your clinicians to think about other possible reasons for your
illness.
9. Record Your Health Information and Monitor Your Progress:
• Track your health information and share it with your health care team in a
structured format.a
a

One available resource is SIDM’s patient toolkit (SIDM, 2015).

SOURCES: Adapted from NPSF, 2015a; NPSF and SIDM, 2014. Reprinted, with permission,
from the National Patient Safety Foundation and Society to Improve Diagnosis in Medicine.
Ask Me 3 is a registered trademark of Pfizer Inc. and is licensed to the National Patient Safety
Foundation.

Copyright © National Academy of Sciences. All rights reserved.

169

Improving Diagnosis in Health Care

170

IMPROVING DIAGNOSIS IN HEALTH CARE

BOX 4-5
Smart Partners About Your Health
SMART CHECKLIST
• Symptoms
Tell your clinician what’s currently wrong . . . why you are here. Is this a new
symptom, when did it start, what home remedies have you tried?
• Medical/medication history
Provide medical information about your past. Be prepared to discuss your
current medications and over-the-counter medicines or supplements that
you take (Ibuprofen, vitamins, etc.) with your clinician.
• Assessment
Describe what you think is going on. Express your feelings and your
concerns.
• Review
After your clinician diagnoses your condition, ask if it could be something
else. Make sure you understand what is causing your symptoms. In your
own words describe the diagnosis back to your clinician. Talk about things
that might keep you from following your treatment plan.
• To do
Make sure you understand what you need to do next. Repeat your treatment plan and the information you received from your clinician. Be sure to
ask for your after-visit summary and follow all your clinician’s instructions
or let him or her know if you can’t.
SMART SCRIPT
• Symptoms
“I’m concerned about . . .”
“Symptoms I’ve been having . . .”
• Medical/medication history
“Some of my medical history that might be important includes (a close
family member had cancer).”
“To help me remember I have a list of my current medications and
supplements.”
• Assessment
“I’m worried I might have ___ and I have tried . . .”
After your clinician diagnoses your condition, ask questions and verify next
steps.
• Review
“Could you tell me what else it could be or if more than one thing is going
on?”
• To do
“Just to make sure I haven’t missed anything, I need to . . .”
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BEFORE YOUR VISIT THINK ABOUT . . .
• What you want to talk about during your visit
What symptoms are you having?
How long have you had them?
Do they go away?
Have you tried any home treatments? If so, what?
• Inviting someone to go with you
Bringing someone to your appointment can help you to answer questions
and give your clinician information.
• Write down your questions or some words that will help remind you
What concerns do you have about your symptoms?
What concerns are most important to you?
• Be prepared
Be prepared to go over your medications, vitamins, and supplements.
Make sure you mention any changes that you have made.
DURING YOUR VISIT . . .
• Confirm with your clinician why you are there
• Your symptoms
When did your symptoms start?
Do they go away?
Where are they located?
How do they affect your daily activities?
• Share what home treatments you have tried
Did they help or make your symptoms worse?
• Share your worries about your symptoms
• Share what you think might be going on
YOUR DIAGNOSIS: CONSIDER ASKING THE CLINICIAN:
• What else could it be?
• Do all my symptoms match your diagnosis?
• Could there be more than one thing going on?
AT THE END OF YOUR VISIT . . .
• Make sure you understand what you need to do next
Repeat your treatment plan and the information you received from your
clinician.
If you don’t understand ask your clinician to explain any words or ideas that
are confusing.
Talk about things that you feel might keep you from following the treatment
plan.
Talk about other treatment plans or options.
• Be sure to ask for your after-visit summary
• Follow all your clinician’s instructions or let them know if you can’t
SOURCE: Reprinted, with permission, from Kaiser Permanente. Copyright 2012 by Kaiser
Permanente.
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courses for clinicians, including the Institute for Healthcare Communication and the American Academy on Communication in Healthcare
(AACH, 2015; IHC, 2015).
There are several techniques and strategies that clinicians can use to
improve communication and patient engagement. One of the most wellknown methods is teach-back, which involves a clinician explaining a
concept and then asking the patient to repeat in his or her own words what
was said (Nouri and Rudd, 2015; Schillinger et al., 2003). The clinician
can then evaluate whether the patient has a good understanding and, if
the patient does not, can explain the concept further using a different approach in order to improve the patient’s comprehension. Patient–clinician
communication can also be improved by using clear and simple language,
encouraging questions, listening actively, allowing the patient to speak
without interruption, and responding to the patient’s emotions. Such techniques may also help some patients overcome their fear of discussing their
concerns and become more likely to share sensitive information that could
provide valuable input to the diagnostic process. If patients are upset or
anxious, they may be less likely to give a thorough and accurate account
of their symptoms and health concerns. Inclusion of a patient’s family in a
patient’s care may also facilitate engagement and comprehension.
Supportive health care environments are places where patients and
families feel comfortable sharing their concerns about diagnostic errors
and near misses and providing feedback on their experiences with diagnosis. As discussed in the education section of this chapter, providing
feedback to health care professionals about the accuracy of their diagnoses can help improve their diagnostic performance. However, health care
professionals often do not have opportunities to hear from patients about
their diagnostic performance (Berner and Graber, 2008; Schiff, 2008). For
example, a patient discharged from the emergency department may then
see a primary care clinician, and the emergency department clinician
may never hear whether the diagnosis on discharge was correct. To improve diagnostic performance, health care professionals and organizations should encourage patients and their families to follow up with their
health care professionals to let them know about their experiences. Health
care organizations can facilitate feedback from patients and their families
by, for example, implementing procedures to follow up with patients after
their visits. This feedback could also be used as a routine part of assessing
patient satisfaction with clinicians and health care organizations.
In order to establish environments where patients and families can
share their concerns, clinicians need to be ready to communicate with
patients about the occurrence of diagnostic errors. A study involving 13
focus groups found that patients who have experienced a medical error
wanted clinicians to disclose all harmful errors (Gallagher et al., 2003).
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These patients sought information about what happened, why the error
happened, how to mitigate the consequences of the error, and how clinicians would prevent recurrences (Gallagher et al., 2003). Clinicians have
been reluctant to disclose medical errors to patients and their families
because of the fear of litigation as well as anxiety over communicating
these errors; however, disclosing errors has been broadly recognized as
the right thing to do (AHRQ, 2014a). There is evidence that disclosure
improves patient outcomes and may reduce malpractice claims and costs
(AHRQ, 2014a; Hendrich et al., 2014; Kachalia et al., 2003; Mello et al.,
2014) (see Chapter 7).
Fostering shared decision making, which is defined as “a collaborative process that allows patients and their providers to make health care
decisions together, taking into account the best scientific evidence available, as well as the patient’s values and preferences” (IMDF, 2014), can
also improve patient and family engagement in the diagnostic process.
Tools to promote shared decision making are decision aids, which provide
objective, evidence-based information on options that patients may have
so that they can make informed decisions (IMDF, 2014; MedPAC, 2010).
Although many decision aids are focused on treatment and screening
decisions, some have been developed for diagnostic situations, such as an
evaluation for low back pain or whether to do imaging studies for chest
discomfort (Ronda et al., 2014; SCAI, 2014).
Addressing health literacy barriers may also improve patient and
family engagement in the diagnostic process. Acknowledging that the
health care system can place unreasonably high health literacy demands
on patients and families, an IOM discussion paper identified 10 attributes
of health-literate health care organizations, summarized in Box 4-6 (IOM,
2012a). For example, health care organizations can encourage the use of
tools—such as Ask Me 3, Getting the Right Diagnosis, Smart Partners
About Your Health, and Speak Up—in order to improve communication
among patients and their clinicians. If health care organizations make it
easier for patients and families to navigate, understand, and use health
care services, then patients and their families can become more engaged
in the diagnostic process. In addition, health care professionals and organizations can ensure that health care environments reflect cultural and
language competencies (AHRQ, 2012). Some health care organizations
have instituted policies to ensure that language services, such as those
provided by interpreters, are available and that educational literature is
provided in languages other than English. The IOM recommended the
broader use of interpretation services where community need exists (IOM,
2003b), and the Department of Health and Human Services (HHS) has
established national standards for culturally and linguistically appropriate care (HHS, 2015). Many health care professional schools offer cultural
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BOX 4-6
Attributes of Health Literate Health Care Organizations
A health literate organization:
1. H
 as leadership that makes health literacy integral to its mission, structure,
and operations
2. Integrates health literacy into planning, evaluation measures, patient
safety, and quality improvement
3. Prepares the workforce to be health literate and monitors progress
4. Includes populations served in the design, implementation, and evaluation
of health information and services
5. Meets the needs of populations with a range of health literacy skills while
avoiding stigmatization
6. Uses health literacy strategies in interpersonal communications and confirms understanding at all points of contact
7. Provides easy access to health information and services and navigation
assistance
8. Designs and distributes print, audiovisual, and social media content that
is easy to understand and act on
9. Addresses health literacy in high-risk situations, including care transition
and communications about medicines
10. Communicates clearly what health plans will cover and what individuals
will have to pay for services
SOURCE: IOM, 2012a.

competency courses, and there are continuing education programs designed to increase cultural competency and sensitivity. Though there is
evidence that improving cultural competency can improve patient satisfaction with care (Castro and Ruiz, 2009; Paez et al., 2009), the evidence
connecting cultural competency with improvements in patient outcomes
is limited (Beach et al., 2005; Lie et al., 2011).
Health care organizations can also facilitate patients’ reengagement
with the health care system for unresolved symptoms or in other instances (such as a missed follow-up appointment). For example, Kaiser
Permanente’s SureNet Program identifies people who have inadvertent
lapses in care and uses electronic surveillance and staff to follow up
with these patients (Danforth et al., 2014; Kanter, 2014). Closed-loop
communication systems that require all information from referrals and
consultations to be relayed to the treating clinician may also help ensure
that patients reengage the health care system when necessary (Gandhi,
2014; Schiff, 2014a) (see Chapter 6).
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Patient Access to Their Electronic Health Information
Another opportunity to encourage patient engagement in the diagnostic process is to make a patient’s health information more accessible
and transparent. One way to accomplish this is through open medical
records, or records that “patients, and others authorized by them, are
allowed to read. . . . When used properly, they let patients see themselves
through the eyes of their caregivers and give them insight into diagnoses
and treatment options. Having access to such information permits patients to take a more active role in decisions about their care” (Frampton
et al., 2009, p. 59). Thus, the committee recommends that health care
professionals and organizations should ensure patient access to EHRs,
including clinical notes and diagnostic testing results, to facilitate patient engagement in the diagnostic process and patient review of health
records for accuracy. The Office of the National Coordinator for Health
Information Technology’s Meaningful Use 2 requirements include patient
access to their electronic health information (such as medication lists,
diagnostic test results, allergies, and clinical problem lists), and organizations have begun to employ patient portals in order to enable patient
access to this information (Adler-Milstein et al., 2014; Bruno et al., 2014;
Furukawa et al., 2014; HealthIT.gov, 2015). Unfortunately, many organizations are having trouble meeting the Meaningful Use 2 requirement that 5
percent of patients “view, download, or transmit their health information”
(Adler-Milstein, 2015).
The OpenNotes initiative, available to almost five million patients, has
promoted even greater transparency of patients’ health information by inviting patients to view the notes recorded by health care professionals during a clinical visit (OpenNotes, 2015). In an analysis of patients who were
invited to read their notes over the course of 1 year, approximately 70 to
80 percent surveyed said that they read their notes, understood their care
plan better, and were better prepared for visits (Bell et al., 2014; Delbanco
et al., 2012). Clinicians report that implementing OpenNotes results in few,
if any, disruptions to their practice (Bell et al., 2014; Walker et al., 2014).
In input that was provided to the committee, the OpenNotes developers suggested that initiatives like OpenNotes have the potential to reduce
diagnostic errors by enabling patients and families to catch errors within
clinician notes, by encouraging patients to speak up, and by preventing
diagnostic delay by helping patients better remember recommendations
for tests and procedures. In addition, the developers cited transparency as
a means to help patients better understand their clinicians’ thought processes, to enhance trust, and to engage family caregivers. In a pilot study,
the developers found that patients with access to their medical information were more likely than those without such access to have questions,
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to identify inaccuracies, and to offer additional information regarding the
data in their health records (NORC, 2014).
Direct patient access to diagnostic testing results is also important to
patient engagement because diagnostic errors commonly occur within
the testing steps of the diagnostic process (Gandhi et al., 2006; Schiff et
al., 2009). In 2014, HHS strengthened patients’ rights to directly access
their laboratory test results (HHS, 2014). Prior to the implementation of
this regulation, an analysis found that only 3 in 10 laboratories allowed
patients or their legal representatives access to their clinical test results
(Swain and Patel, 2014). Similarly, the Mammography Quality Standards
Act mandated the direct reporting of mammography results to patients
with a summary of the report written in easily understood terms. A study
found that direct reporting improved patient satisfaction with mammography and the timeliness of the results reporting, although it did not
significantly reduce patient anxiety or improve patient adherence to the
recommendations (Priyanath et al., 2002). Although there is some concern
that providing patients direct access to diagnostic testing results before
they consult with their clinician may not be appropriate in all cases (e.g.,
for worrisome test results or for test results that patients may have difficulty in interpreting), there are a number of advantages to direct patient
access, including reducing the likelihood that patients do not receive a test
result and improving subsequent decision making and treatment (ASCP,
2014). Some organizations have implemented time delays to enable clinicians to communicate directly with patients before the patients access
their diagnostic testing results electronically (Butcher, 2014).
Involvement of Patients and Families in Efforts to Improve Diagnosis
Patients and their families have unique insights into the diagnostic
process, their health outcomes, and the occurrence of diagnostic errors
(Etchegaray et al., 2014; Gertler et al., 2014; Schiff et al., 2014). Their
perspectives are critical to identifying errors and near misses, especially
ones that health care professionals may not be aware of, and they can
also inform efforts to improve the diagnostic process (Gertler et al., 2014;
Weingart et al., 2005). Thus, the committee recommends that health
care professionals and organizations should identify opportunities to
include patients and their families in efforts to improve the diagnostic
process by learning from diagnostic errors and near misses. Some of
the opportunities for learning include participation in root cause analyses
and M&M conferences (Gertler et al., 2014; NPSF, 2015b; Schiff et al., 2014;
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Zimmerman and Amori, 2007).5 For example, patients and family members may have information that is unavailable to health care professionals
that can be used during a root cause analysis to identify contributors to
a diagnostic error (Etchegaray et al., 2014). Participation in these events
may also be satisfying to patients and their families because they have an
opportunity to help improve safety and reduce the chance of future errors (Zimmerman and Amori, 2007). However, it is important for health
care organizations to tailor patient and family involvement according to
individual needs and preferences and to be aware of the legal constraints
to involving patients and families in these efforts.
Health care organizations can also create patient and family advisory
councils and use their input to design more patient-centered diagnostic
processes. Patient and family advisory councils may be involved in the
development, implementation, or evaluation of new programs; the design
of materials or tools to improve patient–clinician relationships; and other
activities (AHRQ, 2014b). These councils can involve patients and families
in the design of care and can leverage their experiences in order to implement patient-centered changes, including changes that may reduce diagnostic errors (Coulter et al., 2008; IOM, 2013a). For example, a patient and
family advisory council at Inova Health System played a role in designing
a shift-change procedure for nursing staff that could reduce the potential
for errors related to care transitions (Friesen et al., 2013).
HEALTH CARE PROFESSIONAL EDUCATION AND TRAINING
There are indications that health care professionals may not receive
adequate preparation to function optimally in the diagnostic process
(Brush, 2014; Dhaliwal, 2014; Durning, 2014; Richardson, 2007; ten Cate,
2014; Trowbridge et al., 2013). Education and training-related challenges
include methods that have not kept pace with advances in the learning
sciences6 and an insufficient focus on areas critical to the diagnostic process, such as clinical reasoning, teamwork, communication, and the use of
diagnostic testing and health IT. Because there is limited research on how
education and training can affect diagnosis, the committee drew from
a broader literature that included research on the impact of education
and training in other areas of health care, in other industries, as well as
submitted expert input to the committee. Education and training across
the career trajectory plays an important role in improving the diagnostic
5

Root cause analysis is a problem-solving method that attempts to identify the factors
that contributed to an error. M&M conferences are forums that allow clinicians to discuss
and learn from errors that have occurred within an organization.
6 The learning sciences study how people learn in order to optimize education and training.
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process and reducing diagnostic errors and near misses. This section
describes the challenges to health care professional education and training and presents the committee’s recommendation. Though the focus is
on leveraging changes in education and training to improve diagnosis,
recommended actions could also have broader impact on clinical practice.
For example, ensuring that clinicians have clinical reasoning skills may
also improve clinicians’ abilities to treat and manage patients’ health
problems. Although this section’s emphasis is on diagnosticians, the challenges and solutions are relevant to many health care professionals who
participate in the diagnostic process.
Educational Approaches
The learning sciences are an interdisciplinary field that studies learning methods and principles in an effort to understand how to optimize
learning (Torre et al., 2006). The findings from this field—including the
importance of developing deep conceptual understandings, participative
learning, building on prior knowledge, the use of reflection, and appropriate learning environments—are relevant to health care professional
education and training (see Box 4-7) (Sawyer, 2006). For example, students
often gain deeper knowledge when their learning involves activities that
mimic those of professionals engaged in the relevant discipline, a learning style that has been described as “authentic practice” (Sawyer, 2008).
The learning sciences have also found that some learning styles are better
suited for some individuals than others (Dunn et al., 2002; Lujan and
DiCarlo, 2006).
Health care professional education programs may not be adequately
informed by advances in the learning sciences (Cooke et al., 2010; Rolfe
and Sanson-Fisher, 2002). For example, programs may continue to emphasize memorization without helping students develop the deeper conceptual understandings that are needed to apply knowledge in novel,
practice-based situations (Myers, 2013). This may result in them having
difficulty diagnosing conditions in nonstandard contexts, such as cases
involving atypical presentations or comorbidities. Educational experts
have asserted that there is a tendency to focus learning on prototypical
and representational cases of disease rather than on real-life presentations
(AHRQ, 2010b; Papa, 2014a). While this may be appropriate for the early
stages of learning, students need exposure to actual patient cases, including atypical cases, in order to be prepared to diagnose disease in practice
(Dhaliwal, 2014). Programs that delay student interaction with patients
until the later stages of education also miss opportunities to provide
students with authentic practice (ten Cate, 2014). Given the mismatch of
training and practice environments, it may be challenging to provide stu-
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BOX 4-7
The Learning Sciences
The following are important aspects of learning, identified by the learning sciences, for individuals engaged in knowledge work—i.e., professions that rely on
using, manipulating, and generating knowledge.
1.	Developing deeper conceptual understanding
	
Students can apply learned material more broadly and across contexts if
they have developed a deep conceptual understanding of the material. A
deeper understanding requires learners to: (1) relate novel ideas to previous knowledge, (2) integrate knowledge into conceptual systems, (3) seek
out patterns and connecting principles, (4) consider new ideas critically,
(5) understand the structure of arguments and the process through which
knowledge is generated, and (6) reflect on how they learn and what they
understand.
2. Focusing on learning
	
Students learn in different ways and these differences need to be considered as educational programs are designed and implemented. Programs
that include participatory learning may benefit students and should be
considered.
3. Creating learning environments
	
Specifically designed learning environments can positively impact the
learning process.
4. Building on prior knowledge
	
Learning processes that move from concrete to abstract facts facilitate the
knowledge integration and retention necessary to develop deep conceptual
understandings.
5. Reflecting on one’s knowledge
	
Taking time to reflect on one’s state of knowledge enhances the learning
process.
SOURCE: Sawyer, 2006.

dents with authentic practice; for example, a majority of graduate medical
education (GME) training occurs in inpatient settings, even though many
physicians will work in outpatient settings (ACGME, 2015; Cooke et al.,
2010; IOM, 2014; Josiah Macy Jr. Foundation, 2011).
Some health care professional education programs may not be providing learners adequate opportunities to achieve expertise in diagnosis.
For example, educators may attempt to teach students to think like experienced clinicians even though they lack the experience and knowledge
base necessary to function in this manner (ten Cate, 2014). Programs may
also place insufficient emphasis on developing the skills and methods
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required to pursue self-motivated, lifelong learning. Individuals who lack
these skills may find it more difficult to develop diagnostic skills beyond
the formal education setting, leading to challenges in remaining abreast
of findings throughout a clinician’s career (IOM, 2010, 2011a).
The evaluation of students may need to be better aligned with best
practices from the learning sciences. Some health care professional schools
rely on training time as a means of evaluating student performance, but
it has been suggested that competency-based evaluation (CBE), which
evaluates students based on their competency in certain areas, may be
a better method because it is a better predictor of future performance
(Holmboe et al., 2010). CBE is still in development, however, and there is
some disagreement about using it exclusively to assess learners’ abilities.
There is limited evidence connecting CBE to improvements in student
learning, and it is difficult to assess certain characteristics, such as professionalism, through a competency-based approach (Jarvis-Selinger et al.,
2012; Lurie, 2012; Morcke et al., 2013).
A number of methods to assess competency have been proposed,
including written and computerized testing, performance appraisals,
medical record reviews, and simulations; some methods may be better
suited for assessing specific competencies than others (Kak et al., 2001).
Psychometric testing methods such as multiple choice and vignette-based
exams have been used to evaluate clinicians’ medical knowledge, though
they often do not capture key aspects of clinical reasoning that contribute
to diagnostic expertise (Holmboe and Durning, 2014) (see Chapter 2).
Given the importance of clinical reasoning to practice, there is now a
growing movement to develop assessment methods that are better able
to evaluate clinical reasoning competencies (ABIM, 2014; Holmboe and
Durning, 2014). For example, the American Board of Internal Medicine’s
Assessment 2020 Initiative is focused on improving cognitive assessment
in internal medicine. It is evaluating the role of computer-based clinical
simulations, in which a simulated patient’s condition changes as clinicians
make decisions in the diagnostic and treatment processes (ABIM, 2015).
Oral exams, such as chart stimulated recall and case-based discussions,
as well as audio and video reviews of actual clinical encounters have also
been suggested as assessment methods for clinical reasoning (Holmboe
and Durning, 2014). Simulation exercises have been used to assess teamwork skills and communication competencies (Scalese et al., 2008).
Experts who provided input to the committee focused on the use of
feedback to improve diagnostic performance and promote self-reflection
(Schiff, 2014a; Singh, 2014; Trowbridge, 2014). Feedback is an integral part
of continuous learning and can help health care professionals understand
how well they are performing (Croskerry, 2000b). However, there are
indications that current educational settings are not providing sufficient
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opportunities for learners to receive timely feedback, and students often
perceive that they receive inadequate feedback (Hekelman et al., 1993;
Milan et al., 2011; Nutter and Whitcomb, 2001). Insufficient time for feedback, teacher reluctance to provide feedback, a lack of continuity in the
learner–teacher relationship, and a lack of observation time necessary for
feedback may all contribute to an inadequate focus on providing feedback
(Bernard et al., 2011; Schiff, 2008).
A recent IOM report concluded that continuing education is also
disconnected from theories of how adults learn and from the delivery of
patient care (IOM, 2010). Many continuing education requirements and
evaluations focus on achieving credit hours instead of on educational outcomes and competencies (IOM, 2010). The result is a continuing education
system that does not meet the needs of health care professionals in practice; for example, didactic activities such as lectures are large components
of continuing education, even though participatory learning opportunities may be more appropriate (Hager et al., 2008).
In light of these findings, the committee concluded that health care
professional education and training needs to better reflect findings from
the learning sciences. Thus, the committee recommends that educators
should ensure that curricula and training programs across the career
trajectory employ educational approaches that are aligned with evidence from the learning sciences. Given the heterogeneity of learners
and the variety of educational objectives, it is important that educational
programs consider the spectrum of learning sciences approaches when
developing curricula and training opportunities. Although it is beyond the
committee’s charge to recommend specific changes that should be made
in health care professional education, the committee identified a number
of opportunities for educators to consider. For example, programs may
need to accommodate different learning styles, to include mechanisms to
provide immediate feedback to learners (both positive and negative), to
use CBE to assess performance, to increase the time allotted for clinical
experience and patient interaction, and to place a larger emphasis on selfdirected learning (Cooke et al., 2010; Hirsh et al., 2014; McLaughlin et al.,
2014; Trowbridge, 2014). It may also be necessary to develop more effective forms of instruction and instructional media (Mayer, 2010), including
the use of simulation-based exercises (McGaghie et al., 2011; Patel et al.,
2009a). Employing deliberate practice approaches that focus on “frequent
practice, rapid feedback to understand and correct errors, and raising bars
with new attempts” may also be helpful (Durning, 2014; ten Cate, 2014).
Changes to GME could include replacing traditional discipline-specific
block rotations with longitudinal integrated clerkships in order to improve relationship building skills, both interprofessionally and among
patients and clinicians (Teherani et al., 2013; ten Cate, 2014; Thibault,
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2013). In addition, the IOM report The Future of Nursing: Leading Change,
Advancing Health recommended the development and implementation of
nursing residency programs to facilitate nursing graduates’ transition to
practice and to ensure that nurses develop the knowledge and skills to
deliver safe, high-quality care (IOM, 2011a). This report also emphasized
the importance of developing an expectation for lifelong learning.
A number of academic institutions have implemented changes in their
health professional programs, including a major shift toward incorporating more authentic practice. For example, most medical schools have
introduced clinical practice experience much earlier in their curriculum
rather than delaying this experience until after students have completed
the basic sciences training. Programs are also experimenting with innovative ways to help students develop a deeper conceptual understanding
of human biology and disease, including an increased emphasis on indi
vidualized learning, self-teaching and assessment, and an exposure to
more and varied cases of disease (OHSU, 2014). Northwestern University’s
Feinberg School of Medicine is adopting CBE, removing time requirements
for degree completion, and moving from lecture-based instruction to small
group and practice-based learning (Feinberg School of Medicine, 2015).
There is a growing recognition of the need to better align training and
practice environments. For example, the Health Resources and Services
Administration’s Teaching Health Center Graduate Medical Education
program is providing more opportunities for authentic practice by funding community-based primary care residency programs (HRSA, 2015).
The IOM report Graduate Medical Education That Meets the Nation’s Health
Needs concluded that the Medicare GME payment system discourages
physician training outside of the hospital setting and may not provide
graduates the skills necessary for office-based practice, even though most
are likely to practice in community settings (IOM, 2014). In addition, The
Future of Nursing report highlighted the need to develop nursing expertise outside of hospital-based care settings. Because of the aging of the
population and the shift from hospital-based to community-based care
settings, there is a greater “need for nursing expertise in chronic illness
management, care of older adults in home settings, and transitional services” (IOM, 2011a, p. 121).
Though many programs are beginning to initiate changes that better
align with current knowledge about health care professional education, a
larger focus on aligning education with the learning sciences is warranted
across the career trajectory. This includes a focus on continuing education
to ensure that individuals maintain and continue to develop the competencies necessary for the diagnostic process. Models of continuing education that are competency based or that focus on quality improvement

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

DIAGNOSTIC TEAM MEMBERS AND TASKS

183

have been proposed and may improve the effectiveness of continuing
education (Campbell et al., 2010; Shojania et al., 2012).
The Diagnostic Process
Improving the content of health care professional education can improve diagnostic performance and reduce the potential for diagnostic
errors and near misses. Thus, the committee recommends that educators
should ensure that curricula and training programs across the career
trajectory address performance in the diagnostic process. The committee identified a number of areas of performance that could be improved.
These are
•
•
•
•
•

Clinical reasoning
Teamwork
Communication with patients, their families, and other health
care professionals
Appropriate use of diagnostic tests and the application of these
results on subsequent decision making
Use of health IT

Clinical Reasoning
Clinical reasoning, including diagnostic decision making, is underemphasized in current health care professional education and training
(Graber et al., 2012; IOM, 2011a; Richardson, 2014; Stark and Fins, 2014;
ten Cate, 2014; Trowbridge et al., 2013). This lack of focus on clinical
reasoning and on the development of critical thinking skills throughout
the education process is a contributor to diagnostic error (Brush, 2014;
Durning, 2014; Richardson, 2007; ten Cate, 2014). A recent study found
that a majority of the academic difficulties that medical students face
“are of a cognitive nature and include difficulties in clinical reasoning”
(Audétat et al., 2012, p. 217). Poor performance in clinical reasoning is
generally discovered during later stages of training, which makes remediation more difficult (Audétat et al., 2012; Hauer et al., 2007). In recognition of the importance of clinical reasoning in health care professional
education, the Medical College Aptitude Test (MCAT) recently added a
critical analysis and reasoning skills section (AAMC, 2015a).
As discussed in Chapter 2, health care professionals have an ethical
responsibility to improve clinical reasoning skills in order to improve
diagnostic performance and avert diagnostic errors (Stark and Fins, 2014).
Thus, educators need to ensure that students receive education and training opportunities that develop these skills—both fast system 1 processes

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

184

IMPROVING DIAGNOSIS IN HEALTH CARE

and slow system 2 processes (Brush, 2014; Durning, 2014; Richardson,
2014; ten Cate, 2014). The development of clinical reasoning includes
critical thinking skills such as analysis, evidence evaluation, and interpretation (Papp et al., 2014). Opportunities to improve clinical reasoning
include instruction and practice on how to develop and refine a differential diagnosis and a focus on developing probabilistic reasoning skills (see
Chapter 2) and also an understanding of likelihood ratios (Brush, 2014). 7
Students also need feedback and training in self-assessment and cognitive
reflection in order to identify mistakes in their clinical reasoning and to
assess their diagnostic performance. Without this, they may have trouble
with calibration, or the development of an accurate sense of one’s diagnostic abilities. Poor calibration contributes to clinician overconfidence
and diagnostic errors (Berner and Graber, 2008; Croskerry and Norman,
2008; Meyer et al., 2013; Yang et al., 2012).
The success of diagnostic reasoning often depends on one’s knowledge base of disease and the accompanying illness scripts8 (Durning,
2014; Norman, 2014; ten Cate, 2014). Students need this wide knowledge
base, especially to develop fast system 1 processes that rely on pattern
recognition. However, there are concerns that the exposure that students receive to disease cases, actual or simulated, is inadequate to develop effective diagnostic decision making based on pattern recognition
(Dhaliwal, 2014; Eva, 2005; Norman, 2014; ten Cate, 2014; Trowbridge et
al., 2013). Early clinical experience, either through simulations or with
patients, as well as an exposure to a variety of cases, including atypical
cases, can help develop this knowledge base (Papa, 2014b; Richardson,
2014; ten Cate, 2014).
Equally important, students need to understand and become comfortable with the uncertainty that is inherent in the diagnostic process
(Durning, 2014; Kassirer, 1989). Developing a better sense of and comfort
with uncertainty may help clinicians avoid diagnostic errors related to
premature closure as well as inappropriate use of diagnostic testing.
Improved understanding of diagnostic uncertainty can help clinicians
make decisions about whether further diagnostic testing or treatment is
warranted. This could also facilitate improved collaboration with other
health care professionals and better communication with patients and
their families about the nature of a working diagnosis.
7 The prior probability of a diagnosis is the probability assigned before new information
regarding the patient is used to “update” the probability in order to arrive at the posterior
probability. A likelihood ratio is defined as the percentage of diseased patients with a given
test result divided by the percentage of well people with that same test result (Brush, 2014).
8 Illness scripts are mental models of disease that include information about a disease,
including potential causes of the disease, the pathophysiological process, and the signs and
symptoms of the disease (Boshuizen and Schmidt, 2008).
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Students also need exposure to easy-to-miss diagnoses and common
causes of diagnostic error (Graber et al., 2012). This includes a focus on
the work system factors that can contribute to diagnostic errors, such
as communication and collaboration challenges among diagnostic team
members; health IT tools that are not supportive of clinical reasoning activities; cultural, organizational, and physical environmental factors; and
the impact of reporting, medical liability, and payment.
In addition, there needs to be a focus on heuristics (mental shortcuts)
and biases, which play a role in clinical reasoning and present a major
challenge to diagnosis (Croskerry, 2003, 2009, 2014; Eva and Norman,
2005; Kahneman, 2011; Klein, 1993) (see Chapter 2). Education and training that focuses on the cognitive heuristics and biases that can affect diagnosis and on how to counteract their effects are particularly important.
Debiasing strategies, such as engaging in metacognition (i.e., critically
thinking about one’s thinking, reasoning, and decision making) have
been proposed as a means to address the negative effect that heuristics
can have on decision making. A number of debiasing strategies have been
proposed, including considering the opposite, debiasing through awareness of bias, becoming aware of what one does not know, and others
(Hirt and Markman, 1995; Hodges et al., 2001; Mumma and Steven, 1995;
Mussweiler et al., 2000; Redelmeier, 2005). There is some debate about
the effectiveness and feasibility of debiasing strategies (Norman, 2014;
ten Cate, 2014); for example, monitoring every decision to ensure that no
bias has occurred would be inefficient because heuristics work most of
the time. However, because heuristics tend to fail in predictable ways, it
is possible to determine the types of situations in which some heuristics
are likely to lead to error.
For example, heuristic failure is likely to occur in the emergency
medicine setting, given that this environment is highly complex, inconstant, and uncertain, and that emergency clinicians often work under
time constraints that force them to rely heavily on heuristics (Croskerry,
2000a, 2002). Given the susceptibility of this environment to heuristics
failure, several proposed solutions focus on the use of debiasing strategies in emergency medicine (Croskerry, 2000a, 2002; Pines, 2006). Additional strategies to reduce errors related to heuristics and biases include
a greater focus on the development of expertise, offering clinicians more
realistic training settings, providing decision support tools, and ensuring that the work system in which the diagnostic process occurs better supports decision making (Eva and Norman, 2005; Gigerenzer, 2000;
Gigerenzer and Goldstein, 1996; Marewski and Gigerenzer, 2012; Weed
and Weed, 2014; Wegwarth et al., 2009) (see Chapter 6). Because there is
uncertainty regarding which strategies are best at reducing the impact
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of bias on diagnostic decision making, it is an area that needs further
research (Croskerry et al., 2013a,b).
Several medical programs have begun offering clinical reasoning
courses. For example, Dalhousie University offers a critical thinking
course for medical students that teaches how decision making occurs, discusses cognitive biases and potential debiasing strategies, and provides
students with tools for improved self-assessment and critical thinking
development (Dalhousie University, 2015). Dalhousie also offers an online
faculty development course to improve the education and training that
medical students receive.
Developing clinical reasoning skills is important for practicing health
care professionals who are beyond formal education and training settings. Continuing health care professional education can be leveraged
to develop clinical reasoning skills as a lifelong competency. There are
several continuing education opportunities available that focus on clinical reasoning and diagnosis, but a greater focus on them is needed (Cruz
et al., 2009).
Teamwork and Communication
Despite widespread attention to the importance of teamwork skills,
health care professionals are not adequately prepared to employ these
skills in practice (IOM, 2014; Patel et al., 2009a; Pecukonis et al., 2008;
Schmitt et al., 2011). The focus in this report on improving education and
training in teamwork skills builds on earlier IOM work. For example, the
study on continuing education concluded that professional development
activities should ensure that health care professionals are proficient in the
collaborative skills required for team-based care (IOM, 2010), and another
study highlighted the need for transforming nursing education in order to
prepare nurses to engage other health care professionals in a collaborative
manner (IOM, 2011a). In addition, the IOM recently highlighted the importance of evaluating interprofessional education approaches and made
recommendations on generating evidence to better identify successful
interprofessional education practices (IOM, 2015).
Several leading organizations have concluded that interprofessional
and teamwork training opportunities have been slow to materialize
(Josiah Macy Jr. Foundation and Carnegie Foundation for the Advancement of Teaching, 2010). Barriers to teamwork and team-based education
include “logistical challenges inherent in coordinating between two or
more autonomous health professions schools, deep-rooted cultural differences between the health professions, differences in the educational
curricula and pathways of the various health professions, and issues
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around program sustainability and funding” (Josiah Macy Jr. Foundation
and Carnegie Foundation for the Advancement of Teaching, 2010, p. 3).
Academic institutions and training programs are beginning to offer
more opportunities for health care professionals to improve their teamwork skills. As of 2012, 76 percent of medicals schools required students
to participate in interprofessional education (AAMC, 2015b). The goals of
the interprofessional education programs varied, but most aimed to familiarize students with the roles of other health care professionals (89 percent) and to teach students teamwork skills (76 percent) (AAMC, 2015b).
Educational settings also varied, with schools offering training in classroom programs (77 percent), simulation center programs (60 percent), and
clinical practice settings (44 percent) (AAMC, 2015b). For example, the
University of Virginia’s Center for Academic Strategic Partnerships for
Interprofessional Research and Education offers workshops and clinical
programs to improve teamwork skills and provides workshops for clinician–educators. Other programs offer courses taught jointly with students
from both nursing and medical schools, provide interdisciplinary teambased training for the care of individuals with advanced illness, and use
interactive interdisciplinary Web-based learning modules (Josiah Macy Jr.
Foundation and Carnegie Foundation for the Advancement of Teaching,
2010). Academic centers have also been implementing simulation-based
team training opportunities, which have shown promise in improving
team performance and in the development of teamwork skills (Patel et al.,
2009b). Although these efforts are encouraging, the committee concluded
that a much greater emphasis on developing teamwork skills is needed.
Rather than each program developing its own curriculum on an ad hoc
basis, health care professional educators could collaborate in the development of curricula and training opportunities in teamwork.
An important teamwork skill in diagnosis is communication with
patients, their families, and other health care professionals. Communication failures between health care professionals are recognized as a leading cause of patient harm and error, while poor communication between
clinicians and patients is recognized as a barrier to accurate and timely
diagnoses (Dingley et al., 2008; IHC, 2011). Although interpersonal communication skills are listed as a competency by the Accreditation Council
for Graduate Medical Education (ACGME) and most medical specialty
boards recognize communication as a core competency for practice, these
skills may not be taught to students in a focused and standardized manner (Rider and Keefer, 2006). Health care professionals need to receive
training in interpersonal communication skills to ensure that they can
function effectively in teamwork settings. For example, one study found
that students receiving communication training exhibited improved
communication skills, such as relationship building and shared deci-
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sion making (Yedidia et al., 2003). Effective communication training programs tend to last at least 1 day, to involve feedback, and to include role
play and small group discussions (Berkhof et al., 2011). Tools to improve
communication among health care professionals, such as the Situation-
Background-Assessment-Recommendation Tool, help clinicians convey
the most important information in an organized manner (Haig et al., 2006;
Leonard et al., 2004) (see Box 4-8).
Health care professionals also need training in how to communicate
openly and effectively with patients and their families. This training
may include an emphasis on basic communication skills and also on

BOX 4-8
Situation-Background-Assessment-Recommendation Tool to
Improve Communication Among Health Care Professionals
Before you call, be prepared! Be clear, concise, focus on the problem and only
report what is relevant to the current situation!
Be sure you do the following:
•
•
•
•
•

 ssess the patient.
A
Determine the appropriate person to call.
Have the medical record available when you call.
Review appropriate parts of the medical record (e.g., flow sheet, medication administration record, clinician notes/orders, labs).
Use the following form to organize your conversation.

Situation: 5–10 second “punch line”—What is happening now? What are the chief
complaints or acute changes?
This is __________. I’m calling about _________________________________
Background: What factors led up to this event? Pertinent history (e.g., admitting
diagnosis) and objective data (e.g., vital signs, labs) that support how patient got
here.
The patient has___________________________________________________
Assessment: What do you see? What do you think is going on? A diagnosis is
not necessary; include the severity of the problem.
I think the problem is_______________________________________________
Recommendation: What action do you propose? State what the patient needs
(get a time frame).
I request that you__________________________________________________
SOURCE: Adapted from Dingley et al., 2008.
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topics such as communication with patients who are perceived as difficult, culturally and linguistically appropriate communication, interviewing techniques, history-taking skills, and delivering difficult diagnoses
(AHRQ, 2015b; Smith and Longo, 2012). Other relevant strategies that
could receive more attention include the teach-back method described
in the patient engagement section of this chapter, encouraging questions from patients, and responding to patient emotions. In recognition of
the importance of patient–clinician communication, a number of schools
have implemented curricula designed to improve this communication
(Georgetown University, 2015; University of Pittsburgh, 2015).
Outside of formal education settings, health care organizations can
play a role in improving teamwork performance through team-based
training practices (Salas et al., 2008). For example, a recent literature
review found “moderate-to-high-quality evidence suggest[ing] team-
training can positively impact healthcare team processes and, in turn,
clinical processes and patient outcomes” (Weaver et al., 2014, p. 369). A
training program designed by the Department of Defense and the Agency
for Healthcare Research and Quality (AHRQ), Team Strategies and Tools
to Enhance Performance and Patient Safety (TeamSTEPPS), has been used
to improve teamwork in health care environments by increasing team
awareness, clarifying roles and responsibilities, improving information
sharing, and building efficient teams that optimize people and information to provide high quality care (AHRQ, 2015a; Straus et al., 2014).
The system is at various stages of implementation in numerous facilities throughout the Military Health System (King et al., 2008). In recent
years, AHRQ has launched a nationwide implementation program that
trains master trainers to work with health care organizations interested
in implementing TeamSTEPPS.
Diagnostic Testing
Diagnostic testing has become an integral component of the diag
nostic process, yet medical school curricula have not kept pace with
the advances in diagnostic testing and with how these advances affect
diagnosis (Hallworth, 2011; Laposata and Dighe, 2007; Smith et al., 2010).
A 2009 report from the Centers for Disease Control and Prevention on
laboratory medicine noted that there is inadequate attention and emphasis on laboratory testing in the medical school curriculum, even though
it plays a central role in medical practice (CDC, 2009). Another survey
detailed the lack of emphasis on laboratory medicine within medical
training programs: Although approximately 78 percent of medical schools
require coursework in laboratory medicine, the median time dedicated
to this topic is 12.5 hours, not including exposure to laboratory medi-
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cine gained through clinical rotations. However, training during clinical
rotations is problematic because it is not standardized and may rely on
clinician–educators who do not have an adequate background in laboratory medicine (Smith et al., 2010). Many of the processes within laboratory
medicine—such as ordering the correct tests, understanding test performance characteristics (sensitivity and specificity), and interpreting tests
results and, subsequently, making decisions—cannot be addressed using
the teaching methods that many programs employ (Wilson, 2010).
The shortcomings in laboratory medicine education are well recognized by clinicians. According to several surveys, clinicians and students
report feeling uncertain about which tests to order because of naming
conventions, unfamiliarity with the available tests, and the rapid devel
opment of new diagnostic tests (Hickner et al., 2014; Laposata and Dighe,
2007). One of the largest sources of error in the test-ordering phase is
health care professionals requesting an incorrect test (Laposata and Dighe,
2007). Clinicians order laboratory tests in 31.4 percent of primary care
visits; however, they report uncertainty when ordering tests 14.7 percent
of the time and confusion about interpreting results in 8.3 percent of
the cases where they ordered tests (Hickner et al., 2014). There is also
uncertainty among clinicians about applying test results to subsequent
decision making, such as refining or expanding a differential diagnosis,
determining the likelihood that a patient has a specific diagnosis on the
basis of a positive or negative test result, deciding whether retesting or
ordering new tests is appropriate, and beginning appropriate treatment.
There are indications that students and practicing clinicians struggle with
concepts like sensitivity and specificity and lack an understanding of how
disease prevalence contributes to making decisions about a patient’s diagnosis (Kroenke, 2013; Manrai et al., 2014; Ross, 2014). In a small survey of
health care professionals, three-quarters of respondents failed to correctly
calculate the positive predictive value of a test result for a specific dis
order (Manrai et al., 2014). Similar surveys completed several decades ago
found that many health care professionals had trouble applying statistical
methods and understanding statistical concepts, suggesting that this may
be a longstanding gap in health care professional education (Berwick et
al., 1981; Casscells et al., 1978). Another study found that medical students
are generally able to describe Bayes’ theorem but are subsequently unable
to apply this theorem to clinical practice (Bergus et al., 2004). These educational gaps negatively affect a clinician’s ability to appropriately assign
and update diagnostic probabilities in light of test findings.
In addition, there are concerns about an inadequate focus on anatomic pathology in medical education (Magid and Cambor, 2012). While
aspects of anatomic pathology are covered in the medical school curriculum, the amount has decreased significantly over the years, particularly
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as medical schools have adopted integrated curricula (Talbert et al., 2009;
Taylor et al., 2008). An inadequate understanding of anatomic pathology may negatively affect clinical decision making and the diagnostic
process. For example, inadequate understanding of the mechanisms
underlying inflammation might affect the ability to recognize diseases
or disease processes and the selection of appropriate treatment to address
inflammation. In addition, students may not understand the limitations
of certain anatomic pathology tests (e.g., the limited sensitivity of Pap
smears) and how to collect, prepare, and transport specimens (Magid
and Cambor, 2011).
The use of medical imaging as a diagnostic tool has also increased
substantially, and for many symptoms, medical imaging has become an
integral part of the diagnostic process. Although many clinicians request
medical imaging for their patients, the ordering of this imaging and
the application of medical imaging interpretations to subsequent decision making are not emphasized in the medical school curriculum and
subsequent training (Kondo and Swerdlow, 2013; Rubin and Blackham,
2015). Errors in imaging can occur during all phases of the process, from
the ordering and selection of medical imaging to the interpretation of
results and subsequent decision making. The majority of allopathic and
osteopathic medical schools do not have a focused course on medical
imaging, and medical imaging rotations are required in only 29 percent of medical schools (Rubin and Blackham, 2015). Typically, for most
medical students medical imaging instruction is integrated into other
coursework or clinical rotations in a very limited fashion (Kondo and
Swerdlow, 2013; Rubin and Blackham, 2015). The teaching of important
concepts in medical imaging, such as the scientific principles of imaging
techniques, radiation safety, modality differences, and the use of contrast
materials, is limited (Rubin and Blackham, 2015). A recent survey of
fourth-year medical school students noted that the majority of students
underestimated the risks associated with medical imaging techniques
and were not informed about the American College of Radiology Appro
priateness Criteria (Prezzia et al., 2013; Rubin and Blackham, 2015). Many
medical schools do not follow the radiology-dedicated curriculum designed by the Alliance of Medical School Educators in Radiology (Rubin
and Blackham, 2015).
Thus, health care professionals need improved education and training on the appropriate use of diagnostic tests and the application of these
results to subsequent decision making. The committee recognizes that,
given the growing number and complexity of the options available, it
is not feasible to expect that clinicians will be familiarized with every
available diagnostic test procedure. Therefore, in addition to improved
education in diagnostic testing, improved collaboration among treat-
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ing clinicians and pathologists and radiologists is warranted. Education
and training focused on how to most effectively convey findings from
pathologists and radiologists to treating clinicians may alleviate some of
the challenges clinicians face with respect to understanding results and
subsequent decision making.
Health IT
Health IT is an important component of the diagnostic process,
including the involvement of EHRs, laboratory and medical imaging information systems, and decision support tools (see Chapter 5).
As health IT becomes increasingly integrated into all aspects of health
care, clinicians will likely rely more on it to facilitate diagnostic decision
making and communication and collaboration among health care professionals and patients (Thibault, 2013). Thus, clinicians need to develop
competencies in the use of health IT tools; however, many health care
professionals do not receive adequate education and training in the use
of health IT (Graber et al., 2012; McGowan et al., 2007). Individuals who
lack competencies in health IT use will be unable to take advantage of
these opportunities to improve diagnosis and reduce diagnostic error.
Training health care professionals to work with health IT has been found
to be a major challenge (NIST, 2010). In an effort to address this, the Office
of the National Coordinator has been working with licensing bodies and
medical societies to better integrate health IT into the medical education
curriculum (Buntin et al., 2010). The Affordable Care Act includes provisions to incorporate health IT training into the education of primary care
clinicians (Buntin et al., 2010). The IOM report Health IT and Patient Safety
also emphasized the importance of improving workforce education and
training on safe health IT use, using mechanisms such as formal education
and postgraduate training as well as health care organization–facilitated
training (IOM, 2012d).
Ensuring Competency in the Diagnostic Process
In addition to improving the content and teaching methods for health
care professional education and training, oversight processes can help ensure that individuals achieve and maintain competency in the diagnostic
process, including clinical reasoning, teamwork, communication, and the
use of diagnostic testing and health IT. Health care professional oversight
processes include education and training program accreditation, licensure,
and certification. These oversight processes act as levers to induce change
in the health care system: “Educational accreditation serves as a leverage
point for the inclusion of particular educational content in a curriculum.
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Licensure assesses that a student has understood and mastered formal
curricula. Certification ensures that a practitioner maintains competence in
a given area over time” (IOM, 2003a, p. 5). The committee received input
suggesting that accreditation, licensure, and certification processes can be
introduced to help ensure that health care professionals possess diagnostic
competencies throughout the career trajectory (Brush, 2014; Papa, 2014a,b).
Organizations that accredit health care professional education and
training programs (see Box 4-9) can use their accreditation requirements
as a mechanism to ensure that these programs include appropriate curricular content to prepare students in the areas of the diagnostic process

BOX 4-9
Examples of Accreditation Organizations for
Health Care Professional Education and Training Programs
Accreditation Commission for Education in Nursing uses a core of standards
to evaluate and accredit nursing education programs (ACEN, 2013).
Accreditation Council for Continuing Medical Education evaluates and
accredits institutions and organizations offering continuing medical education for
physicians and other health care professionals (ACCME, 2015).
Accreditation Council for Graduate Medical Education accredits graduate
medical education programs (i.e., residency and fellowship programs) for physicians. Student performance on milestones or time-based competencies are used
to assess graduate medical education programs (ACGME, 2015).
Accreditation Review Commission on Education for the Physician Assistant
accredits physician assistant education programs (ARC-PA, 2015).
American Association of Colleges of Nursing’s Commission on Collegiate
Nursing Education accredits baccalaureate, graduate, and residency nursing
programs (AACN, 2015).
American Osteopathic Association’s (AOA’s) Commission on Osteopathic
College Accreditation accredits osteopathic medical schools, and the AOA Council
on Continuing Medical Education accredits continuing medical education activities
(AOA, 2015).
Liaison Committee on Medical Education, which is sponsored by the American
Medical Association and the Association of American Medical Colleges, accredits
medical education programs. For accreditation, programs must demonstrate that
their graduates achieve the competencies necessary for subsequent training and
for ensuring continuous learning and proficient practice (LCME, 2015).
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that the committee has articulated. Accreditation organizations for all
levels of health care professional education and training—that is, undergraduate, graduate, and continuing education—need to address diagnostic competencies. Many accreditation organizations already include skills
important for diagnostic performance in their accreditation requirements,
but these organizations can make competencies in the diagnostic process
a larger priority within their requirements. For example, the IOM report
The Future of Nursing: Leading Change, Advancing Health recommended
that the “Commission on Collegiate Nursing Education [CCNE] and the
National League for Nursing Accrediting Commission [NLNAC] should
require that all nursing students demonstrate a comprehensive set of clinical performance competencies that encompass the knowledge and skills
needed to provide care across settings and the lifespan” (IOM, 2011a,
p. 282). Building on this recommendation, the CCNE and NLNAC could
require nursing schools to offer interprofessional collaboration education
and training opportunities focused specifically on the diagnostic process
and the role of teams in achieving diagnostic accuracy. The Liaison Committee on Medical Education (LCME) and the ACGME include diagnostic competencies in accreditation requirements. For example, the LCME
requires medical education programs to prepare students to “recognize
and interpret symptoms and signs of disease” and “develop differential
diagnoses and treatment plans” (LCME, 2015, p. 10). The ACGME and
the American Board of Medical Specialties (ABMS) have identified six
core competencies that all physicians should acquire during residency
and fellowship programs and should maintain throughout practice (see
Box 4-10) (ACGME, 2015). The ACGME is beginning to use milestones to
evaluate performance on these competencies; several of these competencies are applicable to those the committee articulated (Nasca et al., 2012).
For example, the ACGME requires that participating programs provide
their students with opportunities to develop the skills necessary for lifelong, self-motivated learning; communication with patients, families, and
other health care professionals; and a systems understanding of health
care, including the importance of coordination and intra- and interprofessional teamwork (ACGME, 2015).
Organizations responsible for health care professional licensure and
certification can help ensure that individual health care professionals have
achieved and maintain competency in the skills essential for diagnosis.
For example, the United States Medical Licensing Exam for physicians
and the Uniform Licensure Requirements for practicing nurses could
emphasize diagnostic competencies tailored to the scope of work of these
professions (NCSBN, 2015). The ABMS, which grants board certification
in more than 150 medical specialties and subspecialties, could ensure competencies in the diagnostic process both in initial board certification and
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BOX 4-10
Six Core Competencies Developed by the
American Board of Medical Specialties and the
Accreditation Council for Graduate Medical Education
1.	Practice-Based Learning and Improvement: Show an ability to investigate
and evaluate patient care practices, appraise and assimilate scientific evidence,
and improve the practice of medicine.
2.	Patient Care and Procedural Skills: Provide care that is compassionate,
appropriate, and effective treatment for health problems and to promote health.
3.	Systems-Based Practice: Demonstrate awareness of and responsibility to the
larger context and systems of health care. Be able to call on system resources
to provide optimal care (e.g., coordinating care across sites or serving as the
primary case manager when care involves multiple specialties, professions, or
sites).
4.	Medical Knowledge: Demonstrate knowledge about established and evolving
biomedical, clinical, and cognate sciences and their application in patient care.
5.	
Interpersonal and Communication Skills: Demonstrate skills that result
in effective information exchange and teaming with patients, their families,
and professional associates (e.g., fostering a therapeutic relationship that
is ethically sound, uses effective listening skills with nonverbal and verbal
communication; working as both a team member and at times as a leader).
6.	Professionalism: Demonstrate a commitment to carrying out professional
responsibilities, adherence to ethical principles, and sensitivity to diverse
patient populations.
SOURCES: ABMS, 2015; ACGME, 2015.

in the maintenance of certification efforts. For example, some specialty
boards have begun assessing clinical reasoning skills through cognitive
knowledge testing that requires clinicians to evaluate clinical scenarios in
addition to content knowledge (Graber et al., 2012). Initial certification of
health care professionals is important, but it may be insufficient to ensure
sustained diagnostic competency throughout the career trajectory. Due to
advances in the biomedical sciences, the knowledge required to maintain
competency is rapidly growing; at the same time, health care professionals may also experience knowledge decay or the loss of previously
learned knowledge (Cassel and Holmboe, 2008; IOM, 2013a; Su et al.,
2000). Thus, many health care professional organizations, such as ABMS
and the American Association of Physician Assistants, have developed
renewal and maintenance of certification (MOC) programs (AAPA, 2015;
ABMS, 2015). Though there has been controversy surrounding MOC,
recent evidence suggests that it can improve performance (Iglehart and
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Baron, 2012; O’Neill and Puffer, 2013; Teirstein, 2015). Meaningful and
effective continuing education is important for all clinicians, and MOC
efforts can ensure that clinicians have the appropriate competencies in
the diagnostic process throughout the career trajectory. Many health care
organizations now require MOC as a precondition for renewing staff
privileges. Other licensure and certification organizations, including those
for other health care professions, can also emphasize competency in the
diagnostic process.
The committee concluded that oversight organizations, including
accreditation organizations and professional licensure and certification
bodies, can play an important role in improving diagnostic performance.
Thus, the committee recommends that health care professional certification and accreditation organizations should ensure that health care
professionals have and maintain the competencies needed for effective
performance in the diagnostic process, including
•
•
•
•
•

Clinical reasoning
Teamwork
Communication with patients, their families, and other health
care professionals
Appropriate use of diagnostic tests and the application of these
results on subsequent decision making
Use of health IT
RECOMMENDATIONS

Goal 1: Facilitate more effective teamwork in the diagnostic process
among health care professionals, patients, and their families
Recommendation 1a: In recognition that the diagnostic process is a
dynamic team-based activity, health care organizations should ensure that health care professionals have the appropriate knowledge,
skills, resources, and support to engage in teamwork in the diagnostic process. To accomplish this, they should facilitate and support:
• Intra- and interprofessional teamwork in the diagnostic
process.
• Collaboration among pathologists, radiologists, other diagnosticians, and treating health care professionals to improve
diagnostic testing processes.
Recommendation 1b: Health care professionals and organizations
should partner with patients and their families as diagnostic team
members and facilitate patient and family engagement in the diag-
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nostic process, aligned with their needs, values, and preferences. To
accomplish this, they should:
• Provide patients with opportunities to learn about the diagnostic process.
• Create environments in which patients and their families
are comfortable engaging in the diagnostic process and sharing feedback and concerns about diagnostic errors and near
misses.
• Ensure patient access to electronic health records (EHRs),
including clinical notes and diagnostic testing results, to facilitate patient engagement in the diagnostic process and
patient review of health records for accuracy.
• Identify opportunities to include patients and their families
in efforts to improve the diagnostic process by learning from
diagnostic errors and near misses.
Goal 2: Enhance health care professional education and training in
the diagnostic process
Recommendation 2a: Educators should ensure that curricula and
training programs across the career trajectory:
• Address performance in the diagnostic process, including
areas such as clinical reasoning; teamwork; communication
with patients, their families, and other health care professionals; appropriate use of diagnostic tests and the application of these results on subsequent decision making; and use
of health information technology.
• Employ educational approaches that are aligned with evidence from the learning sciences.
Recommendation 2b: Health care professional certification and accreditation organizations should ensure that health care professionals have and maintain the competencies needed for effective
performance in the diagnostic process, including the areas listed
above.
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5
Technology and Tools in
the Diagnostic Process

A wide variety of technologies and tools are involved in the diagnostic process (see Figure 5-1), but the primary focus of the chapter is on
health information technology (health IT) tools. Health IT covers a broad
range of technologies used in health care, including electronic health
records (EHRs), clinical decision support, patient engagement tools, computerized provider order entry, laboratory and medical imaging information systems, health information exchanges, and medical devices. Health
IT plays key roles in various aspects of the diagnostic process: capturing
information about a patient that informs the diagnostic process, including
the clinical history and interview, physical exam, and diagnostic testing
results; shaping a clinician’s workflow and decision making in the diagnostic process; and facilitating information exchange.
The committee concluded that health IT has the potential to impact
the diagnostic process in both positive and negative ways. When health
IT tools support diagnostic team members and tasks in the diagnostic
process and reflect human-centered design principles, health IT has the
potential to improve diagnosis and reduce diagnostic errors. Despite this
potential, however, there have been few demonstrations that health IT
actually improves diagnosis in clinical practice (El-Kareh et al., 2013).
Indeed, many experts are concerned that current health IT tools are not
effectively facilitating the diagnostic process and may be contributing to
diagnostic errors (Basch, 2014; Berenson et al., 2011; El-Kareh et al., 2013;
Kuhn et al., 2015; Ober, 2015; ONC, 2014b; Verghese, 2008). This chapter
discusses the design of health IT for the diagnostic process, the inter
operability of patient health information, patient safety issues related to
217
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FIGURE 5-1 Technologies and tools are an important element of the work system
in which the diagnostic process occurs.
Figure 5-1
raster image, not editable
portrait

the use of health IT, and the potential for health IT to aid in the measurement of diagnostic errors. The committee makes one recommendation
aimed at ensuring that health IT tools and technologies facilitate timely
and accurate diagnoses. In addition, this chapter briefly reviews the use
of mobile health (mHealth) and telemedicine in the diagnostic process.
Other technologies, such as diagnostic testing, are discussed in Chapter 2.
This content builds on earlier Institute of Medicine (IOM) work, including the report Health IT and Patient Safety: Building a Safer Health S
 ystem
(IOM, 2012a). That report emphasized that health IT functions within the
context of a larger sociotechnical system involving the technology itself,
the people who work within the system, the workflow (or actions and
procedures clinicians are anticipated to perform as they deliver care), the
organization using the technology, and the external environment. Box 5-1
includes the recommendations from the 2012 report; this chapter’s text
references these recommendations where relevant.
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DESIGN OF HEALTH IT FOR THE DIAGNOSTIC PROCESS
The design of health IT has the potential to support the diagnostic process. In particular, by supporting the individuals involved in
the diagnostic process and the tasks they perform, health IT may improve diagnostic performance and reduce the potential for diagnostic
errors. The increasing complexity of health care has required health care
professionals to know and apply vast amounts of information, and these
demands are outstripping human cognitive capacity and contributing to
challenges in diagnosis (see Chapter 2). El-Kareh et al. (2013, p. ii40) asserted that “[u]naided clinicians often make diagnostic errors” because
they are “[v]ulnerable to fallible human memory, variable disease presentation, clinical disease processes plagued by communication lapses,
and a series of well-documented ‘heuristics,’ biases and disease-specific
pitfalls.” It is widely recognized that health IT has the potential to help
health care professionals address or mitigate these human limitations.
Although health IT interventions are not appropriate for every
quality-of-care challenge, there are opportunities to improve diagnosis
through appropriate use of health IT. For instance, a well-designed
health IT system can facilitate timely access to information; communication among health care professionals, patients, and their families; clinical reasoning and decision making; and feedback and follow-up in the
diagnostic process (El-Kareh et al., 2013; Schiff and Bates, 2010). Table 5-1
describes a number of opportunities to reduce diagnostic errors through
the use of health IT. The range of these suggestions is broad; some are
pragmatic opportunities for intervention and others are more visionary,
given the limitations of today’s health IT tools.
A number of researchers have identified patient safety risks that may
result from poorly designed health IT tools (Harrington et al., 2011; IOM,
2012a; Meeks et al., 2014; Sittig and Singh, 2012; Walker et al., 2008). In recognition of these risks, the 2012 IOM report described the key attributes
of safe health IT, including (IOM, 2012a, p. 78):
•
•
•
•
•
•

Easy retrieval of accurate, timely, and reliable native and imported data;
A system the user wants to interact with;
Simple and intuitive data displays;
Easy navigation;
Evidence at the point of care to aid decision making;
Enhancements to workflow, automating mundane tasks, and
streamlining work, never increasing physical or cognitive
workload;
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BOX 5-1
Recommendations from Health IT and Patient
Safety: Building a Safer Health System
Recommendation 1: The Secretary of Health and Human Services (HHS) should
publish an action and surveillance plan within 12 months that includes a schedule
for working with the private sector to assess the impact of health IT [health information technology] on patient safety and minimizing the risk of its implementation
and use. The plan should specify:
a. T
 he Agency for Healthcare Research and Quality (AHRQ) and the National
Library of Medicine (NLM) should expand their funding of research, training, and education of safe practices as appropriate, including measures
specifically related to the design, implementation, usability, and safe use
of health IT by all users, including patients.
b. The Office of the National Coordinator (ONC) for Health Information Technology should expand its funding of processes that promote safety that
should be followed in the development of health IT products, including
standardized testing procedures to be used by manufacturers and health
care organizations to assess the safety of health IT products.
c. The ONC and AHRQ should work with health IT vendors and health care
organizations to promote post-deployment safety testing of EHRs [electronic health records] for high-prevalence, high-impact EHR-related patient
safety risks.
d. Health care accrediting organizations should adopt criteria relating to EHR
safety.
e. AHRQ should fund the development of new methods for measuring the
impact of health IT on safety using data from EHRs.
Recommendation 2: The Secretary of HHS should ensure insofar as possible that
health IT vendors support the free exchange of information about health IT experiences and issues and not prohibit sharing of such information, including details
(e.g., screenshots) relating to patient safety.
Recommendation 3: The ONC should work with the private and public sectors to
make comparative user experiences across vendors publicly available.
Recommendation 4: The Secretary of HHS should fund a new Health IT Safety
Council to evaluate criteria for assessing and monitoring the safe use of health IT
and the use of health IT to enhance safety. This council should operate within an
existing voluntary consensus standards organization.
Recommendation 5: All health IT vendors should be required to publicly register
and list their products with the ONC, initially beginning with EHRs certified for the
meaningful use program.
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Recommendation 6: The Secretary of HHS should specify the quality and risk
management process requirements that health IT vendors must adopt, with a
particular focus on human factors, safety culture, and usability.
Recommendation 7: The Secretary of HHS should establish a mechanism for
both vendors and users to report health IT–related deaths, serious injuries, or
unsafe conditions.
a. R
 eporting of health IT–related adverse events should be mandatory for
vendors.
b. Reporting of health IT–related adverse events by users should be voluntary,
confidential, and nonpunitive.
c. Efforts to encourage reporting should be developed, such as removing the
perceptual, cultural, contractual, legal, and logistical barriers to reporting.
Recommendation 8: The Secretary of HHS should recommend that Congress
establish an independent federal entity for investigating patient safety deaths, serious injuries, or potentially unsafe conditions associated with health IT. This entity
should also monitor and analyze data and publicly report results of these activities.
Recommendation 9a: The Secretary of HHS should monitor and publicly report
on the progress of health IT safety annually beginning in 2012. If progress toward
safety and reliability is not sufficient as determined by the Secretary, the Secretary
should direct the Food and Drug Administration (FDA) to exercise all available
authorities to regulate EHRs, health information exchanges, and personal health
records.
Recommendation 9b: The Secretary should immediately direct FDA to begin
developing the necessary framework for regulation. Such a framework should be
in place if and when the Secretary decides the state of health IT safety requires
FDA regulation as stipulated in Recommendation 9a above.
Recommendation 10: HHS, in collaboration with other research groups, should
support cross-disciplinary research toward the use of health IT as part of a learning health care system. Products of this research should be used to inform the
design, testing, and use of health IT. Specific areas of research include
a.
b.
c.
d.

User-centered design and human factors applied to health IT,
 afe implementation and use of health IT by all users,
S
Sociotechnical systems associated with health IT, and
Impact of policy decisions on health IT use in clinical practice.

SOURCE: IOM, 2012a.
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TABLE 5-1 Opportunities to Reduce Diagnostic Error Through
Electronic Clinical Documentation
Role for Electronic
Documentation

Goals and Features of Redesigned Systems

Providing access
to information

Ensure ease, speed, and selectivity of information searches; aid
cognition through aggregation, trending, contextual relevance, and
minimizing of superfluous data.

Recording
and sharing
assessments

Provide a space for recording thoughtful, succinct assessments,
differential diagnoses, contingencies, and unanswered questions;
facilitate sharing and review of assessments by both patient and
other clinicians.

Maintaining
dynamic patient
history

Carry forward information for recall, avoiding repetitive patient
querying and recording while minimizing copying and pasting.

Maintaining
problem lists

Ensure that problem lists are integrated into workflow to allow for
continuous updating.

Tracking
medications

Record medications that the patient is actually taking, patient
responses to medications, and adverse effects in order to avert
misdiagnoses and ensure timely recognition of medication
problems.

Tracking tests

Integrate management of diagnostic test results into note workflow
to facilitate review, assessment, and responsive action as well as
documentation of these steps.

Ensuring
coordination and
continuity

Aggregate and integrate data from all care episodes and fragmented
encounters to permit thoughtful synthesis.

Enabling
follow-up

Facilitate patient education about potential red-flag symptoms; track
follow-up.

Providing
feedback

Automatically provide feedback to clinicians upstream, facilitating
learning from outcomes of diagnostic decisions.

Providing
prompts

Provide checklists to minimize reliance on memory and directed
questioning to aid in diagnostic thoroughness and problem solving.

Providing
placeholder for
resumption of
work

Delineate clearly in the record where clinician should resume work
after interruption, preventing lapses in data collection and thought
process.

Calculating
Bayesian
probabilities

Embed calculator into notes to reduce errors and minimize biases in
subjective estimation of diagnostic probabilities.

Providing access
to information
sources

Provide instant access to knowledge resources through contextspecific “infobuttons” triggered by keywords in notes that link user
to relevant textbooks and guidelines.
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TABLE 5-1 Continued
Role for Electronic
Documentation

Goals and Features of Redesigned Systems

Offering second
opinion or
consultation

Integrate immediate online or telephone access to consultants to
answer questions related to referral triage, testing strategies, or
definitive diagnostic assessments.

Increasing
efficiency

More thoughtful design, workflow integration, and distribution of
documentation burden could speed up charting, freeing time for
communication and cognition.

SOURCE: Schiff and Bates, 2010. New England Journal of Medicine, G. Schiff and D. W. Bates.
Can electronic clinical documentation help prevent diagnostic errors? 362(12):1066–1069.
2010. Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.

•
•

Easy transfer of information to and from other organizations and
clinicians; and
No unanticipated downtime.

If health IT products do not have these features, it may be difficult
for users to effectively interact with the technology, contributing to workarounds (alternate pathways to achieve a particular functionality) or unsafe uses of the technology, as well as errors associated with the correct
use of the technology. Although many of these risks apply to health care
broadly, the committee concluded that health IT risks are particularly
concerning for the diagnostic process. Poor design, poor implementation,
and poor use of health IT can impede the diagnostic process at various
junctures throughout the process. For instance, a confusing or cluttered
user interface could contribute to errors in information integration and
interpretation that result in diagnostic errors. Poor integration of health
IT tools into clinical workflow may create cognitive burdens for clinicians
that take time away from clinical reasoning activities.
To ensure that health IT supports patients and health care professionals in the diagnostic process, collaboration between the federal government, the health IT industry, and users is warranted. The 2012 IOM
report concluded that the safety of health IT is a shared responsibility
and described the ways in which health IT vendors, users, governmental
agencies, health care organizations, and others can collaborate to improve
the safety of health IT. Users include a wide variety of clinicians (such
as treating health care professionals, clinicians with diagnostic testing
expertise, pharmacists, and others), as well as patients and their families
(HIMSS, 2014). For example, by working with users, health IT vendors
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can improve safety during all phases of the design of their products, from
requirements gathering to product testing. In addition, the report called
on the Office of the National Coordinator for Health Information Technology (ONC) to expand funding for processes that promote safety in
the development of health IT products (IOM, 2012a). In line with these
recommendations, the committee recommends that health IT vendors
and ONC should work together with users to ensure that health IT
used in the diagnostic process demonstrates usability, incorporates
human factors knowledge, integrates measurement capability, fits well
within clinical workflow, provides clinical decision support, and facilitates the timely flow of information among patients and health care
professionals involved in the diagnostic process. Collaboration among
health IT vendors, ONC, and users can help to identify best practices in
the design, implementation, and use of health IT products used in the
diagnostic process. Further research in designing health IT for the diagnostic process is also needed (see Chapter 8). The sections below describe
the importance of these various features in the design of health IT for
the diagnostic process. The committee did not want to impose specific
requirements for how this recommendation is implemented, because the
approach would be too proscriptive. The committee’s recommendation
emphasizes that collaboration is needed among the health IT vendor
community, ONC, and users, and it outlines the essential characteristics
of health IT to improve diagnosis and reduce diagnostic errors.
Usability and Human Factors
The potential benefits of health IT for improving diagnosis cannot
be realized without usable, useful health IT systems. Usability has been
defined as “the extent to which a product can be used by specified users
to achieve specified goals with effectiveness, efficiency, and satisfaction
in a specified context of use” (ISO, 1998). According to the Healthcare
Information Management Systems Society (HIMSS), a system exhibits
good usability when it is “easy to use and effective. It is intuitive, forgiving of mistakes and allows one to perform necessary tasks quickly,
efficiently and with a minimum of mental effort. Tasks which can be
performed by the software . . . are done in the background, improving
accuracy and freeing up the user’s cognitive resources for other tasks”
(HIMSS, 2009, p. 3).
Recent discussions of usability have focused on the importance of
incorporating design principles that take human factors1 into account
1

Human factors (or ergonomics) is defined as “the scientific discipline concerned with
the understanding of interactions among humans and other elements of a system, and the
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(Middleton et al., 2013). A number of terms have been used to describe
the optimal design approach, including human-centered design, user-
centered design, use-centered design, and participatory design. The committee opted for the more inclusive term, human-centered design, to
describe how the involvement of all stakeholders, rather than just users, is
affected by the health IT system. A human-centered design approach balances the requirements of the technical system of computers and software
with those of the larger sociotechnical system (Gasson, 2003). Although
some health IT vendors have adopted human-centered design principles,
the practice is not universal (AHRQ, 2010). Furthermore, usability challenges may only become evident after the system has been implemented
or after it has been in widespread use. Accordingly, it is important to
make continuous improvements to the design, implementation, and use
of health IT (Carayon et al., 2008). Opportunities to assess the effects of
technology on the diagnostic process are discussed in Chapter 3.
Although clinicians have reported a high level of use and satisfaction
with certain health IT features, such as electronic prescribing (Makam et
al., 2013), a number of challenges with usability remain, and the National
Institute of Standards and Technology has indicated that usability is often
overlooked in the adoption of EHR systems (NIST, 2015). Health IT that is
not designed and implemented to support the diagnostic process can increase vulnerability to diagnostic errors. The American Medical Association (AMA) recently released a statement that health IT is misaligned with
the cognitive and workflow requirements of medicine and listed eight
priorities for improving the usability of EHRs (AMA, 2014) (see Box 5-2).
Future research on health IT usability will be important (see Chapter 8).
As mentioned in Box 5-2, a major issue related to health IT is how it
will affect the patient–clinician relationship. The hope is that health IT will
enhance patient and clinician communication and collaboration by, for
example, facilitating patient access to health information (see Chapter 4).
However, this needs to be facilitated by health IT tools that assist patients
and their families in engaging in the diagnostic process (such as patient
access to clinical notes; see Recommendation 1). Patient portals provide
patients with access to their medical information, but poor usability—
including navigational problems and unmet expectations about functionality—can hinder adoption of such tools among patients (Greenhalgh,
2010). Additional patient-facing health IT tools include mHealth applicaprofession that applies theory, principles, data and methods to design in order to optimize human well-being and overall system performance. Practitioners of ergonomics and
ergonomists contribute to the design and evaluation of tasks, jobs, products, environments
and systems in order to make them compatible with the needs, abilities and limitations of
people” (IEA, 2000).
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BOX 5-2
American Medical Association’s Improving Care:
Priorities to Improve Electronic Health Record (EHR) Usability
•

 nhance physicians’ ability to provide high-quality patient care. Effective
E
communication and engagement between patients and physicians should be
of central importance in EHR design. The EHR should fit seamlessly into the
practice and not distract physicians from patients.

•

 upport team-based care. EHR design and configuration must (1) facilitate
S
clinical staff to perform work as necessary and to the extent their licensure and
privileges permit and (2) allow physicians to dynamically allocate and delegate
work to appropriate members of the care team as permitted by institutional
policies.

•

 romote care coordination. EHRs should have an enhanced ability to autoP
matically track referrals and consultations as well as to ensure that the referring physician is able to follow the patient’s progress/activity throughout the
continuum of care.

•

 ffer product modularity and configurability. Modularity of technology will
O
result in EHRs that offer the flexibility necessary to meet individual practice
requirements. Application program interfaces can be an important contributor
to this modularity.

•

 educe cognitive workload. EHRs should support medical decision makR
ing by providing concise, context-sensitive, and real-time data uncluttered by
extraneous information. EHRs should manage information flow and adjust for
context, environment, and user preferences.

•

 romote data liquidity. EHRs should facilitate connected health care—
P
interoperability across different venues such as hospitals, ambulatory care
settings, laboratories, pharmacies and post-acute and long-term-care settings.
This means not only being able to export data but also to properly incorporate
external data from other systems into the longitudinal patient record. Data
sharing and open architecture must address EHR data “lock in.”

•

 acilitate digital and mobile patient engagement. Whether for health and
F
wellness or the management of chronic illnesses, interoperability between a
patient’s mobile technology and the EHR will be an asset.

•

 xpedite user input into product design and post-implementation feedE
back. An essential step to user-centered design is incorporating end-user
feedback into the design and improvement of a product. EHR technology
should facilitate this feedback.

SOURCE: Copyright 2014 American Medical Association. All Rights Reserved.
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tions, such as symptom checkers, but concerns about their validity are
ongoing (see section on mHealth) (Jutel and Lupton, 2015; Semigran et
al., 2015). In addition, there are concerns that clinicians may be unwilling or not know how to act on information collected by patients though
mHealth, wearable technologies, or other forums (Dwoskin and Walker,
2014; Ramirez, 2012).
Furthermore, there are also significant concerns that “technology
is cleaving the sacred bond between doctor and patient” and that the
EHR distracts clinicians from patient-centered care (Wachter, 2015, p. 27).
One article suggested that the EHR has negatively affected the clinician–
patient bond by prioritizing the computer above the patient. In this view,
the patient is no longer the most important thing in the examining room
because the machine, rather than the patient, has become the center of the
clinician’s focus (Ober, 2015). Verghese described this phenomenon as the
emergence of the iPatient (or the EHR as a surrogate for a real patient),
arguing that there is a real danger to reducing the attention paid to the
patient: “If one eschews the skilled and repeated examination of the real
patient, then simple diagnoses and new developments are overlooked,
while tests, consultations, and procedures that might not be needed are
ordered” (Verghese, 2008).
An important component of usability is whether it supports teamwork in the diagnostic process. Health IT has the potential to strengthen
intra- and interprofessional teamwork by providing structural support
for enhanced collaboration among the health care professionals involved
in the diagnostic process. There is evidence that EHRs facilitate primary
care teamwork via enhanced communication, redefined team roles, and
improved delegation (O’Malley et al., 2015). However, this is not the case
across the board; the AMA has noted that many EHR systems “are not
well configured to facilitate team-based care and require physicians to enter data or perform tasks that other team members should be empowered
to complete” (AMA, 2014, p. 5).
Reducing the cognitive burdens on clinicians is another key feature of
usable health IT systems. Health IT has the potential to support clinicians
in the diagnostic process by managing information flow and filtering
and presenting information in a way that facilitates decision making. A
thoughtfully designed user interface has the potential to help clinicians
develop a more complete view of a patient’s condition by capturing and
presenting all of the patient’s health information in one place.
In particular, the problem list feature of EHRs can help clinicians to
quickly see a patient’s most important health problem; it is a way of organizing a patient’s health information within the health record. The problem list derives from the problem-oriented medical record, developed by
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Lawrence Weed (Jacobs, 2009). “Problem-oriented” has two interrelated
meanings (Weed and Weed, 2011, p. 134):
•

•

the information in the medical record is organized by the patient
problem to which the information relates (as distinguished from
the traditional arrangement by source, with doctors’ notes in one
place, nurses’ notes in another, lab data in another, etc.), and
problems are defined in terms of the patient’s complete medical
needs rather than providers’ beliefs or specialty orientation (thus,
for example, the record should cover not just the “chief complaint” but all identified medical needs, and those needs should
be defined in terms of the problems requiring solution, not in
terms of providers’ diagnostic hypotheses or treatment plans).

The problem list includes all past and present diagnoses, as well as
the time of occurrence and whether the problem was resolved, and links
to further information on each entry in the list (AHIMA, 2011; Weed, 1968).
Although studies have shown that use of high-quality problem lists is
associated with better patient care (Hartung, 2005; Simborg et al., 1976),
variability in the structure and content of problem lists has limited its effectiveness in improving patient care (AHIMA, 2011; Holmes et al., 2012).
There is a move to standardize the structure and content of problem lists
in EHRs through the use of diagnostic and problem codes (AHIMA, 2011).
To encourage this change, meaningful use criteria require that participants
maintain an up-to-date, coded problem list for at least 80 percent of their
patients (AHIMA, 2011).
Unfortunately, poorly designed health IT systems, such as those with
confusing user interfaces and disorganized patient information, may contribute to cognitive overload rather than easing the cognitive burden on
clinicians. Poorly designed systems can detract from clinician efficiency
and impede information integration and interpretation in the diagnostic
process. A recent analysis of the graphical display of diagnostic test results
in EHRs found that few of the current EHRs meet evidence-based criteria for how to improve comprehension of such information (Sittig et al.,
2015). For example, one EHR system graphed diagnostic testing results in
reverse chronological order; none of the EHRs in the analysis had graphs
with y-axis labels that displayed both the name of the variable and the
units of measurement. Human factors engineering approaches, such as a
heuristic evaluation or an assessment of how well a particular interface
design complies with established design principles for usability, could
help identify usability problems and guide the design of user interfaces
(CQPI, 2015). One key feature of an effective user interface is simplicity. “Simplicity in design refers to everything from lack of visual clutter
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and concise information display to inclusion of only functionality that is
needed to effectively accomplish tasks” (HIMSS, 2009). Clinicians have
expressed dissatisfaction about EHR screens being too busy due to a high
degree of display clutter (or the high density of objects). In their review,
Moacdieh and Sarter (2015) found: “Displays described as cluttered have
been shown to degrade the ability to monitor and detect signal changes,
to delay visual search, to increase memory load, to instill confidence in
wrong judgments, to lead to confusion, and to negatively affect situational
awareness, reading, and linguistic processing” (p. 61).
Another principle of usability is efficiency (HIMSS, 2009). Inefficient
health IT tools may impede diagnosis by adding to clinicians’ work burdens, leaving them with less time for the cognitive work involved in
diagnosis and communicating with patients and the other health care
professionals who are involved in the patients’ care. Clinicians need to
be able to complete a task without having to undergo extra steps, such
as clicking, scrolling, or switching between a keyboard and mouse; however, many health IT tools are cumbersome to navigate. One study of
emergency department clinicians found that inputting information consumed more of their time than any other activity, including patient care
(Hill et al., 2013). By counting computer mouse “clicks,” the researchers
found that it took 6 clicks to order an aspirin tablet, 8 clicks to order a
chest X-ray, 15 clicks to provide a patient with one prescription, and 40
clicks to document the exam of a hand and wrist injury. Hill and colleagues (2013) estimated that a clinician could make 4,000 clicks in one
10-hour shift. EHRs may also present clinicians with more alerts than they
can effectively manage. For example, many comprehensive EHR systems
automatically generate alerts in response to abnormal diagnostic testing
results, but Singh and colleagues (2013) found that information overload
may contribute to clinicians missing test results. Almost 70 percent of
clinicians surveyed said that they received more alerts than they could
effectively manage, and almost 30 percent of clinicians reported that they
had personally missed alerts that resulted in patient care delays.
Makam and colleagues (2013) found that clinicians spend an appreciable amount of time using EHRs outside of their clinic hours. Almost
half of the clinicians they surveyed reported that completing EHR documentation for each scheduled half-day clinic session required 1 or more
extra hours of work, and 30 percent reported that they spent at least 1
extra hour communicating electronically with patients, even though they
may not get paid for this time. Howard and colleagues (2013, p. 107)
found mixed results on work burden when they studied small, independent, community-based primary care practices: “EHR use reduced some
clinician work (i.e., prescribing, some lab-related tasks, and communica-
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tion within the office), while increasing other work (i.e., charting, chronic
disease and preventive care tasks, and some lab-related tasks).”
Measurement Capability
Health IT can also be used to measure diagnostic errors by leveraging
the vast amounts of patient data contained in health IT databases (Shenvi
and El-Kareh, 2014; Singh et al., 2007b, 2012). For instance, algorithms can
be developed that periodically scan EHRs for diagnostic errors or clinical scenarios that suggest a diagnostic error has occurred. An example of
the former would be cases of patients with newly diagnosed pulmonary
embolism who were seen in the 2 weeks preceding diagnosis by an outpatient or emergency department clinician with symptoms that may have
indicated pulmonary embolism (e.g., cough, shortness of breath, chest
pain). An example of the latter may be patients who are hospitalized or
seen in the emergency department within 2 weeks of an unscheduled
outpatient visit, which may be suggestive of a failure to correctly diagnosis the patient at the first visit (Singh et al., 2007b, 2012; Sittig and Singh,
2012). In both of these instances, health IT systems need to incorporate
user-friendly platforms that enable health care organizations to measure
diagnostic errors or surrogate measures. For health IT systems that are
used by multiple health care organizations or across multiple settings
(inpatient and outpatient), common platforms for measuring diagnostic
errors will permit comparisons of diagnostic error rates across organizations and settings. Improving the identification of diagnostic errors is an
important recommendation of this committee (see Chapter 6), and health
IT vendors should facilitate efforts to do so by developing tools that enable organizations to more easily determine the rates of diagnostic errors,
especially those that are common and that have serious implications for
patients (e.g., pulmonary embolism, acute myocardial infarction, and
stroke).
Fit Within Clinical Workflow
The diagnostic process is not a single task, but rather a series of tasks
that involve multiple people across the health care continuum. Clinical
workflow, or the sequence of physical and cognitive tasks performed
by various people within and between work environments, affects the
diagnostic process at many junctures (Carayon et al., 2010). A critical element of workflow is health IT: Effective integration of health IT into the
clinical workflow is essential for preventing diagnostic errors. However,
integrating health IT into the clinical workflow is made more difficult by
the wide range of workflows used by different individuals participating
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in the diagnostic process, both within one setting and across care settings.
According to HIMSS, there are more than 50 physician specialties, and
each of these specialties has its own software needs, including the unique
software needs of the other health care professionals involved in that
specialty (e.g., nurses, pharmacists, physical therapists, respiratory therapists, and medical dieticians). Each specialty may have different tasks
that require a range of software interface designs (HIMSS, 2009). Furthermore, the actual clinical workflow does not always follow a formal, linear
process; for example, orders may need to be executed before the proper
administrative data, such as a patient’s social security number, is entered
or even known (Ash et al., 2004). As a result, health IT systems need both
flexibility and modularity so that they can be tailored to specific workflow
needs. Additionally, the time spent implementing and maintaining health
IT systems may negatively impact workflow and even contribute to error
(IOM, 2012a). For instance, EHR systems may become temporarily inaccessible because of software updates or network failure.
Clinical Documentation
Clinical documentation is central to patient care and often occupies a
significant amount of clinicians’ time (Hripcsak et al., 2011). Clinical documentation has been defined as “the process of recording historical data,
observations, assessments, interventions, and care plans in an individual’s
health record. The purpose of documentation is to facilitate clinical reason
ing and decision making by clinicians and promote communication and
coordination of care among members of the care team” (Kuperman and
Rosenbloom, 2013, p. 6). Beyond supporting patient care, clinical documentation also needs to meet requirements outside of the clinical care
setting, including billing, accreditation, legal, and research purposes
(Hripcsak and Vawdrey, 2013). Clinical documentation is used to justify
the level of service billed to insurers, to collect information for research
or quality improvement purposes, and to inform a legal record in case of
litigation (Rosenbloom et al., 2011). For example, the electronic documentation of clinical decisions and activity, including both user-entered data and
metadata, “may affect the course of malpractice litigation by increasing the
availability of documentation with which to defend or prove a malpractice
claim” (Magnalmurti et al., 2010, p. 2063). Payment and liability concerns,
in combination with the growth in EHRs, have resulted in extensive and
growing clinical documentation—sometimes referred to as “note bloat”—
that has led to a situation in which key information in a patient’s medical
record can be obscured (Kuhn et al., 2015). A number of clinicians have expressed concern that clinical documentation is not promoting high-quality
diagnosis and is instead primarily centered around billing and legal re-
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quirements, forcing clinicians to “focus on ticking boxes rather than on
thoughtfully documenting their clinical thinking” (Schiff and Bates, 2010,
p. 1066). In addition, research has shown that electronic documentation
adds to clinicians’ work burden: Intensive care unit residents and physicians spend substantially more time on clinical review and documentation
after EHR implementation (Carayon et al., 2015). For example, extensive
clinical documentation for justifying payment, facilitated by the copy and
paste feature of EHRs, can contribute to cognitive overload and impede
clinical reasoning. Chapter 7 further elaborates on how documentation
guidelines for billing interfere with the diagnostic process and presents
the committee’s recommendation for how to better align documentation
guidelines with clinical reasoning activities.
A major goal of using data collected within EHRs for legal, billing,
and population-wide health management has led to a profusion of structured clinical documentation formats within health IT tools. However,
structured documentation may cause problems for clinicians because
they “value different factors when writing clinical notes, such as narrative expressivity, amenability to the existing workflow, and usability”
(Rosenbloom et al., 2011, p. 181). Clinicians need to be able to record information efficiently and in ways that render it useful to other health care
professionals involved in caring for a patient. Research has found “that
in a shared context, concise, unconstrained, free-text communication is
most effective for coordinating work around a complex task” (Ash et al.,
2004, p. 106). There are also concerns that overly structured data entry has
impacted clinicians’ cognitive focus and abilities to focus on and attend
to relevant information in the EHR (Ash et al., 2004).
Tools, such as speech recognition technology, have been developed to
assist clinicians with clinical documentation, with varying degrees of success. Though several studies have found that voice recognition technology
can improve the turnaround time of results reporting (Johnson et al., 2014;
Prevedello et al., 2014; Singh and Pal, 2011), there are a number of issues
associated with this technology that make it difficult to implement or may
negatively impact the diagnostic process. This includes high implementation costs, the need for extensive user training, decreased report quality
due to technology-related errors, and workflow interruptions (Bhan et al.,
2008; de la Cruz, 2014; Fratzke et al., 2014; Houston and Rupp, 2000; Hoyt
and Yoshihashi, 2010; Johnson et al., 2014; Quint et al., 2008).
Another technology that may help address the challenges of clinical
documentation is natural language processing (Hripcsak and Vawdrey,
2013). Natural language processing extracts data from free text, converting clinicians’ notes and narratives into structured, standardized formats.
When the task is sufficiently constrained and when there is sufficient
time to train the system, natural language processing systems can extract
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information with minimal effort and very high performance (Uzuner et
al., 2008). Health IT vendors have begun to incorporate natural language
processing software into EHRs. Additional technologies, particularly data
mining, hold promise for improving clinical documentation in the future.
Data mining “relies on the collective experience of all previous notes to
steer how data should be entered in a new note” (Hripcsak and Vawdrey,
2013, p. 2). These technologies also hold promise for improving clinical
decision support, discussed below.
Clinical Decision Support in Diagnosis
Health IT has the potential to support the diagnostic process through
clinical decision support (CDS) tools. CDS provides clinicians and p
 atients
“with knowledge and person-specific information [that is] intelligently
filtered or presented at appropriate times, to enhance health and health
care” (HealthIT.gov, 2013). A number of studies have shown that clinical
decision support systems can improve the rates of certain desirable clinician behaviors such as appropriate test ordering, disease management, and
patient care (Carayon et al., 2010; Lobach and Hammond, 1997; Meigs et
al., 2003; Roshanov et al., 2011; Sequist et al., 2005).
Diagnostic decision support tools can provide support to clinicians
and patients throughout each stage of the diagnostic process, such as
during information acquisition, information integration and interpretation, the formation of a working diagnosis, and the making of a diagnosis
(Del Fiol et al., 2008; Zakim et al., 2008). Box 5-3 categorizes health IT tools
according to the tasks they assist with in the diagnostic process (El-Kareh
et al., 2013). Tools such as infobuttons can be integrated into EHRs and
provide links to relevant online information resources, such as medical
textbooks, clinical practice guidelines, and appropriateness criteria; there
is evidence that infobuttons can help clinicians answer questions at the
point of care and that they lead to a modest increase in the efficiency of
information delivery (Del Fiol et al., 2008). CDS can also facilitate the
ordering of the diagnostic tests that help clinicians develop accurate and
timely diagnoses. In its input to the committee, the American College of
Radiology stated that structured decision support for image ordering and
reporting is critical for reducing diagnostic errors (Allen and Thorwarth,
2014). The Protecting Access to Medicare Act, passed in 2014, includes a
provision that requires clinicians to use specified criteria when ordering
advanced imaging procedures and directs the Department of Health and
Human Services to identify CDS tools to help clinicians order these imaging procedures.2 Given the growth of molecular testing and advanced
2

Protecting Access to Medicare Act of 2014: www.congress.gov/bill/113th-congress/housebill/4302 (accessed December 6, 2015).
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BOX 5-3
Categories Describing Different Steps in Diagnosis
Targeted by Diagnostic Health Information Technology Tools
•
•
•
•
•
•
•
•
•
•

 ools that assist in information gathering
T
Cognition facilitation by enhanced organization and display of information
Aids to the generation of a differential diagnosis
Tools and calculators to assist in weighing diagnoses
Support for the intelligent selection of diagnostic tests/plan
Enhanced access to diagnostic reference information and guidelines
Tools to facilitate reliable follow-up, assessment of patient course, and
response
Tools/alerts that support screening for the early detection of disease in asymptomatic patients
Tools that facilitate diagnostic collaboration, particularly with specialists
Systems that facilitate feedback and insight into diagnostic performance

SOURCE: El-Kareh et al., 2013. Reproduced from Use of health information technology to reduce diagnostic error. R. El-Kareh, O. Hasan, and G. Schiff. BMJ Quality and Safety 22(Suppl
2):ii40–ii51, with permission from BMJ Publishing Group Ltd.

imaging techniques, the importance of clinical decision support in aiding decisions involving this aspect of the diagnostic process is likely to
increase.
Although decision support technologies have been around for quite
some time (Weed and Weed, 2011; Weed and Zimny, 1989), there is still
much room for progress. Questions about the validity and utility of diagnostic decision support tools still remain. A number of studies have
assessed the performance of diagnostic decision support tools. Researchers such as Ramnarayan et al. (2003) have developed scores to measure
the impact of diagnostic decision support on the quality of clinical decision making. These scores assess the performance of diagnostic decision
support tools based on how often the “correct” diagnosis is produced by
either the decision support system or by the clinicians after using the decision support; the scores also take into account the rank of the correct diagnosis on the list of differential diagnoses. There may be problems with
these criteria, however; for example, rare diagnoses may be less likely to
be considered because of a lower ranking. A review of four differential
diagnosis generators found these tools to be “subjectively assistive and
functional for clinical diagnosis and education” (Bond et al., 2012, p. 214).
On a five-point scale (5 when the actual diagnosis was suggested on the
first screen or in the first 20 suggestions, and 0 when no suggestions
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were close to the clinical diagnosis), the differential diagnosis generators
received scores ranging from 1.70 to 3.45. Additional studies suggest that
diagnostic decision support tools have the potential to improve the accuracy of diagnosis (Graber and Mathew, 2008; Kostopoulou et al., 2015;
Ramnarayan et al., 2006, 2007). However, the studies assessing diagnostic
decision support tools were conducted in highly controlled research settings; further research is needed to understand the performance of diagnostic decision support tools in clinical practice (see Chapter 8).
Though relatively early in its development, the application of new
computational methods, such as artificial intelligence and natural language processing, has the potential to improve clinical decision support (Arnaout, 2012). For instance, these approaches can analyze large
amounts of complex patient data (such as patient notes, diagnostic testing
results, genetic information, as well as clinical and molecular profiles)
and compare the results to “thousands of other patient EHRs to identify
similarities and associations, thus, elucidating trends in disease course
and management” (Castaneda, 2015, p. 12).
In addition to these efforts involving generalized decision support
tools, there are also ongoing efforts to use decision support in radiology.
One such decision support tool is computer-aided detection (CAD), which
is designed to help radiologists during imaging interpretation by analyzing images for patterns associated with underlying disease (e.g., breast
cancer during mammography screening). Despite the broad acceptance
and use of CAD, there is mixed evidence demonstrating its effectiveness
(Rao et al., 2010). Although CAD is not yet mature, the technology holds
promise for improving detection.
Challenges with the usability and acceptability of diagnostic decision
support have hindered adoption of these tools in clinical practice (Berner,
2014). For these tools to be useful, they need to be used only when appropriate, to be understandable, and to enable clinicians to quickly determine
the level of urgency and relevancy. Decision support needs to function
within the workflow and physical environment of the diagnostic process,
which may include distractions and interruptions. If decision support
tools are to be optimally designed, it will be necessary to consider tailoring the support to different users based on such factors as experience
and workload. For example, a highly trained or highly experienced user
may be better able to navigate a computer interface that is cumbersome
than a less experienced user.3 And the more experienced clinicians may
need support to avoid pitfalls in diagnosis due to the use of system 1 processes, whereas more novice clinicians may need access to additional information to support system 2 processes. Research on how clinicians use
3

Although a cumbersome interface may also be challenging to an experienced user.
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technology may provide insight into the ways that human–automation
interactions may be contributing to errors. EHR systems log users’ actions
through both user-entered data (i.e., timing of events and who performed
them) and metadata. EHRs can also measure the rate at which clinicians
override alerts and medication-dose defaults.
In addition, there are a number of potential patient safety risks asso
ciated with decision support. A systematic review found that an over
reliance on decision support has the potential to reduce independent
clinician judgment and critical thinking (Goddard et al., 2012). A decision
support tool could provide incorrect advice if it has incomplete information or applies outdated treatment guidelines (AHLA, 2013). This may
place a clinician in a position in which he or she believes that the decision support is correct and therefore discounts his or her own assessment
of the issue. Although Friedman and colleagues (1999) found that the
use of clinical decision support was associated with a modest increase
in diagnostic accuracy, in 6 percent of cases, clinicians overrode their
own correct decisions due to erroneous advice from the decision support
system. Informational content, as well as the presentation of information
in decision support, can lead to adverse events. Adverse events relating
to informational content are grouped around three themes: (1) changing
roles and/or elimination of clinicians and staff, (2) the currency of CDS
content, and (3) inaccurate or misleading CDS content. Adverse events
relating to presentation of information are grouped by: (a) the rigidity
of systems, (b) sources of alert fatigue, and (c) sources of potential errors
(Ash et al., 2007).
Timely Flow of Information
The timely and effective exchange of information among health care
professionals and patients is critical to improving diagnosis, and breakdowns in that communication are a major contributor to adverse events,
including diagnostic errors (Gandhi et al., 2000; Poon et al., 2004; Schiff,
2005; Singh et al., 2007a). Health IT has the potential to reduce communication breakdowns, including breakdowns in intra- and interpersonal
communication, in communication among patients and health care professionals, and in information exchange (e.g., the reporting of test results)
(Singh et al., 2008). As discussed in Chapter 4, improved patient access
to EHRs, including diagnostic testing results and clinical notes, can promote improved engagement in the diagnostic process and facilitate more
timely information flow between and among patients and health care
professionals. Health IT can also assist with the tracking of test results and
follow-up (see Chapter 6). For example, the AMA (2014) concluded that
EHRs can support care coordination if they “automatically track referrals
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and consultations as well as ensure that the referring physician is easily
able to follow the patient’s progress/activity throughout the continuum
of care” (p. 5).
However, health IT tools may not be facilitating optimal communication among health care professionals, and they may even contribute
to communication breakdowns. For example, Parkash and colleagues
(2014) found that EHRs may not alert clinicians when surgical pathology
reports have been amended, which may result in an incorrect diagnosis
that is based on the original pathology report, an incorrect treatment plan,
and the potential for serious consequences for a patient. A lack of inter
operability (discussed below) can also prevent the timely flow of information among health care professionals.
Furthermore, another effect of health IT tools may be a reduction in
informal, in-person collaborations between clinicians that can facilitate insights into the diagnostic process. In-person consultation between treating
clinicians and the radiology department was common prior to the computerization of radiology and the introduction of the picture archiving
communications system (Wachter, 2015). With the transition to filmless
radiology systems, there has been a decrease in in-person consultations
with the radiology department (Reiner et al., 1999).
An example of the importance of the timely flow of information is illustrated by the delayed diagnosis of Ebola in a Dallas emergency department (see Box 5-4). As the committee was deliberating in 2014, the most
widespread outbreak yet seen of the Ebola virus occurred (CDC, 2015).
Although the epidemic was primarily localized to several West African
countries, the United States experienced its first case of Ebola virus in September 2014, a highly publicized example of diagnostic error. The committee included this case because it demonstrates the complex etiology of
diagnostic error, including the roles that health IT and interprofessional
communication play in conveying information in the diagnostic process.
INTEROPERABILITY OF HEALTH IT
Another health IT–related challenge in the diagnostic process is the
lack of interoperability, or the inability of different IT systems and software applications to communicate, exchange data, and use the information that has been exchanged (HIMSS, 2014). It is not unusual for the
diagnostic process to occur over a protracted period of time, with multiple
clinicians across different care settings involved in the process. A free
flow of information is critical to ensuring accurate and timely diagnoses
because in order for health care professionals to develop a complete picture of a patient’s health problem, all relevant health information needs
to be available and accessible. A lack of interoperability can impede the
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BOX 5-4
A Case of Diagnostic Error:
Delayed Diagnosis of Ebola Virus Infection
Case History
Thomas Eric Duncan traveled from Liberia to the United States in September
2014. He visited a Texas area emergency department on September 25, presenting
with nonspecific symptoms, including fever, nausea, abdominal pain, and a severe
headache, symptoms that can be attributed to a number of common acute illnesses
(Upadhyay et al., 2014). Mr. Duncan informed the triage nurse of his recent travel
from Africa (Dunklin and Thompson, 2014). The electronic health record (EHR)
indicated that Mr. Duncan arrived with a fever of 100°F, which spiked to 103°F, and
then dropped to 101°F prior to discharge (Dallas Morning News, 2014; Energy &
Commerce Committee, 2014; Upadhyay et al., 2014). The physician who evaluated Mr. Duncan during this visit was not aware of his travel history (Dallas Morning News, 2014). Mr. Duncan underwent a series of tests, including a computed
tomographic scan, and was released with a diagnosis of sinusitis, but a later
evaluation found that the imaging results were not consistent with this diagnosis
(Upadhyay et al., 2014). Mr. Duncan returned to the hospital on September 28 via
ambulance (Energy & Commerce Committee, 2014; Upadhyay et al., 2014). On
September 30 he was confirmed to have the Ebola virus (Energy & Commerce
Committee, 2014), and on October 8 Mr. Duncan died from this infection. The
hospital accepted responsibility for the diagnostic error (Upadhyay et al., 2014).
The chief clinical officer of Texas Health Resources stated in testimony to the
U.S. Congress, “Unfortunately, in our initial treatment of Mr. Duncan, despite our
best intentions and a highly skilled medical team, we made mistakes. We did not
correctly diagnose his symptoms as those of Ebola. We are deeply sorry” (Energy
& Commerce Committee, 2014).
Discussion
Current evidence suggests that patients seen in the emergency department are
at high risk of experiencing diagnostic errors because of the range of conditions
seen, the time pressures involved, and complexity of the work system environment
(Campbell et al., 2007). As illustrated in this case of diagnostic error, a number of
factors typically contribute to many adverse safety events (Graber, 2013).
Patient history and physical exam often suggest the correct diagnosis (Peterson
et al., 1992). In this example, Mr. Duncan’s travel history was especially relevant
to his medical condition (Dallas Morning News, 2014). Although the travel history
was obtained by the nurse, the physician examining Mr. Duncan told the Dallas
Morning News that the “travel information was not easily visible in my standard
workflow” (Dallas Morning News, 2014). Communication breakdowns likely contributed to this diagnostic error: The travel history may not have been communicated
or communicated adequately among the patient and his care team. Additionally, the
significance of this information may not have been considered during the diagnostic
process (Dunklin and Thompson, 2014; Upadhyay et al., 2014). Without knowledge
of the travel history, the physician chose a much more common condition as the
possible explanation (Dunklin and Thompson, 2014).
Although most diagnostic errors involve common conditions, this case illustrates the problem of diagnosing rare diseases (zebras), when much more com-
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mon diseases (horses) could explain similar symptoms. There is no easy solution
to this problem. The challenge has been well described in Atul Gawande’s book
Complications, when he compared a necrotizing fasciitis diagnosis with cellulitis.
In considering such a rare diagnosis, he said, “I felt a little foolish considering
the diagnosis—it was a bit like thinking the Ebola virus had walked into the ER”
(Gawande, 2002, p. 233).
Understanding the information flow and communication breakdowns in this
case is a more challenging task (Upadhyay et al., 2014). The nurse documented
the travel history in the nursing note, which was not considered by the physician.
This raised a number of questions:
•
•
•
•
•
•

 as documentation in the EHR sufficient to convey this information?
W
When is verbal communication of key facts necessary?
Was the EHR designed appropriately to support sharing of important
information?
Are the notes in EHRs too hard to locate and share in the typical workflow
of a busy emergency department?
Are notes valued appropriately by members of the care team?
Does the format of a nursing note (template versus unstructured) influence
how key information is communicated?

After the diagnostic error of Ebola occurred, Texas Presbyterian implemented
a number of organizational and technological changes intended to reduce the risk
of similar errors in the future. A public statement outlining the lessons learned and
responses to this diagnostic error included
•
•
•
•
•

“ Upgraded medical record software to highlight travel risks
New triage procedures initiated to quickly identify at-risk individuals
A triage procedure to move high-risk patients immediately from the emergency department
A final step for cleared patients: 30 minutes prior to discharge, vital signs
will be rechecked. If anything is abnormal, the physician will be notified
Increased emphasis on face-to-face communication.” (Watson, 2014)

Teaching Points
1. A
 lthough diagnostic errors typically involve common conditions, patients
with unusual or rare conditions are at high risk for diagnostic error if their
symptoms mimic those of more common conditions.
2. The etiology of a diagnostic error is typically multifactorial. The various
contributions of the work system, including the cognitive characteristics of
clinicians and the complex interactions between them, can best be understood by adopting a human factors perspective.
3. Breakdowns in information flow and communication are some of the most
common factors identified in cases of diagnostic error, just as they are in
other major patient safety adverse events.
4. Although EHR technology provides many advantages to the diagnostic
process, it can also cause a predisposition to certain types of errors, such
as ineffective search for important information.
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diagnostic process because it can limit or delay access to the data available
for clinical decision making. When health care systems do not exchange
data, clinical information may be inaccurate or inadequate. For instance,
one version of a patient’s EHR may exist on the primary clinical information system while a variety of outdated or partial versions of the record
are present in other places. Furthermore, the record on the primary clinical information system may not necessarily be complete.
Given the importance of the free flow of information to diagnosis,
ONC can play a critical role in improving interoperability. The vision that
ONC has articulated for the interoperability of health IT is of an “eco
system that makes the right data available to the right people at the right
time across products and organizations in a way that can be relied upon
and meaningfully used by recipients” (ONC, 2014a, p. 2). By 2024, ONC
anticipates that individuals, clinicians, communities, and researchers will
have access to a variety of interoperable products. However, the progress
toward achieving health information exchange and interoperability has
been slow (CHCF, 2014). For example, office-based exchange of information remains low; a study conducted by Furukawa et al. (2014) found
that only 14 percent of the clinicians surveyed reported sharing data
with clinicians outside their organization. Recognizing that progress in
interoperability is critical to improving the diagnostic process, the committee calls on ONC to more rapidly require that health IT systems meet
interoperability requirements. Thus, the committee recommends that
ONC should require health IT vendors to meet standards for interoperability among different health IT systems to support effective, efficient,
and structured flow of patient information across care settings to facilitate the diagnostic process by 2018. This recommendation is in line with
the recent legislation that repealed the sustainable growth rate, which
included a provision that declared it a national objective to “achieve widespread exchange of health information through interoperable certified
[EHR] technology nationwide by December 31, 2018.”4 The law requires
the Secretary of Health and Human Services (HHS) to develop metrics to
evaluate progress on meeting this objective by July 2016. Furthermore,
the legislation stipulates that if interoperability has not been achieved by
2018, the Secretary is required to submit a report to Congress in 2019 that
identifies the barriers and makes recommendations for federal government action to achieve interoperability, including adjusting payments for
not being meaningful EHR users and criteria for decertifying certified
EHR technology products.
Improved interoperability across different health care organizations—
as well as across laboratory and radiology information systems—is criti4

Medicare Access and CHIP Reauthorization Act of 2015. P.L. 114-10 (April 16, 2015).
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cal to improving the diagnostic process. Challenges to interoperability
include the inconsistent and slow adoption of standards, particularly
among organizations that are not subject to EHR certification programs,
as well as a lack of incentives, including a business model that generates
revenue for health IT vendors via fees associated with transmitting and
receiving data (Adler-Milstein, 2015; CHCF, 2014). The IOM report Health
IT and Patient Safety: Building a Safer Health System recognized interoperability as a key feature of safely functioning health IT and noted that inter
operability needs to be in place across the entire health care continuum:
“Currently, laboratory data have been relatively easy to exchange because
good standards exist such as Logical Observation Identifiers Names and
Codes (LOINC) and are widely accepted. However, important information such as problem lists and medication lists (which exist in some health
IT products) are not easily transmitted and understood by the receiving
health IT product because existing standards have not been uniformly
adopted” (IOM, 2012a, p. 86). Although laboratory data may be relatively
easy to exchange, a recent report noted that the lack of incentives (or
penalties) for organizations that are not subject to the EHR certification
process under the Medicare and Medicaid EHR Incentive Programs (such
as clinical laboratories) also contributes to poor interoperability (CHCF,
2014).
Additionally, the interface between EHRs and laboratory and radi
ology information systems typically has limited clinical information,
and the lack of sufficiently detailed information makes it difficult for a
pathologist or radiologist to determine the proper context for interpreting
findings or to decide whether diagnostic testing is appropriate (Epner,
2015). For example, one study found that important non-oncological conditions (such as Crohn’s disease, human immunodeficiency virus, and
diabetes) were not mentioned in 59 percent of radiology orders and the
presence of cancer was not mentioned in 8 percent of orders, demonstrating that the complete patient context is not getting received (Obara et al.,
2015). Insufficient clinical information can be problematic as radiologists
and pathologists often use this information to inform their interpretations
of diagnostic testing results and suggestions for next steps (Alkasab et
al., 2009; Obara et al., 2015). In addition, the Centers for Disease Control
and Prevention’s Clinical Laboratory Improvement Advisory Committee
(CLIAC) expressed concern over the patient safety risks regarding the
interoperability of laboratory data and display discrepancies in EHRs
(CDC, 2014; CLIAC, 2012). They recommended that laboratory health
care professionals collaborate with other stakeholders to “develop effective solutions to reduce identified patient safety risks in and improve the
safety of EHR systems” regarding laboratory data (CDC, 2014, p. 3). There
have been some efforts to improve the transmission of clinical context
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with diagnostic testing orders; for example, a quality improvement initiative in the outpatient and emergency department settings was able to
improve the consistency with which radiology orders were accompanied
by a complete clinical history (Hawkins et al., 2014).
Another emerging challenge is the interoperability between EHRs
and patient-facing health IT, such as physical activity data, glucose monitoring, and other health-related applications (see section on mHealth)
(Marceglia et al., 2015; Otte-Trojel et al., 2014).5
Economic incentives are another barrier to achieving interoperability.
Current market conditions create business incentives for information
blocking, that is, “when persons or entities knowingly and unreasonably interfere with the exchange or use of electronic health information”
(ONC, 2015, p. 8). A variety of persons or entities may engage in information blocking practices, but most complaints of information blocking
are related to the actions of health IT developers. Health IT vendors may
“charge fees that make it cost-prohibitive for most customers to send, receive, or export electronic health information stored in EHRs, or to establish interfaces that enable such information to be exchanged” (ONC, 2015,
p. 15). For instance, clinicians may pay $5,000 to $50,000 each to secure
the right to set up connections that allow them to transmit information
regularly to laboratories, health information exchanges, or governments
(Allen, 2015). Additional fees may be charged each time a clinician sends,
receives, or even searches for (or “queries”) data (ONC, 2015). Health care
organizations are also capable of engaging in information blocking. For
instance, larger hospital systems that already capture a large proportion
of patients’ clinical information internally may be less motivated to join
health information exchanges. In such instances, “information is seen as
a tool to retain patients within their system, not as a tool to improve care”
(Tsai and Jha, 2014, p. 29).
Issues related to data security and privacy will need to be considered as interoperability and health information exchange increases. The
personal information stored within health IT systems needs to be secure.
However, these data also need to be easily available when patients move
from one system to another. Transparency will become increasingly important as interoperability improves and as data aggregation for quality
improvement and population health management becomes more common. The ONC recognizes that it will be important to “support greater
transparency for individuals regarding business practices of entities that
use their data, particularly those that are not covered by the HIPAA
[Health Insurance Portability and Accountability Act] Privacy and Security Rules” (ONC, 2014a, p. 5).
5

Interoperability is one challenge surrounding patient-facing technologies; there are also
other important considerations, such as vetting the quality of patient-reported data.

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

TECHNOLOGY AND TOOLS IN THE DIAGNOSTIC PROCESS

243

SAFETY OF HEALTH IT IN DIAGNOSIS
Patient safety risks related to the use of health IT in the diagnostic
process are an important concern because there is growing recognition that
health IT can result in adverse events (IOM, 2012a; ONC, 2014b; Walker et
al., 2008), including sentinel events that result in permanent patient harm
or death (The Joint Commission, 2015b). Such health IT safety risks have
been described in the context of a sociotechnical system, in which the system components (including technology, people, workflow, organizational
factors, and external environment) can dynamically interact and contribute
to adverse events (IOM, 2012a; Sittig and Singh, 2010). A number of health
IT–related patient safety risks may affect the diagnostic process and the occurrence of diagnostic errors. For example, challenges with the usability of
EHRs have led to work-arounds from their intended use; although many
of these work-arounds are benign, there is the potential for negative effects
on patient safety and diagnosis (Ash et al., 2004; Friedman et al., 2014;
IOM, 2012a; Koppel et al., 2008). Clinical documentation in the EHR and
the use of the copy and paste functionality of EHRs are areas of increased
concern. While the use of copy and paste functionality may increase efficiency by saving time that would otherwise be spent retyping or reentering
information, it carries with it a number of risks, including redundancy that
contributes to lengthy notes and cognitive overload as well as the spreading of inaccurate, outdated, or incomprehensible information (AHIMA,
2014; The Joint Commission, 2015a; Kuhn et al., 2015). New safety risks
may also include errors related to entering and retrieving information
(such as juxtaposition errors), errors in communication and coordination
(mistaking information entry into an EHR system as a successful communication act), and health IT system maintainability (Ash et al., 2004).
For instance, a pathologist may assume that the entry of new test results
into an EHR system means that the results have been communicated to
the clinician, even though this may not be the case (documentation in the
EHR is not necessarily equivalent to communication).
Unfortunately, contractual provisions, intended to protect vendors’
intellectual property interests and liability from the unsafe use of health
IT products, limit the free exchange of information about health IT–
related patient safety risks (IOM, 2012a). Specifically, “some vendors
require contract clauses that force [health IT] system purchasers to adopt
vendor-defined policies that prevent the disclosure of errors, bugs, design
flaws, and other [health IT]-software-related hazards” (Goodman et al.,
2011, p. 77). These contractual barriers may propagate safety risks and
pose significant challenges to the use of data for future patient safety and
quality improvement research (IOM, 2012a). In recognition of these challenges, the American Medical Informatics Association board of directors
convened a task force to help resolve issues surrounding vendor–user
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contracts and made a number of suggestions for improving health IT
contract language (see Box 5-5). Westat prepared a report for ONC that
provides an overview of the key contract terms for health care organizations to be aware of when negotiating agreements with health IT vendors
(Westat, 2013).

BOX 5-5
Recommendations from an American Medical
Informatics Association Special Task Force on
Health Information Technology Contracts
1. C
 ontracts should not contain language that prevents system users, including
clinicians and others, from using their best judgment about what actions are
necessary to protect patient safety. This includes freedom to disclose system
errors or flaws, whether introduced or caused by the vendor, the client, or any
other third party. Disclosures made in good faith should not constitute violations
of [health information technology (health IT)] contracts. This recommendation
neither entails nor requires the disclosure of trade secrets or of intellectual
property.
2. Hospitals, physician purchasers, and other users should understand that commercial products’ screen designs and descriptions of software-supported workflows represent corporate assets developed at a cost to software vendors.
Unless doing so would prematurely prevent disclosure of flaws, users should
consider obligations to protect vendors’ intellectual property and proprietary
materials when disclosing (potential) flaws. Users should understand and accept their obligation to notify vendors before disclosing such features, and be
aware of the range of remedies available to both the purchaser and the vendor
in addressing safety issues. Equally, or more important, users should consider
obligations to protect patient safety via such disclosures.
3. Because vendors and their customers share responsibility for patient safety,
contract provisions should not attempt to circumvent fault and should recognize
that both vendors and purchasers share responsibility for successful implementation. For example, vendors should not be absolved from harm resulting
from system defects, poor design or usability, or hard-to-detect errors. Similarly,
purchasers should not be absolved from harm resulting from inadequate training and education, inadequate resourcing, customization, or inappropriate use.
4. While vendors have legitimate corporate interests and duties (e.g., to shareholders), contract language should make explicit a commitment by all parties to
patient care and safety, and, as applicable, to biomedical research and public
health.
5. Vendors should be protected from claims in which a facility (hospital, medical
office, practitioner, etc.) causes errors that cannot reasonably be attributed to a
defect in the design or manufacture of a product, or to vendor-related problems
in installation, updating, or configuration processes. Similarly, vendors should
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In line with the movement toward more transparency, the IOM report
on patient safety and health IT recommended that the Secretary of HHS
“should ensure insofar as possible that health IT vendors support the free
exchange of information about health IT experiences and issues and not
prohibit sharing of such information, including details (e.g., screenshots)
relating to patient safety” (IOM, 2012a, p. 7). The committee endorses

6.

7.

8.

9.

not be held responsible for circumstances in which users make foolish or intentional errors.
“Hold harmless” clauses in contracts between electronic health application
vendors and purchasers or clinical users, if and when they absolve the vendors
of responsibility for errors or defects in their software, are unethical. Some of
these clauses have stated in the past that [health IT] vendors are not responsible for errors or defects, even after vendors have been informed of problems.
A collaborative system or process of third- or neutral-party dispute resolution
should be developed. Contracts should contain language describing a process
for timely and, as appropriate, transparent conflict resolution.
Contracts should make explicit a mechanism by which users/clients can communicate problems to the company; and vendors should have a mechanism
for dealing with such problems (compare in this regard the processes in place
for adverse event and device failure tracking by implantable medical device
manufacturers).
Contracts should require that system defects, software deficiencies, and implementation practices that threaten patient safety should be reported, and
information about them be made available to others, as appropriate. Vendors
and their customers, including users, should report and make available salient
information about threats to patient safety resulting from software deficiencies,
implementation errors, and other causes. This should be done in a way easily
accessible to customers and to potential customers. This information, when
provided to customers, should be coupled with applicable suggested fixes,
and should not be used to penalize those making the information available.
Disclosure of information should not create legal liability for good-faith reporting. Large [health IT] systems undergo thousands of revisions when looked
at on a feature-by-feature basis. Requirements that the vendor notify every
customer of every single feature change on a real-time basis would have the
unintended result of obscuring key safety risks, as customers would have to
bear the expense of analyzing thousands of notifications about events which
are typically rare. Therefore, vendors should notify customers as soon as possible about any product or configuration issues (1) of which they are aware and
(2) which pose a risk to patients.

SOURCE: K. W. Goodman, E. S. Berner, M. A. Dente, B. Kaplan, R. Koppel, D. Rucker, D. Z.
Sands, and P. Winkelstein, Challenges in ethics, safety, best practices, and oversight regarding
HIT vendors, their customers, and patients: A report of an AMIA special task force, Journal
of the American Medical Informatics Association, 2011,18(1):77–81, by permission of the
American Medical Informatics Association.
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this recommendation and further recommends that the Secretary of
HHS should require health IT vendors to permit and support the free
exchange of information about real-time user experiences with health
IT design and implementation that adversely affect the diagnostic process. Health IT users can discuss patient safety concerns related to health
IT products used in the diagnostic process in appropriate forums. Such
forums include the forthcoming ONC Patient Safety Center or patient
safety organizations (see Chapter 7) (RTI International, 2014; Sittig et al.,
2014a). In addition, the Agency for Healthcare Research and Quality has
developed a Common Format reporting form for health IT adverse events
and ONC is beginning to evaluate patient safety events related to health
IT (ONC, 2014b).
Because the safety of health IT is critical for improvements to the diagnostic process, health IT vendors need to proactively monitor their products in order to identify potential adverse events, which could contribute
to diagnostic errors and challenges in the diagnostic process (Carayon
et al., 2011). To ensure that their products are unlikely to contribute to
diagnostic errors and adverse events, vendors need to have independent third-party evaluations performed on whichever of their health IT
products are used in the diagnostic process. Thus, the committee recommends that the Secretary of HHS should require health IT vendors to
routinely submit their products for independent evaluation and notify
users about potential adverse effects on the diagnostic process related
to the use of their products. Health IT vendors may consider using selfassessment tools, such as the SAFER guides, to prepare for the evaluations
(Sittig et al., 2014b). If health IT products have the potential to contribute
to diagnostic errors or have other adverse effects on the diagnostic process, health IT vendors have a responsibility to communicate this information to their customers in a timely manner.
OTHER DIAGNOSTIC TECHNOLOGIES
In addition to health IT, several emerging technologies, such as
telemedicine/telehealth and mHealth/wearable technologies, present
opportunities to improve the diagnostic process. This section examines
the use of these technologies by health care professionals and patients to
improve the diagnostic process.6

6

The use of emerging technologies in diagnosis and treatment raises a number of regulatory, legal, and policy issues that are beyond the scope of this discussion (such as privacy
and security concerns, payment, credentialing, licensure, program integrity, liability, and
others).
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Telemedicine and Telehealth
Although the definitions vary, telemedicine and telehealth generally
refer to the delivery of care, consultations, and information using communications technology (American Telemedicine Association, 2015). A
2012 IOM workshop defined both telemedicine and telehealth, saying that
they “describe the use of medical information exchanged from one site
to another via electronic communications to improve the patient’s health
status. Although evolving, telemedicine is sometimes associated with direct patient clinical services and telehealth is sometimes associated with
a broader definition of remote health care services” (IOM, 2012b, p. 3).
Telemedicine encompasses an increasing array of applications and services, such as “two-way video, e-mail, smart phones, wireless tools, and
other forms of telecommunication technology” (American Telemedicine
Association, 2015).
Telemedicine typically is used in two settings: (1) between a clinician
and a patient who is in a different location or (2) between two clinicians
for consultations. The transmission of images, data, and sound can take
place either synchronously (real-time), where the consulting clinician
participates in the examination of the patient while diagnostic information is collected and transmitted, or asynchronously (anytime), through
store-and-forward technology that transmits digital information for the
consulting clinician to review at a later time.
As new payment and care delivery models are being implemented
and evaluated, there is a growing recognition of the potential for technological capabilities to improve patient accessibility to health care services
and also to improve care coordination and affordability. Telemedicine can
create additional options for how individuals receive health care, while
lessening the dependence on traditional in-person methods of receiving medical treatment. Telemedicine arrangements have emerged in a
number of medical specialties (e.g., radiology, pathology, dermatology,
ophthalmology, cardiology, neurology, geriatrics, and psychiatry), certain
hospital service lines (e.g., home health and dentistry), and certain patient
populations (e.g., prison inmates).
Telemedicine poses a number of challenges in the diagnostic process
that may differ from those in traditional health care visits. For example,
in the absence of a prior patient–clinician relationship, a clinician may not
know enough details about the patient’s history to ask pertinent questions, which may lead clinicians to overutilize diagnostic testing (Huff,
2014). In addition, telemedicine approaches can limit a clinician’s ability
to perform a comprehensive physical exam; certain medical conditions
cannot be diagnosed effectively via a telemedicine encounter (Robison,
2014). There is also the potential for technological failures and transmis-

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

248

IMPROVING DIAGNOSIS IN HEALTH CARE

sion errors during a telemedicine encounter that can impair the diagnostic
process and medical evaluation (Carranza et al., 2010). It is important
that both patients and clinicians fully understand the telemedicine process and its associated limitations and risks, including the scope of the
diagnostic health care services that can be delivered safely through this
medium. Additionally, health care professionals may need to document
their findings differently in the absence of face-to-face interactions, given
the absence of a comprehensive physical exam. Clinicians participating in
telemedicine need to be attuned to care continuity and coordination issues
and to effectively convey to their patients who has accountability over
their care and whom they should contact for follow-up. Finally, health
care professionals will need to keep abreast of professional standards of
care and the relevant state laws that create heightened requirements for
a particular telemedicine activity and which may affect the diagnostic
process.
The following text provides an overview of telemedicine applications
in radiology, pathology, and neurology.
Teleradiology
Teleradiology has been a forerunner in telemedicine arrangements
“with on-call emergency reporting being used in over 70 percent of
radiology practices in the United States and general teleradiology by
‘nighthawk services’ around the world” (Krupinski, 2014, p. 5). In these
arrangements, outsourced, off-hour radiology interpretations are provided by physicians credentialed in the United States who are either
located within the United States or abroad. Continuous developments
in picture archiving and communication systems and radiology information systems have strengthened the overall teleradiology process, including image capture, storage, processing, and reporting. In response to
such developments, there has been an increase in the sub-specialization
of radiologists along systems- and disease-related specialties. Greater
sub-subspecialization has led to increased expansion and utilization of
teleradiology in major urban as well as rural and medically underserved
areas (Krupinski, 2014).
Telepathology
Telepathology is currently being used in select locations for a variety
of clinical applications, including the diagnosis of frozen section specimens, primary histopathological diagnoses, second opinion diagnoses,
and subspecialty pathology consultations, although telemedicine approaches could also be considered for clinical pathology purposes (Dunn
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et al., 2009; Graham et al., 2009; Kayser et al., 2000; Massone et al., 2007).
Telepathology involves a hub-site pathologist that can access a remote-site
microscope and has the ability to control the movement of the slide and
adjust magnification, focus, and lighting while the images are viewed on
a computer screen (Dunn et al., 2009). Because the field selection is accomplished by the consultant, the information obtained, except for digital
imaging capabilities, is functionally the same as the consultant would
obtain using a microscope in his or her own office. By providing immediate access to off-site pathologists as well as direct access to subspecialty
pathologists, telepathology has the potential to improve both diagnostic
accuracy and speed (turnaround time) for the patients at the remote site.
Moreover, a telepathology consultation allows the local pathologist and
consulting pathologist to examine the case at the same time, which could
improve the educational potential of the interaction because the local
pathologist can observe firsthand the diagnostic approach employed by
the consulting pathologist (Low, 2013).
Teleneurology
One application of telemedicine in neurology is telestroke, a widespread and growing practice model (Krupinski, 2014; Silva et al., 2012).
Successful management of acute ischemic stroke is extremely time-
dependent, which makes it particularly important to have technological
tools that can facilitate acute stroke evaluation and management in rural
areas and other areas underserved by neurologists and thus improve poststroke outcomes (Rubin and Demaerschalk, 2014).
A recent Mayo Clinic study explored the efficiency of remote neurological assessments in diagnosing concussions in football players on the
sidelines of games in rural Arizona. For the study, an off-site neurologist
used a portable unit to perform neurological exams on players who had
suffered possible head injuries and recommended whether the players
were safe to return to the field (Vargas et al., 2012). These types of inno
vations may help facilitate the diagnostic process, especially for timesensitive medical conditions.
mHealth and Wearable Technologies
mHealth applications7 and wearable technologies8 are transforming
health care delivery for both health care professionals and patients, and
7 Mobile applications are software programs that have been developed to run on a computer or mobile device to accomplish a specific purpose.
8 Electronics embedded in watchbands, clothing, contact lenses, or other wearable equipment.
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they have the potential to influence the diagnostic process. The recent
proliferation of mHealth applications has resulted in a broad and evolving array of mHealth applications that are available to both clinicians and
patients. mHealth applications are often designed to assist clinicians at
the point of care and include drug reference guides, medical calculators,
clinical practice guidelines, textbooks, literature search portals, and other
decision support aids. Other mHealth applications are designed specifically for patients and facilitate the gathering of diagnostic data or assist
patients in coordinating care by keeping track of their medical conditions,
diagnostic tests, and treatments.
mHealth applications may augment traditional health care professional education by providing opportunities for interactive teaching and
more personalized educational experiences for students. They also have
the potential to support clinical decision making at the point of care
(Boulos et al., 2014). A systematic review found an increase in the appropriateness of diagnostic and treatment decisions when mobile devices
were used for clinical decision support, but the researchers who performed the study noted that the evidence was limited; thus, more research
will be needed to draw reliable conclusions concerning whether and
how these mobile devices help and in what circumstances and how they
should be used (Divall et al., 2013). Other mHealth applications designed
for clinicians may serve as an alternative to traditional health IT tools and
have the potential to improve diagnosis in emergency or low-resource
settings. For example, tablets could be used to view medical images,
and recent evidence suggests that they are comparable to conventional
picture archiving and communications systems or liquid-crystal display
monitor systems in diagnosing several conditions, although further research is needed (Johnson et al., 2012; McLaughlin et al., 2012; Park et
al., 2013). Smartphones have been used in conjunction with specialized
attachments to make certain laboratory-based diagnostics more accessible
(Laksanasopin et al., 2015). For example, an adaptor with electrocardiogram electrodes may transmit electrical data that can be used to detect
abnormal heart rhythms (Lau et al., 2013). Future generations of such
technologies may be even more advanced; there is an ongoing Qualcomm
Tricorder XPRIZE in which teams are competing to build a device that can
accurately diagnose 16 health conditions and assess five vital signs in real
time (XPRIZE, 2015).
In response to an increasing demand from patients for self-monitoring
tools, a plethora of patient-centered mHealth applications have become
available. They can perform a variety of functions related to such lifestyle
factors as weight management, activity levels, and smoking cessation.
Patients may also leverage certain mHealth applications to actively participate in the diagnostic process, such as consumer symptom checkers,
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which offer patients access to targeted searches based on their symptoms
and enable patients to compile their own differential diagnoses, print out
the results, and compare their findings with their clinicians’ findings.
Other mHealth applications for patients, such as wearable technologies,
are intended to facilitate data collection, and they offer an additional
source of patient data which may improve clinicians’ ability to diagnose
certain conditions. For example, patients with diabetes may synchronize
a glucometer attachment to their mobile device to track blood glucose
and upload the data through an Internet connection (Cafazzo et al., 2012).
Despite the potential for mHealth applications to improve diagnosis,
a number of challenges remain. In particular, the quality of mobile applications can be quite variable, and there are concerns about the accuracy
and safety of these applications, especially about how well they conform
to evidence-based recommendations (Chomutare et al., 2011; Powell et al.,
2014). For example, Semigran and colleagues (2015, p. h3480) evaluated
available symptom trackers for patients and concluded that “symptom
checkers had deficits in both triage and diagnosis.” The evaluation found
that the symptom checkers identified the correct diagnosis first in 34 percent of the cases, and they listed the correct diagnosis within the top 20 list
in 58 percent of the cases (Semigran et al., 2015). Jutel and Lupton (2015,
p. 94) call for further research of these applications given their variable
development and quality—“the sheer number and constant proliferation
of medical apps in general pose difficulties for regulatory agencies to
maintain oversight of their quality and accuracy”—as well the impact of
these applications on the patient–clinician relationship.
Furthermore, there is a lack of data that support or identify the best
practices for their use, including integrating such technologies with EHRs,
patient monitoring systems, and other health IT infrastructure (Mosa et
al., 2012). Issues related to usability and health literacy will also need to
be addressed in order to ensure that mHealth applications effectively
meet user needs and facilitate the diagnostic process. The rapid pace of
innovation and the evolving regulatory framework for mHealth are other
challenges (Cortez et al., 2014).
RECOMMENDATION
Goal 3: Ensure that health information technologies support patients
and health care professionals in the diagnostic process
Recommendation 3a: Health information technology (health IT)
vendors and the Office of the National Coordinator for Health Information Technology (ONC) should work together with users to
ensure that health IT used in the diagnostic process demonstrates
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usability, incorporates human factors knowledge, integrates measurement capability, fits well within clinical workflow, provides
clinical decision support, and facilitates the timely flow of information among patients and health care professionals involved in the
diagnostic process.
Recommendation 3b: ONC should require health IT vendors to
meet standards for interoperability among different health IT systems to support effective, efficient, and structured flow of patient
information across care settings to facilitate the diagnostic process
by 2018.
Recommendation 3c: The Secretary of Health and Human Services
should require health IT vendors to:
• Routinely submit their products for independent evaluation
and notify users about potential adverse effects on the diagnostic process related to the use of their products.
• Permit and support the free exchange of information about
real-time user experiences with health IT design and implementation that adversely affect the diagnostic process.
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6
Organizational Characteristics,
the Physical Environment, and
the Diagnostic Process: Improving
Learning, Culture, and the Work System

This chapter focuses on the actions that health care organizations can
take to design a work system that supports the diagnostic process and
reduces diagnostic errors (see Figure 6-1). The term “health care organization” is meant to encompass all settings of care in which the diagnostic
process occurs, such as integrated care delivery settings, hospitals, clinician practices, retail clinics, and long-term care settings, such as nursing
and rehabilitation centers. To improve diagnostic performance, health
care organizations need to engage in organizational change and participate in continuous learning. The committee recognizes that health care
organizations may differ in the challenges they face related to diagnosis
and in their capacity to improve diagnostic performance. They will need
to tailor the committee’s recommendations to their resources and challenges with diagnosis.
The first section of this chapter describes how organizational learning
principles can improve the diagnostic process by providing feedback to
health care professionals about their diagnostic performance and by better
characterizing the occurrence of and response to diagnostic errors. The
second section highlights organizational characteristics—in particular,
culture and leadership—that enable organizational change to improve
the work system in which the diagnostic process occurs. The third section
discusses actions that health care organizations can take to improve the
work system and support the diagnostic process. For example, the physical environment (i.e., the design, layout, and ambient conditions) can affect diagnosis and is often under the control of health care organizations.
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FIGURE 6-1 Organizational characteristics and the physical environment are two
elements of the work system in which the diagnostic process occurs.
Figure 6-1
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In any health care organization, prioritizing continuous learning is
key to improving clinical practice (Davies and Nutley, 2000; IOM, 2013;
WHO, 2006). The Institute of Medicine (IOM) report Best Care at Lower
Cost concluded that health care organizations focused on continuous
learning are able to more “consistently deliver reliable performance, and
constantly improve, systematically and seamlessly, with each care experience and transition” than systems that do not practice continuing learning
(IOM, 2013, p. 1). These learning health care organizations ensure that
individual health care professionals and health care teams learn from
their successes and mistakes and also use this information to support
improved performance and patient outcomes (Davies and Nutley, 2000).
Box 6-1 describes the characteristics of a continuously learning health care
organization.
A focus on continuous learning in the diagnostic process has the potential to improve diagnosis and reduce diagnostic errors (Dixon-Woods
et al., 2011; Gandhi, 2014; Grumbach et al., 2014; IOM, 2013; Trowbridge,
2014). To support continuous learning in the diagnostic process, health
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care organizations need to establish approaches to identify diagnostic
errors and near misses and to implement feedback mechanisms on diagnostic performance. The challenges related to identifying and learning
from diagnostic errors and near misses, as well as actions health care

BOX 6-1
Characteristics of a Continuously Learning
Health Care Organization
Science and Informatics
Real-time access to knowledge—A learning health care organization continuously and reliably captures, curates, and delivers the best available evidence
to guide, support, tailor, and improve clinical decision making and the safety
and quality of care.
Digital capture of the care experience—A learning health care organization
captures the care experience on digital platforms for the real-time generation
and application of knowledge for care improvement.
Patient–Clinician Partnerships
Engaged, empowered patients—A learning health care organization is anchored on patient needs and perspectives and promotes the inclusion of
patients, families, and other caregivers as vital members of the continuously
learning care team.
Incentives
Incentives aligned for value—In a learning health care organization, incentives are actively aligned to encourage continuous improvement, identify and
reduce waste, and reward high-value care.
Full transparency—A learning health care organization systematically monitors the safety, quality, processes, prices, costs, and outcomes of care and
makes information available for care improvement and informed choices and
decision making by clinicians, patients, and their families.
Culture
Leadership-instilled culture of learning—A learning health care organization is stewarded by leadership committed to a culture of teamwork, collaboration, and adaptability in support of continuous learning as a core aim.
Supportive system competencies—In a learning health care organization,
complex care operations and processes are constantly refined through ongoing team training and skill building, systems analysis and information development, and the creation of feedback loops for continuous learning and system
improvement.
SOURCE: IOM, 2013.
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organizations and health care professional societies can take to achieve
this goal, are discussed below.
Identifying, Learning from, and Reducing
Diagnostic Errors and Near Misses
Diagnostic errors have long been an understudied and underappreciated quality challenge in health care organizations (Graber, 2005; Shenvi
and El-Kareh, 2015; Wachter, 2010). In a presentation to the committee,
Paul Epner reported that the Society to Improve Diagnosis in Medicine
“know[s] of no effort initiated in any health system to routinely and effectively assess diagnostic performance” (2014; see also Graber et al., 2014).
The paucity of attention on diagnostic errors in clinical practice has been
attributed to a number of factors. Two major contributors are the lack of
effective measurement of diagnostic error and the difficulty in detecting
these errors in clinical practice (Berenson et al., 2014; Graber et al., 2012b;
Singh and Sittig, 2015). Additional factors may include a health care organization’s competing priorities in patient safety and quality improvement, the perception that diagnostic errors are inevitable or that they are
too difficult to address, and the need for financial resources to address
this problem (Croskerry, 2003, 2012; Graber et al., 2005; Schiff et al., 2005;
Singh and Sittig, 2015). These challenges make it difficult to identify, analyze, and learn from diagnostic errors in clinical practice (Graber, 2005;
Graber et al., 2014; Henriksen, 2014; Singh and Sittig, 2015).
Compared to diagnostic errors, other types of medical errors—
including medication errors, surgical errors, and health care–acquired
infections—have historically received more attention within health care
organizations (Graber et al., 2014; Kanter, 2014; Singh, 2014; Trowbridge,
2014). This is partly attributable to the lack of focus on diagnostic errors within national patient safety and quality improvement efforts. For
example, the Agency for Healthcare Research and Quality’s (AHRQ’s)
Patient Safety Indicators and The Joint Commission’s list of specific sentinel events do not focus on diagnostic errors (AHRQ, 2015b; The Joint
Commission, 2015a; Schiff et al., 2005). The National Quality Forum’s
Serious Reportable Events list includes only one event closely tied to
diagnostic error, which is “patient death or serious injury resulting from
a failure to follow up or communicate laboratory, pathology, or radiology
test results” (NQF, 2011). The neglect of diagnostic performance measures
for accountability purposes means that hospitals today could meet standards for high-quality care and be rewarded through public reporting and
pay-for-performance initiatives even if they have major challenges with
diagnostic accuracy (Wachter, 2010).
While current research estimates indicate that diagnostic errors are
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a common occurrence, health care organizations “do not have the tools
and strategies to measure diagnostic safety and most have not integrated
diagnostic error into their existing patient safety programmes” (Singh and
Sittig, 2015, p. 103). Identifying diagnostic errors within clinical practice is
critical to improving diagnosis for patients, but measurement has become
an “unavoidable obstacle to progress” (Singh, 2013, p. 789). The lack of
comprehensive information on diagnostic errors within clinical practice
perpetuates the belief that these errors are uncommon or unavoidable
and impedes progress on reducing diagnostic errors. Improving diagnosis
will likely require a concerted effort among all health care organizations
and across all settings of care to better identify diagnostic errors and
near misses, learn from them, and, ultimately, take steps to improve the
diagnostic process. Thus, the committee recommends that health care
organizations monitor the diagnostic process and identify, learn from,
and reduce diagnostic errors and near misses as a component of their
research, quality improvement, and patient safety programs. In addition to identifying near misses and errors, health care organizations can
also benefit from evaluating factors that are contributing to improved
diagnostic performance.
Given the nascent field of measurement of the diagnostic process, the
committee concluded that bottom-up experimentation will be necessary
to develop approaches for monitoring the diagnostic process and identifying diagnostic errors and near misses. It is unlikely that one specific
method will be successful at identifying all diagnostic errors and near
misses; some approaches may be more appropriate than others for specific organizational settings, types of diagnostic errors, or for identifying
specific causes. It may be necessary for health care organizations to use
a variety of methods in order to have a better sense of their diagnostic
performance (Shojania, 2010). As further information is collected regarding the validity and feasibility of specific methods for monitoring the
diagnostic process and identifying diagnostic errors and near misses,
this information will need to be disseminated in order to inform efforts
within other health care organizations. The dissemination of this information will be especially important for health care organizations that do not
have the financial and human resources available to pilot-test some of
the potential methods for the identification of diagnostic errors and near
misses. In some cases, small group practices may find it useful to pool
their resources as they explore alternative approaches to identify errors
and near misses and monitor the diagnostic process.
As discussed in Chapter 3, there are a number of methods being
employed by researchers to describe the incidence and nature of diagnostic errors, including postmortem examinations, medical record reviews,
health insurance claims analysis, medical malpractice claims analysis, sec-
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ond reviews of diagnostic testing, and surveys of patients and clinicians.
Some of these methods may be better suited than others for identifying
diagnostic errors and near misses in clinical practice. Medical record
reviews, medical malpractice claims analysis, health insurance claims
analysis, and second reviews in diagnostic testing may be more pragmatic
approaches for health care organizations because they leverage readily
available data sources. Patient surveys may also be an important mechanism for health care organizations to consider. It is important to note that
many of the methods described below are just beginning to be applied to
diagnostic error detection in clinical practice; very few are validated or
available for widespread use in clinical practice (Bhise and Singh, 2015;
Graber, 2013; Singh and Sittig, 2015).
Medical record reviews can be a useful method to identify diagnostic
errors and near misses because health care organizations can leverage
their electronic health records (EHRs) for these analyses. The committee’s
recommendation on health information technology (health IT) highlights
the need for EHRs to include user-friendly platforms that enable health
care organizations to measure diagnostic errors (see Chapter 5). Trigger
tools, or algorithms that scan EHRs for potential diagnostic errors, can be
used to identify patients who have a higher likelihood of experiencing a
diagnostic error. For example, they can identify patients who return for
inpatient hospitalization within 2 weeks of a primary care visit or patients
who require follow-up after abnormal diagnostic testing results. Review
of their EHRs can evaluate whether a diagnostic error occurred, using
explicit or implicit criteria. For diagnostic errors, these tools have been
piloted primarily in outpatient settings, but they are also being considered in the inpatient setting (Murphy et al., 2014; Shenvi and El-Kareh,
2015; Singh et al., 2012a). EHR surveillance, such as Kaiser Permanente’s
SureNet System,1 is another opportunity to detect patients at risk of experiencing a diagnostic error (Danforth et al., 2014; Graber et al., 2014;
HIMSS Analytics, 2015; Kanter, 2014). The SureNet System identifies patients who may have inadvertent lapses in care (such as a patient with
iron deficiency anemia who has not had a colonoscopy to rule out colon
cancer) and ensures that follow-up occurs by proactively reaching out to
affected patients and members of their care team.
Medical malpractice claims analysis is another approach to identifying diagnostic errors and near misses in clinical practice. Chapter 7 discusses the importance of leveraging the expertise of professional liability
insurers in efforts to improve diagnosis and reduce diagnostic errors and
near misses. Health care professionals and organizations can collaborate
with professional liability insurers in efforts to identify diagnostic errors
1

Kaiser Permanente’s SureNet System was previously known as the SafetyNet System.
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and near misses in clinical practice; because of the richness of the data
source, this method could also be helpful in identifying the reasons why
diagnostic errors occur. However, there are limitations with malpractice
claims data because these claims may not be representative; few people
who experience adverse events file claims, and the ones who do are more
likely to have experienced serious harm.
Although there are few examples of using health insurance claims
data to identify diagnostic errors and near misses, this may be a useful method, especially if it is combined with other approaches (e.g., if
it is linked to medical records or diagnostic testing results). One of the
advantages of this data source is that it makes it possible to assess the
downstream clinical consequences and costs of errors. It also enables comparisons across different settings, types of clinicians, and days of the week
(which can be important because there may be some days when staffing
is low and the volume of patients unexpectedly high).
Second reviews of diagnostic testing results could also help health
care organizations identify diagnostic errors and near misses related to
the interpretive aspect of the diagnostic testing processes. A recent guideline recommended that health care organizations use second reviews in
anatomic pathology to identify disagreements and potential interpretive
errors (Nakhleh et al., 2015). The guideline notes that organizations will
likely need to tailor the second review process that they employ and the
number of reviews they conduct to their specific needs and resources
(Nakhleh et al., 2015). Some organizations include anatomic pathology
second reviews as part of their quality assurance and improvement efforts. The Veterans Health Administration requires that “[a]t least 10
percent of the cytotechnologist’s gynecologic cases that have been interpreted to be negative are routinely rescreened, and are diagnosed and
documented as being negative by a qualified pathologist” (VHA, 2008,
p. 32). Though the infrastructure for peer review in radiology is still
evolving, there are now frameworks specific to radiology for identifying
and learning from diagnostic errors (Allen and Thorwarth, 2014; Lee et al.,
2013; Provenzale and Kranz, 2011). In addition to the use of peer review
in identifying errors, there is an increasing emphasis on using peer review
tools to promote peer learning and improve practice quality (Allen and
Thorwarth, 2014; Brook et al., 2015; Fotenos and Nagy, 2012; Iyer et al.,
2013; Kruskal et al., 2008). Organizations can participate in the American
College of Radiology’s RADPEER™ program, which includes a second review process that can help identify diagnostic performance issues related
to medical image interpretation (ACR, 2015).
Patient surveys represent another opportunity. The use of such surveys is in line with the committee’s recommendation to create environments in which patients and their families feel comfortable sharing their
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feedback and concerns about diagnostic errors and near misses (see Chapter 4). Eliciting this information via surveys may be helpful in identifying
errors and near misses, and it can also provide useful feedback to the
organization and health care professionals (see section below on feedback). For example, a recent patient-initiated voluntary survey of adverse
events found that harm was commonly associated with reported diagnostic errors and the survey identified actions that patients believed could
improve care (Southwick et al., 2015).
In addition to identifying diagnostic errors that have already occurred, some methods used to monitor the diagnostic process and identify
diagnostic errors can be used for error recovery. Error recovery is the process of identifying failures early in the diagnostic process so that actions
can be taken to reduce or avert negative effects resulting from the failure
(IOM, 2000). Methods that identify failures in the diagnostic process or
catch diagnostic errors before significant harm is incurred could make it
possible to avoid diagnostic errors or to intervene early enough to avert
significant harm. By scanning medical records to identify lapses in care,
the SureNet system supports error recovery by identifying patients at risk
of experiencing a diagnostic error (Danforth et al., 2014; HIMSS Analytics,
2015; Kanter, 2014) (see also section on a supportive work system).
Beyond identifying diagnostic errors and near misses, organizational
learning aimed at improving diagnostic performance and reducing diagnostic errors will also require a focus on understanding where in the diagnostic process the failures occur, the work system factors that contribute
to their occurrence, what the outcomes were, and how these failures may
be prevented or mitigated (see Chapter 3). For example, the committee’s
conceptual model of the diagnostic process describes the steps within the
process that are vulnerable to failure: engagement, information gathering,
integration, interpretation, establishing a diagnosis, and communication
of the diagnosis. If a health care organization is evaluating where in the
diagnostic testing process a failure occurs, the brain-to-brain loop model
may be helpful in conducting these analyses, in particular by articulating
the five phases of testing: pre-pre-analytical, pre-analytical, analytical,
post-analytical, and post-post-analytical (Plebani and Lippi, 2011; Plebani
et al., 2011).
It is also important to determine the work system factors that contribute to diagnostic errors and near misses. Some of the data sources
and methods mentioned above, such as malpractice claims analyses and
medical record reviews, can provide valuable insights into the causes
and outcomes of diagnostic errors. Health care organizations can also
employ formal error analysis and other risk assessment methods to understand the work system factors that contribute to diagnostic errors and
near misses. Relevant analytical methods include root cause analysis,
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cognitive autopsies, and morbidity and mortality (M&M) conferences
(Gandhi, 2014; Graber et al., 2014; Reilly et al., 2014). Root cause analysis
is a problem-solving method that attempts to identify the factors that
contributed to an error; these analyses take a systems approach by trying
to identify all of the underlying factors rather than focusing exclusively
on the health care professionals involved (AHRQ, 2014b). Maine Medical
Center recently conducted a demonstration program to inform clinicians
about the root causes of diagnostic errors. They created a novel fishbone
root cause analysis procedure, which visually represents the multiple
cause and effect relationships responsible for an error (Trowbridge, 2014).
Organizations and individuals can also take advantage of continuing
education opportunities focused on using root cause analysis to study
diagnostic errors in order to improve their ability to identify and understand diagnostic errors (Reilly et al., 2015). The cognitive autopsy is a
variation of a root cause analysis that involves a clinician reflecting on
the reasoning process that led to the error in order to identify causally
relevant shortcomings in reasoning or decision making (Croskerry, 2005).
M&M conferences bring a diverse group of health care professionals together to learn from errors (AHRQ, 2008). These can be useful, especially
if they are framed from a patient safety perspective rather than focusing
on attributing blame. Other analytical methods used in human factors and
ergonomics research could also be applied in health care organizational
settings to further elucidate the work system components that contribute
to diagnostic errors (see Chapter 3) (Bisantz and Roth, 2007; Carayon et
al., 2014; Kirwan and Ainsworth, 1992; Rogers et al., 2012; Roth, 2008;
Salas et al., 1995).
As health care organizations develop a better understanding of diagnostic errors within their organizations, they can begin to implement and
evaluate interventions to prevent or mitigate these errors as part of their
patient safety, research, and quality improvement efforts. To date, there
have been relatively few studies that have evaluated the impact of interventions on improving diagnosis and reducing diagnostic errors and near
misses; three recent systematic reviews summarized current interventions
(Graber et al., 2012a; McDonald et al., 2013; Singh et al., 2012b). These
reviews found that the measures used to evaluate the interventions were
quite heterogeneous, and there were concerns about the generalizability
of some of the findings to clinical practice. Health care organizations can
take into consideration some of the methodological challenges identified
in these reviews in order to ensure that their evaluations generate muchneeded evidence to identify successful interventions.
The Medicare conditions of participation and accreditation organizations can be leveraged to ensure that health care organizations have
appropriate programs in place to identify diagnostic errors and near
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misses, learn from them, and improve the diagnostic process. The Medicare conditions of participation are requirements that health care organizations must meet in order to receive payment (CMS, 2015a). State survey
agencies and accreditation organizations (such as The Joint Commission,
the Healthcare Facilities Accreditation Program, the Accreditation Commission for Health Care, the College of American Pathologists, and Det
NorskeVeritas-Germanischer Lloyd) determine whether organizations are
in compliance with the Medicare conditions of participation through
surveys and site visits. Some of these organizations accredit the broad
range of health care organizations, while others confine their scope to a
single type of health care organization. Other accreditation bodies, such
as the National Committee for Quality Assurance (NCQA), provide administrative and clinical accreditation and certification of health plans
and provider organizations. For example, NCQA offers accountable care
organization (ACO) accreditation, which evaluates an organization’s capacity to provide the coordinated, high-quality care and performance-reporting that is required of ACOs (NCQA, 2013). Accreditation processes,
federal oversight, and quality improvement efforts specific to diagnostic
testing can also be used to ensure quality in the diagnostic process (see
Chapter 2). By leveraging the Medicare conditions of participation requirements and accreditation processes, it may be possible to use the
existing oversight programs that health care organizations have in place
to monitor the diagnostic process and to ensure that the organizations
are identifying diagnostic errors and near misses, learning from them,
and making timely efforts to improve diagnosis. Thus, the committee
recommends that accreditation organizations and the Medicare conditions of participation should require that health care organizations have
programs in place to monitor the diagnostic process and identify, learn
from, and reduce diagnostic errors and near misses in a timely fashion.
As more is learned about successful program approaches, accreditation
organizations and the Medicare conditions of participation should incorporate these proven approaches into updates of these requirements.
Postmortem Examinations
The committee recognized that many approaches to identifying diagnostic errors are important, but the committee thought that the postmortem examination (also referred to as an autopsy) warranted additional
committee focus because of its role in understanding the epidemiology of
diagnostic error. Postmortem examinations are typically performed to determine cause of death and can reveal discrepancies between premortem
and postmortem clinical findings (see Chapter 3). However, the number
of postmortem examinations performed in the United States has declined
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substantially since the 1960s (Hill and Anderson, 1988; Lundberg, 1998;
MedPAC, 1999). One of the contributors to the decline is that in 1971
The Joint Commission eliminated the requirement that hospitals conduct
these examinations on a certain percentage of deaths in their facility—20
percent in community hospitals and 25 percent in teaching facilities—in
order to receive accreditation (Allen, 2011; CDC, 2001). Cost is another factor; according to a survey of medical institutions in eight states, researchers in 2006 estimated that the mean cost of performing a postmortem
examination was $1,275 (Nemetz et al., 2006). Insurers do not directly
pay for postmortem examinations, as they typically limit payment to procedures for living patients. Medicare bundles payment for postmortem
examinations into its payment for quality improvement activities, which
may also disincentivize their performance (Allen, 2011).
Given the steep decline in postmortem examinations, there is interest
in increasing their use. For example, Hill and Anderson (1988) recommended that half of all deaths in hospitals, nursing homes, and other accredited medical facilities receive a postmortem examination. Lundberg
(1998) recommended reinstating the mandate that a percentage of hospital
deaths undergo postmortem examination, either to meet Medicare conditions of participation or accreditation standards. The Medicare Payment Advisory Commission proposed a number of recommendations
designed to increase the postmortem examination rate and evaluate their
potential for use in “quality improvement and error reduction initiatives”
(MedPAC, 1999, p. xviii).
The committee concluded that a new approach to increasing the use
of postmortem examinations is warranted. The committee weighed the
relative merits of increasing the number of postmortem examinations
conducted throughout the United States versus a more targeted approach.
The requirements for postmortem examinations in the current Medicare
conditions of participation state that postmortem examinations should be
performed when there is an unusual death; in particular, these requirements state that “medical staff should attempt to secure an autopsy [postmortem examination] in all cases of unusual death and of medical–legal
and educational interest” (CMS, 2015b, p. 210). In these circumstances, the
committee concluded that health care organizations should continue to
perform these postmortem examinations. In addition, the committee concluded that it is appropriate to have a limited number of highly qualified
health care systems participate in conducting routine postmortem exams
that produce research-quality information about the incidence and nature
of diagnostic errors. Thus, the committee recommends that the Department of Health and Human Services (HHS) should provide funding
for a designated subset of health care systems to conduct routine postmortem examinations on a representative sample of patient deaths. To
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accomplish this, these health care systems need to reflect a broad array
of different settings of care and could receive funding to perform routine
postmortem examinations in a representative sample of patient deaths. A
competitive grant process could be used to identify these systems.
In recognition that not all patients’ next of kin will consent to the
performance of a postmortem examination, these systems can characterize the frequency with which the request for a postmortem examination is
refused and thus better describe the risk of response bias in results. This
approach will likely provide better epidemiologic data and it represents
an advance over current selection methods for performing postmortem
examinations, because clinicians do not seem to be able to predict cases
in which diagnostic errors will be found (Shojania et al., 2002, 2003). The
data collected from health care systems that are highly qualified to conduct routine postmortem examinations may not be representative of all
systems of care. However, the committee concluded that this is a more
feasible approach, given the financial and workforce demands of conducting postmortem examinations.
Findings from the health care systems that perform routine postmortem examinations can then be disseminated to the broader health care
community. Participating health care systems could be required to produce annual reports on the epidemiology of diagnostic errors found by
postmortem exams, the value of postmortem examinations as a tool for
identifying and reducing such errors, and, if relevant, the role and value
of postmortem examinations in quality improvement efforts.
These health care systems could also investigate how new, minimally invasive postmortem approaches compare with traditional full
body postmortem examinations. Less invasive approaches include the use
of medical imaging, laparoscopy, biopsy, histology, and cytology. Given
the advances in molecular diagnostics and advanced imaging techniques,
these new approaches could provide useful insights into the incidence of
diagnostic error and may be more acceptable options for patients’ next of
kin. For example, instead of conducting a full body postmortem exam,
pathologists could biopsy tissue samples from an organ where disease is
suspected and conduct molecular analysis (van der Linden et al., 2014).
Some studies suggest that minimally invasive postmortem examinations
(including a combination of medical imaging with other minimally invasive postmortem investigations) have been found to have accuracy similar
to that of conventional postmortem examinations in fetuses, newborns,
and infants (Lavanya et al., 2008; Pichereau et al., 2015; Ruegger et al.,
2014; Thayyil et al., 2013; Weustink et al., 2009). Postmortem imaging in
adults has shown less promise for replacing postmortem exams, but these
techniques continue to be actively explored (O’Donnell and Woodford,
2008; Roberts et al., 2012). A concern with minimally invasive postmor-
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tem imaging is that it may be subject to similar limitations that affect
imaging in living patients, and may not detect premortem and postmortem discrepancies. Further understanding the benefits and limitations of
minimally invasive approaches may provide critical information moving
forward. If successful approaches to minimally invasive postmortem examinations are found, they could play a role in reestablishing the practice
of routine postmortem investigation in medicine (Saldiva, 2014).
Improving Feedback
Feedback is a critical mechanism that health care organizations can
use to support continuous learning in the diagnostic process. The Best
Care at Lower Cost report called for the creation of feedback loops that
support continuous learning and system improvement (IOM, 2013). As it
relates to diagnosis, feedback entails informing an individual, team, or organization about its diagnostic performance, including its successes, near
misses, and diagnostic errors (Black, 2011; Croskerry, 2000; Gandhi, 2014;
Gandhi et al., 2005; Schiff, 2008, 2014; Trowbridge, 2014). The committee
received substantial input indicating that there are limited opportunities
for feedback on diagnostic performance (Dhaliwal, 2014; Henriksen, 2014;
Schiff, 2014; Singh, 2014; Trowbridge, 2014). There are often not systems in
place to provide clinicians with input on whether they made an accurate,
timely diagnosis or if their patients experienced a diagnostic error. The
failure to follow up with patients about their diagnosis and treatment—
in both the near term and the long term—is a major gap in improving
diagnosis.
The committee concluded that improving diagnostic performance
requires feedback at all levels of health care. Feedback can help clinicians
assess how well they are performing in the diagnostic process, correct
overconfidence, identify when remediation efforts are needed, and reduce
the likelihood of repeated mistakes (Berner and Graber, 2008; Croskerry
and Norman, 2008). Feedback on diagnostic performance can also provide
opportunities for health care organizational learning and improvements
to the work system (Plaza et al., 2011). To improve the opportunities for
feedback, the committee recommends that health care organizations
should implement procedures and practices to provide systematic feedback on diagnostic performance to individual health care professionals,
care teams, and clinical and organizational leaders.
Box 6-2 identifies some characteristics for effective feedback interventions (Hysong et al., 2006; Ivers et al., 2014). Feedback interventions
in high-performing organizations have been found to share a number of
characteristics, including being actionable, timely, individualized, and
nonpunitive; a nonpunitive culture helps foster an environment in which
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BOX 6-2
Characteristics of Effective Feedback Interventions
Feedback
• Is nonpunitive
• Is actionable
• Is timely
• Is individualized
• Comes from the appropriate individual (i.e., a trusted source)
• Targets behavior that can be affected by feedback
• Is provided to recipients who are responsible for improvement
• Includes a description of the desired performance/behavior
SOURCES: Hysong et al., 2006; Ivers et al., 2014.

mistakes can be viewed as opportunities for growth and improvement
(Hysong et al., 2006). Other studies have found that feedback is likely to
have the largest effect when baseline performance is low and feedback
occurs regularly (Ivers et al., 2012; Lopez-Campos et al., 2014). Tailoring
the feedback approach to the individual recipient and choosing an appropriate source of feedback (e.g., supervisor versus a peer as the provider
of feedback) are important variables in determining how well recipients
will respond (Ilgen et al., 1979).
Health care organizations need to be aware of the factors that can
impede the provision of feedback, such as the fragmentation of the health
care system, resistance to critical feedback from clinicians, and the lack
of time for follow-up (Schiff, 2008). In addition, improving feedback will
likely require health care organizations to invest additional time and resources for developing systematic feedback mechanisms.
There are many opportunities to provide feedback in clinical practice. Methods to monitor the diagnostic process and identify diagnostic
errors and near misses can be leveraged as mechanisms to provide
feedback. Feedback opportunities include disseminating postmortem
examination results to clinicians who were involved in the patient’s
care; sharing the results of patient surveys, medical record reviews, or
information gained through follow-up with the health care professionals; using patient-actors or simulated care scenarios to assess and inform
health care professionals’ diagnostic performance; and others (Schwartz
and Weiner, 2014; Schwartz et al., 2012; Southwick et al., 2015; Weiner
et al., 2010). As discussed in Chapter 4, patients and their families have
unique insights into the diagnostic process and the occurrence of di-
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agnostic error; therefore, following up with patients and their families
about their experiences and outcomes will be an important source of
feedback (Schiff, 2008). AHRQ recently proposed recommendations for
the development of consumer and patient safety reporting systems,
which organizations can use for feedback and learning purposes (AHRQ,
2011). M&M conferences, root cause analyses, departmental meetings,
and leadership WalkRounds2 provide additional opportunities to provide feedback to health care professionals, care teams, and leadership
about diagnostic performance.
Peer review processes, including second reviews of anatomic pathology specimens and medical images, can also be utilized for feedback, and
there is an increasing emphasis on using peer-review tools to promote
peer learning and improve practice quality (Allen and Thorwarth, 2014;
Brook et al., 2015; Fotenos and Nagy, 2012; Iyer et al., 2013; Kruskal et al.,
2008). For example, RADPEER™ allows anonymous peer review of previous image interpretations by integrating previous images into current
workflow to allow for a nondisruptive peer review process. Summary
statistics of image reviews are made available to participating groups and
clinicians to improve performance (ACR, 2015). As of 2013, 16,450 clinicians in 1,127 groups were enrolled in the RADPEER™ program; 1,218
clinicians had used or were using the program as part of the American
Board of Radiology’s Practice Quality Improvement project for maintenance of certification (ACR, 2013). Performance monitoring programs
designed to satisfy the requirements of the Mammography Quality Standards Act have been used to improve feedback on diagnostic performance
on mammography to radiologists and medical imaging facilities (Allen
and Thorwarth, 2014).
Leveraging Health Care Professional Societies’
Efforts to Improve Diagnosis
Health care organizations can leverage external input from health
care professional societies to inform the organizations’ efforts to monitor
and improve the diagnostic process. For example, health care professional
societies and their members can help develop and prioritize approaches
to improve diagnosis specific to their specialties. By engaging health care
professional societies, efforts to improve diagnosis can build on professionalism and intrinsic motivation. Thus, the committee recommends
2

Leadership WalkRounds are a tool to connect leadership with frontline clinicians and
health care professionals. They consist of leadership (senior executives, vice presidents, etc.)
making announced or unannounced visits to different areas of the organization to engage
with frontline employees (IHI, 2004).
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that health care professional societies should identify opportunities to
improve accurate and timely diagnoses and reduce diagnostic errors in
their specialties.
Such an effort could be modeled on the Choosing Wisely initiative,
which was initiated by the American Board of Internal Medicine Foundation to encourage patient and health care professional communication as
a way to ensure high-quality, high-value care. The initiative invited health
care professional societies to each develop a list of five services (i.e., tests,
treatments, and procedures) that are commonly used in practice but may
be unnecessary or not supported by the evidence as improving patient
care. These lists were made publicly available as a way of encouraging discussions about appropriate care between patients and health care
professionals. Choosing Wisely received national media attention and
engaged more than 50 health care professional societies (Choosing Wisely,
2015). A major lesson from the Choosing Wisely initiative is the importance of beginning with a small group of founding organizations and
then expanding membership. Engaging consumer groups as the program
progressed was also an important component of the initiative. Another
factor in the initiative’s success was that it allowed flexibility within limits; participating health care professional societies and boards were given
flexibility in identifying their “Top 5” lists, but items on each list had to be
evidence-based and within the purview of that particular society.
Early efforts on prioritization could focus on identifying the most
common diagnostic errors and “don’t miss” health conditions, such as
those that present the greatest likelihood for diagnostic errors and harm
(Newman-Toker et al., 2013). For example, stroke, acute myocardial infarction, or pulmonary embolism may be important areas of focus in
the emergency department setting while cancer is a frequently missed
diagnosis in the ambulatory care setting (CRICO, 2014; Gandhi et al.,
2006; Newman-Toker et al., 2013; Schiff et al., 2013). Efforts to improve
diagnosis can include a focus on the quality and safety of diagnosis as
well as increasing efficiency and value, such as identifying inappropriate diagnostic testing. Another approach may be for societies to identify
“low-hanging fruit,” or targets that are easily remediable, as a high priority. Doing this may increase the likelihood of having early successes that
can contribute to the long-term success of the effort (Kotter, 1995). Some
groups may identify particular actions, tools, or approaches to reduce errors associated with a particular diagnosis within their specialties (such
as checklists, second reviews, or decision support tools).
Each society could identify five high-priority areas to improve diagnosis. The groups would need to be given latitude in the identification of their targets, and, as was the case in Choosing Wisely, a primary
constraint could be that there must be evidence indicating that adopting
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the recommendation would result in improving diagnosis or reducing
diagnostic error. This could also be an opportunity for health care professional societies to collaborate, especially in cases of diagnoses that may be
missed because of the inappropriate isolation of symptoms among specialties. For example, urologists, primary care clinicians, and neurologists
could collaborate to make the diagnosis of normal pressure hydrocephalus (symptoms include frequent urination, a type of balance problem, and
some memory loss) a “not to be missed” diagnosis (McDonald, 2014).
ORGANIZATIONAL CHARACTERISTICS FOR
LEARNING AND IMPROVED DIAGNOSIS
Health care organizations influence the work system in which diagnosis occurs and also play a vital role in implementing changes to improve
diagnosis and prevent diagnostic errors. The committee identified organizational culture and organizational leadership and management as key
characteristics for ensuring continuous learning from and improvements
to the diagnostic process. Health care organizations are responsible for developing a culture that promotes a safe place for all health care professionals to identify and learn from diagnostic errors. Organizational leaders
and managers can facilitate this culture and set the priorities to achieve
progress in improving diagnostic performance and reducing diagnostic
errors. The committee drew on the broader quality and patient safety literature to inform this discussion; making connections to previous efforts
to improve quality and safety is particularly important, given the limited
focus on improving diagnosis in the patient safety and quality improvement literature. The committee concluded that many of the findings from
the broader fields of quality improvement and patient safety have the
potential to reduce diagnostic errors and improve diagnosis. However,
this also represents a research need—further studies need to evaluate the
generalizability of these findings to diagnosis (see Chapter 8).
Promoting a Culture for Improved Diagnosis
As discussed in Chapter 1, health care organizations can leverage four
major cultural movements in health care—patient safety, professionalism,
patient engagement, and collaboration—to create a local environment
that supports continuous learning and improvement in diagnosis. Organizational culture refers to an organization’s norms of behavior and the
shared basic assumptions and values that sustain those norms (Kotter,
2012; Schein, 2004). Though the cultures in most health care organizations exhibit common elements, they can differ considerably due to varying missions, values, and histories. Another factor that makes culture in
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health care organizations more complicated is the presence of subcultures
(multiple distinct sets of norms and beliefs within a single organization)
(Schein, 2004). Subcultures can reflect the individual attitudes of a nurse
manager on a specific hospital floor or interprofessional differences that
spring from the long history and social concerns of each health care profession (Hall, 2005). The existence of multiple cultures within a single
health care organization may make it difficult to promote the shared values, goals, and approaches necessary for improving diagnosis.
Some aspects of culture may promote diagnostic accuracy, such as the
intrinsic motivation of health care professionals to deliver high-quality
care and the dedicated focus on quality and safety found in some health
care organizations. Other aspects of culture may be detrimental to efforts
to improve diagnosis, including the persistence of punitive, fault-based
cultures; cultural taboos on providing peer feedback; hierarchical attitudes that are misaligned with team-based practice; and the acceptance
of the inevitability of errors. Punitive cultures that emphasize discipline
and punishment for those who make mistakes are not conducive to improved diagnostic performance; this type of culture thwarts the learning
process because health care professionals fear the consequences of reporting errors (Hoffman and Kanzaria, 2014; Khatri et al., 2009; Larson, 2002;
Schiff, 1994). Clinicians within these settings may also feel uneasy about
providing feedback to colleagues about their diagnostic performance or
the occurrence of diagnostic errors (Gallagher et al., 2013; Tucker and
Edmondson, 2003).
There have been multiple calls for health care organizations to create
nonpunitive cultures that encourage communication and learning (IOM,
2000, 2004, 2013). Despite these efforts, a punitive culture persists within
some health care organizations (Chassin, 2013; Chassin and Loeb, 2013).
For example, a recent survey found that less than half (44 percent) of
health care professionals perceived that their organizations had a nonpunitive response to error (AHRQ, 2014a). The fault-based medical liability
system and, in rare cases, clinicians who exhibit unprofessional or intimidating behavior also contribute to the persistence of punitive cultures
(Chassin, 2013; Chassin and Loeb, 2013).
Cultures that continue to view diagnosis as a solitary clinician activity discount the important roles of teamwork and collaboration. A culture
that validates the perspective that diagnostic errors are inevitable may
also pose problems. When these cultural attitudes are pervasive within
health care organizations, attempts to improve diagnosis are challenging
(Berner and Graber, 2008).
Changing an organization’s culture is often difficult, and there are
many opportunities throughout the change process where failure can occur (Kotter, 1995). Health care organizations may be hesitant to attempt
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culture change because of system inertia, concern that benefits due to the
present culture could be lost, or because there is uncertainty regarding
which approaches to improving culture work best in a given organizational
setting (Chassin, 2013; Coiera, 2011; Parmelli et al., 2011). Organizations
may attempt to implement multiple change processes simultaneously, and
this can lead to change fatigue, where employees experience burnout3 and
apathy (Perlman, 2011). Other factors may include: the failure to convey
the urgent need for change; poor communication of the successes that
have resulted from change; the inadequate identification, preparation,
or removal of barriers to change; and insufficient involvement of leadership and management in the change initiative (Chassin, 2013; Hines et al.,
2008; IOM, 2013; Kotter, 1995, 2012). Although the challenges to cultural
change can be significant, the committee concluded that addressing organizational culture is central to improving diagnosis (Gandhi, 2014; Kanter,
2014; Thomas, 2014). Thus, the committee recommends that health care
organizations should adopt policies and practices that promote a nonpunitive culture that values open discussion and feedback on diagnostic
performance.
There are a variety of approaches that can be employed to improve
culture (Davies et al., 2000; Etchegaray et al., 2012; Schein, 2004; Schiff,
2014; Williams et al., 2007). The measurement of an organization’s culture
is often a first step in the improvement process because it facilitates the
identification of cultural challenges and the evaluation of interventions
(IOM, 2013). A number of measurement tools are available, including
surveys to identify health care professionals’ perception of their organization’s culture (AHRQ, 2014c; Farley et al., 2009; Modak et al., 2007; Sexton
et al., 2006; Watts et al., 2010).
Organizations can create a culture that supports learning and continual improvement by implementing a just culture, also referred to as a
culture of safety (IOM, 2004; Kanter, 2014; Khatri et al., 2009; Larson, 2002;
Marx, 2001; Milstead, 2005). A just culture balances competing priorities—
learning from error and personal accountability—by understanding that
health care is a complex activity involving imperfect individuals who will
make mistakes, while not tolerating reckless behavior (AHRQ, 2015a).
The just culture approach distinguishes between “human error” (an inadvertent act by a clinician, such as a slip or lapse), “at-risk behavior”
(taking shortcuts, violating a safety rule without perceiving it as likely to
cause harm), and “reckless behavior” (conscious choices by clinicians to
3

The term “burnout” is defined as occupational stress resulting from demanding and
emotional relationships between health care professionals and patients that is marked by
emotional exhaustion, a negative attitude toward one’s patients, and the belief that one is
no longer effective at work with patients (Bakker et al., 2005).
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engage in behavior they know poses a significant risk, such as ignoring
required safety steps). The just culture model recommends “consoling the
clinician” involved in human error, “coaching the clinician” who engages
in at-risk behavior, and reserving discipline only for clinicians whose
behavior is truly reckless. Further refinements to this approach employ
a “substitution test” (i.e., would three other clinicians with similar skills
and knowledge do the same in similar circumstances?) to identify situations in which system flaws have developed that create predisposing
conditions for the error in question to occur. Finally, whether or not the
clinician has a history of repeatedly making the same or similar mistakes
is considered in formulating an appropriate response to error.
Health care organizations can also look to high reliability organizations (HROs), which operate in high-stakes conditions but maintain high
safety levels (such as those found in the nuclear power and aviation industries). Health care organizations can benefit from adapting the traits
of HRO cultures, such as rejecting complacency and focusing on error
reduction (Chassin and Loeb, 2011; Singh, 2014; Thomas, 2014; Weick and
Sutcliffe, 2011). The involvement of supportive and committed leadership
is another component of successful attempts to improve culture and is a
key component of HRO success (Chassin, 2013; Hines et al., 2008; IOM,
2013; Kotter, 1995, 2012).
Health care organizations can espouse cultural values that support
the open discussion of diagnostic performance and improvement (Davies
and Nutley, 2000) (see Box 6-3). The culture needs to promote the discussion of error and offer psychological safety (Jeffe et al., 2004; Kachalia,
2013). Successes need to be celebrated, and mistakes need to be treated as
opportunities to learn and improve. Complacency with regard to current
diagnostic performance needs to be replaced with an enduring desire for
continuing improvement. An emphasis on teamwork is critical, and it can
be facilitated by a culture that values the development of trusting, mutually respectful relationships among health care professionals, patients and
their family members, and organizational leadership.
Despite the difficulties one faces in implementing culture change,
health care organizations have begun to make changes that can improve
patient safety (Chassin and Loeb, 2013). For instance, changing culture
was a critical factor in sustaining the reduction in intensive care unit–
acquired central line bloodstream infections in Michigan state hospitals
(Pronovost et al., 2006, 2008, 2010). Cincinnati Children’s Hospital has
focused on better process design that leverages human factors expertise
and on building a culture of reliability (Cincinnati Children’s Hospital,
2014). A number of health care organizations have undertaken the process of instituting a just culture by prioritizing learning and fairness and
creating an atmosphere of transparency and psychological safety (Marx,
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BOX 6-3
Important Cultural Values for Continuously
Learning Health Care Systems
•
•
•

•

•

•

•

•

 elebration of success. If excellence is to be pursued with vigor and comC
mitment, its attainment needs to be valued within the organizational culture.
Absence of complacency. Learning organizations value innovation and
change—they are searching constantly for new ways to improve their
outcomes.
Recognition of mistakes as opportunities to learn. Learning from failure is a
prerequisite for achieving improvement. This requires a culture that accepts
the positive spin-offs from errors, rather than seeking to blame. This does
not imply a tolerance of routinely poor or mediocre performance from which
no lessons are learned or of reckless disregard for safe practices.
Belief in human potential. It is people who drive success in organizations—
using their creativity, energy, and innovation. Therefore, the culture within
a learning organization values people and fosters their professional and
personal development.
Recognition of tacit knowledge. Learning organizations recognize that
those individuals closest to processes have the best and most intimate
knowledge of their potential and flaws. Therefore, the learning culture values tacit knowledge and shows a belief in empowerment (the systematic
enlargement of discretion, responsibility, and competence).
Openness. Because learning organizations try to foster a systems view,
sharing knowledge throughout the organization is one key to developing
learning capacity. “Knowledge mobility” emphasizes informal channels and
personal contacts over written reporting procedures. Cross disciplinary and
multifunction teams, staff rotations, on-site inspections, and experiential
learning are essential components of this informal exchange.
Trust. For individuals to give their best, take risks, and develop their competencies, they must trust that such activities will be appreciated and valued
by colleagues and managers. In particular, they must be confident that
should they err, they will be supported, not castigated. In turn, managers
must be able to trust that subordinates will use wisely the time, space, and
resources given to them through empowerment programs—and not indulge
in opportunistic behavior. Without trust, learning is a faltering process.
Outward looking. Learning organizations are engaged with the world outside
as a rich source of learning opportunities. They look to their competitors
for insights into their own operations and are attuned to the experiences of
other stakeholders, such as their suppliers. In particular, they are focused
on obtaining a deep understanding of clients’ needs.

SOURCE: Davies and Nutley, 2000. Adapted by permission from BMJ Publishing Group
Limited. Developing learning organizations in the new NHS, H. T. O. Davies and S. N. Nutley,
BMJ 320, 998–1001, 2000.
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2001; Wyatt, 2013). For example, after two high-profile medical mistakes,
the Dana-Farber Cancer Institute implemented a plan to develop a just
culture in order to improve learning from error and care performance
(Connor et al., 2007). Its plan centered on incorporating a set of principles
into practice that promoted learning, the open discussion of error, individual accountability, and program evaluation; this plan was endorsed
and supported by organizational leadership (Connor et al., 2007). Organizations can explore the strategies that are best suited to their needs
and aims (e.g., specific strategies for small practices to improve culture)
(Gandhi and Lee, 2010; Shostek, 2007).
Leadership and Management
Organizational leaders are responsible for setting the priorities and
expectations that guide a health care organization and for determining
the rules and policies necessary to achieve the organization’s goals. Organizational leaders can include the health care organization’s governing
body, the chief executive officer and other senior managers, and clinical
leaders; collaboration among these leaders is critical to achieving the
organization’s quality goals. According to The Joint Commission (2009,
p. 3), only “the leaders of a health care organization have the resources,
influence, and control” to ensure that an organization has the right elements in place to meet quality and safety priorities, including a nonpunitive culture, the availability of appropriate resources (including human,
financial, physical, and informational), a sufficient number of competent
staff, and an ongoing evaluation of the quality and safety of care. In particular, health care organization governing boards have an obligation to
ensure the quality and safety of care within their organizations (Arnwine,
2002; Callender et al., 2007; The Joint Commission, 2009).4 As a part of
their oversight function, governing boards routinely identify emerging
quality of care trends and can help prioritize efforts to address these issues within an organization.
The involvement of organizational leaders and managers is crucial
for successful change initiatives (Dixon-Woods et al., 2011; Firth-Cozens,
2004; Gandhi, 2014; Kotter, 1995; Larson, 2002; Moran and Brightman,
2000; Silow-Carroll et al., 2007). In many health care organizations, organizational leaders have not focused significant attention on improving diagnosis and reducing diagnostic errors (Gandhi, 2014; Graber, 2005; Graber
et al., 2014; Henriksen, 2014; Wachter, 2010; Zwaan et al., 2013). However,
facilitating change will require the support and involvement of these
4

42 C.F.R. § 482.12(a)(5); Caremark International Inc. Derivative Litigation, 698 A. 2d 959
(Del. Ch. 1996).

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

IMPROVING LEARNING, CULTURE, AND THE WORK SYSTEM

285

leaders. To start, health care governing boards can prioritize diagnosis
and can support senior managers in implementing policies and practices
that support continued learning and improved diagnostic performance.
For example, potential policies and practices could focus on team-based
care in diagnosis, the adoption of a continuously learning culture, opportunities to provide feedback to clinicians, and approaches to monitor
the diagnostic process and identify diagnostic errors and near misses.
All organizational leaders can raise awareness of the quality and safety
challenges related to diagnostic error as well as dispelling the myth that
diagnostic errors are inevitable (Leape, 2010; Wachter, 2010). Importantly,
organizational leaders can appeal to the intrinsic motivation of health care
professionals to drive improvements in diagnosis.
Focusing on improving diagnosis and reducing diagnostic error is
necessary to improve the quality and safety of care; in addition, it has
the potential to reduce organizational costs (IOM, 2013). For example,
a recent study identified a link between inpatient harm and negative
financial consequences for hospitals (Adler et al., 2015). The downstream
effects associated with diagnostic error, including patient harm, malpractice claims, and inappropriate use of resources, suggest that organizations
that focus on improving diagnosis could extend benefits beyond patient
outcomes to include reducing costs. Research that evaluates the economic
impact of diagnostic errors may be helpful in building the business case
for prioritizing diagnosis within health care organizations (see Chapter 8).
There are a variety of strategies that can be drawn upon as leaders
chart a course toward improved diagnostic performance, including Six
Sigma and lean management principles (Chassin and Loeb, 2013; James
and Savitz, 2011; Jimmerson et al., 2005; Pronovost et al., 2006; Todnem
By, 2005; Varkey et al., 2007; Vest and Gamm, 2009). Involving leadership
in WalkRounds, M&M conferences, and departmental meetings can help
increase leadership visibility as diagnostic performance improvements
are implemented (Frankel et al., 2003, 2005; Thomas et al., 2005). It may
also be beneficial for leaders to pursue improvement efforts that are
person-centered and community-driven, contribute to shaping the desired culture, and leverage interdisciplinary relationships (Swensen et al.,
2013). Insights from HROs and just culture may also be useful as leaders
consider the opportunities to improve diagnosis (Pronovost et al., 2006).
In addition, leaders could adapt the IOM’s CEO Checklist for High Value
Health Care for improving diagnosis (see Box 6-4) (IOM, 2012). Because a
majority of change initiatives fail, leaders need to be aware of the reasons
for failure and take precautions to ensure that efforts to improve diagnosis
are feasible and sustainable (Coiera, 2011; Etheridge et al., 2013; Henriksen and Dayton, 2006; Kotter, 1995). Ongoing evaluation of the change
effort is also warranted.
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BOX 6-4
A CEO Checklist for High-Value Health Care
Foundational Elements
• Governance priority—visible and determined leadership by chief executive
officer (CEO) and board
• Culture of continuous improvement—commitment to ongoing, real-time
learning
Infrastructure Fundamentals
• Information technology (IT) best practices—automated, reliable information
to and from the point of care
• Evidence protocols—effective, efficient, and consistent care
• Resource utilization—optimized use of personnel, physical space, and
other resources
Care
•
•
•

Delivery Priorities
Integrated care—right care, right setting, right clinicians, right teamwork
Shared decision making—patient–clinician collaboration on care plans
Targeted services—tailored community and clinic interventions for resourceintensive patients

Reliability and Feedback
• Embedded safeguards—supports and prompts to reduce injury and
infection
• Internal transparency—visible progress in performance, outcomes, and
costs
SOURCE: Adapted from IOM, 2012.

A SUPPORTIVE WORK SYSTEM TO FACILITATE DIAGNOSIS
Many components of the work system are under the purview of
health care organizations. Thus, organizations can implement changes
that ensure a work system that supports the diagnostic process. The committee recommends that health care organizations should design the
work system in which the diagnostic process occurs to support the work
and activities of patients, their families, and health care professionals
and to facilitate accurate and timely diagnoses. The previous section
described how health care organizations can use organizational culture,
leadership, and management to facilitate organizational change. This section considers additional actions that organizations can take, including
a focus on error recovery, on results reporting and communication, and
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on ensuring that additional work system elements (i.e., diagnostic team
members and their tasks, the tools and technologies they employ, and the
physical and external environment) support the diagnostic process.
Error Recovery
One principle that health care organizations can apply to the design
of the work system is error recovery (IOM, 2000). There are a variety of
opportunities for health care organizations to improve error recovery
and resiliency in the diagnostic process. For example, improved patient
access to clinical notes and diagnostic testing results is a form of error
recovery; this gives patients the opportunity to identify and correct errors
in their medical records that could lead to diagnostic errors, potentially
before any harm results (Bell et al., 2014) (see Chapter 4). Informal, realtime collaboration among professionals, including face-to-face and virtual
communication, presents another opportunity for error detection and
recovery. Wachter (2015) noted that before the computerization of medical
imaging, treating health care professionals often collaborated with radiologists in reading rooms while reviewing films together, whereas today
communication is primarily facilitated electronically, through the radiology report. Health care organizations can consider how to promote these
types of opportunities for clinicians to discuss cases and to facilitate more
collaborative working relationships during the diagnostic process. For
example, some organizations are now situating medical imaging reading
stations in clinical areas, such as the emergency department and the intensive care unit (Wachter, 2015). The thoughtful use of redundancies, such
as second reviews of anatomic pathology specimens and medical images,
consultations, and second opinions in challenging cases or complex care
environments, are also a form of error recovery that health care organizations can consider (Durning, 2014; Nakhleh et al., 2015). For example, the
tele-intensive care unit is a telemedicine process that helps support clinicians’ care for acutely ill patients by using off-site clinicians and software
systems to provide a “second set of eyes” to remotely monitor intensive
care unit patients (Berenson et al., 2009; Khunlertkit and Carayon, 2013).
Results Reporting and Communication
The Joint Commission has identified improved communication
of critical test results as a key safety issue and urges organizations to
“[r]eport critical results of tests and diagnostic procedures on a timely
basis” (The Joint Commission, 2015b, p. 2). Input to the committee echoed
this call and emphasized the importance of improving communication
between treating health care professionals, pathologists, radiologists, and

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

288

IMPROVING DIAGNOSIS IN HEALTH CARE

other diagnostic testing clinicians (Allen and Thorwarth, 2014; Epner,
2015; Gandhi, 2014; Myers, 2014). To facilitate the timely collaboration
among health care professionals in the diagnostic process, the committee recommends that health care organizations should develop and
implement processes to ensure effective and timely communication
between diagnostic testing health care professionals and treating health
care professionals across all health care delivery settings. For example,
closed loop reporting systems for diagnostic testing and referral can be
implemented to ensure that test results or specialist findings are reported
back to the treating health care professional in a timely manner (Gandhi,
2014; Gandhi et al., 2005; Myers, 2014; SHIEP, 2012). These systems can
also help to ensure that relevant information is being communicated
among the appropriate health care professionals. Recent efforts to improve closed loop reporting include the American Medical Association’s
Closing the Referral Loop Project and the Office of the National Coordinator for Health Information Technology’s 360X Project, which aim
to develop guidelines for closed loop referral system implementation
(AMA, 2015; Williams, 2012). Early lessons from the 360X Project include
the importance of seamless workflow integration, tailoring the amount of
information transmitted between clinicians and specialists, and the importance of national standards for system interoperability (SHIEP, 2012).
A task force comprised of pathologists, radiologists, other clinicians, risk
managers, patient safety specialists, and IT specialists recommended four
actions to improve communication and follow-up related to clinically
significant test results: (1) standardize policies and definitions across networked organizations, (2) identify the patient’s care team, (3) results
management and tracking, and (4) develop shared quality and reporting
metrics (Roy et al., 2013).
Health care organizations can leverage health IT resources to improve
communication and collaboration among pathologists, radiologists, and
treating health care professionals (Allen and Thorwarth, 2014; Gandhi,
2014; Kroft, 2014; Schiff et al., 2003). HHS’s Tests Results Reporting and
Follow-Up SAFER Guide offers insight on how to use EHRs to safely
facilitate communication and the reporting of results (HHS, 2015). Some
closed loop reporting systems include an alert notification mechanism
designed to inform ordering clinicians when critical diagnostic testing
results are available (Lacson et al., 2014a,b; Singh et al., 2010). Dalal and
colleagues (2014) identified an automated e-mail notification system as a
“promising strategy for managing” the results of tests that were pending
when the patient was discharged. There is some evidence that the use of
alert notification mechanisms improves timely communication of results
reports (Lacson et al., 2014a,b). However, closed loop reporting systems
need to be carefully designed to support clinician cognition and workflow
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in the diagnostic process; if there is a high volume of alerts, a clinician
may experience cognitive overload, which can limit the effectiveness of
such alerts (Singh et al., 2009, 2010).
The use of standard formats may also improve the communication
of test results. Studies have shown that structured radiology reports are
more complete, have more relevant content, and have greater clarity
than free-form reports (Marcovici and Taylor, 2014; Schwartz et al., 2011).
Similar to a checklist, structured reports have a template with standardized headings and often use standardized language. Input to the committee suggests that similar standardized formats for anatomic and clinical
pathology results reports are likely to improve communication (Gandhi,
2014; Myers, 2014). Encouraging the use of simpler and more transparent
language in results reports may also improve communication between
health care professionals.
Additional Work System Elements
In addition to improving error recovery and results reporting and
communication, health care organizations can focus more broadly on
improving the work system in which the diagnostic process occurs. To
ensure that their work systems are designed to support the diagnostic
process, health care organizations need to consider all of the elements of
the work system and recognize that these elements are interrelated and
dynamically interact. For example, a new EHR system (tools and technology) will be most beneficial when an organization ensures that its health
care professionals are trained on how to use the system (team members
and tasks), when the system meets usability standards (external environment), and when the tool is located in the appropriate location (physical
environment). The following sections highlight some of the ways in which
health care organizations can improve the design of work systems for
improved diagnostic performance. The actions discussed are not meant
to be exhaustive; rather, they are offered as examples of steps organizations can take. Discussions in Chapters 4, 5, and 7 further augment these
discussions.
In addition to improving a specific work system, health care organizations need to recognize that patients may cross organizational boundaries
when seeking a diagnosis. This fragmentation has the potential to contribute to diagnostic errors and the failures to learn from them. Though
health care organizations are not solely responsible for this problem, they
have a responsibility to ensure, to the best of their abilities, that the health
care system as a whole supports the diagnostic process. Teamwork and
health IT interoperability will help, but to meet this responsibility, organizations will need to take steps to improve communication with other
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organizations. One mechanism, discussed earlier, focuses on improving
the communication of diagnostic testing results and referrals. Implementing systematic feedback mechanisms that track patient outcomes over
time could also identify diagnostic errors that transcend health care organization boundaries. In addition, payment and care delivery reforms that
incentivize accountability and collaboration may alleviate some of the
challenges that the fragmented nature of the health care system presents
for diagnosis (see Chapter 7).
Physical Environment
The design and characteristics of the physical environment can influence human performance and the quality and safety of health care
(Carayon, 2012; Hogarth, 2010; Reiling et al., 2008). Elements of the
physical environment include the layout and ambient conditions such as
distractions, noise, temperature, and lighting. Researchers have focused
primarily on the design of hospital environments and how these environments may influence patient safety, patient outcomes, and task performance. For example, a review of 600 articles on the impact of physical
design found three studies that linked medication errors with factors in
the hospital environment, including lighting, distractions, and interruptions (Ulrich et al., 2004). Another study found that operational failures
occurring in two large hospitals were the result of insufficient workspace
(29 percent), poor process design (23 percent), and a lack of integration
in the internal supply chains (23 percent); only 14 percent of the failures
could be attributed to training and human error (Tucker et al., 2013).
Although the impact of the physical environment on diagnostic error
has not been well studied, there are indications that it may be an important contributor to diagnostic performance. For example, the emergency
department has been described as a challenging environment in which to
make diagnoses because of the presence of high-acuity illness, incomplete
information, time constraints, and frequent interruptions and distractions
(Croskerry and Sinclair, 2001). Cognitive performance is vulnerable to
distractions and interruptions, which influence the likelihood of error
(Chisholm et al., 2000). Other physical environment factors that could
influence the diagnostic process include the location of health technologies designed to support the diagnostic process, adequate space for team
members to complete their tasks related to the diagnostic process, and
ambient conditions that can affect cognition, such as noise, lighting, odor,
and temperature (Chellappa et al., 2011; Johnson, 2011; Mehta et al., 2012;
Parsons, 2000; Ward, 2013). Poorly designed systems that require health
care professionals to traverse long distances to perform their tasks may
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increase fatigue and reduce face-to-face time with patients (Ulrich et al.,
2004).
To address the challenges associated with the physical environment,
health care organizations can design workplaces that align with work patterns and support workflow, can locate health technology near the point
of care, and can reduce ambient noise (Durning, 2014; Reiling et al., 2008;
Ulrich et al., 2004). Other possible actions include using the appropriate
lighting, providing adequate ventilation, and maintaining an appropriate
temperature to ensure that the ambient conditions do not negatively affect
diagnostic performance. Studies suggest that such changes may improve
both patient outcomes and patient and family satisfaction with care provision (Reiling et al., 2008; Ulrich et al., 2004).
Diagnostic Team Members and Their Tasks
Health care organizations need to ensure that their clinicians have the
needed competencies and support to perform their tasks in the diagnostic
process. Health care professional certification and accreditation standards
can be leveraged to ensure that health care professionals within an organization are well prepared to fulfill their roles in the diagnostic process.
Health care organizations can also offer more opportunities for teambased training in diagnosis and can expand the use of integrated practice
units, treatment planning conferences, and diagnostic management teams
(see Chapter 4). Ensuring adequate supervision and support of health
care professionals—especially the many health care professional trainees involved in the diagnostic process—is another way for health care
organizations to improve the work system (ACGME, 2011; IOM, 2009).
For example, many health care organizations have adopted policies to
address patient safety risks caused by fatigue (including decision fatigue),
sleep deprivation, and sleep debt for medical residents (Croskerry and
Musson, 2009; IOM, 2009; Zwaan et al., 2009). Health care professionals
who work in high-stress environments may also experience mental health
difficulties and burnout, which can increase the chance of error (AHRQ,
2005; Bakker et al., 2005; Dyrbye and Shanafelt, 2011). Several studies
have identified certain characteristics of the workplace and high patient
care demands as a cause of this stress and have suggested workforce and
culture changes as potential solutions (AHRQ, 2005; Bakker et al., 2005;
Dyrbye and Shanafelt, 2011). For example, work scheduling practices can
ensure that a health care organization has the appropriate clinicians for
facilitating the diagnostic process (both amount of clinicians and appropriate areas of expertise).
Health care organizations can also make improvements to the work
system to better involve patients and their families in the diagnostic pro-
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cess and in efforts to improve diagnosis (Kelly et al., 2013). For example,
health care organizations can improve patient access to their EHRs, incorporate patient and family advisory groups, and involve patients and
their families in processes to learn about errors when appropriate. In
addition, these organizations can offer patients and their families more
opportunities to provide feedback on their experiences with diagnosis
(see Chapter 4).
Tools and Technologies
Health care organizations will need to consider how the tools and
technologies they provide for the delivery of health care affect the diagnostic process. For example, Chapter 5 highlights the need for health IT
tools to incorporate human-centered design principles, fit within clinical
workflow, integrate measurement capability, provide decision support,
and facilitate the timely flow of information. Health care organizations
can consider these issues when choosing health IT tools to incorporate,
considering implementation issues, and ensuring that use is safe and
aligned with clinical workflow. Some organizations may need to consider
workflow redesign when adopting new health IT. Resources are available
to guide health care organizations as they integrate new health IT or redesign their workflow (HealthIT.gov, 2013).
External Environment
External environmental factors can influence the work system in
which diagnosis occurs, and although they are typically not under the
control of health care organizations, they need to be taken into account as
efforts to improve the work system are implemented at the level of health
care organizations (see Chapter 7).
RECOMMENDATIONS
Goal 4: Develop and deploy approaches to identify, learn from, and
reduce diagnostic errors and near misses in clinical practice
Recommendation 4a: Accreditation organizations and the Medicare
conditions of participation should require that health care organizations have programs in place to monitor the diagnostic process and
identify, learn from, and reduce diagnostic errors and near misses
in a timely fashion. Proven approaches should be incorporated into
updates of these requirements.
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Recommendation 4b: Health care organizations should:
• Monitor the diagnostic process and identify, learn from, and
reduce diagnostic errors and near misses as a component
of their research, quality improvement, and patient safety
programs.
• Implement procedures and practices to provide systematic
feedback on diagnostic performance to individual health
care professionals, care teams, and clinical and organizational leaders.
Recommendation 4c: The Department of Health and Human Services should provide funding for a designated subset of health care
systems to conduct routine postmortem examinations on a representative sample of patient deaths.
Recommendation 4d: Health care professional societies should
identify opportunities to improve accurate and timely diagnoses
and reduce diagnostic errors in their specialties.
Goal 5: Establish a work system and culture that supports the diagnostic process and improvements in diagnostic performance
Recommendation 5: Health care organizations should:
• Adopt policies and practices that promote a nonpunitive culture that values open discussion and feedback on diagnostic
performance.
• Design the work system in which the diagnostic process
occurs to support the work and activities of patients, their
families, and health care professionals and to facilitate accurate and timely diagnoses.
• Develop and implement processes to ensure effective and
timely communication between diagnostic testing health
care professionals and treating health care professionals
across all health care delivery settings.
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7
The External Environment
Influencing Diagnosis: Reporting,
Medical Liability, and Payment

This chapter focuses on the external environment and how it contributes to the diagnostic process and the occurrence of diagnostic errors (see
Figure 7-1). The category of external environmental factors is quite broad
and may include: error reporting, medical liability and risk management,
payment and care delivery, and oversight processes (such as accreditation,
certification, and regulatory requirements). While the committee does
consider oversight processes to be external environmental factors, they
are discussed in the sections on health care professional education and
competency in Chapter 4 and in the section on the oversight of health care
organizations in Chapter 6.
In this chapter the committee emphasizes the need for safe environments for voluntary error reporting, without the threat of legal discovery
or disciplinary action, where health care organizations can analyze and
learn from diagnostic errors in order to improve diagnosis. The role of
medical liability reform is also described as an opportunity to increase the
disclosure of diagnostic errors as well as to promote improved reporting,
analysis, and learning from diagnostic errors. The committee highlights
the potential for payment models—both current and new—to incentivize improved diagnostic performance. Importantly, this chapter reflects
the committee’s commitment to consider recommendations from both
a pragmatic and an aspirational perspective. The committee’s recommendations balance the urgent need to improve diagnosis by identifying
immediate opportunities for improvement while also considering more
fundamental changes that are likely to take significant effort and time to
achieve. As noted elsewhere in the report, the committee’s recommenda307
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FIGURE 7-1 The diagnostic process is influenced by the external environment,
including factors such as payment, reporting, medical liability, and oversight
processes.
Figure 7-1

tions to improve diagnosisraster
in this
chapter
may also improve patient safety
image,
not editable
and health care more generally. For
example, the evaluation of the Patient
portrait
Safety Organization (PSO) program is likely to be informative for error
reporting broadly; adoption of communication and resolution programs
(CRPs) has the potential to improve disclosure and error analysis for all
types of errors in health care; and reforming fee-for-service (FFS) payment
and documentation guidelines could also benefit the health care system
more broadly.
REPORTING AND LEARNING FROM DIAGNOSTIC ERRORS
The committee concluded that there need to be safe, confidential
places for health care organizations and professionals to share and learn
from their experiences of diagnostic errors, adverse events, and near
misses. Conducting systems-based analyses of these events presents the
best opportunity to learn from such experiences and to implement changes
to improve the diagnostic process. The Institute of Medicine’s (IOM’s) To
Err Is Human: Building a Safer Health System (2000) report recommended
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that reporting systems be used to collect this information. Various groups,
including individual states, The Joint Commission, the Department of Veterans Affairs, and PSOs, have developed a number of reporting systems
which collect different types of information for different purposes. Characteristics of successful reporting systems include: reporting is safe for
those individuals who report; reporting leads to constructive responses;
adequate expertise and resources enable learning from reporting; and the
results of reporting can be disseminated (Barach and Small, 2000; WHO,
2005). In contrast, if health care organizations focus on punishing individuals who make mistakes, it will prevent people from reporting because
they fear that a report may be used as evidence of fault, could precipitate
lawsuits, or could result in disciplinary action by state professional licensing boards and employers (IOM, 2012; WHO, 2005). Thus, there is a need
for safe environments in which there is not the threat of legal discovery
or disciplinary action, where diagnostic errors, adverse events, and near
misses can be analyzed and learned from in order to improve the quality of diagnosis and prevent future diagnostic errors. In line with the To
Err Is Human report, the committee recommends that the Agency for
Healthcare Research and Quality (AHRQ) or other appropriate agencies
or independent entities should encourage and facilitate the voluntary
reporting of diagnostic errors and near misses.
Unfortunately, it is often difficult to create environments where diagnostic errors, adverse events, and near misses can be shared and discussed. Health care organizations and clinicians have been challenged by
the limitations of inconsistent and individual state-enacted peer review
and quality improvement processes for the protection of information
relating to adverse events and medical errors, the external use of such information, and what benefits the health care organizations and clinicians
receive from reporting. In response to this challenge, the To Err Is Human
report recommended that “Congress should pass legislation to extend
peer review protections to data related to patient safety and quality improvement that are collected and analyzed by health care organizations
for internal use or shared with others solely for purposes of improving
safety and quality” (IOM, 2000, p. 10). In 2005 the Patient Safety and Quality Improvement Act (PSQIA) was passed by Congress; the act confers
privilege and confidentiality protections to health care organizations that
share specific types of patient safety information with federally listed
PSOs (HHS, 2015). According to AHRQ, which shares responsibility for
implementing PSQIA with the Office for Civil Rights, “The Act promotes
increased patient safety event reporting and analysis, as adverse event
information reported to a … PSO is protected from disclosure in medical
malpractice cases. This legislation supports and stimulates advancement
of a culture of safety in health care organizations across the country,
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leading to provision of safer care to patients” (AHRQ, 2015a, p. 23). The
PSO program provides an important national lever to increase voluntary
error reporting and analysis which is well aligned with the committee’s
recommendation. However, progress in implementing the PSO program
has been slow (AHRQ, 2015a; GAO, 2010). The committee is concerned
that a number of challenges with the current program may limit the extent
to which it can facilitate much-needed voluntary reporting, analysis, and
learning of diagnostic errors and near misses (see section below on the
evaluation of the PSO program).
Due to this concern, the committee’s recommendation recognizes that
additional federal efforts across the Department of Health and Human
Services (HHS), as well as the involvement of other independent entities,
need to be considered in order to prioritize voluntary event reporting for
diagnostic errors and near misses. Support of this recommendation can be
found in the IOM report Health IT and Patient Safety: Building Safer Systems
for Better Care, which reviewed the existing reporting systems in health
care and concluded that despite the various reporting systems and numerous calls for change, adverse event reports are not being collected and
analyzed in a comprehensive manner (IOM, 2012). The report concluded
that “learning from these systems is limited because a multitude of different data is collected by each system, hampering any attempt to aggregate
data between reporting systems” (IOM, 2012, p. 152). After reviewing
the opportunities to improve adverse event reporting, the committee
that produced the 2012 report made a recommendation for a new entity,
akin to the National Transportation Safety Board, that could investigate
“patient safety deaths, serious injuries, or potentially unsafe conditions”
and report results of these activities (IOM, 2012, p. 11). That committee
suggested that this entity’s purview could include (1) collecting reports
of adverse events; (2) analyzing collected reports to identify patterns; (3)
investigating reports of patient deaths or serious injuries related to health
IT; (4) investigating trends of reports of unsafe conditions; (5) recommending corrective actions; (6) providing feedback based on these investigations; and (7) disclosing the results of the investigations to the public.
Because efforts to improve voluntary reporting and analysis at the
national level have been slow, the current committee also recognized
the potential for more localized efforts that could be carried out while
national efforts continue to be developed and improved. In the interim,
smaller-scale efforts to improve voluntary reporting and learning from
diagnostic errors, adverse events, and near misses may be helpful for generating and sharing the lessons learned from such efforts. For instance, at
the level of health care organizations, quality and patient safety committees can incorporate the analysis of and learning from diagnostic errors,
and these activities may be protected from disclosure by state statutes. In
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an integrated delivery system in Maine, for example, a surgical quality
collaborative was established to review the quality and safety of surgical
care, compare results to national and regional data, and provide feedback
to participating organizations.1 Another option that some organizations
(including PSOs) are incorporating is the use of “safe tables” forums
(WSHA, 2014), which are “members-only, shared learning meeting[s]
of healthcare peers to exchange patient safety experiences, discuss best
practices and learn in an open, uninhibited and legally protected environment” (MHA PSO, 2015). The limitation to this approach is that the best
practices and lessons learned cannot be shared beyond the participants.
Evaluation of the PSO Program
The PSO program enables public or private organizations to be listed
as a PSO provided that they meet certain qualifications articulated in the
patient safety rule (AHRQ, 2015e). PSO designation indicates that an organization is “authorized to serve providers as independent patient safety
experts and to receive data regarding patient safety events that will be
considered privileged and confidential” (GAO, 2010, p. 2). PSOs do not
receive federal funding, but they can recruit health care organizations and
clinicians to join their PSO. When health care organizations or health care
professionals join a PSO, they can then voluntarily send patient safety
data to the PSO for analysis and feedback on how to improve care. Additionally, PSOs can send de-identified patient safety data to the Network
of Patient Safety Databases (NPSD) overseen by AHRQ. The intent of the
program is that AHRQ will then analyze the aggregated data and publish
reports (GAO, 2010). A provision in the Affordable Care Act will likely increase the number of hospitals who join PSOs; per the HHS 2015 Payment
Notice, hospitals with more than 50 beds will be required to join a PSO by
January 2017 in order to contract with health plans in insurance exchanges
(CFPS, 2015).2 There is very limited information about the impact that
PSOs have on learning and improving the quality and safety of care. The
Government Accountability Office concluded in 2010 that it was too early
to evaluate the effectiveness of the PSO program (GAO, 2010). AHRQ is
still in the process of implementing the NPSD, and to this point aggregated information collected from PSOs has not been analyzed or shared.
Currently there are more than 80 listed PSOs (AHRQ, 2015c), and the
1

The MaineHealth Surgical Quality Collaborative was developed in accordance with the
provisions of the Maine Health Security Act, 24 Me.Rev.Stat.Ann. § 2501, et seq to maintain
the confidentiality of information and data reviewed.
2 See www.federalregister.gov/articles/2013/12/02/2013-28610/patient-protection-andaffordable-care-act-hhs-notice-of-benefit-and-payment-parameters-for-2015 (accessed December 6, 2015).
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PSO network is active in sharing information with their members about
strategies to mitigate patient safety events, as evidenced by PSO websites.
AHRQ has also developed “Common Formats,” or generic- and eventspecific forms, to encourage standardized event reporting among PSOs
(AHRQ, 2015b). However, use of the Common Formats is voluntary, and
some organizations are implementing these variably or using legacy reporting formats (ONC, 2014). To facilitate the aggregation of patient safety
data, AHRQ established the PSO Privacy Protection Center (PSO PPC).
The PSO PPC receives data from PSOs, facilitates use of the Common
Formats, de-identifies data in a standardized manner, validates the quality and accuracy of the data, provides technical assistance to PSOs and
other Common Formats users, and transmits non-identifiable information
to the NPSD (AHRQ, 2015a).
The PSO PPC works with individual PSOs that wish to submit deidentified patient safety event information. In order to submit reports,
PSOs are required to sign a data use agreement with the PSO PPC. By the
end of fiscal year (FY) 2014, 20 of 76 listed PSOs had established data use
agreements with the PSO PPC (AHRQ, 2015a). AHRQ reports that while
these data use agreements “grew in number in FY 2014, and some data
were transmitted to the PSO PPC, none have been of sufficient quality
and volume to ensure that data transmitted to the NPSD is both accurate
and non-identifiable” (AHRQ, 2015a, p. 53). For FY 2015, AHRQ expects
the volume of data submission to the PSO PPC and the quality of the data
submitted to increase significantly. AHRQ’s goal is to gather “sufficient
patient safety event reports to transmit to the NPSD,” and the FY 2015 target is to transfer 25,000 patient safety event reports to the NPSD (AHRQ,
2015a, p. 53).
There are concerns that the federal privilege protections extended by
PSQIA are not shielding organizations from state reporting requirements;
a recent ruling by the Kentucky Supreme Court found that the information a hospital is required to generate under state law is not protected by
PSQIA, even if it is shared with a PSO.3 This type of court decision could
undermine the creation of safe environments for sharing this information
and thus make voluntary submissions to PSOs much less likely.
Given that the PSO program has the potential to improve learning
3

Tibbs v. Bunnel, Ky., 2012-SC-000603-MR (August 21, 2014). The Kentucky Supreme Court
held that the incident report developed by the University of Kentucky Hospital’s patient
safety evaluation system (PSES), following the death of a patient, was not protected as
patient safety work product (PSWP) under PSQIA. While this case may not set any official
precedent in other states, it will be considered persuasive case law. Organizations that have
established a PSES for reporting to a PSO need to explore any state-mandated safety and
quality regulations to ensure that the collection of such information is conducted in harmony
with the PSES to ensure protection as PSWP.
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about diagnostic errors and to expedite the implementation of solutions
and adoption of best practices, it is important to evaluate whether the program is meeting the statutory objectives of PSQIA—namely, that the PSO
program is creating opportunities to examine and learn from medical errors, including diagnostic errors. Thus, the committee recommends that
AHRQ should evaluate the effectiveness of PSOs as a major mechanism
for voluntary reporting and learning from these events. Given the concern over the erosion of PSQIA privilege protections at the state level, the
evaluation could also focus on whether these protections are consistent
with Congress’s intent in enacting the legislation. While the evaluation of
the PSO program is ongoing, PSOs can help support voluntary reporting
efforts by educating their members about the applicable state peer review
protections as well as about the PSQIA privilege protections. Health care
organizations participating in PSOs can also take steps to ensure that any
information and data shared with PSOs are protected by defining their
patient safety evaluations systems broadly and by carefully analyzing
the information they intend to submit to a PSO in order to minimize the
chance that the PSQIA privilege is abrogated (or invalidated) at the state
level.
The evaluation of the PSO program could also explore how the PSO
program influences efforts to improve transparency within health care organizations. According to a recent report, “PSOs have the potential to foster transparency through increased reporting of complications and errors,
and identification and sharing of learning and best practices; however, it
remains to be seen how successfully these groups can balance the need
for a protected space to which organizations can voluntarily report errors
and the need for open sharing of information outside the organization”
(National Patient Safety Foundation’s Lucian Leape Institute, 2015, p. 16).
The committee recognizes that efforts to improve diagnosis can include
both a focus on improving the disclosure of medical errors to patients and
their families (see discussion on CRPs) and efforts to improve voluntary
reporting and learning.
In addition, AHRQ’s evaluation needs to focus on how AHRQ and
PSOs can improve the voluntary reporting of diagnostic errors and learning from those errors, which have not been a major focus within PSOs to
date. The committee recommends that AHRQ should modify the PSO
Common Formats for reporting of patient safety events to include diagnostic errors and near misses. To implement Common Formats specific
to diagnostic error, AHRQ could begin with high-priority areas (such as
the most frequent diagnostic errors or “don’t miss” health conditions that
may result in significant patient harm, such as stroke, acute myocardial infarction, and pulmonary embolism). AHRQ could also consider whether
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other PSO activities, such as discussions during annual PSO meetings,
could focus attention on diagnostic errors.
MEDICAL LIABILITY
The two core functions of the medical liability system are to compensate negligently injured patients and to promote quality by encouraging
clinicians and organizations to avoid medical errors. Although the medical liability system may act as a generalized deterrent to medical errors,
it is not well aligned with the promotion of high-quality safe care (Mello
et al., 2014b). Concerns about medical liability prevent clinicians from
disclosing medical errors to patients and their families, despite calls from
numerous groups that full disclosure is an ethical necessity (Hendrich et
al., 2014; Sage et al., 2014) and despite the fact that such disclosures are
a requirement for The Joint Commission accreditation. Clinicians often
struggle to fulfill this responsibility: There is limited guidance for clinicians about how to disclose this information effectively, and a number of
factors, including embarrassment, inexperience, lack of confidence, and
mixed messages from risk managers and health care organizations’ senior
leadership, can thwart disclosures to patients and their families (Gallagher
et al., 2007, 2013; The Joint Commission, 2005; Schiff et al., 2014).
The current tort-based judicial system for resolving medical liability
claims creates barriers to improvements in quality and patient safety and
stifles continuous learning. Medical malpractice reform could be designed
to permit patients and health professionals to become allies in trying to
make health care safer by encouraging transparency about errors. Such
an approach would allow patients to be promptly and fairly compensated
for injuries that were avoidable, while at the same time turning errors into
lessons to improve subsequent performance (Berenson, 2005; Mello and
Gallagher, 2010; Mello et al., 2014a).
The IOM report Fostering Rapid Advances in Health Care: Learning from
System Demonstrations concluded that there are numerous challenges to
the current medical liability system, including the many instances of negligence that do not result in litigation and, conversely, malpractice claims
that are not the result of negligent care, judgments that are inconsistent
with the evidence base, and highly variable compensation for similar
medical injuries (IOM, 2002). Patients and their families are poorly served
by the current system; only a fraction of negligently injured patients receive compensation, typically after a protracted and adversarial litigation
process (AHRQ, 2014; Kachalia and Mello, 2011). One analysis found that
fewer than 2 percent of patients who experienced adverse events due to
medical negligence actually filed malpractice claims (Localio et al., 1991);
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another analysis found that the rates of paid medical malpractice claims
have steadily declined since the early 2000s (Mello et al., 2014b).
An ongoing medical liability concern is the practice of defensive
medicine. Defensive medicine “occurs when doctors order tests, procedures, or visits, or avoid high-risk patients or procedures, primarily (but
not necessarily soley) to reduce their exposure to malpractice liability”
(OTA, 1994, p. 13). The practice of defensive medicine is a barrier to highquality care because it can lead to overly aggressive and unnecessary care.
For example, clinicians who practice defensive medicine may order more
diagnostic tests than are necessary (Hoffman and Kanzaria, 2014; Kessler
et al., 2006; Mello et al., 2010). Overtesting in the diagnostic process has
the potential to cause patient harm—both from the risk of the diagnostic
test itself as well as from the resulting cascade of diagnostic and treatment
decisions that stem from the test result (Hoffman and Kanzaria, 2014) (see
also Chapter 3).
Diagnostic errors are a leading cause of malpractice claims, and these
claims are more likely to be associated with patient deaths than other
types of medical errors (Tehrani et al., 2013). Reforming the medical liability system, therefore, has the potential to improve learning from diagnostic errors, to facilitate the disclosure of diagnostic errors to patients
and their families, and may produce fairer outcomes in the medical injury
resolution processes. The committee recommends that states, in collaboration with other stakeholders (health care organizations, professional
liability insurance carriers, state and federal policy makers, patient
advocacy groups, and medical malpractice plaintiff and defense attorneys), should promote a legal environment that facilitates the timely
identification, disclosure, and learning from diagnostic errors.
There have been many calls for changes to the medical liability system. Traditional mechanisms to reform the liability system—such as imposing barriers to bringing lawsuits, limiting compensation, and changing
the way that damage awards are paid—have not resulted in improvements in either compensating negligently injured patients or deterring
unsafe care (Mello et al., 2014b). Thus, the committee concluded that
these stakeholders need to consider alternative approaches to improving
the legal environment and promoting learning from diagnostic errors.
The To Err Is Human report concluded that alternative approaches to the
resolution of medical injuries could reduce the incentive to hide medical
injuries, and in 2002 the IOM proposed state-level demonstration projects
to explore alternative approaches to the current liability system that are
patient-centered and focused on patient safety (IOM, 2000, 2002). In 2010,
AHRQ allocated approximately $23 million in funding for demonstration
and planning grants aimed at finding ways to improve medical injury
compensation and patient safety (AHRQ, 2015d; Kachalia and Mello,
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2011). Five of the seven demonstration grants (totaling $19.7 million in
awarded funds) that were funded by AHRQ focused on CRPs, one on
safe harbors for following evidence-based clinical practice guidelines,
and one on judge-directed negotiation. The 13 planning grants (totaling
$3.5 million) were diverse and included CRPs, safe harbors, and other
formats (AHRQ, 2015d). These demonstration and planning grants were
somewhat limited, however, because they could not involve approaches
that required legislative changes (such as administrative health court
demonstrations) (Bovbjerg, 2010). Furthermore, while the Affordable Care
Act authorized $50 million to test new approaches to the resolution of
medical injury disputes, this funding was never appropriated.
Although enthusiasm for alternative approaches to the current medical liability system is growing, in general the progress toward such approaches has been slow, especially for those that involve more fundamental
changes to the medical liability system. Thus, the committee took both a
pragmatic and an aspirational approach to considering which changes to
medical liability could promote improved disclosure of diagnostic errors
and opportunities to learn from these errors. A number of alternative approaches to the current medical liability system were evaluated, and the
committee concluded that the most promising approaches included CRPs,
the use of clinical practice guidelines as safe harbors, and administrative
health courts (see Box 7-1). CRPs represent a more pragmatic approach
in that they are more likely to be implemented in the current medical liability climate, and they have a strong focus on improving patient safety
as well as on reducing litigation. Thus, the committee recommends that
states, in collaboration with other stakeholders (health care organizations, professional liability insurance carriers, state and federal policy
makers, patient advocacy groups, and medical malpractice plaintiff and
defense attorneys), should encourage the adoption of CRPs with legal
protections for disclosures and apologies under state laws.
Safe harbors for adherence to clinical practice guidelines may also
help facilitate improvements in diagnostic accuracy by encouraging clinicians to follow evidence-based diagnostic approaches; however, most
clinical practice guidelines address treatment, not diagnosis. Moreover,
implementing safe harbors for adherence to these guidelines will be administratively complex. Administrative health courts offer a fundamental
change that would promote a more open environment for identifying,
studying, and learning from errors, but their implementation will be a
major challenge due to operational complexity and to resistance from
stakeholders who are strongly committed to preserving the current tortbased system. Thus, the committee concluded that these changes are
more aspirational, and recommends that states and other stakeholders
should conduct demonstration projects of alternative approaches to the
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resolution of medical injuries, including administrative health courts
and safe harbors for adherence to evidence-based clinical practice
guidelines. The following sections describe the alternative approaches,
the challenges influencing their implementation, and the potential benefits for improving diagnosis.
Communication and Resolution Programs
CRPs have recently garnered significant attention as a means of improving the disclosure and resolution of medical injuries and improving
patient safety. A number of the AHRQ demonstration projects focused on
CRPs, and organizations such as the American College of Physicians and
the American College of Surgeons have called for continued experimentation (ACP, 2014; ACS, 2015). At 14 hospitals in 3 health care systems
across the country, AHRQ is currently developing and field-testing an
educational toolkit on CRPs which teaches about the best practices from
the CRP-focused demonstration projects (AHRQ, 2015a). CRPs offer a
principled, comprehensive, and systematic approach to responding to
patients who have been harmed by their health care. They are an integral
component of a larger commitment to quality and patient safety. CRPs
seek to meet the needs of the affected patient and his or her family; it is the
health care organization’s responsibility to address the quality issues and
safety gaps that caused the event. While some of the specifics related to
CRP implementation may vary based on an organization’s circumstances,
Box 7-1 describes the essential components of a CRP.
CRPs could improve patient safety generally and reduce diagnostic
errors in several ways. CRPs rely on creating transparent health care
cultures in which the early reporting of adverse events is the norm and
is coupled with systems-based event analysis designed to understand
the root causes of the event and to aid in the development of plans for
preventing recurrences. Increased transparency surrounding diagnostic
errors can help foster an improved culture of reporting, which in turn
can promote learning about and identifying interventions to improve the
safety and quality of diagnosis (Mello et al., 2014a). CRPs also emphasize remaining transparent about adverse events—including diagnostic
errors—with patients and their families.
The disclosure of medical errors also can also improve outcomes for
patients, their families, and health care professionals (Delbanco and Bell,
2007; Helmchen et al., 2010; Hendrich et al., 2014; Lopez et al., 2009). In
some cases, clinician disclosure of medical errors to patients is associated
with higher ratings of quality care by patients (Lopez et al., 2009). When
a CRP was implemented at the University of Michigan Health System
(UMHS), it was associated with fewer malpractice claims, faster claims
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BOX 7-1
Description of Alternative Approaches
to the Medical Liability System
•

•

 ommunication and resolution programs (CRPs) are principled comC
prehensive patient safety programs in which health care professionals and
organizations openly discuss adverse outcomes with patients and proactively seek resolution while promoting patient-centeredness, learning, and
quality improvement. CRPs typically incorporate the following elements:
o	
Early reporting of adverse events to the health care organization or
liability insurer for rapid analysis using human factorsa and other advanced event analysis techniques
o	
Developing plans for preventing recurrences and communicating these
plans to patients and their families
o	
Open communication with patients and their families about unanticipated care outcomes and adverse events
o	
Proactively seeking resolutions, including offering an explanation as to
why the event occurred and an acknowledgment of responsibility and/
or an apology
o	
Initiating support services, both emotional and other types of support,
for the patient, family, and care team
o	
Where appropriate, offering timely reimbursement for medical expenses
not covered by insurance or compensation for economic loss or other
remedies
Safe harbors for adherence to evidence-based clinical practice guidelines are laws that provide health care professionals and organizations a
defense against a malpractice claim if they can show that they followed a
clinical practice guideline in providing care for a patient. Safe harbors:

processing times, and reduced liability costs and settlement amounts
(Boothman et al., 2009, 2012; Kachalia et al., 2010). Safety culture scores
at UMHS also improved with the implementation of the CRP; however,
it is difficult to attribute causation to the CRP program (Boothman et al.,
2012). CRPs “appear to be effective in improving communication with
patients and families. Disclosure reportedly became more routine and
robust in implementing hospitals after clinicians were given disclosure
training and risk managers began more closely monitoring whether and
how disclosures were carried out” (Mello et al., 2014b, pp. 2150–2151).
CRPs continue to expand in the United States. For example, the Massachusetts Alliance for Communication and Resolution following Medical
Injury (MACRMI) is committed to spurring adoption of CRPs and sharing lessons learned to improve the dissemination of CRPs throughout
Massachusetts (MACRMI, 2015). MACRMI supported enabling legislation
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o	
May create a rebuttable presumption (i.e., it is introduced as evidence
of the standard of care, but is not dispositive) or irrefutable presumption
of nonnegligence
Administrative health courts offer a system of administrative compensation for medical injuries which has the following components:
o	
Injury compensation decisions are made outside the regular court system by specially trained judges
o	
Compensation decisions are based on a standard of avoidability of
medical injuries rather than a standard of negligence—claimants must
show that the injury would not have occurred if best practices had been
followed or an optimal system of care had been in place, but they need
not show that care fell below the standard expected of a reasonably
prudent health care professional
o	
Compensation decisions are guided by previous determinations about
the preventability of common medical adverse events; this knowledge,
coupled with precedent, is converted to decision aids that allow fasttrack compensation decisions for certain types of injury
o	
Previous determinations also inform decisions about the amount of the
award for economic and noneconomic damages

a Human factors (or ergonomics) is: “the scientific discipline concerned with the understanding of interactions among humans and other elements of a system, and the profession that
applies theory, principles, data and methods to design in order to optimize human well-being
and overall system performance. Practitioners of ergonomics and ergonomists contribute to
the design and evaluation of tasks, jobs, products, environments and systems in order to
make them compatible with the needs, abilities and limitations of people” (IEA, 2000).

SOURCES: Chow, 2007; Jost, 2006; Mello et al., 2014b; Peters, 2008; Timm, 2010.

that adopted the UMHS CRP model, including a 6-month pre-litigation
period and protections for disclosures and apologies (MACRMI, 2015).
Although establishing CRPs does not require legislative changes,
CRP adoption could be facilitated by changes to state laws, such as laws
protecting disclosures and apologies (Sage et al., 2014). For example, the
American College of Physicians has called for “strong, broad legal protections that ensure apologies from physicians and other health care professionals are inadmissible” in a subsequent medical malpractice action
(ACP, 2014). Though more than two-thirds of states have apology laws,
the majority only protect the clinician’s voluntary expression of sympathy
from use by a patient in malpractice litigation (Mastroianni et al., 2010).
A small number of states also protect explanations of the event or expressions of fault, or both; however, Sage and colleagues concluded that no
states protect “the full scope of information that patients report needing
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when an unexpected outcome arises: a preliminary explanation of what
happened; an expression of sympathy; an admission of responsibility;
and a final analysis of the causes and consequences of the event, with
information about remedial actions taken to prevent such incidents in the
future” (Sage et al., 2014, p. 14). Of the nine states that have disclosure
laws, a majority require health care organizations to notify patients when
an event has caused serious harm: “States vary on whether the disclosure
receives protection from subsequent use by a plaintiff in malpractice litigation. For the most part, states provide limited, if any, procedural guidance; some states require written—versus oral—communication or timely
communication” (Mastroianni et al., 2010, p. 1614).
The implementation of CRPs face a number of challenges. One challenge is HHS’s recent interpretation of the reporting requirements to the
National Practitioner Data Bank (NPDB). Federal law requires that medical liability insurers report malpractice payments to the NPDB, which was
initially established to prevent clinicians from concealing disciplinary and
malpractice histories as they moved across state lines (Sage et al., 2014).
An Oregon law attempted to assert that the NPDB reporting was not
required if a settlement resulted from a mediation mechanism, such as
a CRP (Robeznieks, 2014), but HHS concluded that any payments stemming from written demands (whether part of mediation mechanisms or
not) are required to be submitted to the NPDB (HHS, 2014). There are
concerns that these reporting requirements will prevent participation in
CRPs: “Physicians worry that CRPs will offer compensation when the
physician was not at fault, either as a compassionate gesture or because
the hospital or insurer deems it prudent to settle, and that, as a result,
physicians will be reported to the NPDB more often” (Sage et al., 2014,
p. 16). The reporting of settlements arising from mediation mechanisms to
the NPDB could have negative effects on clinicians’ reputations, credentialing, or disciplinary actions, and at least one medical specialty society,
the American College of Physicians, recommends that the reporting requirement be altered to encourage CRP participation (ACP, 2014).
Other considerations will influence the implementation and effectiveness of CRPs, including the presence of organizational champions and a
culture that supports the reporting of medical errors; a focus on coaching
and support services to help clinicians participate in disclosures and the
CRP processes; and buy-in from and coordination with health care organizations and professional liability insurance carriers (Mello et al., 2014a).
Of particular interest is the potential for CRPs to promote widespread
learning following adverse events. As growing numbers of health care
organizations and professional liability insurers adopt CRPs, close collaboration among these programs and between these programs and PSOs
could help ensure that the lessons learned from adverse events are shared
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widely within and outside the organizations where the events occurred.
The establishment of a national collaborative of CRPs could be one way
to accelerate the spread of CRPs and to fully realize the quality and safety
benefits of these programs.
Safe Harbors for Adherence to
Evidence-Based Clinical Practice Guidelines
Safe harbors for following evidence-based clinical guidelines have
the potential to raise the quality of health care by creating an incentive—
liability protection—for clinicians to follow evidence-based clinical practice guidelines.4 Safe harbors can create an affirmative defense for health
care professionals who adhered to accepted and applicable clinical practice guidelines. Input to the committee suggested that safe harbors, unlike
other approaches to improving the medical liability environment, offer
direct opportunities to improve diagnosis (Kachalia, 2014). While other
approaches to improving medical liability focus on improving learning
through improved disclosure, safe harbors focus on aligning clinical care
with best practices.
Available evidence suggests that creating national standards of care
against which clinicians are judged in malpractice claims can improve
quality of care. Providing standardized guidelines for certain diagnostic
workups and holding these to be the standard of care has the potential to
reduce diagnostic error. Despite calls for safe harbors (ACP, 2014; Mello et
al., 2014b), there is limited information about how effective safe harbors
are in minimizing medical errors, partly because there have been relatively few pilot programs and those programs have had poor clinician
participation (Kachalia et al., 2014; Mello et al., 2014b). A recent simulation
analysis evaluated the potential impact of safe harbors and concluded
that they constitute a promising approach to driving improvements in
the quality of patient care, but their impact on liability costs and patient
outcomes is likely to be minimal (Kachalia et al., 2014).
4

Safe harbors for adherence to clinical practice guidelines differ from the current use of
clinical practice guidelines in the courts. Typically, malpractice litigation uses expert testimony to determine whether the care provided by a clinician fell below the standard of care
(what would be expected of a reasonably prudent clinician). Expert witnesses can introduce
clinical practice guidelines as legal evidence, but many states permit defendants to escape
liability if they demonstrated customary care, even if it is not considered optimal care (IOM,
2011). This is partly due to variability in how states define the standard of care. Some states
employ a national standard (clinicians would be held to the same degree of care and skill
that a reasonably competent health care professional in the same field would exercise under
similar circumstances). Other states use a local standard of care (clinicians would be held to
the degree of knowledge and skill that is generally exercised by the same professionals in
the community where they practice).
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There are a number of implementation challenges related to safe
harbors for adherence to clinical practice guidelines. For example, it requires state endorsement of specific clinical practice guidelines for use
in malpractice litigation. Furthermore, safe harbor programs may be administratively complex because they require determining which clinical
practice guidelines apply, when they apply, and who makes the determination. Also, given the constantly changing evidence base, ensuring the
timely updating of approved guidelines and making clinicians aware of
the updates could be challenging (Bovbjerg and Berenson, 2012). Clinician
acceptability is another concern. Clinicians may find it burdensome to
have to comply with additional clinical practice guidelines for improving
diagnostic performance and avoiding liability. Clinicians already encounter multiple guidelines from specialty associations, insurers, health care
organizations, hospitals, and others, and these guidelines are likely not all
in alignment. Additionally, recent policy changes add to the resistance of
using clinical practice guidelines for legal purposes. The legislation that
repealed the sustainable growth rate included a provision that prevents
the use of guidelines or standards used in federal programs as proof of
negligence: The “development, recognition, or implementation of any
guideline or other standard” under the Medicare and Medicaid programs
and any provision in the Affordable Care Act “shall not be construed to
establish the standard of care or duty of care owed by a health care provider to a patient in any medical malpractice or medical product liability
action or claim.”5
Administrative Health Courts
Administrative health courts have been proposed as a way to provide
injured patients with expedited compensation decisions for certain types
of medical errors and to promote the disclosure of medical errors (such
as diagnostic errors). Administrative health courts are a nonjudicial way
of handling medical injuries, in which cases are filed through an administrative process. The goal in using these courts is to quickly and equitably
compensate patients who have experienced avoidable injuries without requiring them to become plaintiffs within the medical liability system who
must prove negligence in an adversarial proceeding (Berenson, 2005).
There are various versions of how such an approach might work.
In one version, specially trained judges preside and are assisted by investigations and opinions provided by neutral experts on the matter
under consideration. Administrative health courts also take fault—or
negligence—terminology out of the determination of liability and sub5

Medicare Access and CHIP Reauthorization Act of 2015. P.L. 114-10. (April 16, 2015).
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stitute it with the concept of avoidability (IOM, 2002; Mello et al., 2006).
“[A] system based on an avoidability standard would award compensation to claimants who could show that their injury would not have occurred in the hands of the best practitioner or system” (Kachalia et al.,
2008, p. 388). Proving negligence requires evidence that a clinician failed
to meet a standard of care, is very fact-specific, and is more challenging
to demonstrate; on the other hand, avoidability represents complications
that generally should not occur under competent medical care (Berenson,
2005). Although substituting the negligence standard with an avoidability
standard will lower the threshold for making these determinations, claimants will still have to establish cause—that their injuries were the result
of their care rather than their underlying illnesses (Kachalia et al., 2008).
The establishment of administrative health courts could help to reduce process inefficiencies and inequities in compensation caused by
shortcomings in the current system of tort liability, and adjudicated cases
could be used to inform and foster the development of mechanisms to
identify and mitigate medical errors (IOM, 2002; Mello et al., 2006). Administrative health courts have been described as holding theoretic appeal
because “the model addresses some of the most important problems with
the U.S. medical malpractice system, including the difficulty that patients
have filing and prevailing in claims, the duration of litigation, the substantial overhead costs, the unpredictability of damages awards, and the
punitive effect felt by physicians” (Mello et al., 2014b). Health courts have
been used in other countries, including Denmark, New Zealand, and Sweden, and evidence suggests that they provide compensation to a greater
number of claimants and are able to reach conclusions more quickly and
at lower costs than tort-based mechanisms (ACP, 2006; Bovbjerg and
Sloan, 1998; Mello et al., 2011).
Health courts appear to have bipartisan support in the United States:
A nationwide poll conducted in 2012 found that 68 percent of Republicans, 67 percent of Democrats, and 61 percent of independents surveyed
support the creation of health courts (Howard, 2012). Legislation to experiment with, or create, health courts has been proposed in a number of
states—including Georgia, Maryland, New York, Oregon, and Virginia—
but none has passed (Peters, 2008). Several organizations and experts
have recommended pilot-testing or using health courts in the United
States, but very few systems have been implemented or even tested (ACP,
2014; Howard and Maine, 2013; IOM, 2002; Mello et al., 2014b; Peters,
2008). There are only two state systems that implement the principles of
health courts, and these uses are confined to cases involving neurological
birth injury (Howard and Maine, 2013; Mello et al., 2014b).
There are several challenges associated with health courts, including
the need for legislative action, which has been difficult to achieve (Mello
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et al., 2014b; Peters, 2008). As mentioned earlier, resistance from stakeholders strongly committed to preserving the current tort-based system
will be a major challenge to overcome. Another issue that needs to be
considered is how a health court should make information on paid claims
of avoidable injuries available to state professional licensing boards, state
hospital licensing agencies, medical specialty boards, and the NPDB. Such
reporting could have a chilling effect on clinician disclosure of diagnostic
errors; however, there is a competing concern about limiting the transparency of information on potentially substandard care practices.
RISK MANAGEMENT
Professional liability insurance carriers and health care organizations
that participate in captive or other self-insurance arrangements have an
inherent interest in improving diagnosis. Many of these organizations
are actively exploring opportunities to improve diagnosis and reduce
diagnostic errors. According to input the committee received, “[M]edical liability serves as a rich training area for reducing diagnostic error”
(Lembitz and Boyle, 2014, p. 1). Given the expertise of professional liability insurance carriers and captive insurers in understanding the contributing factors to diagnostic errors, they can bring an important perspective to
efforts to improve diagnosis, both those focused on individual health care
professionals and those focused on the work system components that may
contribute to diagnostic errors. Thus, the committee recommends that
professional liability insurance carriers and captive insurers should
collaborate with health care professionals on opportunities to improve
diagnostic performance through education, training, and practice improvement approaches and they should increase participation in such
programs.
One way in which these groups are helping improve diagnosis is by
conducting data analyses that characterize the reasons that diagnostic errors occur. PIAA, the industry trade association representing companies
in the medical liability insurance field, has a data sharing project that
gathers and analyzes data on medical professional liability claims submitted by its members (Parikh, 2014).6 The project’s findings are used to
identify opportunities to reduce risk and improve patient safety in health
care organizations. Individual carriers can also provide information to
help improve the understanding of diagnostic errors that lead to medical
6

As discussed in Chapter 3, one of the limitations of malpractice claims data is that these
data are not necessarily representative of diagnostic error in clinical practice; in one analysis,
fewer than 2 percent of patients who experienced adverse events due to medical negligence
filed malpractice claims (Localio et al., 1991).
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liability claims. For example, Physician Reciprocal Insurers (PRI), CRICO,
and The Doctors Company have gathered data on submitted and paid
malpractice claims that suggest that diagnostic errors are the cause of
around 20 percent of all submitted claims and 52 percent of all paid claims
(CRICO, 2014; Donohue, 2014; Troxel, 2014). CRICO synthesizes information on important issues in medical injury claims and produces reports
on these issues (such as a report on diagnostic errors in ambulatory care
settings) (CRICO, 2014). Professional liability insurers often have rich data
because they have collected a variety of information (e.g., information
from electronic health records [EHRs], statements from various participants in the diagnostic process, and information from court documents)
in the course of preparing for medical malpractice lawsuits. This information can lead to important, albeit potentially nonrepresentative, insights
about the vulnerabilities in the diagnostic process and about potential
areas on which to focus in order to improve care. Improved voluntary participation in malpractice claims databases among all professional liability
insurance carriers and captive insurers could be helpful for aggregating
information and sharing lessons learned.
Many professional liability insurers offer risk management educational services that are designed to improve diagnostic performance. The
associated activities include seminars, workshops, team training, residency training programs, and newsletters (Donohue, 2014; Lembitz and
Boyle, 2014). COPIC, a provider of medical liability insurance, reported
that it conducts more than 2,000 practice site visits each year, in which specially trained nurses use explicit criteria to identify patient safety and risk
issues, including vulnerability to systems errors, communication failures,
information transfer, EHR issues, and standardized processes (Lembitz
and Boyle, 2014). In some cases, incentives such as discounted insurance
premiums are offered to individuals to induce participation (Donohue,
2014; Lembitz and Boyle, 2014). Surveys suggest that clinicians perceive
these educational and training approaches as beneficial; for example, PRI
reported that 94 percent of the clinicians participating in their case review
exercise believe that it will reduce the risk of diagnostic errors occurring
in their practice (Donohue, 2014). Unfortunately, because of measurement
difficulties, there is little information on the impact of these educational
approaches on the occurrence of diagnostic error (Donohue, 2014; Lembitz
and Boyle, 2014). However, the committee concluded that the expertise
of health professional liability insurance carriers should be leveraged to
improve the diagnostic process. Improved collaboration between health
professional liability insurance carriers and health care professionals and
organizations could help to identify resources, prioritize areas of concern,
and devise interventions. Collaboration among health care professional
educators and professional liability insurance carriers also could be help-
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ful in developing interventions for trainees. An example of collaborative
efforts among medical liability insurers and educators is the recent grant
from The Doctors Company Foundation to the Society to Improve Diagnosis in Medicine (SIDM, 2015; TDCF, 2015). This grant will provide funding for diagnostic training, with a focus on clinical reasoning and methods
to communicate with patients about diagnostic errors (SIDM, 2015).
PAYMENT AND CARE DELIVERY
FFS payment, the predominant form of payment for health care services in the United States, pays health care professionals for each service
they provide. FFS payment has long been recognized for its inability to incentivize well-coordinated, high-quality, and efficient health care (Council
of Economic Advisors, 2009; IOM, 2001, 2013a; National Commission on
Physician Payment Reform, 2013). There is relatively little information
about the impact of payment on the diagnostic process. However, the
committee concluded that payment is likely to have an impact on the
diagnostic process, and several payment experts who provided input to
the committee helped elaborate on some of these consequences (Miller,
2014; Rosenthal, 2014; Wennberg, 2014).
In general, FFS payment may not incentivize a high-quality, efficient diagnostic process because the more services the diagnostic process
entails, the more remuneration will result. There is no disincentive for
ordering unnecessary diagnostic testing that could lead to false positive
results and diagnostic errors (Miller, 2014; Wennberg, 2014). There is also
a financial incentive to provide treatment to patients rather than determining that patients do not have health problems; thus, inappropriate
diagnoses are better compensated than determining that a patient does
not have a health problem. Likewise, accuracy in the diagnostic process
is not explicitly rewarded by FFS payment: Clinicians who interpret diagnostic testing or provide a diagnosis during a patient visit receive payment whether or not the work was done adequately to support accurate
interpretation and diagnosis and whether or not the interpretations and
diagnoses are accurate (Miller, 2014).
Given the importance of team-based care in the diagnostic process,
the lack of financial incentives in FFS payment to coordinate care may
contribute to challenges in diagnosis and diagnostic errors, particularly
delays in diagnosis (Rosenthal, 2014). FFS Medicare and most commercial payers do not pay for time that a clinician spends contacting other
clinicians by phone or e-mail to facilitate the diagnostic process: for example, by helping determine the appropriate diagnostic tests for a patient. In addition, clinicians are not reimbursed for proactive outreach to
patients to obtain diagnostic testing, to schedule visits with specialists, or
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to make follow-up appointments (Miller, 2014). To improve teamwork
and care coordination in the diagnostic process, the committee recommends that the Centers for Medicare & Medicaid Services (CMS)
and other payers should create current procedural terminology (CPT)
codes and provide coverage for additional evaluation and management activities not currently coded or covered, including time spent
by pathologists, radiologists, and other clinicians in advising ordering
clinicians on the selection, use, and interpretation of diagnostic testing
for specific patients. New CPT codes can help incentivize communication
and collaboration among treating clinicians and clinicians who conduct
diagnostic testing in order to improve the diagnostic testing process for
patients (Allen and Thorwarth, 2014; Kroft, 2014; Miller, 2014). These
codes could be modeled on current CPT codes that compensate coordination and planning activities that are recognized for payment by Medicare
and some other payers (e.g., CPT codes for radiation therapy planning,
post-discharge transitional care coordination, and complex chronic care
coordination) (AAFP, 2013; ASTRO, 2014; Bendix, 2013; Blue Cross Blue
Shield of North Carolina, 2015; CMS, 2013, 2014b; Edwards and Landon,
2014; Nicoletti, 2005; Texas Medical Association, 2013). The proposed new
codes are not meant to capture every discussion among clinicians; rather
they are meant to capture discrete work that does not occur routinely in
normal interactions to encourage more collaborative activity in the diagnostic process.
The Medicare physician fee schedule sets payment rates based on
relative value units that are meant to reflect the level of time, effort,
skill, and stress associated with providing each service (MedPAC, 2014).
Fee schedule services can include evaluation and management services
(“E&M services,” such as office, inpatient, or emergency department
visits), diagnostic testing, and other procedures. For all medical specialties, there are well-documented fee schedule distortions that result in
more generous payments (in relation to the costs of production) being
made for procedures and diagnostic testing interpretations than for E&M
services (Berenson, 2010; National Commission on Physician Payment
Reform, 2013). The existence of these distortions has coincided with a
large growth in diagnostic testing in health care (see Figure 7-2); for example, the percent of patients presenting to the emergency department
with dizziness who underwent computed tomography (CT) scans rose
from 9 percent in 1995 to 40 percent in 2013, but this has not increased diagnoses of stroke or other neurologic diseases (Iglehart, 2009; NewmanToker et al., 2013).
The lower relative value afforded to E&M services versus procedureoriented care is problematic for improved diagnostic performance. E&M
services reflect the cognitive expertise and skills that all clinicians have
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FIGURE 7-2 Rates of use of medical imaging services and diagnostic testing
compared with rates of other clinician-ordered services, per Medicare Beneficiary
(2000–2007).
SOURCE: J. K. Iglehart, Health insurers and medical-imaging policy—A work
in progress. New England Journal of Medicine 360(10), 1030–1037. Copyright 2009
Massachusetts Medical Society. Reprinted with permission from Massachusetts
Medical Society.
Figure 7-2
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attention and time from important tasks in the diagnostic process, such
as performing a patient’s clinical history and interview, conducting a
physical exam, and decision making in the diagnostic process. Thus, the
committee recommends that CMS and other payers reorient relative
value fees to more appropriately value the time spent with patients in
evaluation and management activities. Realigning relative value fees to
better compensate clinicians for cognitive work in the diagnostic process
has the potential to improve accuracy in diagnosis while also reducing
incentives that drive the inappropriate utilization of diagnostic testing.
E&M payment policies and documentation guidelines also are misaligned with the goal of accurate and timely diagnosis. E&M payments
penalize clinicians for spending extra time on the diagnostic process for
an individual patient. There are different levels of E&M visits based on
time and complexity, and practices receive better compensation if they
see more patients with shorter appointment lengths. For example, in
Medicare, if a clinician spends 20 minutes with a patient who is billed as
a level 3 E&M visit rather than spending just 15 minutes, the clinician’s
practice will receive 25 percent less revenue per hour; if a clinician spends
25 minutes for a level 4 E&M visit instead of 15 minutes for a level 3 visit,
the practice will receive 11 percent less revenue per hour (Miller, 2014).
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Time pressures in clinical visits can contribute to various challenges
in clinical reasoning and to the occurrence of errors (Durning, 2014; Kostis
et al., 2007; Sarkar et al., 2012, 2014; Schiff et al., 2009; Singh et al., 2013).
Although there is evidence that the lengths of clinical appointments have
not generally declined,7 there are concerns that the rising complexity of
health care, the growth in patients with complicated health conditions,
and increased EHR-related tasks are contributing to increased time pressures. The aging U.S. population contributes to added complexity for patient care decisions due to the need to understand the various factors that
may be contributing to an older adult’s health problem, such as multiple
comorbidities and polypharmacy (IOM, 2008, 2013b). While unlimited
time is neither the objective nor realistic, it is important to make time for
effectively addressing these complex care decisions. Making more effective use of the time available will be critical, as will making improvements
to the work system in which the diagnostic process occurs (such as disseminating an organizational culture that is supportive of teamwork in
the diagnostic process, the better allocation of tasks, and ensuring that
health information technology [health IT] is supportive of the diagnostic
process).
In addition to modifying payment policies, the documentation guidelines for E&M services could also be improved to support the diagnostic
process. Documentation guidelines for E&M services were created to ensure that the services performed were consistent with insurance coverage;
to validate specific information, such as the site of service, the appropriateness of the care, and the accuracy of the reported information; and to
prevent fraud and abuse (Berenson, 1999; CMS, 2014a). Documentation
guidelines specify the extent of a patient’s clinical history and interview,
the physical exam, and the complexity of medical decision making involved in the E&M visit (Berenson et al., 2011; HHS, 2010). There are a
number of criticisms of the documentation guidelines; the primary argument is that the level of detail required is onerous, is often irrelevant to
patient care, and shifts the purpose of the medical record toward billing
rather than facilitating clinical reasoning (Berenson et al., 2011; Brett, 1998;
Kassirer and Angell, 1998; Kuhn et al., 2015; Schiff and Bates, 2010) (see
the discussion of clinical documentation in Chapter 5).
The documentation guidelines have become an even greater concern
with the broad implementation of EHRs because EHR design has focused
on fulfilling documentation and legal requirements and not on facilitating
the diagnostic process (Berenson et al., 2011; Schiff and Bates, 2010). EHRs
7 For example, the National Ambulatory Medical Care Survey found that in 1992 most
visits lasted 15 minutes or less; by 2010, only half of clinician visits were that short (Rabin,
2014).
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tend to lack a cohesive patient narrative, which include nuance, details,
and important contextual information that help clinicians make accurate
and timely diagnoses. The orientation of EHRs to documentation, their
overreliance on templates, and the copy and paste functionalities within
EHRs have resulted in “EHR-generated data dumps, including repetitive
documentation of elements of patients’ histories and physical examinations, that merely result in electronic versions of clinically cumbersome,
uninformative patient records” (Berenson et al., 2011, p. 1894). Generating
documentation to support E&M coding (or higher levels of E&M coding
than are warranted, which is called “upcoding”) can result in inaccuracies
in the patient’s EHR that can contribute to diagnostic errors.
A number of payment and care delivery reforms aimed at countering
the limitations of the FFS payment system are actively being considered,
implemented, and evaluated (see Box 7-2). These include capitation/
global payments, shared savings, bundled episodes of care, accountable
care organizations, patient-centered medical homes, and pay for performance (which Medicare refers to as “value-based purchasing”). Box 7-2
includes both potential benefits of new payment models on improving diagnosis as well as some of the potential drawbacks (see also Himmelstein
and Woolhandler [2014] for a discussion of the potential limitations of
new payment models). Salary is not described as a payment model because the committee focused on third-party payments rather than provider organization compensation.
CMS recently announced that it plans to have 30 percent of Medicare
payments based on alternative models by the end of 2016 and 50 percent
of payments by the end of 2018 (Burwell, 2015). The Medicare Access
and CHIP Reauthorization Act of 2015 (which repealed the sustainable
growth rate) continues down the path toward alternative payment models, particularly for the payment of Medicare clinicians.8 While the impact
of alternative payment and delivery systems on quality are actively being
investigated (e.g., the Blue Cross Blue Shield of Massachusetts Alternative
Quality Contract, as well as patient-centered medical homes), there is very
limited evidence on what impact such payment and delivery models will
have on the diagnostic process and on the accuracy of diagnosis, and this
represents a fundamental research need. Thus, the committee recommends that CMS and other payers should assess the impact of payment
and care delivery models on the diagnostic process, the occurrence of
diagnostic errors, and learning from these errors. Assessing the impact
of payment and care delivery models, including FFS, on the diagnostic
process, diagnostic errors, and learning are critical areas of focus as these
models are evaluated more broadly. CMS’s Innovation Center is testing
8

Medicare Access and CHIP Reauthorization Act of 2015. P.L. 114-10. (April 16, 2015).
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BOX 7-2
Payment and Care Delivery Reforms and
Their Potential Impact on Diagnosis
•

Global Payment, Capitation, and Per-Member Per-Month
o	
Definition: “A single per-member per-month payment is made for all services delivered to a patient, with payment adjustments based on measured
performance and patient risk” (Schneider et al., 2011, p. 13).
o	
Potential impact on diagnosis: Broader adoption could enhance provider
activities that improve diagnostic accuracy and reduce diagnostic errors
because the capitated, at-risk organization bears the cost of diagnostic
error if there are immediate costs associated with the error. For diagnostic
errors that do not necessarily lead to higher costs for the organization,
investment in lowering these errors (e.g., more vigilant evidence-based
cancer screening which could increase costs due to treatment of newfound
cancers) may be suboptimal. The use of quality measures and reporting
may incentivize organizations to detect the underuse of these screening
activities, to reengineer care, to invest in electronically based decision
support and artificial intelligence which could improve accuracy, to engage
clinicians in ongoing activities to improve diagnostic skills, and to engage
in systems approaches to mitigating harm from potential diagnostic errors.

•

Accountable Care Organizations
o	
Definition: “Groups of providers that voluntarily assume responsibility for
the care of a population of patients” (Schneider et al., 2011, p. 13).
o	
Potential impact on diagnosis: The quality of care in accountable care
organizations (ACOs) is assessed through a set of quality measures, but
none of them involve accuracy or timeliness of diagnosis, for the reasons
described in Chapter 3. ACOs have the potential infrastructure to provide
a base of activity to improve diagnostic accuracy for their constituent or
affiliated clinicians. So far, most ACOs do not accept risk, so the potential
of non-fee-for-service financial incentives has not yet been realized. Nevertheless, the structure of an ACO and its need to credential its members
and engage in quality and safety improvement programs can provide a new
source of interest and provider expertise in engaging in the problem of diagnostic errors. To date, payers have not determined that diagnostic errors
are a priority quality and safety problem that needs attention. ACOs, for
example, would be well positioned to administer and promote follow-up and
feedback approaches and to develop a culture in which these approaches
are welcomed and routine.

•

Bundled Payment or Episode-Based Payment
o	
Definition: A “single ‘bundled’ payment, which may include multiple providers in multiple care settings, is made for services delivered during an
episode of care related to a medical condition or procedure” (Schneider et
al., 2011, p. 13).
continued

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

332

IMPROVING DIAGNOSIS IN HEALTH CARE

BOX 7-2 Continued
o	
Potential impact on diagnosis: By definition, bundled payment would seem
to apply mostly to well-established, “correct” diagnoses, for which efficiencies of care can be further gained, and it remains volume-based (i.e., the
financial incentive is to produce more, efficiently provided episodes). This
raises the importance of addressing appropriateness of the bundled episode procedure being performed. Appropriateness is relevant to the topic of
diagnostic error in the sense of needing to determine acuity of the condition
as part of the diagnostic process. For chronic conditions, episode-based
payment runs the risk of non-holistic care. For example, the clinicians receiving the episode-based payment for a condition such as diabetes may
not be as attuned to diagnosis and management of comorbidities that may
arise in the course of management of the index condition.
•

Pay for Performance or Value-Based Purchasing
o	
Definition: “[P]hysicians receive differential payments for meeting or missing
performance benchmarks” (Schneider et al., 2011, p. 14).
o	
Potential impact on diagnosis: Theoretically this can be a useful payment
tool for focusing provider attention on important quality problems that can
be measured accurately and then financially rewarded and penalized. Overall, the effects of pay for performance on outcomes remain unsettled, with
concerns about the effects on important elements of care that are not
being measured. Current pushes for accountability neglect performance
measures for diagnosis, and that is a major limitation of these approaches.

•

Patient-Centered Medical Homes
o	
Definition: “[A] physician practice or other provider is eligible to receive
additional payments if medical home criteria are met. Payment may include calculations based on quality and cost performance using a [pay for
performance]-like mechanism” (Schneider et al., 2011, p. 13). Although not
an inherent part of the definition, most medical home initiatives are taking
place in primary care practices.

many of the alternative payment models and is well suited to evaluate
the impact of these models on the diagnostic process and the occurrence
of diagnostic errors.
While new payment models have the potential to reduce diagnostic
errors, the committee also recognized that these models may also create
incentives for clinicians and health care organizations that could reduce
use of appropriate testing and clinician services (e.g., specialty consultations) that may inadvertently lead to greater diagnostic errors. To address
these possibilities, the committee recognized that not only is direct evaluation of the impact of payment models on diagnostic errors important but
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o	
Potential impact on diagnosis: A well-functioning medical home, teamwork,
longstanding relationships with patients as the center for care and care
coordination, and ultimately, reliance on improved electronic health records
and interoperability of patient information to inform clinical decision making
has the potential to improve diagnostic performance. There are concerns,
however, that medical home performance will be assessed using measures
that do not include those related to diagnostic performance, although it is
known that there is a significant problem of diagnostic error in primary care
(Ely et al., 2012; Singh et al., 2013).
•

Shared Savings
o	
Definition: “[A] payment strategy that offers incentives for providers to reduce health care spending for a defined patient population by offering them
a percentage of net savings realized as a result of their efforts” (Bailit and
Hughes, 2011, p. 1).
o	
Potential impact on diagnosis: As a payment method, there are no direct
incentives to focus on improving diagnostic accuracy. The impact depends
largely on the objectives of the underlying organization to which the payment is being applied. For example, shared savings has become the primary method for rewarding ACOs for spending less than a target spending
amount. Theoretically, at least, the ACO should be interested in diagnostic
accuracy if by getting the diagnosis correct, subsequent spending can be
promptly reduced. So the focus would be on efforts to make correct diagnoses of acute, urgent presentations of illness in emergency departments and
primary care practices and for commonly misdiagnosed conditions such as
stroke and congestive heart failure. Conversely, based on incentives alone,
the organization might be less interested in efforts to make accurate and
timely diagnoses of conditions whose costs would not be borne for many
months or years. To date, there seems to be little attention paid to diagnostic accuracy as a mechanism for achieving savings.

also there is a need for better measurement tools to identify diagnostic
errors in clinical practice (see Chapters 5 and 6).
Additionally, the committee asked for input from payment and delivery experts about the potential effects of new models on diagnosis and
diagnostic error. Rosenthal (2014) suggested that global payment and
meaningful use incentives have the potential to improve diagnosis by
promoting the adoption of diagnostic test and referral tracking systems
that better connect health care professionals throughout the continuum of
care. Miller (2014) suggested that the development of measures for diagnostic accuracy be developed to provide feedback and reward clinicians
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for diagnostic accuracy. Wennberg (2014) suggested that population-based
payment models, including capitation and global budgets, have the greatest potential to reduce diagnostic errors.
Even when alternate payment and care delivery approaches to FFS
are employed, they are often based on or influenced by existing coding
and payment rules (Berenson et al., 2011). For example, bundled payments are combinations of current codes. Thus, the current distortions in
the fee schedule and other volume-based payment approaches, such as
diagnosis-related group coding, will remain a dominant component of
payment and care delivery models in the near future and need to be addressed. As long as fee schedules remain a predominant mechanism for
determining clinician payment, the committee recommends that CMS
and other payers should modify documentation guidelines for evaluation and management services to improve the accuracy of information
in the EHR and to support decision making in the diagnostic process.
RECOMMENDATIONS
Goal 6: Develop a reporting environment and medical liability system that facilitates improved diagnosis by learning from diagnostic
errors and near misses
Recommendation 6a: The Agency for Healthcare Research and
Quality (AHRQ) or other appropriate agencies or independent entities should encourage and facilitate the voluntary reporting of
diagnostic errors and near misses.
Recommendation 6b: AHRQ should evaluate the effectiveness of
patient safety organizations (PSOs) as a major mechanism for voluntary reporting and learning from these events and modify the
PSO Common Formats for reporting of patient safety events to
include diagnostic errors and near misses.
Recommendation 6c: States, in collaboration with other stakeholders (health care organizations, professional liability insurance carriers, state and federal policy makers, patient advocacy groups,
and medical malpractice plaintiff and defense attorneys), should
promote a legal environment that facilitates the timely identification, disclosure, and learning from diagnostic errors. Specifically,
they should:
• Encourage the adoption of communication and resolution
programs with legal protections for disclosures and apologies under state laws.
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• C
 onduct demonstration projects of alternative approaches to
the resolution of medical injuries, including administrative
health courts and safe harbors for adherence to evidencebased clinical practice guidelines.
Recommendation 6d: Professional liability insurance carriers and
captive insurers should collaborate with health care professionals
on opportunities to improve diagnostic performance through education, training, and practice improvement approaches and increase
participation in such programs.
Goal 7: Design a payment and care delivery environment that supports the diagnostic process
Recommendation 7a: As long as fee schedules remain a predominant mechanism for determining clinician payment, the Centers
for Medicare & Medicaid Services (CMS) and other payers should:
• Create current procedural terminology codes and provide
coverage for additional evaluation and management activities not currently coded or covered, including time spent by
pathologists, radiologists, and other clinicians in advising
ordering clinicians on the selection, use, and interpretation
of diagnostic testing for specific patients.
• Reorient relative value fees to more appropriately value the
time spent with patients in evaluation and management
activities.
• Modify documentation guidelines for evaluation and management services to improve the accuracy of information in
the electronic health record and to support decision making
in the diagnostic process.
Recommendation 7b: CMS and other payers should assess the impact of payment and care delivery models on the diagnostic process,
the occurrence of diagnostic errors, and learning from these errors.
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8
A Research Agenda for the Diagnostic
Process and Diagnostic Error

Progress toward improving diagnosis and reducing diagnostic error
will be significantly hampered without a dedicated focus on research. A
primary reason that diagnostic errors have remained an underappreciated
quality challenge is the lack of information specifying the full extent of
the problem. To underscore the importance of this issue, the committee
sought to identify or construct an estimate of the frequency of diagnostic
errors. All of the research the committee reviewed indicated that diagnostic errors are a significant and pervasive challenge, but the available
research estimates were inadequate to establish a precise understanding
of the incidence and nature of diagnostic errors in clinical practice today.
Absent this quantification, other issues in health care quality and
safety have overshadowed diagnostic errors. And while the issue of diagnostic error has been gaining momentum in patient safety and quality improvement efforts, the relative lack of attention has resulted in substantial
gaps in what is known about the diagnostic process and diagnostic error
in health care today. These knowledge limitations affect not only the field
of diagnosis but also the broader research enterprise. A substantial body
of research relies on—and in some cases assumes that—diagnoses are correct. In research studies evaluating interventions, for example, incorrect
diagnoses threaten the validity of the study outcomes and conclusions.
An improved understanding of diagnosis and diagnostic error has the
potential to inform and improve all areas of health research.
Thus, the committee concluded that that there is an urgent need
for research on the diagnostic process and diagnostic errors. Previous
chapters have highlighted the challenges to diagnosis that arise from
343
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specific elements of the health care work system. The lack of research on
the diagnostic process and diagnostic error is an overarching challenge
that affects all aspects of the diagnostic process and all elements within
the work system. This chapter outlines the impediments to research on
the diagnostic process and diagnostic error. The committee calls for a
coordinated federal research agenda, committed funding, and significant
public–private collaborations to enhance research in this critical area.
A FEDERAL RESEARCH AGENDA
The diagnostic process and the challenge of diagnostic errors have
been neglected within the national health care research agenda (Berenson
et al., 2014; Wachter, 2010; Zwaan et al., 2013). Input provided to the committee concluded that “although correct treatment presumes a correct
diagnosis, federal resources devoted to diagnostic research are vastly
eclipsed by those devoted to treatment” (Newman-Toker, 2014, p. 12).
There are a number of reasons why diagnosis and diagnostic errors may
be underrepresented in current research activities, including the dearth
of sources of valid and reliable data for measuring diagnostic error, a lack
of awareness of the problem, the perceived inevitability of the problem,
a poor understanding of the diagnostic and clinical reasoning processes,
a lack of applicable performance measures on diagnosis, and the need
for financial and other resources to address the problem (Berenson et al.,
2014; Croskerry, 2012).
A major barrier to research on diagnosis and diagnostic error is the
disease-focused approach to medical research funding. For example, the
National Institutes of Health’s (NIH’s) structure and funding mechanisms are often organized by disease or organ systems, which facilitates
the study of these specific areas but impedes research efforts that seek to
provide a more comprehensive understanding of diagnosis as a distinct
research area. Newman-Toker (2014, p. 12) asserted that diagnostic research “invariably falls between rather than within individual Institute
missions.” As such, the topic of diagnosis, which cuts across all diseases
and body parts, is not centralized within the NIH research portfolio, and
available research funding for diagnosis often targets the diagnosis of
specific diseases, but not diagnosis as a whole; the diagnosis of several
diseases with similar presentations; or the diagnostic process itself.
Diagnosis and diagnostic error are not a focus of federal health services research efforts, with the exception of two special emphasis notices
from the Agency for Healthcare Research and Quality (AHRQ) for diagnostic error which were published in 2007 and 2013, as well as 2015
grant opportunities (AHRQ, 2007, 2013, 2015a,b). AHRQ posted an R01
grant opportunity for “understanding and improving diagnostic safety in
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ambulatory care: incidence and contributing factors” (AHRQ, 2015a) and
an R18 grant opportunity on identifying strategies and interventions to
improve diagnostic safety in ambulatory care (AHRQ, 2015b).
Although these initial steps are promising, the available funding for
research on diagnostic error is not in alignment with the scope of the
problem or with the resources necessary to improve diagnosis. The committee concluded that there is an urgent need for dedicated, coordinated
federal funding for research on diagnosis and diagnostic error. Thus, the
committee recommends that federal agencies, including the Department of Health and Human Services (HHS), the Department of Veterans
Affairs (VA), and the Department of Defense (DOD), should develop a
coordinated research agenda on the diagnostic process and diagnostic
errors by the end of 2016. Within HHS there are a number of agencies that
have the diagnostic process and diagnostic errors within their purview,
including NIH, AHRQ, the Centers for Disease Control and Prevention,
and the Centers for Medicare & Medicaid Services (CMS). The VA and
the DOD should also be engaged in developing this research agenda. An
example of cross-governmental collaboration is the joint effort by AHRQ
and the National Science Foundation to evaluate how industrial and
systems engineering contribute to better health care delivery. Following
a workshop that outlined a research agenda, these agencies released a
joint grant solicitation to fill the gaps identified during the course of the
workshop (Valdez, 2010).
Given the potential for federal research in diagnosis and diagnostic
error to fall between institutional missions, federal agencies need to collaborate to develop a coordinated national research agenda that addresses
diagnosis and diagnostic error. Because of the urgent need for research
in these areas, federal agencies should commit dedicated funding to
implementing this research agenda. Overall federal investment in biomedical and health services research is declining (Moses et al., 2015), and
the committee recognizes that funding for diagnosis and diagnostic error
will likely draw resources away from other important priorities. However,
given the consistent lack of resources for research on diagnosis, and the
potential for diagnostic errors to contribute to significant patient harm,
the committee concluded that this prioritization is necessary in order to
achieve broader improvements in the quality and safety of health care.
Furthermore, because much of health care (both in research and in clinical practice) relies on correct diagnoses, research in this area is likely to
enhance the effectiveness of other efforts (e.g., those focused on treatment
and management), and it could also potentially lead to cost savings by
preventing diagnostic errors, inappropriate treatment, and related adverse events.
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PUBLIC–PRIVATE COLLABORATION ON RESEARCH
In addition to federal-level research on diagnosis and diagnostic errors, there is an important role for public–private collaboration and coordination among the federal government, foundations, industry, and
other organizations. Collaborative funding efforts help extend the existing
financial resources and reduce duplications in research efforts. Interested
parties can unite around areas of mutual interest and spearhead progress. Foundations, industry, and other stakeholders can make important contributions—financially and within their areas of expertise—to
enhance knowledge in this area. Thus, the committee recommends that
the federal government should pursue and encourage opportunities
for public–private partnerships among a broad range of stakeholders,
such as the Patient-Centered Outcomes Research Institute (PCORI),
foundations, the diagnostic testing and health information technology (health IT) industries, health care organizations, and professional
liability insurers to support research on the diagnostic process and
diagnostic errors.
The scientific literature includes descriptions of various types of collaborative models that have been employed to share information, resources, and capabilities (Altshuler et al., 2010; Portilla and Alving, 2010).
Organizations like Grantmakers in Health coordinate corporate and foundation funding efforts to improve health and health care delivery (GIH,
2015). An example of a public–private partnership that could be leveraged
is the National Center for Interprofessional Practice and Education, which
takes a cross-cutting view of health systems and health care professional
education (NCIPE, 2015). Another example is the CMS Innovation Center’s Health Care Payment Learning and Action Network, launched in
the spring of 2015 (CMS, 2015). This model will support HHS’s efforts to
move from paying for volume to paying for the value of services provided
(Burwell, 2015). As a part of this effort, organizations can collaborate to
generate evidence. In line with Recommendation 7b, this could include
generating evidence about how payment models influence the diagnostic
process and the occurrence of diagnostic errors.
Zwaan and colleagues (2013) outlined potential research opportunities broadly, classified into three areas: the epidemiology of diagnostic
errors, the causes of diagnostic error, and error prevention strategies. The
Society to Improve Diagnosis in Medicine has formed a research committee to bring together multidisciplinary perspectives in order to advance
a research agenda that seeks to address critical gaps in the evidence base
(SIDM, 2015). Building on this work, the committee identified additional
areas of research that could help shape a national research agenda on
diagnosis and diagnostic error (see Box 8-1). This list is not exhaustive;
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BOX 8-1
Potential Areas of Research
Patient and Family Engagement and the Diagnostic Process
• Effective strategies for partnering with patients in the diagnostic process;
approaches for reaching diverse population groups, including those who
are diverse in language, culture, and individual values, preferences, and
needs.
• Development of patient-focused educational resources and shared
decision-making tools/strategies in the diagnostic process.
• Patient-centered priorities in reducing diagnostic errors.
• Identification of multiple perspectives to better understand and mitigate
diagnostic error (including the patient, family, primary care clinicians, specialists, other health care professionals, organizational leaders, risk management perspectives, and others).
• The impact of patient variables on the diagnostic process and outcomes.
• Disparities in accurate and timely diagnosis among populations at highest risk, including those with health literacy limitations, socioeconomic
disadvantages, limited English proficiency, and racial/ethnic minority
populations.
Health Care Professional Education and Training
• How health care professional schools currently train and evaluate students
for diagnostic competency.
• Effective practices to teach and evaluate clinical reasoning.
• The use of simulation training to improve diagnostic performance.
• Etiology of cognitive errors (inadequate knowledge and shortcomings in
cognitive processes).
• Components of intra- and interprofessional training that improve the diagnostic process.
Health Information Technology (Health IT)
• How health IT can be better leveraged to support the identification of diagnostic errors by analyzing large quantities of data to find trends, patterns,
and anomalies that would not be visible otherwise.
• Development of strategies for the identification and remediation of health IT
functionality and usability issues affecting diagnosis (difficulties navigating,
seeing, understanding, or interacting with user interfaces/displays).
• Investigation of how health IT can be leveraged to narrow the gap between
patients’ actual health literacy level and that required to navigate the diagnostic process.
• Examination of the impact of computer-assisted diagnosis technology on
diagnostic accuracy in medical imaging.
• Evaluation of the relationship between the amount of clinical context provided by diagnostic test orders and diagnostic error.

continued
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BOX 8-1 Continued
•

•

 evelopment of health IT tools to efficiently extract information from the
D
electronic health record that is relevant to an individual patient’s specific
diseases and conditions, allowing the clinicians to expend more of their efforts on information integration and interpretation to provide a personalized
diagnosis.
Potential for artificial intelligence, big data, and analytics approaches to
improve the diagnostic process and identify diagnostic errors and near
misses.

Identification, Analysis, and Reduction of Diagnostic Errors
• National studies/surveys of health care organizations to document:
o	
Current approaches and progress in the identification of diagnostic
errors.
o	
Evidence to improve diagnosis and reduce diagnostic errors.
o	
The relationship between diagnostic variance and patient outcomes.
• A national effort to capture diagnostic delays and errors could be considered as a part of ongoing surveillance through the National Center for
Health Statistics, such as the National Ambulatory Medical Care Survey
and the National Hospital Ambulatory Medical Care Survey.
• Longitudinal analysis of diagnostic errors to determine when improvement
efforts are succeeding.
• Disease-specific analyses of diagnostic errors and near misses.
• Development of tools and methods that can identify diagnostic errors in
practice.
o	
The necessary structures (Are the right tools in place to increase the
likelihood of accurate and timely diagnoses?), processes (Are the appropriate steps undertaken to ensure that a diagnosis is accurate and
timely?), and patient outcomes (Are both clinical outcomes and patient-reported outcomes about how the diagnostic error affected them
noted?).
o	
Variations research (similar to geographic variations research to identify
variability of diagnostic accuracy across regions, organizations, health
care professionals, settings of care, etc.).

instead, it is meant to highlight some of the issues that were raised during
committee discussions. The committee concluded that it was not feasible
to prioritize specific research areas in diagnosis and diagnostic error; such
prioritization will require additional time and effort beyond the scope of
the study.
Because this has been an underemphasized area in research and health
care delivery, there are many promising avenues for research. Chapter 3
describes the committee’s proposed five purposes of measurement; re-
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o	
The specific elements of diagnostic error associated with different settings of care (including inpatient, outpatient, extended care, home, and
community settings).
o	
Methods to assess the diagnostic performance of diagnostic team
members.
o	
Assessment of the elements of organizational culture that promote
improved diagnostic performance.
o	
Effective and cost-effective approaches for identifying diagnostic errors.
o	
Identification of priority conditions for which known approaches to improve diagnostic accuracy and timeliness would have a high impact.
o	
Mitigation of potential adverse consequences related to assessing diagnostic errors.
o	
Identification of tools that can measure interventions.
Work System Improvements
• Research on the work system factors that contribute to poor diagnostic
performance, diagnostic errors, and near misses in current practice.
• Research exploring the generalizability of findings on teamwork, culture,
leadership, and education from other disciplines and from broader health
care quality and patient safety settings to the diagnostic process.
• Identification of cultural and other organizational characteristics of health
care organizations that improve diagnosis and reduce diagnostic errors.
• Interventions that redesign the work system and assess their effects on
diagnosis.
External Environment
• Impact of payment, care delivery models, and coding practices on the
diagnostic process and the accuracy of diagnosis.
• Economic consequences of diagnostic errors for patients and their families,
health care organizations, and the nation.
• Mechanisms to improve voluntary reporting.
• Alternative approaches to medical liability to improve disclosure, learning,
and the prevention of diagnostic errors.

search in each of these areas could be very helpful. Additional research
could better define the scope of the problem, identify vulnerabilities in
the diagnostic process, describe the work system factors that contribute
to errors, and evaluate interventions. Further measurement research could
advance efforts to assess diagnostic performance in education and training environments and could consider issues related to measurement for
accountability. An important area of research will be the economic impact
of diagnostic errors. Today, there is limited information about the eco-
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nomic consequences of diagnostic errors for patients and their families,
for health care organizations, and for the country as a whole.
As discussed in Chapter 4, it is also critical to carry out more research
on teamwork in the diagnostic process, patient engagement, and health
care professional education. There has been limited research on teamwork
in the diagnostic process, and future research efforts could help identify
best practices to facilitate and support such teamwork. Furthermore, diagnostic research that includes patient and family perspectives will be critical to increasing the effectiveness of interventions, because patient actions
are often needed to achieve correct diagnoses, especially in outpatient
settings (Gandhi et al., 2006). To better enable patient and family engagement in the diagnostic process, further research could also elaborate on
methods and tools that effectively engage patients and their families as
true partners. In the area of health care professional education, research
on methods to assess diagnostic competencies among health care professionals and best practices for developing clinical reasoning and other
competencies essential to the diagnostic process is warranted.
Chapter 5 describes the use of health IT in the diagnostic process. A
major area of research is understanding how to effectively leverage health
IT to support all diagnostic team members in the diagnostic process,
especially in supporting clinical reasoning tasks. For example, a better
understanding of the performance diagnostic decision support tools in
clinical practice is needed. In addition, research that identifies the potential adverse effects of health IT on the diagnostic process can be helpful
to ensure the safe design, implementation, and use of health IT. Given the
growth of mobile health applications and wearable technologies, research
could also provide information on how these can be effectively incorporated in the diagnostic process.
In Chapter 6, the committee calls on health care organizations to begin
monitoring the diagnostic process and to identify, learn from, and reduce
diagnostic errors in clinical practice. Because there has been limited collection of this information in clinical practice, health care organizations
will need to experiment and assess which approaches are effective for
monitoring the diagnostic process and identifying, analyzing, and reducing diagnostic errors. Further research on developing systematic feedback
mechanisms on diagnostic performance and research on best practices for
the delivery of this feedback to individuals, care teams, and leadership
will also be necessary. Research can also inform the design of a health care
organization’s work system so that it supports the work and activities of
the diagnostic process.
Chapter 7 describes how voluntary reporting, medical liability, and
payment and care delivery can influence the diagnostic process. There
are several topics that deserve research in this area, including demonstra-
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tion projects to evaluate how alternative approaches to medical liability—such as administrative health courts and safe harbors for adherence
to evidence-based clinical practice guidelines—influence the occurrence
and disclosure of diagnostic errors and also influence the analysis of and
learning from these errors. As mentioned previously, there is also a need
to understand how payment and care delivery influence the diagnostic
process, diagnostic errors, and learning.
Achieving progress in reducing diagnostic errors and improving diagnosis will require an emphasis on collaboration. Collaborative research
in diagnosis and diagnostic error will necessitate the involvement of multiple disciplines, and it will benefit from the use of multiple and mixed
methods (Creswell et al., 2011). For instance, qualitative approaches such
as cognitive work analyses of the human factors/ergonomics discipline
could provide in-depth information on the types of diagnostic errors
identified by health services researchers (Bisantz and Roth, 2007). This
type of multidisciplinary mixed-methods research can provide the type of
information that is needed to further quantify and understand the nature
of diagnostic errors.
RECOMMENDATION
Goal 8: Provide dedicated funding for research on the diagnostic
process and diagnostic errors
Recommendation 8a: Federal agencies, including the Department
of Health and Human Services, the Department of Veterans Affairs,
and the Department of Defense, should:
• Develop a coordinated research agenda on the diagnostic
process and diagnostic errors by the end of 2016.
• Commit dedicated funding to implementing this research
agenda.
Recommendation 8b: The federal government should pursue and
encourage opportunities for public–private partnerships among a
broad range of stakeholders, such as the Patient-Centered Outcomes Research Institute, foundations, the diagnostic testing and
health information technology industries, health care organizations, and professional liability insurers to support research on the
diagnostic process and diagnostic errors.
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9
The Path to Improve Diagnosis
and Reduce Diagnostic Error

Illuminating the blind spot of diagnostic error and improving diagnosis in health care will require a significant reenvisioning of the diagnostic process and widespread commitment to change. Diagnostic error
is a complex and multifaceted problem; there is no single solution that is
likely to achieve the changes that are needed. To address this challenge
and to improve diagnosis for patients and their families, the committee makes eight recommendations. This chapter highlights the overarching conclusions from the committee’s deliberations and presents these
recommendations.
OVERARCHING CONCLUSIONS
Several major conclusions emerged from the committee’s discussions.
The first conclusion is that urgent change is needed to address the issue
of diagnostic error, which poses a major challenge to health care quality.
Diagnostic errors persist throughout all settings of care, involve common and rare diseases, and continue to harm an unacceptable number of
patients. Yet, diagnosis—and, in particular, the occurrence of diagnostic
errors—is not a major focus in health care practice or research. The result
of this inattention is significant: It is likely that most people will experience at least one diagnostic error in their lifetime, sometimes with devastating consequences.
The committee drew this conclusion based on its collective assessment of the available evidence describing the epidemiology of diagnostic
errors. In every research area that the committee evaluated, diagnostic er355
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rors were a consistent quality and safety challenge. For example, a recent
study estimated that 5 percent of U.S. adults who seek outpatient care experience a diagnostic error, and the researchers who conducted the study
noted that this is likely a conservative estimate (Singh et al., 2014). Postmortem examination research that spans several decades has consistently
shown that diagnostic errors contribute to around 10 percent of patient
deaths (Shojania et al., 2002, 2003). The Harvard Medical Practice Study,
which reviewed medical records, found diagnostic errors in 17 percent of
the adverse events occurring in hospitalized patients (Leape et al., 1991),
and a more recent study in the Netherlands found that diagnostic errors
comprised 6.4 percent of hospital adverse events (Zwaan et al., 2010).
Analyses of malpractice claims data indicate that diagnostic errors are
the leading type of paid claims, represent the highest proportion of total
payments, and are almost twice as likely to have resulted in the patient’s
death compared to other claims (Tehrani et al., 2013).
However, the committee concluded that the available research estimates were not adequate to extrapolate a specific estimate or range of the
incidence of diagnostic errors within clinical practice today. There is even
less information available with which to assess the frequency and severity
of harm related to diagnostic errors. Part of the challenge is the variety of
settings in which these errors can occur, including hospitals, emergency
departments, a variety of outpatient settings (such as primary and specialty care settings and retail clinics), and long-term care settings (such as
nursing homes and rehabilitation centers), combined with the complexity
of the diagnostic process itself. Although there are more data available to
examine diagnostic errors in some of these settings, there are wide gaps
in the information and great variability in the amount and quality of information available. In addition, aggregating data from various research
methods—such as postmortem examinations, medical record reviews,
and malpractice claims—is problematic. Each method captures information about different subgroups in the population, different dimensions of
the problem, and different insights into the frequency and causes of diagnostic error. Nonetheless, the committee concluded that, taken together,
the evidence suggests that diagnostic errors are a significant and common
challenge in health care necessitating urgent attention.
The second conclusion is that it is very important to consider diagnosis from a patient-centered perspective, as patients bear the ultimate risk
of harm from diagnostic errors. Thus, patients should be recognized as
vital partners in the diagnostic process, and the health care system needs
to encourage and support their engagement and to facilitate respectful
learning from diagnostic errors. The committee’s definition of diagnostic
error—the failure to (a) establish an accurate and timely explanation of
the patient’s health problem(s) or (b) communicate that explanation to
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the patient—reflects a patient-centered approach and highlights the key
role of communication among the patient and the health care professionals involved in the diagnostic process. The term “explanation” is included
in the definition to highlight the manner in which a diagnosis is conveyed
to a patient such that it facilitates patient understanding and aligns with
a patient’s level of health literacy.
The committee concluded that a sole focus on reducing diagnostic errors will not achieve the extensive change that is needed. Reducing diagnostic errors will require a broader focus on improving diagnosis in health
care. This conclusion reflects the input provided to the committee by Gary
Klein, a senior scientist at MacroCognition, who argued that improvements in diagnosis will require balancing two interdependent efforts:
reducing diagnostic errors and improving diagnostic performance (Klein,
2014). Related input from David Newman-Toker, an associate professor
at Johns Hopkins University, suggested that improving diagnostic performance will require addressing both diagnostic quality and efficiency
in order to achieve high-value diagnostic performance (Newman-Toker,
2014; Newman-Toker et al., 2013). Thus, many of the recommendations
focus on improving diagnosis and the diagnostic process as well on the
identification and mitigation of diagnostic errors.
To provide a framework for this dual focus, the committee developed
a conceptual model to articulate the diagnostic process, identify the factors that influence this process, and identify opportunities to improve
the diagnostic process and outcomes. This conceptual model highlights
the committee’s conclusion that diagnosis is a team-based process that
occurs within the context of a broader system. This system involves the
dynamic interaction of the participants in the diagnostic process (which
are influenced by the participants’ cognitive, perceptual, and affective
factors), the tasks that they perform, the technology and tools they utilize, the organization and physical environment in which diagnosis takes
place, and the external environmental factors involved, such as oversight
processes, error reporting, medical liability, and the payment and care
delivery environment.
RECOMMENDATIONS
The committee’s recommendations focus on achieving eight goals to
improve diagnosis and reduce diagnostic error (see Box 9-1). These recommendations are meant to be applicable to all diagnostic team members
and settings of care; thus, some of the committee’s recommendations are
intentionally broad. Given the early state of the field, the committee also
sought to develop recommendations that were not overly proscriptive.
Importantly, the evidence base for some recommendations stems from
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BOX 9-1
Goals for Improving Diagnosis and Reducing Diagnostic Error
•
•
•
•
•
•
•
•

 acilitate more effective teamwork in the diagnostic process among health
F
care professionals, patients, and their families
Enhance health care professional education and training in the diagnostic
process
Ensure that health information technologies support patients and health
care professionals in the diagnostic process
Develop and deploy approaches to identify, learn from, and reduce diagnostic errors and near misses in clinical practice
Establish a work system and culture that supports the diagnostic process
and improvements in diagnostic performance
Develop a reporting environment and medical liability system that facilitates
improved diagnosis by learning from diagnostic errors and near misses
Design a payment and care delivery environment that supports the diagnostic process
Provide dedicated funding for research on the diagnostic process and
diagnostic errors

the broader patient safety and quality improvement literature. Making
connections to previous efforts is important, given the limited focus on
diagnosis and its relevance to overall health care quality. Patients and patient advocates have much to offer on how to implement the committee’s
recommendations. Leveraging the expertise, power, and influence of the
patient community will help spur progress.
Facilitate More Effective Teamwork in the Diagnostic Process
Among Health Care Professionals, Patients, and Their Families
The diagnostic process is a collaborative activity. Making accurate
and timely diagnoses requires teamwork among health care professionals,
patients, and their family members. The committee’s focus on teamwork
in diagnosis grew out of the recognition that too often diagnosis is characterized as a solitary activity, taking place exclusively within an individual
physician’s mind. While the task of integrating relevant information and
communicating a diagnosis to a patient is often the responsibility of an
individual clinician, the diagnostic process ideally involves collaboration
among multiple health care professionals, the patient, and the patient’s
family. Consistent with the committee’s conclusion, recent reports in the
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literature make the case that the diagnostic process is a team-based endeavor (Graedon and Graedon, 2014; Haskell, 2014; Henriksen and Brady,
2013; McDonald, 2014; Schiff, 2014a). For example, Schiff noted that the
new paradigm for diagnosis is that it is carried out by a well-coordinated
team of people working together through reliable processes; in this view,
diagnosis is the collective work of the team of health care professionals
and the patient and his or her family (Schiff, 2014a).
Patients and their families are critical partners in the diagnostic process. The goal of patient engagement in diagnosis is to improve patient
care and outcomes by enabling patients and their families to contribute
valuable input that will facilitate an accurate and timely diagnosis and
improve shared decision making about the path of care. There are indications, however, that patients and families are not routinely engaged as
true partners in the diagnostic process and that they face challenges in engaging in the diagnostic process (Haskell, 2014; Julavits, 2014; McDonald,
2014). Two of the more significant challenges involve unfamiliarity with
the diagnostic process and health care environments that are not supportive of patient engagement.
The committee identified several opportunities to improve patient
and family engagement in the diagnostic process. First, patients and their
families could benefit from having a better overall understanding of the
diagnostic process. Learning opportunities that describe what to expect
during this process, the roles of specific diagnostic team members, and
materials that facilitate patient and family participation in the process
could all be helpful. For example, the National Patient Safety Foundation,
the Society to Improve Diagnosis in Medicine, and Kaiser Permanente
have developed resources to help patients partner with their clinicians
to receive a correct diagnosis (Kaiser Permanente, 2012; NPSF and SIDM,
2014). Health care organizations and health care professionals have the
responsibility to create environments that are receptive to and supportive
of patient engagement in the diagnostic process. This includes recognizing that patients and their families have varying needs, values, and
preferences in regard to engagement and being responsive to the desired
level of involvement. Furthermore, the health care environments need
to encourage patients and families to share feedback about their experiences with diagnosis and their concerns about diagnostic errors and near
misses. Although there are limited systematic mechanisms for patients
to provide feedback to health care professionals about the accuracy of
their diagnoses, establishing opportunities to provide patient feedback is
critical to improving diagnostic performance (Schiff, 2008). This feedback
could also become a routine aspect of assessing patient satisfaction.
An important opportunity to improve engagement is through the use
of health information technology (health IT) tools that make a patient’s
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health information more accessible and transparent, including clinical
notes and diagnostic testing results. The Office of the National Coordinator for Health Information Technology’s Meaningful Use 2 requirements
include patient’s having access to their electronic health information, such
as medication lists, diagnostic test results, allergies, and clinical problem
lists; organizations have begun to employ patient portals in order to
provide patients with access to this information (Adler-Milstein et al.,
2014; Bruno et al., 2014; Furukawa et al., 2014; HealthIT.gov, 2015). The
OpenNotes initiative, which is available to almost 5 million patients, has
promoted even greater transparency of a patient’s health information by
inviting patients to view the notes recorded by health care professionals
during the patients’ clinical visit. Initiatives like OpenNotes may promote
patient engagement in the diagnostic process and also serve as a mechanism for patients and their families to identify and avert diagnostic errors
(Bell et al., 2014; Delbanco et al., 2010, 2012).
Health care professionals and organizations can also involve patients
and their families in organizational learning efforts aimed at analyzing
the causes of diagnostic errors and identifying interventions that could
improve the diagnostic process. Patients and their families have unique
insight into the diagnostic process, their outcomes, and the occurrence
of diagnostic errors; thus, their perspectives are critical to improving the
diagnostic process (Etchegaray et al., 2014; Gertler et al., 2014; Weingart
et al., 2005). When a diagnostic error occurs, health care organizations can
identify opportunities to involve a patient and his or her family in efforts
to learn from the error, using mechanisms such as root cause analyses,
morbidity and mortality conferences, and patient and family advisory
councils (AHRQ, 2014c; Gertler et al., 2014; Zimmerman and Amori, 2007).
In addition to patient engagement, the committee highlighted the
roles of health care professionals in the diagnostic process and the need
for improved intra- and interprofessional collaboration. Depending on a
patient’s health problem, the diagnostic process can involve various types
of health care professionals, such as primary care clinicians (physicians,
advance practice nurses [APNs], physician assistants [PAs]), physicians
in a broad range of specialties (including radiology, pathology, and other
disease-focused areas), nurses, technologists, therapists, social workers,
pharmacists, and patient navigators. For simplicity, the committee’s conceptual model articulates two main types of health care professionals:
diagnosticians, or those who make diagnoses, such as physicians, APNs,
and PAs; and the health care professionals who support the diagnostic
process. Inadequate teamwork and communication are major contributors
to medical errors, including diagnostic errors (Baker et al., 2006; CRICO,
2014; Dingley et al., 2008; Singh et al., 2008). Because a patient’s diagnosis
can hinge on the successful collaboration among these health care profes-
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sionals, it is important that all health care professionals are well-prepared
and supported to engage in diagnostic teamwork.
Recognition that interprofessional education and training is critical to
the delivery of high-quality care has been gaining widespread traction;
however, health care professionals are still not adequately prepared for
this team-based practice (IOM, 2014; Patel et al., 2009; Pecukonis et al.,
2008; Schmitt et al., 2011). Opportunities for interprofessional training
have been slow to materialize because of a host of different issues, including logistical challenges, deep-rooted cultural differences among the
health care professions, differences in educational curricula and trajectory,
and costs (Josiah Macy Jr. Foundation and Carnegie Foundation for the
Advancement of Teaching, 2010). Furthermore, intraprofessional collaboration can be difficult to achieve in practice, and the way that physicians
are prepared today may be hindering their ability to engage in teamwork
and cooperation (Hughes and Salas, 2013). For example, the traditional
hierarchy among medical students, residents, and experienced physicians
may prevent the more junior clinicians from speaking up about a potential
error (Sorra et al., 2014).
In addition, the roles of some health care professionals who participate in the diagnostic process have been insufficiently recognized in
current practice. For example, the fields of pathology and radiology are
critical to diagnosis, but these health care professionals have sometimes
been referred to as ancillary services and are not always engaged as full
members of the diagnostic team despite their significant contributions to
diagnosis. Enhanced collaboration has the potential to improve all aspects
of the diagnostic testing process, including test ordering, analysis and
interpretation, reporting and communicating the results, and subsequent
decision making (Allen and Thorwarth, 2014; Epner, 2015; Kroft, 2014).
One opportunity to better integrate these health care professionals into
the diagnostic process is the diagnostic management team model; these
integrated teams feature collaboration among pathologists, radiologists,
and the treating health care professionals in order to ensure that the correct diagnostic tests are ordered and that the results are correctly interpreted and acted upon (Govern, 2013).1
In addition, nurses are often not recognized as collaborators in the
diagnostic process, despite their critical roles in ensuring proper communication and care coordination among the health care professionals and
between the professionals and the patient and his or her family; monitoring the patient’s condition over time to see if the patient’s course of treatment aligns with the working diagnosis; and identifying and preventing
potential diagnostic errors. Depending on a particular patient’s needs,
1

Personal communication, M. Laposata, August 8, 2014.
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many other health care professionals can play key roles in the diagnostic
process, and they also need to be engaged to improve diagnosis.
Goal 1: Facilitate more effective teamwork in the diagnostic process
among health care professionals, patients, and their families
Recommendation 1a: In recognition that the diagnostic process is a
dynamic team-based activity, health care organizations should ensure that health care professionals have the appropriate knowledge,
skills, resources, and support to engage in teamwork in the diagnostic process. To accomplish this, they should facilitate and support:
• Intra- and interprofessional teamwork in the diagnostic
process.
• Collaboration among pathologists, radiologists, other diagnosticians, and treating health care professionals to improve
diagnostic testing processes.
Recommendation 1b: Health care professionals and organizations
should partner with patients and their families as diagnostic team
members and facilitate patient and family engagement in the diagnostic process, aligned with their needs, values, and preferences. To
accomplish this, they should:
• Provide patients with opportunities to learn about the diagnostic process.
• Create environments in which patients and their families
are comfortable engaging in the diagnostic process and sharing feedback and concerns about diagnostic errors and near
misses.
• Ensure patient access to electronic health records (EHRs),
including clinical notes and diagnostic testing results, to facilitate patient engagement in the diagnostic process and
patient review of health records for accuracy.
• Identify opportunities to include patients and their families
in efforts to improve the diagnostic process by learning from
diagnostic errors and near misses.
Enhance Health Care Professional Education
and Training in the Diagnostic Process
Getting the right diagnosis depends on all health care professionals receiving appropriate education and training. There are indications,
however, that health care professionals, including diagnosticians, are
not prepared to function optimally in the diagnostic process (Brush,
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2014; Dhaliwal, 2014; Durning, 2014; Richardson, 2007; ten Cate, 2014;
Trowbridge et al., 2013). Education and training-related challenges include methods that have not kept pace with advances in the learning
sciences2 and have an insufficient focus on areas critical to the diagnostic
process. Numerous experts in health care professional education provided
input to the committee; a common theme of this input was that health
care professional education and training is not adequately preparing individuals to become skilled diagnosticians. One of the criticisms is that
current approaches to education do not take advantage of advances in
the learning sciences, which have found that learners need to develop
a deep conceptual understanding of their content area and to have opportunities to reflect on their knowledge; furthermore, educators need
to consider factors such as the learning environment, building on prior
knowledge, and focusing on learning in addition to teaching. The lack of
feedback—or information on the accuracy of a clinician’s diagnosis—in
the current training environment can result in few opportunities to reflect
on one’s state of knowledge. This can lead to poorly calibrated clinicians
who are unaware of their diagnostic performance and overly confident
in their diagnoses (Berner and Graber, 2008). In addition, the authenticity
of the learning environment can affect the acquisition of diagnostic skills,
and a better alignment of training environments with clinical practice
can improve the development of diagnostic skills. For example, clinicians
often learn from case studies that reflect prototypical cases, but they are
faced with the complexities of real patient cases in their clinical practice
(Papa, 2014).
It was not within the committee’s charge to define the specific curriculum for all health care professionals; the content of the curriculum
and training will need to be tailored to the needs of specific health care
professionals. However, the committee highlighted several areas that are
important to the diagnostic process. Opportunities to improve the content of health care professional education and training in the diagnostic
process include placing a greater emphasis on teamwork and communication with patients, their families, and other health care professionals;
providing more training in the ordering of diagnostic testing and in the
application of these results to subsequent decision making; and offering
more training in the use of health IT. In addition, current health care
professional education and training underemphasizes clinical reasoning,
including critical thinking skills and decision making in the diagnostic
process (Brush, 2014; Durning, 2014; Richardson, 2014; ten Cate, 2014).
Although diagnosticians are trained to make diagnoses, few programs
2

The learning sciences study how people learn in order to optimize education and
training.
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feature explicit training in various aspects of clinical reasoning, such
as the dual process theory, heuristics, and biases. This lack of focus on
clinical reasoning and on understanding the cognitive contributions to
decision making represents a major gap in health care professional education for all diagnostic team members. Among the strategies proposed
to improve clinical reasoning education and training are instruction and
practice on generating and refining a differential diagnosis; developing an
appreciation of how diagnostic errors occur and of the strategies to mitigate them; engaging in metacognition and debiasing strategies; and fostering intuition and progressive problem solving (Eva and Norman, 2005;
Gigerenzer, 2000; Gigerenzer and Goldstein, 1996; Hirt and Markman,
1995; Hodges et al., 2001; Marewski and Gigerenzer, 2012; Mumma and
Steven, 1995; Mussweiler et al., 2000; Redelmeier, 2005; Trowbridge et al.,
2013; Wegwarth et al., 2009).
Oversight processes, such as education and training program accreditation, licensure, and certification, can help ensure that health care
professionals achieve and maintain competency in the diagnostic process.
Many accreditation organizations already include skills important for
diagnostic performance in their accreditation requirements, but diagnostic competencies need to be a larger priority within those requirements.
Organizations responsible for health care professional licensure and certification can help ensure that individual health care professionals have
achieved and maintain competency in the skills essential for diagnosis.
For example, the American Board of Medical Specialties, which grants
board certification in more than 150 medical specialties and subspecialties, could use its certification processes to assess competencies in the
diagnostic process both in initial board certification and in maintenance
of certification efforts.
Goal 2: Enhance health care professional education and training in
the diagnostic process
Recommendation 2a: Educators should ensure that curricula and
training programs across the career trajectory:
• Address performance in the diagnostic process, including
areas such as clinical reasoning; teamwork; communication
with patients, their families, and other health care professionals; appropriate use of diagnostic tests and the application of these results on subsequent decision making; and use
of health information technology.
• Employ educational approaches that are aligned with evidence from the learning sciences.
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Recommendation 2b: Health care professional certification and accreditation organizations should ensure that health care professionals have and maintain the competencies needed for effective
performance in the diagnostic process, including the areas listed
above.
Ensure That Health Information Technologies Support Patients
and Health Care Professionals in the Diagnostic Process
Health IT plays a critical role in the diagnostic process and includes
such technologies as electronic health records (EHRs), health information
exchanges, laboratory and medical imaging information systems, clinical
decision support, patient engagement tools, computerized provider order
entry, and medical devices. When health IT tools support the diagnostic
team members and tasks in the diagnostic process and reflect human-centered design principles, health IT has the potential to improve diagnosis
and reduce diagnostic errors. For example, health IT can facilitate timely
access to information; improve communication among health care professionals, patients, and their families; aid in clinical reasoning and decision
making; and help provide feedback and follow-up in the diagnostic process (El-Kareh et al., 2013; Schiff and Bates, 2010). Despite this potential,
there have been few demonstrations that health IT improved diagnosis in
clinical practice. Indeed, many experts are concerned that current health
IT tools are not effectively facilitating the diagnostic process and that they
may even be contributing to diagnostic errors (Basch, 2014; Berenson et
al., 2011; El-Kareh et al., 2013; Kuhn et al., 2015; Ober, 2015; ONC, 2014;
Schiff and Bates, 2010; Verghese, 2008).
The major challenges of health IT in the diagnostic process include
problems with the usefulness and usability of health IT tools, poor integration into clinical workflow, difficulty sharing information among
diagnostic team members and settings, limitations in supporting clinical
reasoning in the diagnostic process, and a lack of opportunities to measure diagnostic errors through health IT tools. In particular, clinicians have
expressed concern that clinical documentation in EHRs is not promoting
high-quality diagnosis, but is instead aimed at meeting billing and legal
requirements, forcing clinicians to “focus on ticking boxes rather than
on thoughtfully documenting their clinical thinking” (Schiff and Bates,
2010, p. 1066) (see also Recommendation 7). Collaboration among health
IT vendors, the Office of the National Coordinator for Health Information
Technology (ONC), and users is warranted to ensure that health IT tools
are better aligned with the diagnostic process.
Another health IT–related challenge in the diagnostic process is the
lack of interoperability, or the inability for different IT systems and soft-
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ware applications to communicate, exchange data, and use information
effectively (Basch, 2014; CHCF, 2014; HIMSS, 2014). Because the diagnostic process occurs over time and can involve multiple health care
professionals across different care settings, the free flow of information
is critical. In order for health care professionals to develop a complete
picture of a patient’s health problem, it is crucial that all relevant health
information is available and easily accessible. However, progress toward
achieving health interoperability has been slow (CHCF, 2014). Only 30
percent of clinicians and hospitals are able to exchange clinical data with
other clinicians electronically (Adler-Milstein and Jha, 2014). Similarly,
a recent survey of office-based physicians found that while 67 percent
were able to view lab results electronically, only 42 percent were able to
incorporate lab results into their EHR, and only 31 percent of the physicians exchanged patient clinical summaries with other clinicians (Patel
et al., 2013). Challenges to interoperability include the inconsistent and
slow adoption of standards, particularly among organizations that are
not subject to EHR certification programs, as well as a lack of incentives,
such as a business model that generates revenue for health IT vendors
via fees associated with transmitting and receiving data (Adler-Milstein,
2015; CHCF, 2014).
Among the federal efforts to improve interoperability are programs
to support the development of flexible interoperability standards and
meaningful use incentives. Given the importance of interoperability to
diagnosis, ONC can play a critical role in accelerating progress toward
interoperability by ensuring that health IT vendors meet these requirements by 2018. This recommendation is in line with the recent legislation
that repealed the sustainable growth rate, which included a provision that
declared it a national objective to “achieve widespread exchange of health
information through interoperable certified electronic health records technology nationwide by December 31, 2018.”3
Improving interoperability across different health care organizations
as well as across laboratory and radiology information systems will be
critical to improving the diagnostic process. One challenge will be specifying the scope of interoperable information. For example, the interface
between EHRs and laboratory and radiology information systems typically has limited clinical information, and the lack of sufficient patient
information makes it difficult for a pathologist or radiologist to determine
whether diagnostic testing is appropriate or to understand the context
for interpreting findings (Epner, 2014, 2015). Another emerging challenge
is establishing interoperability between EHRs and patient-facing health
IT, including health-related mobile health applications such as those that
3

Medicare Access and CHIP Reauthorization Act of 2015. P.L. 114-10. (April 16, 2015).
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keep track of physical activity and glucose levels (Dehling et al., 2015;
Marceglia et al., 2015; Otte-Trojel et al., 2014).
Patient safety risks in the diagnostic process related to the use of
health IT are another important concern because there is growing recognition that the use of health IT can result in adverse events (IOM, 2012;
ONC, 2014). Health IT safety risks have been identified in the context
of the sociotechnical system (including technology, people, workflow,
organizational factors, and external environment) that can dynamically
interact and contribute to adverse events (IOM, 2012; Sittig and Singh,
2010). A number of health IT–related patient safety risks may affect the occurrence of diagnostic errors. For example, two areas of increased concern
are clinical documentation and the use of the copy and paste functionality of EHRs. While the use of copy and paste functionality may increase
efficiency by saving time spent retyping or reentering information, it
carries with it a number of risks, including redundancy that contributes
to lengthy notes and cognitive overload as well as the propagation of inaccurate, outdated, or incomprehensible information (AHIMA, 2014; The
Joint Commission, 2015; Kuhn et al., 2015).
Unfortunately, contractual provisions, designed to protect vendors’
intellectual property interests and liability from unsafe use of health IT
products end up limiting the free exchange of information about health
IT–related patient safety risks (IOM, 2012). Specifically, “some vendors
require contract clauses that force [health IT] system purchasers to adopt
vendor-defined policies that prevent the disclosure of errors, bugs, design
flaws, and other [health IT] software-related hazards” (Goodman et al.,
2011, p. 77). These contractual barriers among health IT vendors and users may propagate safety risks and pose significant challenges to the use
of data for future patient safety and quality improvement research (IOM,
2012). Thus, the Institute of Medicine (IOM) report Health IT and Patient
Safety recommended that “the Secretary of the Department of Health and
Human Services [HHS] should ensure insofar as possible that health IT
vendors support the free exchange of information about health IT experiences and issues and not prohibit sharing of such information, including
details (e.g., screenshots) relating to patient safety” (IOM, 2012, pp. 7 and
128). The committee endorses this recommendation and adds that the
Secretary of HHS should require health IT vendors to permit and support the free exchange of information on users’ experiences with health
IT design and implementation that contribute to adverse effects on the diagnostic process. Health IT users can discuss these patient safety concerns
in appropriate forums, such as the forthcoming ONC National Patient
Safety Center or patient safety organizations (PSOs) (RTI International,
2014; Sittig et al., 2015). The Agency for Healthcare Research and Quality
(AHRQ) has developed a Common Format reporting form for health IT
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adverse events, and HHS is beginning to evaluate patient safety events
related to health IT (ONC, 2014; RTI International, 2014).
Because the safety of health IT is critical for improvements to the diagnostic process, health IT vendors need to proactively monitor their products in order to identify potential adverse events, which could contribute
to diagnostic errors and challenges in the diagnostic process (Carayon et
al., 2011). To ensure that these vendors’ products are unlikely to contribute
to diagnostic errors and adverse events, independent, routine third-party
evaluations of health IT products used in the diagnostic process need to
be performed. If health IT products have the potential to contribute to
diagnostic errors or have other adverse effects on the diagnostic process,
health IT vendors have a responsibility to communicate this information
to their users in a timely manner.
Goal 3: Ensure that health information technologies support patients and health care professionals in the diagnostic process
Recommendation 3a: Health information technology (health IT)
vendors and the Office of the National Coordinator for Health Information Technology (ONC) should work together with users to
ensure that health IT used in the diagnostic process demonstrates
usability, incorporates human factors knowledge, integrates measurement capability, fits well within clinical workflow, provides
clinical decision support, and facilitates the timely flow of information among patients and health care professionals involved in the
diagnostic process.
Recommendation 3b: ONC should require health IT vendors to
meet standards for interoperability among different health IT systems to support effective, efficient, and structured flow of patient
information across care settings to facilitate the diagnostic process
by 2018.
Recommendation 3c: The Secretary of the Department of Health
and Human Services should require health IT vendors to:
• Routinely submit their products for independent evaluation
and notify users about potential adverse effects on the diagnostic process related to the use of their products.
• Permit and support the free exchange of information about
real-time user experiences with health IT design and implementation that adversely affect the diagnostic process.
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Develop and Deploy Approaches to Identify, Learn from, and
Reduce Diagnostic Errors and Near Misses in Clinical Practice
Diagnostic errors are an understudied and underappreciated quality challenge in health care organizations (Graber, 2005; Wachter, 2010).
Very few health care organizations have focused on the identification of
diagnostic errors and near misses in clinical practice (Graber et al., 2014;
Kanter, 2014; Singh, 2014; Trowbridge, 2014). In a presentation to the
committee, Paul Epner reported that the Society to Improve Diagnosis in
Medicine “know[s] of no effort initiated in any health system to routinely
and effectively assess diagnostic performance” (Epner, 2014). Thus, “the
true prevalence of diagnostic error is unknown” (Singh et al., 2008, p. 489).
The paucity of attention on diagnostic errors in clinical practice has been
attributed to a number of factors. Two major contributors are the lack of
effective measurement of diagnostic error and the difficulty in detecting
these errors in clinical practice (Berenson et al., 2014; Graber et al., 2012;
Singh and Sittig, 2015). Additional factors may include a health care organization’s competing priorities in patient safety and quality improvement, the perception that diagnostic errors are inevitable or that they are
too difficult to address, and the lack of financial resources to address this
problem (Croskerry, 2003; Graber, 2005; Graber et al., 2014; Henriksen,
2014; Singh and Sittig, 2015). These challenges make it difficult to identify,
analyze, and learn from diagnostic errors in clinical practice.
Compared to diagnostic errors, other types of medical errors—
including medication errors, surgical errors, and health care–acquired
infections—have historically received more attention within health care
organizations (Graber et al., 2014; Kanter, 2014). This is partly attributable
to the lack of focus on diagnostic errors within national patient safety
and quality improvement efforts. For example, AHRQ’s Patient Safety
Indicators and The Joint Commission’s list of specific sentinel events do
not focus on diagnostic errors (The Joint Commission, 2014; Schiff et al.,
2005). The National Quality Forum’s Serious Reportable Events include
29 endorsed events, but only one of those is closely tied to diagnostic error: “Patient death or serious injury resulting from a failure to follow up
or communicate laboratory, pathology, or radiology test results” (NQF,
2011, p. 10). The neglect of diagnostic performance measures for accountability purposes means that hospitals today could meet standards for
high-quality care and be rewarded through public reporting and pay-forperformance initiatives even if they have major challenges with diagnostic accuracy (Wachter, 2010).
Identifying diagnostic errors within clinical practice is critical to improving the quality of diagnosis for patients; however, measurement has
become an “unavoidable obstacle to progress” (Singh, 2013, p. 789). The
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lack of comprehensive information on diagnostic errors within clinical
practice perpetuates the belief that these errors are uncommon or unavoidable and impedes progress on reducing diagnostic errors. Improving diagnosis will likely require a concerted effort among all health care
organizations and across all settings of care to better identify diagnostic
errors and near misses, to learn from them, and, ultimately, to take steps
to improve the diagnostic process. In addition to identifying near misses
and errors, health care organizations can also benefit from evaluating factors that are contributing to improved diagnostic performance.
Given the nascent field of measurement of the diagnostic process,
bottom-up experimentation will be necessary to develop approaches for
monitoring the diagnostic process and identifying diagnostic errors and
near misses. It is unlikely that any one specific method will be successful
at identifying all diagnostic errors and near misses; some approaches may
be more appropriate than others for specific organizational settings, types
of diagnostic errors, or for identifying factors that contributed to these
errors. It may be necessary for health care organizations to use a variety
of methods to develop a better sense of their diagnostic performance
(Shojania, 2010). Medical record reviews, medical malpractice claims analysis, health insurance claims analysis, and second reviews in diagnostic
testing may be more pragmatic approaches for health care organizations
because they leverage readily available data sources. Patient surveys may
also be an important mechanism for health care organizations to consider;
this is in line with the committee’s recommendation to create environments in which patients and their families feel comfortable sharing their
feedback and concerns about diagnostic error. It is important to note that
many of these methods are just beginning to be applied to diagnostic error detection in clinical practice; very few are validated or available for
widespread use in clinical practice (Bhise and Singh, 2015; Graber, 2013;
Singh and Sittig, 2015).
Beyond identifying diagnostic errors and near misses, organizational
learning to improve diagnostic performance and reduce diagnostic errors will require a focus on understanding where in the diagnostic process these errors occurred, the work system factors that contributed to
their occurrence, what the outcomes were, and how these errors may be
prevented or mitigated. Health care organizations can employ formal error analysis and other risk assessment methods to understand the work
system factors that underlie these events, including analytical methods
employed in human factors and ergonomics research. Once health care organizations have a better understanding of diagnostic errors within their
organization, they will need to implement and evaluate interventions to
prevent or mitigate these errors.
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Accreditation organizations and Medicare conditions of participation
should ensure that health care organizations’ programs are achieving improvements in the quality and safety of diagnosis, including appropriate
monitoring, careful analysis of diagnostic errors, and system changes in
response to these errors and near misses.
Postmortem examinations are an important method for identifying
diagnostic errors because these examinations can, in many cases, determine the cause of death and reveal discrepancies between premortem and
postmortem clinical findings (Shojania et al., 2002). However, the number
of postmortem examinations performed in the United States has declined
substantially since the 1960s because of a range of medical, legal, social,
and economic factors (Lundberg, 1998; Shojania et al., 2002).
The committee concluded that a new approach to increasing the use
of postmortem examinations is warranted. The committee weighed the
relative merits of increasing the number of postmortem examinations
conducted throughout the United States versus a more targeted approach.
The current requirements for postmortem examinations under the Medicare conditions of participation already state that postmortem examinations should be performed when there is an unusual death or a death of
medical-legal and educational interest, and the committee concluded that
health care organizations should continue to perform the examinations
in these circumstances. In addition, the committee concluded that it is
appropriate to have a limited number of highly qualified health care systems participate in conducting routine postmortem exams that produce
research-quality information about the incidence and nature of diagnostic
errors. To accomplish this, a subset of health care systems that reflect a
broad array of different settings of care could receive funding to perform
postmortem examinations in a representative sample of patient deaths. 4
This approach will likely provide better epidemiologic data and represent
an advance over current selection methods for performing postmortem
examinations, because clinicians do not seem to be able to predict cases
in which diagnostic errors will be found (Shojania et al., 2002, 2003). The
committee recognizes that the data collected from health care systems
that are highly qualified to conduct routine postmortem examinations
may not be representative of all systems of care. However, the committee concluded that this approach is more feasible given the financial and
workforce demands of conducting postmortem examinations.
These health care organizations could also investigate how new, minimally invasive postmortem approaches compare with full-body postmor4 Not all patients’ next of kin will consent to the performance of a postmortem examination; these systems can characterize the frequency with which the request for a postmortem
examination is refused and better describe the risk of response bias in results.
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tem examinations. Less invasive approaches include medical imaging,
laparoscopy, biopsy, histology, and cytology. Given the advances in molecular diagnostics and advanced imaging techniques, these new approaches could provide useful insights on diagnostic error and may be
more acceptable options for patients’ next of kin. Further understanding
the benefits and limitations of minimally invasive approaches may provide critical information moving forward. If successful approaches to
minimally invasive postmortem examinations are found, they could play
a role in reestablishing the practice of routine postmortem investigation
in medicine.
Health care organizations can also implement mechanisms that improve systematic feedback at all levels. Feedback entails informing individuals, teams, or organizations about their diagnostic performance,
including their successes, near misses, and diagnostic errors. The committee received substantial input indicating that there are limited opportunities for feedback on diagnostic performance. Feedback can help
clinicians assess how well they are performing in the diagnostic process,
correct overconfidence, identify when remediation efforts are needed,
and reduce the likelihood of repeated mistakes. Feedback on diagnostic
performance can also provide opportunities for organizational learning
and improvements to the work system of health care organizations. Characteristics of effective feedback mechanisms include being actionable,
timely, individualized, and nonpunitive (Hysong et al., 2006). Health
care organizations also need to be aware of the factors that can impede
the provision of feedback, such as the fragmentation of the health care
system, resistance to critical feedback from clinicians, and the lack of time
for follow-up (Schiff, 2008).
There are many opportunities to provide feedback in clinical practice.
Methods to monitor the diagnostic process and identify diagnostic errors
and near misses can be leveraged as mechanisms to provide feedback.
Feedback opportunities include disseminating postmortem examination
results to clinicians who were involved in the patient’s care; sharing the
results of patient surveys, medical record reviews, or information gained
through follow-up with the health care professionals; using patient-actors
or simulated care scenarios to assess and inform health care professionals’ diagnostic performance; and others. Because patients and their families have unique insights into the diagnostic process and the occurrence
of diagnostic error, following up with patients and their families about
their experiences and outcomes will be an important source of feedback
(Schiff, 2008). Another example of feedback is RADPEER, a program developed by the American College of Radiology that allows anonymous
peer review of previous image interpretations to be conducted during
the interpretation of current images. Summary statistics of these reviews
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are made available to participating groups, and they can be used as
feedback to improve individual and group practice performance (Allen
and Thorwarth, 2014). Morbidity and mortality conferences, root cause
analyses, departmental meetings, and WalkRounds provide additional
opportunities for feedback to different groups in health care.
There is also an opportunity to improve diagnosis by engaging health
care professional societies in identifying areas within their specialties to
reduce diagnostic errors and improve diagnostic performance. This can
facilitate improvements in diagnosis based on intrinsic motivation and
professionalism rather than other incentives or disincentives. Efforts to
improve diagnosis can include both improving the quality and safety of
diagnosis and increasing efficiency and value by minimizing inappropriate diagnostic testing. This effort could be modeled on Choosing Wisely,
which was initiated by the American Board of Internal Medicine Foundation to encourage patient and health care professional communication
as a means to ensure high-quality, high-value care. The initiative invited
each health care professional society to identify a list of five services
(i.e., tests, treatments, procedures) that are commonly used in practice
but may be unnecessary or not supported by the evidence as improving patient care. These lists were made publicly available as a way of
encouraging discussions about appropriate care between patients and
health care professionals. Choosing Wisely received widespread national
media attention and engaged more than 50 health care professional societies (Choosing Wisely, 2014). A major lesson from the Choosing Wisely
initiative was the importance of beginning with a small group of founding organizations and then expanding membership. Engaging consumer
groups as the initiative progressed was also an important component.
Another factor in the initiative’s success was that it allowed flexibility
within limits; participating health care professional societies and boards
were given flexibility in identifying their “Top 5” services, but items on
each list had to be evidence-based and within the purview of that particular society.
A similar effort engaging health care professional societies could focus on prioritizing diagnostic errors. Early efforts on prioritization could
focus on identifying the most common diagnostic errors and “don’t miss”
health conditions, such as those that present the greatest likelihood for
diagnostic errors and harm (Newman-Toker, 2014; Newman-Toker et al.,
2013). Each organization could be asked to identify five high-priority
areas to improve diagnosis. These groups could be given latitude in how
they chose to identify their targets, as in Choosing Wisely. Efforts to
improve diagnosis can include both improving the quality and safety of
diagnosis and increasing efficiency and value, such as identifying inappropriate diagnostic testing. Another approach may be for societies to
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identify “low-hanging fruit,” or targets that are easily remediable, as a
high priority. This strategy could increase the likelihood of creating early
wins that may contribute to the long-term success of this type of effort.
Some groups might identify particular actions, tools, or approaches to reduce diagnostic errors with a particular diagnosis within their specialties
(such as checklists, second reviews, or decision support tools).
This could also be an opportunity for health care professional societies to collaborate, especially on diagnoses that may be missed due to an
inappropriate isolation of symptoms. For example, urologists, primary
care clinicians, and neurologists could collaborate to make the diagnosis
of normal pressure hydrocephalus (whose symptoms include frequent
urination, balance problems, and memory loss) a “not to be missed” diagnosis (McDonald, 2014).
Goal 4: Develop and deploy approaches to identify, learn from, and
reduce diagnostic errors and near misses in clinical practice
Recommendation 4a: Accreditation organizations and the Medicare
conditions of participation should require that health care organizations have programs in place to monitor the diagnostic process and
identify, learn from, and reduce diagnostic errors and near misses
in a timely fashion. Proven approaches should be incorporated into
updates of these requirements.
Recommendation 4b: Health care organizations should:
• Monitor the diagnostic process and identify, learn from, and
reduce diagnostic errors and near misses as a component
of their research, quality improvement, and patient safety
programs.
• Implement procedures and practices to provide systematic
feedback on diagnostic performance to individual health
care professionals, care teams, and clinical and organizational leaders.
Recommendation 4c: The Department of Health and Human Services should provide funding for a designated subset of health care
systems to conduct routine postmortem examinations on a representative sample of patient deaths.
Recommendation 4d: Health care professional societies should
identify opportunities to improve accurate and timely diagnoses
and reduce diagnostic errors in their specialties.
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Establish a Work System and Culture That Supports the Diagnostic
Process and Improvements in Diagnostic Performance
Testimony to the committee indicated that the work systems of many
health care organizations could do a better job of supporting the diagnostic process (Gandhi, 2014; Kanter, 2014; Sarter, 2014; Schiff, 2014b). Health
care organizations influence the work system in which diagnosis occurs
and play a role in implementing changes to improve diagnosis and avert
diagnostic errors.
The committee focused on organizational culture as well as the leadership and management of an organization as key characteristics for ensuring continuous learning and improvements to the diagnostic process.
Organizational culture refers to an organization’s norms of behavior and
the shared basic assumptions and values that sustain those norms (Kotter,
2012; Schein, 2004). Health care organizations are responsible for developing a culture that promotes a safe place for all health care professionals
to identify and learn from diagnostic errors. Organizational leaders and
managers can facilitate this culture and set the priorities to achieve progress in improving diagnostic performance and reducing the occurrence
of diagnostic errors.
Some aspects of culture in health care organizations, such as an emphasis on quality, safety, professionalism, and the intrinsic motivation
of health care professionals, promote diagnostic performance. There are
other aspects of culture that do not promote improved diagnostic performance, such as an emphasis on blame and punishment and a lack of
emphasis on team-based care. A recent survey of more than 400,000 staff
at 653 hospitals found that fewer than half of all surveyed staff members
perceived that their organization had a nonpunitive response to error
(AHRQ, 2014a). A culture that emphasizes discipline and punishment for
those who make mistakes presents a significant barrier to the reporting
of errors, which in turn thwarts the learning process. Cultural taboos on
providing feedback to colleagues can further hinder efforts to identify
and learn from diagnostic errors. To improve diagnosis, health care organizations need to develop nonpunitive cultures that promote open discussion and feedback on diagnostic performance (Gandhi, 2014; Kanter,
2014; Thomas, 2014). Organizations can support learning and continual
improvement in diagnostic performance by implementing a just culture
(Kanter, 2014; Khatri et al., 2009; Larson, 2002; Marx, 2001; Milstead, 2005)
or by adapting the traits of high reliability organizations, which operate
in high-stakes conditions but maintain high safety levels (such as those
found in nuclear power and aviation industries) (Chassin and Loeb, 2011;
Singh, 2014; Thomas, 2014; Weick and Sutcliffe, 2011). The involvement of
supportive and committed leadership is another component of successful
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attempts to improve culture (Chassin, 2013; Hines et al., 2008; IOM, 2013;
Kotter, 1995, 2012).
Collaboration among organizational leaders is critical to achieving
a health care organization’s quality goals, as well as successful change
initiatives (Dixon-Woods et al., 2011; Firth-Cozens, 2004; Gandhi, 2014;
Kotter, 1995; Larson, 2002; Moran and Brightman, 2000; Silow-Carroll
et al., 2007). Leaders communicate the priorities of the organization, set
expectations, and ensure that the rules, policies, and resources encourage
and support the improvement of diagnostic performance. In many health
care organizations, organizational leaders have not yet focused significant
attention on improving diagnosis and reducing diagnostic errors (Gandhi,
2014; Graber, 2005; Henriksen, 2014; Wachter, 2010; Zwaan et al., 2013).
However, facilitating change will require their support and involvement,
and it may also include prioritizing diagnosis and supporting senior
managers in implementing policies and practices that support continued
learning and improved diagnostic performance, adopting a continuously
learning culture, raising awareness of the quality and safety challenges
related to diagnostic error, and dispelling the myth that diagnostic errors
are inevitable (Leape, 2010; Wachter, 2010).
Many components of the work system are under the purview of
health care organizations. Thus, organizations can implement changes
that ensure a work system that supports the diagnostic process. One
principle that health care organizations can apply to the design of the
diagnostic work system is “error recovery,” which refers to the early
identification of an error so that actions can be taken to mitigate or avert
negative effects resulting from the error (IOM, 2000). There are a variety
of opportunities for health care organizations to improve error recovery
and resiliency in the diagnostic process. For example, improved patient
access to clinical notes and diagnostic testing results is one form of error
recovery; this access gives patients the opportunity to identify and correct errors in their medical records that could lead to a diagnostic error,
potentially before any harm results. Thoughtful use of redundancies,
such as second reviews of anatomic pathology specimens and medical
images, consultations, and second opinions in challenging cases or complex care environments, is also a form of error recovery that health care
organizations can consider.
In addition, organizations can ensure that workforce staffing and supervision policies support human performance and address patient safety
risks caused by fatigue (including decision fatigue), sleep deprivation,
and sleep debt (IOM, 2009). Health care organizations can also focus on
improvements in workflow design, care transitions, and settings of care
that are prone to diagnostic errors (such as emergency departments and
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outpatient settings). Technologies that support the diagnostic process,
such as clinical decision support, can also be considered.
Health care organizations can ensure that the design and characteristics of the physical environments in which diagnosis takes place
support the diagnostic process. Elements of the physical environment,
including layout, distractions, noise, and lighting, can have an impact
on human performance and, thereby, the quality and safety of care
(Carayon, 2012; Hogarth, 2010; Reiling et al., 2008). Although the impact of the physical environment on diagnostic error has not been well
studied, there are indications that it may be an important contributor to
diagnostic performance. For example, the emergency department has
been described as a challenging environment in which to make accurate
and timely diagnoses because of the presence of high-acuity illness, incomplete information, time constraints, and frequent interruptions and
distractions (Croskerry and Sinclair, 2001). Cognitive performance is
vulnerable to distractions and interruptions, which influence the likelihood of error. Other physical environment factors that are likely to influence the diagnostic process include the placement of health IT used in
the diagnostic process, the presence of noise that interferes with clinical reasoning and communication among the diagnostic team, and the
amount of space available for team members to complete tasks related
to the diagnostic process.
Health care organizations can also make concerted efforts to address
diagnostic challenges related to fragmentation within the broader health
care system. Although improved teamwork and interoperability will help
with systemic fragmentation in health care, organizations need to recognize that patients may traverse organizational boundaries, and this
has the potential to contribute to diagnostic errors and failures to learn
from them. It is important to develop approaches within health care
organizations to identify potential vulnerabilities to fragmentation. For
example, the committee heard testimony that one important area to address is strengthening communication with pathologists and radiologists
to improve diagnostic test selection and result interpretation. Closedloop reporting systems that ensure test results or specialist findings are
reported back to the treating health care professional in a timely manner
are one mechanism that can be used to reduce diagnostic errors (Lacson
et al., 2014).
Goal 5: Establish a work system and culture that supports the diagnostic process and improvements in diagnostic performance
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Recommendation 5: Health care organizations should:
• Adopt policies and practices that promote a nonpunitive culture that values open discussion and feedback on diagnostic
performance.
• Design the work system in which the diagnostic process
occurs to support the work and activities of patients, their
families, and health care professionals and to facilitate accurate and timely diagnoses.
• Develop and implement processes to ensure effective and
timely communication between diagnostic testing health
care professionals and treating health care professionals
across all health care delivery settings.
Develop a Reporting Environment and Medical
Liability System That Facilitates Improved Diagnosis by
Learning from Diagnostic Errors and Near Misses
Reporting
The committee concluded that there is a need for safe places where
health care organizations and professionals can share and learn from their
experiences with diagnostic errors, near misses, and adverse events. Performing analyses of these events presents the best opportunity to learn
from such experiences and to implement changes to improve the diagnostic process. To Err Is Human (2000) recommended that reporting systems
be used to collect this information. Various groups, including individual
states, The Joint Commission, the Department of Veterans Affairs, and
AHRQ have developed a number of reporting systems, which collect
different types of information for different purposes. Characteristics of
successful reporting systems include: “reporting is safe for the individuals who report, reporting leads to a constructive response, expertise and
adequate financial resources are available to allow for meaningful analysis of reports, and the reporting system must be capable of disseminating
information on hazards and recommendations for changes” (WHO, 2005,
p. 49; see also Barach and Small, 2000). In contrast, systems that focus on
punishing individuals will prevent people from reporting because they
fear that their reports may be used as evidence of fault, could precipitate
lawsuits, or could result in disciplinary action by state medical boards
and employers (IOM, 2012; WHO, 2005). Thus, there is a need for safe
environments, without the threat of legal discovery or disciplinary action,
where diagnostic errors, adverse events, and near misses can be analyzed
and learned from in order to improve the quality of diagnosis and prevent
future diagnostic errors.
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It is often difficult to create environments where diagnostic errors,
near misses, and adverse events can be shared and discussed. Health
care organizations and clinicians have been challenged by the limitations
of the inconsistent and individual peer review processes that have been
enacted by various states for the protection of information relating to
adverse events and medical errors, for the external use of such information, and for the benefits they receive from reporting. In response to this
challenge, To Err Is Human recommended that “Congress should pass legislation to extend peer review protections to data related to patient safety
and quality improvement that are collected and analyzed by health care
organizations for internal use or shared with others solely for purposes
of improving safety and quality” (IOM, 2000, p. 10). In 2005, the Patient
Safety and Quality Improvement Act (PSQIA) was passed by Congress;
it provides privilege and confidentiality protections to health care organizations that share specific patient safety information with federally
listed patient safety organizations (PSOs) (HHS, 2015). The PSO program,
which is overseen by AHRQ, is an important national tool for increasing
voluntary error reporting and analysis.
The PSO program enables public or private organizations to be listed
as PSOs provided they meet certain qualifications articulated in the
Patient Safety Rule (AHRQ, 2015d). If health care organizations or health
care professionals join a specific PSO, they can then voluntarily send patient safety data to the PSO for analysis and feedback on how to improve
care. Additionally, PSOs can send de-identified patient safety data to
patient safety databases overseen by AHRQ. The intent of the program
is for AHRQ to analyze the aggregated data and to publish reports based
on those analyses (GAO, 2010).
Progress in implementing the PSO program has been slow, and there
is very limited information about the impact of PSOs on learning about
and improving the quality and safety of care. The Government Accountability Office concluded in 2010 that it was too early to evaluate the effectiveness of the program (GAO, 2010). Currently, there are more than
80 PSOs (AHRQ, 2015c), and the PSO network is active, as evidenced by
the PSOs’ websites, which share information with their members about
strategies to mitigate patient safety events. A provision in the Affordable
Care Act will likely increase the number of hospitals that join PSOs; hospitals with more than 50 beds will be required to join a PSO by January
2017 in order to contract with health plans in insurance exchanges (CFPS,
2015; CMS, 2013).
AHRQ has developed Common Formats, or generic- and eventspecific forms, to encourage standardized event reporting among PSOs
(AHRQ, 2015b). However, these formats are voluntary, and some organizations are implementing them variably or using legacy reporting formats

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

380

IMPROVING DIAGNOSIS IN HEALTH CARE

(ONC, 2014). In addition, there are no common formats for diagnostic errors (PSO Privacy Protection Center, 2014); in order to promote voluntary
reporting efforts, common formats for diagnostic errors and near misses
are needed. AHRQ could begin with common formats for high-priority
areas such as the most frequent diagnostic errors and “don’t miss” health
conditions that may result in significant patient harm, such as stroke,
acute myocardial infarction, and pulmonary embolism.
In 2015, AHRQ noted that no data were submitted to the network of
patient safety databases for aggregation and analysis because the data
have not been of sufficient quality or volume to ensure accuracy and deidentification. In addition, fewer than half of PSOs (27 of 76) signed data
use agreements with AHRQ by the end of 2014; signing a user agreement
is a requirement for sending data to be aggregated for analysis (AHRQ,
2015a). There are also concerns that the federal privilege protections extended by PSQIA are not shielding organizations from state reporting
requirements. A recent ruling by the Kentucky Supreme Court found that
information that a hospital is required to generate under state law is not
protected by PSQIA, even if it is shared with a PSO.5 This type of court
decision could undermine the creation of a safe environment to share this
information and prevent voluntary submissions to PSOs.
Given that the PSO program has potential to improve learning about
diagnostic errors and to expedite the implementation of solutions and
adoption of best practices, it is important to evaluate whether the program
is meeting the statutory objectives of PSQIA, namely, that the PSO program is creating opportunities to examine and learn from medical errors,
including diagnostic errors.
The committee is concerned that a number of challenges that the current program is facing may limit its ability to facilitate much-needed voluntary reporting, analysis, and learning from diagnostic errors and near
misses. Because of this concern, the committee recognizes that additional
federal efforts across HHS—including AHRQ—as well as the involvement of other independent entities may need to be considered in order to
prioritize voluntary event reporting for diagnostic errors and near misses.
For example, the IOM report Health IT and Patient Safety: Building Safer
Systems for Better Care made a recommendation for a new entity, akin to
the National Transportation Safety Board, that could investigate patient
deaths, serious injuries, and potentially unsafe conditions, and report the
results of these activities (IOM, 2012).
Smaller-scale or more localized efforts to encourage voluntary reporting of diagnostic errors and near misses could also be implemented. For
example, at the level of a health care organization, quality and patient
5

Tibbs v. Bunnel, Ky., 2012-SC-000603-MR (August 21, 2014).
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safety committees can analyze and learn from diagnostic errors, as these
activities may be protected from disclosure by state statutes.
Medical Liability
The two core functions of the medical liability system are to compensate negligently injured patients and to promote quality by encouraging
clinicians and organizations to avoid medical errors. Although the medical liability environment may act as a generalized deterrent to medical
errors, it is not well aligned with the promotion of high-quality, safe
care. Concerns over medical liability prevent clinicians from disclosing
medical errors to patients and their families despite calls from numerous
groups about the ethical necessity of full disclosure and a requirement
for The Joint Commission accreditation (Hendrich et al., 2014; Sage et al.,
2014). In spite of this, clinicians often struggle to fulfill this responsibility:
There is limited guidance for clinicians concerning how to disclose this
information effectively; a number of factors, including embarrassment,
inexperience, lack of confidence, and mixed messages from risk managers and health care organizations, can discourage clinicians from making
disclosures to patients and their families (Gallagher et al., 2007, 2013; The
Joint Commission, 2005).
The current tort-based system for resolving medical liability disputes
sets up barriers to improvements in quality and patient safety and stifles
continuous learning. Medical malpractice reform could be designed to
permit patients and health care professionals to become allies in trying to
make health care safer by encouraging transparency with regard to errors.
Such an approach would allow patients to be promptly and fairly compensated for any injuries that were avoidable, while turning errors into
lessons to improve subsequent performance (AHRQ, 2014b; Berenson,
2005; Kachalia and Mello, 2011).
Diagnostic errors are a leading type of malpractice claim, and these
claims are more likely to be associated with patient deaths than other
types of medical errors (Tehrani et al., 2013). Reforming the medical liability system, therefore, has the potential to improve learning from diagnostic errors and increase the disclosure of diagnostic errors to patients
and their families as well as to lead to fairer treatment in the medical
injury resolution processes. There have been many calls for changes to the
medical liability system. Traditional mechanisms to reform the liability
system—such as imposing barriers to bringing lawsuits, limiting compensation, and changing the way that damage awards are paid—have not
contributed to improvements in either compensating negligently injured
patients or deterring unsafe care (Mello et al., 2014). Thus, the committee
concluded that stakeholders need to consider alternative approaches to
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improving the legal environment and promoting learning from diagnostic
errors. Similarly, To Err Is Human concluded that alternative approaches
to the resolution of medical injuries could resolve the incentive to hide
medical injuries, and in 2002, the IOM proposed state-level demonstration
projects to explore alternative approaches to the current liability system
that are patient-centered and focused on patient safety (IOM, 2000, 2002).
Although enthusiasm for alternative approaches to the current medical liability system is growing, in general progress has been slow, especially toward more fundamental changes to the medical liability system.
Thus, the committee took both a pragmatic and an aspirational approach
to considering changes to medical liability that would promote the improved disclosure of diagnostic errors as well as opportunities to learn
from these errors. A number of alternative approaches to the current medical liability system were evaluated, and the committee concluded that
the most promising approaches include communication and resolution
programs (CRPs), the use of evidence-based clinical practice guidelines
as safe harbors, and administrative health courts. CRPs represent a more
pragmatic approach in that they are the more likely to be implemented
in the current medical liability climate, and they have a strong focus on
improving patient safety as well as reducing litigation. States, in collaboration with other stakeholders, should encourage the adoption of CRPs
with legal protections for disclosures and apologies under state laws. Safe
harbors for adherence to evidence-based clinical practice guidelines and
administrative health courts are challenging in regard to implementation,
and more information is needed about their impact on improving diagnosis. Thus, further demonstrations of these two approaches are warranted.
CRPs are principled comprehensive patient safety programs in which
health care professionals and organizations openly discuss adverse outcomes with patients and proactively seek resolution while promoting
patient-centeredness, learning, and quality improvement. CRPs rely on
creating transparent health care cultures in which the early reporting
of adverse events is the norm and is coupled with systems-based event
analysis that is designed to understand the root causes of adverse events
and to develop plans for preventing recurrences. Improved transparency
surrounding diagnostic errors can help foster an improved culture of
reporting, which can in turn promote learning about and identification of
interventions to improve the safety and quality of diagnosis (Mello et al.,
2014). Although CRPs do not require legislative changes, CRP adoption
could be facilitated through changes to state laws, such as laws protecting
disclosures and apologies (Sage et al., 2014). In addition, a national collaborative of CRPs could help accelerate the spread of CRPs and widely
disseminate learning from these programs.
Safe harbors for following evidence-based clinical guidelines have
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the potential to raise the quality of health care by creating an incentive
(liability protection) for clinicians to follow evidence-based clinical practice guidelines. Unlike the case with other approaches to improving the
medical liability environment, input to the committee suggested that safe
harbors would offer direct opportunities to improve diagnosis (Kachalia,
2014). However, there are few clinical practice guidelines available for diagnosis, and implementing safe harbors for adherence to these guidelines
is administratively complex.
Administrative health courts have been proposed as a way to provide
injured patients with expedited compensation decisions for certain types
of medical errors and to promote the disclosure of medical errors (such
as diagnostic errors). Administrative health courts provide a nonjudicial
process of handling medical injuries in which cases are filed through an
administrative process. The goal in using these courts is to quickly and
equitably compensate patients who have experienced avoidable injuries without requiring the patients to prove negligence in an adversarial
proceeding (Berenson, 2005). The establishment of these courts would
represent a fundamental change that would promote a more open environment for identifying, studying, and learning from errors. However,
implementing administrative health courts would pose a number of challenges, including the need for legislative action, the courts’ operational
complexity, and resistance from stakeholders who are strongly committed
to preserving the current tort-based system.
Risk Management
Professional liability insurance carriers and health care organizations
that participate in a captive insurance program or other self-insurance
arrangement have a vested interest in improving diagnosis. Many of
these carriers and organizations are actively exploring opportunities to
improve diagnosis and reduce diagnostic errors. Given their expertise in
understanding the contributors to diagnostic errors, they bring an important perspective to efforts to improve diagnosis, both those focused on
individual health care professionals and those focused on the work system components that may contribute to diagnostic errors. The expertise
of health professional liability insurance carriers needs to be leveraged to
improve the diagnostic process. Improved collaboration between health
professional liability insurance carriers and health care professionals and
organizations could help to identify resources, prioritize areas of concern,
and devise interventions. Collaboration among health care professional
educators and professional liability insurance carriers could also be helpful in developing interventions for trainees.
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Goal 6: Develop a reporting environment and medical liability system that facilitates improved diagnosis by learning from diagnostic
errors and near misses
Recommendation 6a: The Agency for Healthcare Research and
Quality (AHRQ) or other appropriate agencies or independent entities should encourage and facilitate the voluntary reporting of
diagnostic errors and near misses.
Recommendation 6b: AHRQ should evaluate the effectiveness of
patient safety organizations (PSOs) as a major mechanism for voluntary reporting and learning from these events and modify the
PSO Common Formats for reporting of patient safety events to
include diagnostic errors and near misses.
Recommendation 6c: States, in collaboration with other stakeholders (health care organizations, professional liability insurance carriers, state and federal policy makers, patient advocacy groups,
and medical malpractice plaintiff and defense attorneys), should
promote a legal environment that facilitates the timely identification, disclosure, and learning from diagnostic errors. Specifically,
they should:
• Encourage the adoption of communication and resolution
programs with legal protections for disclosures and apologies under state laws.
• Conduct demonstration projects of alternative approaches to
the resolution of medical injuries, including administrative
health courts and safe harbors for adherence to evidencebased clinical practice guidelines.
Recommendation 6d: Professional liability insurance carriers and
captive insurers should collaborate with health care professionals
on opportunities to improve diagnostic performance through education, training, and practice improvement approaches and increase
participation in such programs.
Design a Payment and Care Delivery Environment
That Supports the Diagnostic Process
Fee-for-service (FFS) payment, the predominant form of payment for
health care services in the United States, pays health care professionals for
each service they provide. FFS payment has long been recognized for its
inability to incentivize well-coordinated, high-quality, and efficient health
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care (Council of Economic Advisors, 2009; IOM, 2001, 2013; National
Commission on Physician Payment Reform, 2013). There is relatively
little information about the impact of payment on the diagnostic process.
However, the committee concluded that it is likely to have an impact, and
several payment experts who provided input to the committee helped
elaborate on some of the likely consequences (Miller, 2014; Rosenthal,
2014; Wennberg, 2014).
In general, FFS payment may not incentivize a high-quality, efficient
diagnostic process because the more services the diagnostic process takes,
the more remuneration will result. There is no disincentive for ordering
unnecessary diagnostic testing that could lead to false positive results and
diagnostic errors (Miller, 2014; Wennberg, 2014). There is also a financial
incentive to provide treatment to patients rather than determining that a
patient does not have a health problem; thus, inappropriate diagnoses are
better compensated than determining that a patient does not have a health
problem. Likewise, accuracy in the diagnostic process is not incentivized
by FFS payment: Clinicians who interpret diagnostic tests or provide a
diagnosis during a patient visit receive payment regardless of whether
the work was done adequately to support accurate interpretation and
diagnosis and regardless of whether the interpretations and diagnoses
were accurate (Miller, 2014).
Given the importance of team-based care in the diagnostic process,
the lack of financial incentives in FFS payment to coordinate care can
contribute to challenges in diagnosis and diagnostic errors, particularly
delays in diagnosis (Allen and Thorwarth, 2014; Kroft, 2014; Miller, 2014;
Rosenthal, 2014). FFS Medicare and most commercial payers do not pay
for a clinician’s time spent contacting other clinicians by phone or e-mail
to facilitate the diagnostic process, for example, by helping determine
the appropriate diagnostic testing procedures for a patient. In addition,
clinicians are not reimbursed for proactive outreach to patients to obtain
diagnostic testing, schedule visits with specialists, or make follow-up appointments (Miller, 2014). To improve teamwork and care coordination
in the diagnostic process, new current procedural terminology (CPT)
codes can be developed and compensated, such as codes for communication among treating clinicians, pathologists, and radiologists about
diagnostic testing ordering, interpretation, and the subsequent decision
making. These codes could be modeled on existing Medicare codes that
compensate clinicians’ time for coordination and planning activities, such
as the codes for radiation therapy planning, post-discharge transitional
care coordination, and complex chronic care coordination (ASTRO, 2014;
Bendix, 2013; CMS, 2014b; Edwards and Landon, 2014).
The Medicare physician fee schedule sets payment rates based on
relative value units that are meant to reflect the level of time, effort,
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skill, and stress associated with providing each service (MedPAC, 2014).
Fee schedule services can include evaluation and management services
(“E&M services,” such as office, inpatient, or emergency department visits), diagnostic testing, and other procedures. For all medical specialties,
there are well-documented fee schedule distortions that result in more
generous payments (in relation to the costs of production) for procedures
and also for diagnostic testing interpretations compared to E&M services
(Berenson, 2010; National Commission on Physician Payment Reform,
2013). These distortions have coincided with a large growth in diagnostic
testing in health care: For example, the percent of patients presenting to
the emergency department with dizziness who underwent computed
tomography scans rose from 9 percent in 1995 to 40 percent in 2013, although there has been no increase in diagnoses of stroke or other neurologic diseases (Iglehart, 2009; Newman-Toker et al., 2013).
The lower relative value afforded to E&M services versus procedureoriented care is an obstacle to improved diagnostic performance. E&M
services reflect the cognitive expertise and skills that all clinicians have
and use in the diagnostic process, and the distortions may be diverting
attention and time from important tasks in the diagnostic process, such
as performing a patient’s clinical history and interview, conducting a
physical exam, and thoughtful decision making in the diagnostic process. Realigning relative value fees to better compensate clinicians for the
cognitive work in the diagnostic process has the potential to improve accuracy in diagnosis while reducing the incentives that drive inappropriate
utilization of diagnostic testing in the diagnostic process.
E&M payment policies and documentation guidelines are also misaligned with the goal of accurate and timely diagnosis. E&M payments
penalize clinicians for spending extra time on the diagnostic process for
individual patients. There are different levels of E&M visits based on
time and complexity, and clinicians receive better compensation if they
see more patients with shorter appointment lengths. For example, in
Medicare if a clinician spends 20 minutes instead of 15 minutes with a
patient billed as a level 3 E&M visit, the clinician will receive 25 percent
less revenue per hour; if a clinician spends 25 minutes for a level 4 E&M
visit instead of 15 minutes for a level 3 visit, the clinician will receive 11
percent less revenue per hour (Miller, 2014). Time pressures in clinical
visits can contribute to challenges in clinical reasoning and to the occurrence of errors (Durning, 2014; Evans and Kim, 2006; Kostis et al., 2007;
Sarkar et al., 2012, 2014; Schiff et al., 2009; Singh et al., 2013). Documentation guidelines for E&M services were created to ensure that the services
performed were consistent with the insurance coverage; to validate specific information, such as the site of service, the appropriateness of the
care, and the accuracy of the reported information; and to prevent fraud
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and abuse (Berenson, 1999; CMS, 2014a). Documentation guidelines also
specify the extent of a patient’s clinical history and physical exam and
the complexity of the medical decision making involved in the E&M visit
(Berenson et al., 2011; HHS, 2010). There are a number of criticisms of
the documentation guidelines. The primary criticism is that the level of
detail required is onerous, often irrelevant to patient care, and shifts the
purpose of the medical record toward billing rather than on facilitating
clinical reasoning (Berenson et al., 2011; Brett, 1998; Kassirer and Angell,
1998; Kuhn et al., 2015; Schiff and Bates, 2010).
The documentation guidelines have become an even greater concern
with the broad implementation of EHRs because EHR design emphasizes
fulfilling documentation and legal requirements rather than facilitating
the diagnostic process (Berenson et al., 2011; Schiff and Bates, 2010). The
orientation of EHRs to documentation, their overreliance on templates,
and their copy and paste functionalities have resulted in “EHR-generated
data dumps, including repetitive documentation of elements of patients’
histories and physical examinations, that merely result in electronic versions of clinically cumbersome, uninformative patient records” (Berenson
et al., 2011, p. 1894). Generating documentation to support E&M coding
(or assigning higher levels of E&M coding than warranted—known as
“upcoding”) can result in inaccuracies in the patient’s EHR that can contribute to diagnostic errors.
A number of payment and care delivery reforms to counter the limitations of the FFS payment system are now actively being considered,
implemented, and evaluated. These include capitation/global payments,
shared savings, bundled episodes of care, accountable care organizations, patient-centered medical homes, and pay for performance (which
in Medicare is labeled “value-based purchasing”). The Centers for Medicare & Medicaid Services (CMS) recently announced that it plans “to
have 30 percent of Medicare fee-for-service payments tied to quality or
value through alternative payment models by the end of 2016, and 50
percent of payments by the end of 2018” (Burwell, 2015). Legislation that
repealed the sustainable growth rate also continues down the path toward
alternative payment models, particularly for the payment of Medicare
clinicians.6 There is very limited evidence concerning the impact of payment and delivery models on the diagnostic process and the accuracy of
diagnosis, and this represents a fundamental research need. Assessing
the impact of payment and care delivery models, including FFS, on the
diagnostic process, diagnostic errors, and learning are critical areas of
focus as these models are evaluated.
The committee asked for input from payment and delivery experts
6

Medicare Access and CHIP Reauthorization Act of 2015. P.L. 114-10. (April 16, 2015).

Copyright © National Academy of Sciences. All rights reserved.

Improving Diagnosis in Health Care

388

IMPROVING DIAGNOSIS IN HEALTH CARE

about the potential effects of new models on diagnosis and diagnostic
error. Rosenthal (2014) suggested that global payment and meaningful
use incentives have the potential to improve diagnosis by promoting the
adoption of diagnostic test and referral tracking systems that better connect health care professionals throughout the continuum of care. Miller
(2014) suggested that the development of measures for diagnostic accuracy could be used to also provide feedback and reward clinicians for
diagnostic accuracy. Wennberg (2014) suggested that population-based
payment models, including capitation and global budgets, have the greatest potential to reduce diagnostic errors. While new payment models have
the potential to reduce diagnostic errors, these models may also create incentives for clinicians and health care organizations that could reduce use
of appropriate testing and clinician services (e.g., specialty consultations)
that may inadvertently lead to greater diagnostic errors. Thus, research
in this area will be helpful in assessing the impact of payment and care
delivery models on diagnosis.
Even when alternate payment and care delivery approaches to FFS
are employed, they are often based on or influenced by existing coding
and payment rules (Berenson et al., 2011). For example, bundled payments are combinations of current codes. Thus, the current distortions
in the fee schedule and other volume-based payment approaches, such
as diagnosis-related group coding, will remain a dominant component
of payment and care delivery models in the near future and need to be
addressed.
Goal 7: Design a payment and care delivery environment that supports the diagnostic process
Recommendation 7a: As long as fee schedules remain a predominant mechanism for determining clinician payment, the Centers
for Medicare & Medicaid Services (CMS) and other payers should:
• Create current procedural terminology codes and provide
coverage for additional evaluation and management activities not currently coded or covered, including time spent by
pathologists, radiologists, and other clinicians in advising
ordering clinicians on the selection, use, and interpretation
of diagnostic testing for specific patients.
• Reorient relative value fees to more appropriately value the
time spent with patients in evaluation and management
activities.
• Modify documentation guidelines for evaluation and management services to improve the accuracy of information in
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the electronic health record and to support decision making
in the diagnostic process.
Recommendation 7b: CMS and other payers should assess the impact of payment and care delivery models on the diagnostic process,
the occurrence of diagnostic errors, and learning from these errors.
Provide Dedicated Funding for Research on the
Diagnostic Process and Diagnostic Errors
The diagnostic process and the challenge of diagnostic errors have
been neglected within the national health care research agenda (Berenson
et al., 2014; Wachter, 2010; Zwaan et al., 2013). Input provided to the committee concluded that “although correct treatment presumes a correct
diagnosis, federal resources devoted to diagnostic research are vastly
eclipsed by those devoted to treatment” (Newman-Toker, 2014, p. 12).
There are a number of reasons why diagnosis and diagnostic errors may
be underrepresented in current research activities, including a lack of
awareness or the perceived inevitability of the problem, attitudes and a
culture that encourage inaction and tolerance of errors, poorly understood
characteristics of the diagnostic and clinical reasoning processes, and
the lack of financial and other resources needed to address the problem
(Berenson et al., 2014; Croskerry, 2012).
A major barrier to research on diagnosis and diagnostic error is the
current disease-focused approach to medical research funding. For example, the structure and funding mechanisms of the National Institutes
of Health (NIH) are often organized by disease or organ systems, which
facilitates the study of these specific areas but impedes research efforts
that seek to provide a more comprehensive understanding of diagnosis
as a distinct research area. Newman-Toker (2014, p. 12) asserted that diagnostic research “invariably falls between rather than within individual
Institute missions.” As such, the topic of diagnosis, which cuts across
various diseases and body parts, is not centralized within the NIH research portfolio, and available research funding for diagnosis often targets
specific diseases but not diagnosis as a whole or the diagnosis of several
diseases with similar presentations. Diagnosis and diagnostic error are
not a focus of federal health services’ research efforts, with the exception of two special emphasis notices from AHRQ for diagnostic error in
2007 and 2013, as well as 2015 grant opportunities (AHRQ, 2007, 2013,
2015e,f). AHRQ posted an R01 grant opportunity for “understanding and
improving diagnostic safety in ambulatory care: incidence and contributing factors” (AHRQ, 2015e) and an R18 grant opportunity for identifying
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strategies and interventions to improve diagnostic safety in ambulatory
care (AHRQ, 2015f).
Although these initial steps are promising, the committee concluded
that there is an urgent need for dedicated, coordinated federal funding
for research on diagnosis and diagnostic error. Given the potential for
federal research for diagnosis and diagnostic error to fall between institutional missions, federal agencies need to collaborate to develop a national
research agenda that addresses diagnosis and diagnostic error by 2016.
Zwaan and colleagues (2013) outlined potential research opportunities
that were broadly classified into three categories: the epidemiology of diagnostic errors, the causes of diagnostic error, and error prevention strategies. The Society to Improve Diagnosis in Medicine has formed a research
committee to bring together multidisciplinary perspectives to advance a
research agenda derived from critical gaps in the evidence base. Building
on this work, the committee identified additional areas of research that
could help shape a national research agenda on diagnosis and diagnostic
error (see Chapter 8).
The federal government should commit dedicated funding to implementing this research agenda. Because federal investments in biomedical
and health services research are declining (Moses et al., 2015), the committee recognizes that funding for diagnosis and diagnostic error will likely
draw federal resources away from other important priorities. However,
given the consistent lack of resources for research on diagnosis and the
potential for diagnostic errors to contribute significant patient harm, the
committee concluded that this is necessary for broader improvements to
the quality and safety of health care. In addition, improving diagnosis
could also lead to potential cost savings by preventing diagnostic errors,
inappropriate treatment, and related adverse events.
In addition to federal-level research on diagnosis and diagnostic errors, there is an important role for public–private collaboration and coordination among the federal government, foundations, industry, and
other organizations. Collaborative funding efforts help extend the existing financial resources and reduce duplications in research efforts. Interested parties can unite around mutual interests and spearhead progress
toward a specific cause. Foundations and industry can make important
contributions—financially and within their areas of expertise—to the field
of diagnosis and diagnostic errors that can enhance the medical community’s knowledge in this area. Various types of collaborative models
that have been employed to share information, resources, and capabilities
have been described in the literature (Altshuler et al., 2010; Portilla and
Alving, 2010).
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Goal 8: Provide dedicated funding for research on the diagnostic
process and diagnostic errors
Recommendation 8a: Federal agencies, including the Department
of Health and Human Services, the Department of Veterans Affairs,
and the Department of Defense, should:
• Develop a coordinated research agenda on the diagnostic
process and diagnostic errors by the end of 2016.
• Commit dedicated funding to implementing this research
agenda.
Recommendation 8b: The federal government should pursue and
encourage opportunities for public–private partnerships among a
broad range of stakeholders, such as the Patient-Centered Outcomes Research Institute, foundations, the diagnostic testing and
health information technology industries, health care organizations, and professional liability insurers to support research on the
diagnostic process and diagnostic errors.
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Appendix A
Glossary

Active error—an error involving frontline clinicians (sometimes referred
to as an error occurring at the “sharp end” of patient safety) (IOM, 2000).
Adverse event—“an event that results in unintended harm to the patient
by an act of commission or omission rather than by the underlying disease
or condition of the patient” (IOM, 2004, p. 32).
Burnout—condition due to occupational stress resulting from demanding
and emotional relationships between health care professionals and patients that is marked by emotional exhaustion, a negative attitude toward
one’s patients, and the belief that one is no longer effective at work with
patients (Bakker et al., 2005).
Calibration—the process of a clinician becoming aware of his or her diagnostic abilities and limitations through feedback.
Clinical decision support (CDS)—a health information technology component that “provides clinicians, staff, patients or other individuals with
knowledge and person-specific information, intelligently filtered or presented at appropriate times, to enhance health and health care. CDS
encompasses a variety of tools to enhance decision making in the clinical
workflow. These tools include computerized alerts and reminders to care
providers and patients; clinical guidelines; condition-specific order sets;
focused patient data reports and summaries; documentation templates;
403
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diagnostic support; and contextually relevant reference information,
among other tools” (HealthIT.gov, 2014).
Clinical reasoning—“the cognitive process that is necessary to evaluate
and manage a patient’s medical problems” (Barrows, 1980, p. 19).
Clinician survey—a questionnaire (written, telephone, interview, Webbased) that obtains clinicians’ self-reports about diagnostic errors they
have made or what they know about diagnostic errors made by other
clinicians.
Cognitive autopsy—a form of cognitive and affective root cause analysis
that focuses on factors that can affect cognition such as ambient conditions, physical state (fatigue), and cognitive heuristics (Croskerry, 2005).
Cognitive bias—a predisposition to think in a way that leads to systematic failures in judgment. Cognitive biases often result from heuristics that
fail in a predictable manner, but they can also be caused by affect and
motivation (Kahneman, 2011).
Communication and resolution program (CRP)—a program that encourages “the disclosure of unanticipated care outcomes to affected patients
and their families and proactively seek[s] resolutions, which may include
providing an apology; an explanation; and, where appropriate, an offer of
reimbursement, compensation, or both” (Mello et al., 2014, p. 20).
Defensive medicine—“occurs when doctors order tests, procedures, or
visits, or avoid high-risk patients or procedures, primarily (but not necessarily solely) to reduce their exposure to malpractice liability” (OTA,
1994, p. 13).
Diagnosis—the explanation of a patient’s health problem.
Diagnostic error—the failure to (a) establish an accurate and timely explanation of the patient’s health problem(s) or (b) communicate that
explanation to the patient.
Diagnostic management team—a group of diagnostic specialists (pathologists, radiologists, and other diagnosticians) that offer participating
health care professionals assistance in selecting appropriate diagnostic
tests and interpreting diagnostic test results (Govern, 2013).
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Diagnostic process—a complex, patient-centered, collaborative activity
that involves information gathering and clinical reasoning with the goal
of determining a patient’s health problem.
Dual process theory—a model of cognition that proposes two processes—
fast, intuitive system 1, and slow, analytic system 2 processes—are responsible for human reasoning and decision making.
Electronic health record (EHR)—a real-time, patient-centered record that
contains information about a patient’s medical history, diagnoses, medications, immunization dates, allergies, radiology images, and lab and test
results (HealthIT.gov, 2013).
Error—“failure of a planned action to be completed as intended (i.e., error
of execution) and the use of a wrong plan to achieve an aim (i.e., error of
planning) [commission]. It also includes failure of an unplanned action
that should have been completed (omission)” (IOM, 2004, p. 330).
Error recovery—the early identification of an error so that actions can be
taken to reduce or avert negative effects resulting from the error (IOM,
2000).
Feedback—information on the accuracy of diagnosis and diagnostic performance that is provided to individual health care professionals, care
teams, or organizational leaders.
Harm—“hurtful or adverse outcomes of an action or event, whether temporary or permanent” (IOM, 2011, p. 240).
Health information technology (health IT)—“a technical system of computers and software that operates in the context of a larger sociotechnical
system; that is, a collection of hardware and software working in concert
within an organization that includes people, processes, and technology”
(IOM, 2012, p. 2).
Health literacy—“the degree to which individuals have the capacity to
obtain, process, and understand basic health information and services
needed to make appropriate health care decisions and services needed to
prevent or treat illness” (HRSA, 2015).
Heuristic—a special type of system 1 process that can facilitate decision
making but can also lead to errors. Sometimes referred to as cognitive
strategies or mental shortcuts, heuristics are automatically and uncon-
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sciously employed during reasoning and decision making (Cosmides,
1996; Cosmides and Tooby, 1994; Gigerenzer, 2000; Gigerenzer and
Goldstein, 1996; Klein, 1998, 2003; Lipshitz et al., 2001).
Human factors (or ergonomics)—“the scientific discipline concerned
with the understanding of interactions among humans and other elements of a system, and the profession that applies theory, principles,
data, and methods to design in order to optimize human well-being and
overall system performance. Ergonomists contribute to the design and
evaluation of tasks, jobs, products, environments, and systems in order to
make them compatible with the needs, abilities, and limitations of people”
(IEA, 2000).
Integrated practice unit—a group of clinicians and non-clinicians who
are responsible for the comprehensive care of a specific medical condition
and the associated complications, or a set of closely related conditions
(Porter, 2010).
Interoperability—the ability of different information technology systems
and software applications to communicate, exchange data, and use the
information that has been exchanged (HIMSS, 2014).
Inter-rater reliability—the degree to which two or more independent raters can consistently and systematically apply a rubric to assign scores to
observations (or participants) based on a preestablished scoring protocol
(or rubric) (Stemler, 2007).
Intra-rater reliability—the degree of agreement among multiple repetitions of a scoring protocol performed by a single rater.
Latent error—“errors in the design, organization, training, or maintenance that lead to operator errors and whose effects typically lie dormant
in the system for lengthy periods of time” (IOM, 2000, p. 210). Latent
errors are more removed from the control of frontline clinicians and can
include failures in organizations and design that enable active errors to
cause harm (often called the “blunt end” of patient safety) (AHRQ, 2015;
IOM, 2000).
Learning sciences—the multidisciplinary science that studies how people
learn in order to optimize education and training.
Morbidity and mortality (M&M) conferences—forums that allow clinicians to discuss and learn from errors that have occurred within an
organization.
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Near miss—a failure in the diagnostic process that does not lead to a
diagnostic error.
Overdiagnosis—“when a condition is diagnosed that would otherwise
not go on to cause symptoms or death” (Welch and Black, 2010, p. 605).
Patient portal—“Secure, online patient access to health information and
serves as an interface to provide useful information to both patients and
health professionals” (IOM, 2012, p. 118).
Patient safety—“freedom from accidental injury; ensuring patient safety
involves the establishment of operational systems and processes that
minimize the likelihood of errors and maximizes the likelihood of intercepting them when they occur” (IOM, 2000, p. 211); the prevention of
harm caused by errors of commission and omission (IOM, 2004).
Patient survey—a questionnaire (written, telephone, interview, Webbased) that obtains patients’ self-reports about diagnostic errors they have
experienced or their awareness of diagnostic errors experienced by others.
Postmortem examination (autopsy)—“an external and internal examination of the body after death using review of medical records, surgical
techniques, microscopy, and laboratory analysis. It is performed by a
pathologist, a medical doctor specially trained for the procedure who is
able to recognize the effects of disease on the body” (CAP, 2014).
Quality of care—“degree to which health services for individuals and
populations increase the likelihood of desired health outcomes and are
consistent with current professional knowledge” (IOM, 1990, p. 128).
Root cause analysis—“a structured method used to analyze serious adverse events. Initially developed to analyze industrial accidents, [root
cause analysis] is now widely deployed as an error analysis tool in health
care” (AHRQ, 2012).
Safe—“avoiding injuries to patients from the care that is intended to help
them” (IOM, 2001, p. 39).
Safe care—“involves making evidence-based clinical decisions to maximize the health outcomes of an individual and to minimize the potential
for harm. Both errors of commission and omission should be avoided”
(IOM, 2004, p. 334).
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Second review—a process used in pathology and radiology in which a
second health care professional reviews the same information as the first
health care professional in order to detect discrepancies in results that
may be indicative of error.
Simulation—“allows researchers and practitioners to test new clinical
processes and enhance individual and team skills before encountering
patients. Many simulation applications involve mannequins that present
with symptoms and respond to the simulated treatment, analogous to
flight simulators used by pilots” (AHRQ, 2014).
Standardized patient—“a person carefully recruited and trained to take
on the characteristics of a real patient thereby affording the student an
opportunity to learn and to be evaluated on learned skills in a simulated
clinical environment” (Johns Hopkins, 2015).
System—“set of interdependent elements interacting to achieve a common aim. These elements may be both human and nonhuman (equipment, technologies, etc.)” (IOM, 2000, p. 211).
System 1—fast (nonanalytical, intuitive) automatic cognitive processes
that require very little working memory capacity and are often triggered
by stimuli or result from overlearned associations or implicitly learned
activities.
System 2—slow (analytical, reflective) cognitive processes that place a
heavy load on working memory and involve hypothetical and counterfactual reasoning (Evans and Stanovich, 2013; Stanovich and Toplak, 2012).
Usability—“the extent to which a product can be used by specified users
to achieve specified goals with effectiveness, efficiency and satisfaction in
a specified context of use” (ISO, 1998).
Voluntary reporting—“those reporting systems for which the reporting
of patient safety events is voluntary (not mandatory). Generally, reports
on all types of events are accepted” (IOM, 2004, p. 335).
Workflow—the sequence of physical and cognitive tasks performed by
various people within and between work environments (Carayon et al.,
2010).
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COMMITTEE MEMBER BIOGRAPHIES
John R. Ball, M.D., J.D. (Chair), is an executive vice president emeritus of
the American College of Physicians and the American Society for Clinical Pathology. He is a graduate of Emory University, received a J.D. and
an M.D. from Duke University, and was a Robert Wood Johnson Clinical
Scholar at George Washington University. After a residency in internal
medicine at Duke University, he held several health policy positions in the
U.S. Public Health Service and was a senior policy analyst in the Office of
Science and Technology Policy, Executive Office of the President. Dr. Ball
originated the Washington office of the American College of Physicians
and served as its executive vice president for 8 years. He subsequently
was president and chief executive officer of Pennsylvania Hospital and an
executive vice president and chief executive officer of the American Society for Clinical Pathology. In retirement, he has recently served as interim
president of the Milbank Memorial Fund, on whose board he also serves.
He is also a member of the board of Mission Health System in Asheville,
North Carolina, where he resides. Dr. Ball was elected a member of the
National Academy of Medicine in 1992.
Elisabeth Belmont, Esq., serves as the corporate counsel for MaineHealth,
which is ranked among the nation’s top 100 integrated health care delivery networks and has combined annual revenues of nearly $2 billion. She
has significant experience in the defense of professional liability claims
and educates health care providers on using “lessons learned” from such
411
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claims to inform quality improvement and patient safety initiatives to
minimize medical errors. Ms. Belmont’s practice also focuses on electronic
health information network strategy development and implementation
to support innovations in care delivery and payment models as well as
the use of “big data” to enhance care processes and clinical outcomes.
She has participated in a number of national initiatives where quality
improvement, patient safety, and health information technology intersect,
including events sponsored by the Department of Health and Human
Services (HHS) Office of the National Coordinator for Health Information Technology, HHS Office of the Inspector General, American Health
Lawyers Association, American Society of Healthcare Risk Management,
and American Association for the Advancement of Science. Ms. Belmont
is a member of the Board on Health Care Services of the Institute of
Medicine of the National Academies. She co-chairs the National Quality
Forum’s Health IT Patient Safety Measures Standing Committee. Additionally, Ms. Belmont serves as a member of the Editorial Advisory Board
of Bloomberg BNA’s Health Law Reporter. Ms. Belmont is a past president
of the American Health Lawyers Association, a former chair of the association’s health information and technology practice group, and a former
chair of the association’s Quality in Action Task Force. She also served
as principal investigator for a research study funded by the American
Society of Healthcare Risk Management, Minimizing Electronic Health
Record–related Serious Safety Events and Related Medical Malpractice
Liability. Ms. Belmont is the recipient of numerous honors, including
being named by Modern Healthcare as 1 of the 2007 Top 25 Most Powerful Women in Healthcare and being selected to receive the 2014 David
J. Greenburg Service Award. She is a nationally recognized author and
lecturer on a myriad of health law topics.
Robert A. Berenson, M.D., is an Institute Fellow at the Urban Institute.
He is an expert in health care policy, particularly Medicare, with experience practicing medicine, serving in senior positions in two administrations, and helping organize and manage a successful preferred provider
organization. His primary research and policy interests currently are in
the areas of payment reform, provider and plan pricing power, quality
improvement, performance measurement, and delivery system reform.
Dr. Berenson recently completed a 3-year term on the Medicare Payment
Advisory Commission (MedPAC), the last 2 as vice chair. From 1998–2000,
he was in charge of Medicare payment policy and private health plan contracting in the Centers for Medicare & Medicaid Services. Previously, he
served as an assistant director of the Carter White House Domestic Policy
Staff. Dr. Berenson is a board-certified internist who practiced for 20 years,
the past 12 in a Washington, DC, group practice, and while practicing
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helped organize and manage a successful preferred provider organization
serving the Washington, DC, metropolitan area. He was co-author, with
Walter Zelman, of The Managed Care Blues & How to Cure Them, and, with
Rick Mayes, Medicare Prospective Payment and the Shaping of U.S. Health
Care. He is a graduate of the Mount Sinai School of Medicine, a Fellow
of the American College of Physicians, and on the adjunct faculty of the
George Washington University School of Public Health.
Pascale Carayon, Ph.D., is the Procter & Gamble Bascom Professor in
Total Quality in the Department of Industrial and Systems Engineering
and the director of the Center for Quality and Productivity Improvement at the University of Wisconsin–Madison. She leads the Systems
Engineering Initiative for Patient Safety (SEIPS) at the University of
Wisconsin–Madison (http://cqpi.engr.wisc.edu/seips_home). SEIPS is
an internationally known interdisciplinary research program that brings
together researchers from human factors and ergonomics with researchers
from medicine, surgery, nursing, pharmacy, and health services research.
Dr. Carayon received her engineer diploma from the Ecole Centrale
de Paris, France, in 1984 and her Ph.D. in industrial engineering from
the University of Wisconsin–Madison in 1988. Dr. Carayon’s research
belongs to the discipline of human factors engineering, in particular,
macroergonomics. Her scholarly contributions aimed at modeling, assessing, and improving work systems (i.e., the systems of tasks performed
by individuals using various technologies in a physical and organizational environment) in order to improve system performance and worker
well-being. Her research has been funded by the Agency for Healthcare
Research and Quality, the National Science Foundation, the National Institutes of Health, the National Institute for Occupational Safety and Health,
the Department of Defense, various foundations, and private industry.
She is a fellow of the Human Factors and Ergonomics Society and a
fellow of the International Ergonomics Association. She is the recipient of
the International Ergonomics Association Triennial Distinguished Service
Award (2012) and is the first woman to receive this prestigious award.
She has published more than 100 papers and more than 220 conference
papers and 30 technical reports, and she is currently the co-editor-in-chief
of Applied Ergonomics. She is the editor of the Handbook of Human Factors
and Ergonomics in Health Care and Patient Safety. She is a member of the
National Academies of Sciences, Engineering, and Medicine Board on
Human-Systems Integration.
Christine K. Cassel, M.D., is president and chief executive officer of the
National Quality Forum. Previously she served as president and chief
executive officer of the American Board of Internal Medicine. Dr. Cassel
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is a member of the President’s Council of Advisors on Science and Technology (PCAST). She is the co-chair and physician leader of PCAST
working groups that have made recommendations to the President on
issues relating to health information technology, scientific innovation
in drug development, and systems engineering in health care delivery.
She was a member of the Commonwealth Fund’s Commission on a
High Performance Health System and has served on Institute of Medicine committees that wrote the influential reports To Err Is Human and
Crossing the Quality Chasm. She is an adjunct professor of medicine and
a senior fellow in the Department of Medical Ethics and Health Policy
at the University of Pennsylvania School of Medicine, a former dean of
medicine at Oregon Health and Science University, the chair of geriatrics
at Mount Sinai School of Medicine in New York, and the chief of general
internal medicine at the University of Chicago. Dr. Cassel is a prolific
scholar, having authored and edited 14 books and more than 200 published articles.
Carolyn M. Clancy, M.D., is the chief medical officer of the Veterans
Health Administration. Previously, she was appointed the assistant deputy under secretary for health (ADUSH) for quality, safety, and value
(QSV) for the Department of Veterans Affairs. Prior to her appointment
as ADUSH for QSV, Dr. Clancy served as the director of the Agency for
Healthcare Research and Quality (AHRQ) from February 2003 to August
2013. Dr. Clancy, a general internist and health services researcher, is a
graduate of Boston College and the University of Massachusetts Medical
School. Following clinical training in internal medicine, she was a Henry
J. Kaiser Family Foundation Fellow at the University of Pennsylvania.
Before joining AHRQ in 1990, she was also an assistant professor in
the Department of Internal Medicine at the Medical College of Virginia.
Dr. Clancy holds an academic appointment at the George Washington
University School of Medicine (clinical associate professor, Department of
Medicine) and serves as a senior associate editor at Health Services R
 esearch.
She serves on multiple editorial boards, including those for JAMA, Annals
of Family Medicine, American Journal of Medical Quality, and Medical Care
Research and Review. She is a member of the National Academy of Medicine and was elected a Master of the American College of Physicians in
2004. In 2009 she was awarded the William B. Graham Prize for Health
Services Research. Her major research interests include improving health
care quality and patient safety and reducing disparities in care associated
with patients’ race, ethnicity, gender, income, and education. As director
of AHRQ, she launched the first annual report to the Congress on health
care disparities and health care quality.
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Michael B. Cohen, M.D., is a medical director in the Anatomic Pathology
and Oncology Division at ARUP Laboratories, a professor and vice chair
for faculty and house staff development at the University of Utah School
of Medicine, and the ombudsperson for the University of Utah Health
Sciences Center. Dr. Cohen received his M.D. from Albany Medical College and completed his anatomic pathology residency at the University
of California, San Francisco (UCSF). Dr. Cohen has been on the faculty at
Columbia, UCSF, and the University of Iowa; he was chair of the Depart
ment of Pathology at Iowa for more than a dozen years. In addition,
he has served on numerous editorial boards. He has been a National
Institutes of Health–funded investigator and has published extensively
in the field of prostate cancer and pathology. He is the recipient of multiple honors, including the Regents Award for Faculty Excellence at the
University of Iowa and the Leonard Tow Humanism in Medicine Award.
Dr. Cohen has been included in Castle Connolly American’s Top Doctors
since 2007 and America’s Top Doctors for Cancer since 2005; Consumers’
Research Council of America Guide to America’s Top Pathologists since
2007; and Best Doctors in America list since 2005.
Patrick Croskerry, M.D., Ph.D., FRCP (Edin), is a professor in emergency
medicine and in the Division of Medical Education at Dalhousie University, Halifax, Nova Scotia, Canada. He was appointed the director of the
new Critical Thinking Program at Dalhousie Medical School in 2012. In
addition to his medical training, he holds a doctorate in experimental
psychology and a fellowship in clinical psychology. His research is principally concerned with clinical decision making, specifically on diagnostic
error. He was on the organizing committee of the first national conference
on diagnostic error in 2008 and the second one in 2009; he has contributed
at each international conference since. He has published more than 80
journal articles and 30 book chapters in the area of patient safety, clinical
decision making, and medical education reform. He was the senior editor
on a major text, Patient Safety in Emergency Medicine (2009).
Thomas H. Gallagher, M.D., FACP, is a general internist who is professor
and associate chair of the Department of Medicine at the University of
Washington (UW), where is also professor in the Department of Bioethics
and Humanities. Dr. Gallagher received his medical degree from Harvard
University, completed his residency in Internal Medicine at Barnes Hospital, Washington University, St. Louis, and completed a fellowship in the
Robert Wood Johnson Clinical Scholars Program, University of California,
San Francisco. Dr. Gallagher’s research addresses the interfaces between
health care quality, communication, and transparency. Dr. Gallagher has
published more than 95 articles and book chapters on patient safety and
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error disclosure, which have appeared in leading journals, including
JAMA, New England Journal of Medicine, Health Affairs, Surgery, Journal of
Clinical Oncology, Archives of Internal Medicine, Archives of Pediatric and Adolescent Medicine, and the Joint Commission Journal. His work in error disclosure received the 2004 Best Published Research Paper of the Year award
from the Society of General Internal Medicine, as well as the 2012 Medically Induced Trauma Support Services Hope Award. He also received a
Robert Wood Johnson Foundation Investigator Award in Health Policy
Research. He has been principal investigator on multiple grants from the
Agency for Healthcare Research and Quality, including a patient safety
and medical liability demonstration project titled “Communication to Prevent and Respond to Medical Injuries: WA State Collaborative.” He also
was principal investigator on grants from the National Cancer Institute,
the Robert Wood Johnson Foundation, and the Greenwall Foundation. He
is senior author of Talking with Patients and Families About Medical Errors:
A Guide for Education and Practice, published in 2011 by the Johns Hopkins
University Press. At UW, he directs both the UW Medicine Center for
Scholarship in Patient Care Quality and Safety and the UW Program in
Hospital Medicine. He is an appointed Commissioner on the National
Commission on Physician Payment Reform. Dr. Gallagher is an active
member of many professional organizations, including the American College of Physicians (Fellow), the Society for General Internal Medicine, and
the American Society of Bioethics and Humanities.
Christine A. Goeschel, Sc.D., M.P.A., M.P.S., R.N., F.A.A.N., is a health
services researcher and the assistant vice president for quality at MedStar
Health, a 10-hospital, $4.6 billion health system in the mid-Atlantic, where
she oversees quality for both acute and non-acute health care services.
She is a Fellow of the American Academy of Nursing, a National Baldrige
Examiner, and associate faculty in the Johns Hopkins Bloomberg School of
Public Health, where she teaches a required course in the Master of Hospital Administration program. Formerly the director of strategic research
initiatives at the Johns Hopkins Armstrong Institute, Dr. Goeschel serves
on the board of the Maryland Patient Safety Center and is the author of
several book chapters and more than 65 peer-reviewed articles on topics
ranging from implementation of large-scale clinical improvement projects
to leadership for advancing the science of health care delivery and creating a culture of accountability in health care. Previous experience includes
responsibility for quality, risk management, and service excellence in a
Midwest teaching hospital and serving as an advisor to the World Health
Organization Patient Safety Program. She served on the National Quality
Forum (NQF) National Steering Committee for Serious Reportable Events
and Healthcare Associated Conditions and currently serves on an NQF
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panel exploring linkages between cost and quality. She is increasingly interested in the study of diagnostic errors—both their etiology and understanding the relationship of diagnostic error with preventable morbidity,
mortality, and costs of care.
Mark L. Graber, M.D., FACP, is a senior fellow at RTI International and
professor emeritus of medicine at the State University of New York at
Stony Brook. He retired as the chief of medicine at the Northport Veterans
Affairs Medical Center in 2011. Dr. Graber has an extensive background in
biomedical and health services research, with more than 80 peer-reviewed
publications. He is a national leader in the field of patient safety and
originated Patient Safety Awareness Week in 2002, an event now recognized internationally. Dr. Graber has also been a pioneer in efforts to address diagnostic errors in medicine. In 2008 he convened and chaired the
Diagnostic Error in Medicine conference series, and in 2011 he founded
the Society to Improve Diagnosis in Medicine (www.improvediagnosis.
org). In 2014 he became the founding editor of a new journal, Diagnosis, devoted to improving the quality and safety of diagnosis, and he
received the John M. Eisenberg Award for Individual Achievement in
Advancing Patient Safety from the National Quality Forum and The Joint
Commission.
Hedvig Hricak, M.D., Dr.Med.Sc. (Ph.D.), Dr.h.c., is the chair of the
Department of Radiology at Memorial Sloan Kettering Cancer Center, a
professor in the Gerstner Sloan Kettering Graduate School of Biomedical
Sciences, and a professor of radiology at the Weill Medical College of
Cornell University. She also holds a senior position within the Molecular
Pharmacology and Chemistry Program of the Sloan Kettering Institute.
Previously, she was chief of the uroradiology and abdominal imaging
sections of the Department of Radiology, University of California, San
Francisco. She earned her M.D. from the University of Zagreb in Croatia,
and her Dr.Med.Sc. (Ph.D.) from the Karolinska Institute in Stockholm,
Sweden. Her research and clinical expertise is in the use of diagnostic
imaging, specifically for the detection and assessment of genitourinary
and gynecological cancers. She has worked continuously to develop and
promote the use of evidence-based imaging algorithms to assist in cancer
management, focusing on the development and validation of biomarkers
from cross-sectional (ultrasound, MRI, CT) and molecular (DCE-MRI, MR
spectroscopy, PET/CT and PET/MRI) imaging. Over the last 20 years,
while serving in administrative leadership positions, she has been actively engaged in continuous process improvement and quality assurance efforts. Dr. Hricak served on the National Institutes of Health Board
of Scientific Counselors, the National Cancer Institute (NCI) board of
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scientific advisors, and the Advisory Council of the National Institute of
Biomedical Imaging and Bioengineering. She is a member of the National
Academy of Medicine. She served on the Institute of Medicine committee that produced the report A National Cancer Clinical Trials System for
the 21st Century: Reinvigorating the NCI Cooperative Group Program. Since
2008 she has been a member of the Nuclear Radiation Studies Board
of the National Academies of Sciences, Engineering, and Medicine. She
chaired the Academies Committee on the State of the Science of Nuclear
Medicine, which wrote the oft-cited report Advancing Nuclear Medicine
Through Innovation. In addition, she chaired the 2009 Beebe symposium of
the Academies, which focused on radiation exposures from imaging and
image-guided interventions. The many leadership posts she has held in
professional organizations include president of the California Academy
of Medicine and president of the Radiological Society of North America
board of directors. Over the course of her career, she has received numerous honors and awards, including foreign membership in both the
Croatian Academy of Arts and Sciences and the Russian Academy of
Medicine, and an honorary doctorate in medicine from Ludwig Maximilian University in Munich, Germany.
Anupam B. Jena, M.D., Ph.D., is an associate professor of health care policy and medicine at Harvard Medical School and an attending physician
in the Department of Medicine at Massachusetts General Hospital, where
he practices general inpatient medicine and teaches medical residents.
He is also a faculty research fellow at the National Bureau of Economic
Research. As an economist and a physician, Dr. Jena researches several
areas of health economics and policy, including medical malpractice, the
economics of medical innovation and cost effectiveness, the economics
of physician behavior, and the effect on physician quality of reforms to
medical education. Dr. Jena graduated Phi Beta Kappa from the Massachusetts Institute of Technology with majors in biology and economics.
He received his M.D. and Ph.D. in economics from the University of Chicago. He completed his residency in internal medicine at Massachusetts
General Hospital. In 2007 he was awarded the Eugene Garfield Award
by Research America for his work demonstrating the economic value of
medical innovation in HIV/AIDS. In 2013 he received the National Institutes of Health Director’s Early Independence Award to fund research on
the physician determinants of health care spending, quality, and patient
outcomes.
Ashish K. Jha, M.D., M.P.H., is the K.T. Li Professor of International
Health and director of the Harvard Global Health Institute at the Harvard
T.H. Chan School of Public Health. He is also a practicing general internist
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with a clinical focus on hospital care. Over the past 6 years he has served
as a senior advisor for quality and safety to the Department of Veterans
Affairs (VA). Dr. Jha received his M.D. from Harvard Medical School in
1997 and trained in internal medicine at the University of California,
San Francisco, where he also served as the chief medical resident. He
completed his general medicine fellowship from Brigham and Women’s
Hospital and Harvard Medical School and received his M.P.H. in clinical
effectiveness from the Harvard School of Public Health in 2004. He joined
the faculty in July 2004. The major themes of his research include the impact of public policy on the health care delivery system with a focus on
patient safety, clinical outcomes, and costs of care. Much of his work has
focused on understanding how policy efforts such as public reporting,
pay for performance, and the promotion of the use of health information
technology affect clinical quality, patient safety, and health care costs. Dr.
Jha’s most recent work has focused on key levers for improvement, including organizational leadership and how it affects the delivery of safe,
effective, and efficient care.
Michael Laposata, M.D., Ph.D., is the chair of the Department of Pathology at the University of Texas Medical Branch at Galveston. He received his M.D. and Ph.D. from Johns Hopkins University School of
Medicine and completed a postdoctoral research fellowship and residency
in Laboratory Medicine (Clinical Pathology) at the Washington University School of Medicine in St. Louis. He took his first faculty position
at the University of Pennsylvania School of Medicine in Philadelphia
in 1985, where he was an assistant professor and director of the hospital’s coagulation laboratory. In 1989 he became the director of clinical
laboratories at the Massachusetts General Hospital and was appointed
to the faculty in pathology at Harvard Medical School, where he became
a tenured full professor of pathology. His research program, with more
than 160 peer-reviewed publications, has focused on fatty acids and their
metabolites. His research group is currently focused on the study of fatty
acid alterations in cystic fibrosis. Dr. Laposata’s clinical expertise is in
the field of blood coagulation, with a special expertise in the diagnosis
of hypercoagulable states. Dr. Laposata implemented a system whereby
the clinical laboratory data in coagulation and other areas of laboratory
medicine are systematically interpreted with the generation of a patientspecific narrative paragraph by a physician with expertise in the area.
This service is essentially identical to the service provided by physicians
in radiology and anatomic pathology except that it involves clinical laboratory test results. In 2005 Dr. Laposata was recognized by the Institute
of Quality in Laboratory Medicine of the Centers for Disease Control and
Prevention for this innovation. Dr. Laposata is the recipient of 14 major
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teaching prizes at Harvard, the Massachusetts General Hospital, and the
University of Pennsylvania School of Medicine. His recognitions include
the 1989 Lindback award, a teaching prize with competition across the
entire University of Pennsylvania system; the 1998 A. Clifford Barger
mentorship award from Harvard Medical School; election to the Harvard
Academy of Scholars in 2002 and to the Vanderbilt University School of
Medicine Academy for Excellence in Teaching in 2009; and the highest
award—by vote of the graduating class—for teaching in years 1 and 2 at
Harvard Medical School in 1999, 2000, and 2005.
Kathryn McDonald, M.M., has more than 20 years of experience in health
care, working in a variety of settings: industry, hospitals, and academia.
She is the executive director of the Center for Health Policy and the Center
for Primary Care and Outcomes Research (CHP/PCOR) at Stanford University, a senior scholar at the centers, and the associate director for the
Stanford–University of California, San Francisco, Evidence-Based Practice Center (with RAND). Her research focuses on evidence-based health
care quality measures and interventions, with an emphasis on organizational context and key health care stakeholders (patients/families,
clinicians, systems administrators). Her research portfolio includes initial
and ongoing development of the publicly released Agency for Healthcare Research and Quality (AHRQ) Patient Safety and Quality Indicators (www.qualityindicators.ahrq.gov), reviews of patient safety practices
(Making Healthcare Safer I and II), and two series of evidence reports on
quality improvement strategies (Closing the Quality Gap, Quality Kaleidoscope). She continues to lead a multi-institution measure development team
for support of and expansions to the AHRQ Quality Indicators. She is the
lead author of the Care Coordination Measures Atlas (www.ahrq.gov/qual/
careatlas). She has published more than 100 peer-reviewed articles and
evidence reports, presents regularly at national meetings, and collaborates
with a wide network of investigators, health care practitioners, and patients
and their families. Ms. McDonald has a strong service record, currently as
the chair of the Patient Engagement Committee of the Society to Improve
Diagnosis in Medicine and the associate editor of the journal Diagnosis.
Previously, she was the president of the Society for Medical Decision Making and a member of the Institute of Medicine committee that issued the
report Child and Adolescent Health and Health Care Quality: Measuring What
Matters. She holds a master of management degree (M.B.A. equivalent)
from Northwestern University’s Kellogg School of Management, with an
emphasis on the health care industry and organizational behavior, and a
B.S. in chemical engineering from Stanford University.
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Elizabeth A. McGlynn, Ph.D., is the director of Kaiser Permanente’s
Center for Effectiveness and Safety Research (CESR). She is responsible
for the strategic direction and scientific oversight of CESR, a virtual center
designed to improve the health and well-being of Kaiser’s 9 million members and the public by conducting comparative effectiveness and safety
research and implementing findings in policy and practice. Dr. McGlynn
is an internationally known expert on methods for evaluating the appropriateness, quality, and efficiency of health care delivery. She has conducted research in the United States and in other countries. Dr. McGlynn
has also led major initiatives to evaluate health reform options under
consideration at the federal and state levels. Dr. McGlynn is a member
of the National Academy of Medicine. She serves as the secretary and
treasurer of the American Board of Internal Medicine Foundation board of
trustees. She is on the board of AcademyHealth, the Institute of Medicine
Board on Health Care Services of the National Academies of Sciences, Engineering, and Medicine, and the Reagan–Udall Foundation for the Food
and Drug Administration. She chairs the scientific advisory group for
the Institute for Healthcare Improvement. She co-chairs the coordinating
committee for the National Quality Forum’s Measures Application Partnership. She serves on the editorial boards for Health Services Research and
The Milbank Quarterly and is a regular reviewer for many leading journals.
Dr. McGlynn received her B.A. in international political economy from
Colorado College, her M.P.P. from the University of Michigan’s Gerald R.
Ford School of Public Policy, and her Ph.D. in public policy analysis from
the Pardee RAND Graduate School.
Michelle Rogers, Ph.D., is an associate professor in the College of Computing and Informatics at Drexel University. She has more than 10 years
of experience using human factors engineering methods and sociotechnical systems theory to study the impact of health information technology
(health IT) on clinical workflow and the usability of technology in order
to support patient safety and reduce human error. Over her career, her
projects focused on understanding the impact of health IT on clinical
workflow and patient safety, as is demonstrated in her work with the
Computerized Patient Record System, the Bar-Code Medication Administration system, and MyHealthVet (Veterans Affairs patient portal) in use
at the Veterans Health Administration where she was a faculty research
scientist. Her current work involves applying human factors engineering methods to study health care practices, information and data needs
related to maternal/child care, as well as the implementation and use of
electronic medical records at Makerere University in Uganda.
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Urmimala Sarkar, M.D., M.P.H., is associate professor of medicine at the
University of California, San Francisco (UCSF), in the Division of General
Internal Medicine, a core faculty member of the UCSF Center for Vulnerable Populations, and a primary care physician at San Francisco General
Hospital’s Richard H. Fine People’s Clinic. Dr. Sarkar’s research focuses
on patient safety in outpatient settings, including adverse drug events,
missed and delayed diagnosis, failures of treatment monitoring, health
information technology and social media to improve the safety and quality of outpatient care, and implementation of evidence-based innovations
in real-world, safety-net care settings. She is the principal investigator of
a Patient Safety Learning Laboratory, which applies design thinking and
interdisciplinary, iterative approaches to characterize and address safety
gaps in outpatient settings (Agency for Healthcare Research and Quality
P30HS023558), and of an implementation and dissemination network to
support innovations to improve the safety and quality of care in safety-net
settings across California (Agency for Healthcare Research and Quality
R24HS022047). Dr. Sarkar is an associate editor for Patient Safety Net
(psnet.ahrq.gov), the most comprehensive national Web-based resource
for patient safety, and a member of the editorial board of the Joint Commission Journal of Quality and Patient Safety. Dr. Sarkar completed clinical training in internal medicine and health services research fellowship
training at UCSF, holds an M.P.H. in epidemiology from the University of
California, Berkeley, an M.D. from the University of California, San Diego,
and a B.S. with honors in biological sciences from Stanford University.
George E. Thibault, M.D., became the seventh president of the Josiah
Macy Jr. Foundation in January 2008. Immediately prior to that, he served
as the vice president of clinical affairs at Partners Healthcare System
in Boston and the director of the Academy at Harvard Medical School
(HMS). He was the first Daniel D. Federman Professor of Medicine and
Medical Education at HMS and is now the Federman Professor, Emeritus.
Dr. Thibault previously served as the chief medical officer at Brigham and
Women’s Hospital and as the chief of medicine at the Harvard-affiliated
Brockton/West Roxbury Veterans Affairs Hospital. He was the associate chief of medicine and the director of the Internal Medical Residency
Program at the Massachusetts General Hospital (MGH). At the MGH he
also served as the director of the Medical Intensive Care Unit and the
founding director of the Medical Practice Evaluation Unit. For nearly four
decades at HMS, Dr. Thibault played leadership roles in many aspects of
undergraduate and graduate medical education. He played a central role
in the New Pathway curriculum reform and was a leader in the new integrated curriculum reform at HMS. He was the founding director of the
Academy at HMS, which was created to recognize outstanding teachers
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and to promote innovations in medical education. Throughout his career
he has been recognized for his roles in teaching and mentoring medical
students, residents, fellows, and junior faculty. In addition to his teaching, his research has focused on the evaluation of practices and outcomes
of medical intensive care and variations in the use of cardiac technologies. Dr. Thibault is chair of the board of the MGH Institute of Health
Professions, and he serves on the boards of the New York Academy of
Sciences, the New York Academy of Medicine, the Institute on Medicine
as a Profession, the New York Academy of Medicine, and the Lebanese
American University. He serves on the President’s White House Fellows
Commission, and for 12 years he chaired the Special Medical Advisory
Group for the Department of Veterans Affairs. He is past president of the
Harvard Medical Alumni Association and past chair of alumni relations at
HMS. He is a member of the National Academy of Medicine. Dr. Thibault
graduated summa cum laude from Georgetown University in 1965 and
magna cum laude from HMS in 1969. He completed his internship and
residency in medicine and fellowship in cardiology at MGH. He also
trained in cardiology at the National Heart, Lung, and Blood Institute in
Bethesda and at Guys Hospital in London, and he served as chief resident
in medicine at MGH. Dr. Thibault has been the recipient of numerous
awards and honors from Georgetown (Ryan Prize in Philosophy, Alumni
Prize, and Cohongaroton Speaker) and Harvard (Alpha Omega Alpha,
Henry Asbury Christian Award, and Society of Fellows). He has been a
visiting scholar both at the Institute of Medicine and Harvard’s Kennedy
School of Government and a visiting professor of medicine at numerous
medical schools in the United States and abroad.
John B. Wong, M.D., FACP, is a practicing general internist, the chief of
the Division of Clinical Decision Making at Tufts Medical Center, the director of Comparative Effectiveness Research at Tufts Clinical Translational
Science Institute, and a distinguished professor of medicine at Tufts University School of Medicine. A graduate of Haverford College, he received
his M.D. from the University of Chicago followed by internal medicine
residency and medical informatics fellowship in Clinical Decision Making at Tufts Medical Center. A past president of the Society for Medical
Decision Making, he has participated in consensus conferences, guideline
development and appropriateness use criteria assessment for the World
Health Organization, National Institutes of Health, Centers for Disease
Control and Prevention, Agency for Healthcare Research and Quality,
American Association for the Study of Liver Diseases, American Heart
Association, American College of Cardiology, European League Against
Rheumatism, and OMERACT. Besides translating guidelines into quality
improvement and performance measures in the American Medical Associ-
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ation Physician Consortium for Performance Improvement Work Groups,
he has developed award-winning decision aids for shared decision making with the Informed Medical Decisions Foundation. Dr. Wong’s research
focuses on the application of decision analysis to help patients, physicians, and policy makers choose among alternative tests, treatments, and
policies, thereby promoting rational evidence-based efficient and effective
patient-centered care. A co-author of Learning Clinical Reasoning and Decision Making in Health and Medicine and more than 150 scientific publications
and book chapters, including the Reference Manual on Scientific Evidence
for the National Academy of Sciences, his research areas include clinical
and diagnostic reasoning, decision sciences, test interpretation, Bayesian
methods, quality and appropriateness of care, health economics, patientcenteredness, shared decision making, and evidence-based medicine.
STAFF BIOGRAPHIES
Erin Balogh, M.P.H., is a program officer for the Institute of Medicine’s
Board on Health Care Services and the National Cancer Policy Forum
(NCPF) of the National Academies of Sciences, Engineering, and Medicine. She has directed NCPF workshops on patient-centered cancer treatment planning, affordable cancer care, precompetitive collaboration,
combination cancer therapies, and reducing tobacco-related cancer incidence and mortality. She staffed consensus studies focusing on the quality
of cancer care, omics-based test development, the national clinical trials
system, and the evaluation of biomarkers and surrogate endpoints. She
completed her M.P.H. in health management and policy at the University
of Michigan School of Public Health, and she graduated summa cum
laude from Arizona State University with bachelor’s degrees in microbiology and psychology. Ms. Balogh interned with AcademyHealth in
Washington, DC, and worked as a research site coordinator for the Urban
Institute in Topeka, Kansas. Previously, Ms. Balogh was a management
intern with the Arizona State University Office of University Initiatives,
a strategic planning group for the university. She was the recipient of the
Institute of Medicine Above and Beyond award (2014) and the staff team
achievement award (2012).
Bryan Miller, Ph.D., is a research associate for the Institute of Medicine’s
Board on Health Care Services of the National Academies of Sciences,
Engineering, and Medicine. He earned an M.A. from the Brains and Behavior program at Georgia State University in 2007, and he completed
his Ph.D. in philosophy of science at Johns Hopkins University in the
summer of 2014. He has performed research at the Berlin School of Mind
and Brain and Charité University Hospital in Berlin and taught courses
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in the philosophy of science, the philosophy of psychology, and bioethics
at several universities in the Baltimore–Washington, DC, area.
Sarah Naylor, Ph.D., completed a Ph.D. in developmental biology at
Washington University in 2012 and earned a B.S. with distinction in bioengineering from the University of Illinois. She performed postdoctoral research at the National Institutes of Health and worked as an intern in the
Office of Autism Research Coordination within the National Institute of
Mental Health. She is currently a Science & Technology Policy Fellow with
the American Association for the Advancement of Science in Evaluation
and Assessment in the Office of the Assistant Director for Engineering.
Kathryn Garnham Ellett, M.P.P., is a policy analyst for the Assistant Secretary for Financial Resources at the Department of Health and Human
Services (HHS), where she has been working on Centers for Medicare &
Medicaid Services (CMS) policy since 2010. She was on detail as a research
associate for the Institute of Medicine Board on Health Care Services of
the National Academies of Sciences, Engineering, and Medicine from
April through July 2015. At HHS her portfolio includes Medicare postacute care and hospice, Medicare Quality Improvement Organizations,
and CMS’s survey and certification program. She completed her M.P.P.
at the University of Toronto in 2010 and her B.S. at Queen’s University in
Kingston, Ontario. Prior to her time at HHS she worked in home health
care. She also worked for a hospital system implementing an eldercare
access strategy in emergency rooms and has researched nursing home
staffing and palliative care.
Celynne Balatbat is the special assistant to the president of the National
Academy of Medicine. Previously, she was a research assistant with the
Institute of Medicine’s Board on Health Care Services of the National
Academies of Sciences, Engineering, and Medicine. She received her B.A.
in neuroscience and behavior from Vassar College in 2013. Before coming to the Academies, she interned in the advocacy department at AARP
California and worked as a laboratory assistant in a medical microbiology
lab at the University of California, Davis.
Patrick Ross is a research assistant with the Institute of Medicine’s Board
on Health Care Services and National Cancer Policy Forum of the National Academies of Sciences, Engineering, and Medicine. Patrick graduated from Concordia College in Moorhead, Minnesota, in 2013 with a
B.A. in psychology with minors in biology and chemistry, where his
senior research project focused on bacteriocins in Neisseria meningitidis.
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Before joining the Academies, Patrick worked in various health advocacy
groups, including Families USA.
Laura Rosema, Ph.D., joined the Institute of Medicine’s Board on Health
Care Services of the National Academies of Sciences, Engineering, and
Medicine as part of the Winter 2015 Christine Mirzayan Science and Technology Policy Fellowship class. Prior to the fellowship, she served as the
scientific advisor for Bill Gates’s Global Good Fund, a private initiative
chartered to commercialize inventions in developing countries. At Global
Good, Dr. Rosema advised on investment strategy and technical directions
for the fund. She has led evaluations on topics that include using biometric
signatures for health record tracking, implantable medical devices, and
diagnostic development for malaria elimination programs. She received
her Ph.D. in chemistry from the University of Washington and earned her
master’s and bachelor’s degrees in inorganic chemistry from Bryn Mawr
College. She is currently a Science & Technology Policy Fellow with the
American Association for the Advancement of Science serving in the National Institutes of Health Office of Science Policy, in the Office of Science
Management and Reporting.
Beatrice Kalisch, R.N., Ph.D., FAAN, is the 2013 Distinguished Nurse
Scholar in residence at the Institute of Medicine and the Titus Professor
at the University of Michigan in Ann Arbor. She has conducted numerous
research studies on such subjects as nursing teamwork, missed nursing
care (errors of omission), the image of the nurse, and the impact of U.S.
federal funds on nursing education and practice. Dr. Kalisch has published
extensively, authoring 10 books and more than 150 peer-reviewed articles.
She has made more than 800 presentations of her research throughout the
world. She serves on the editorial boards of several national and international journals. Dr. Kalisch has also served as a visiting professor at several
institutions, including Huazhong University of Science and Technology,
Tongji Medical College, Wuhan, China, and the University of Sao Paulo,
Brazil. She is listed in numerous bibliographies, such as Who’s Who in
America and Who’s Who of American Women, Who’s Who in the World, Foremost Women of the Twentieth Century, and Community Leaders of the World.
Dr. Kalisch is a Fellow in the American Academy of Nursing and a member of Phi Kappa Phi. She serves as a member as well as leader in numerous local, state, and national advisory committees addressing health policy
and nursing issues. Dr. Kalisch has been the recipient of many awards,
including distinguished alumna at both the University of Maryland and
the University of Nebraska, the Shaw Medal from the President of Boston
College, the Department of Labor research award, Joseph L. Andrews Bibliographic Award from the American Association of Law Libraries, book
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of the year awards, nurse researcher award from the American Organization of Nurse Executives, and the Sigma Theta Tau Award for Excellence
in Nursing.
Roger Herdman, M.D., was the director of the Institute of Medicine’s
(IOM’s) Board on Health Care Services of the National Academies of Sciences, Engineering, and Medicine until June 2014. He received his under
graduate and medical school degrees from Yale University. Following an
internship at the University of Minnesota and a stint in the U.S. Navy,
he returned to Minnesota, where he completed a residency in pediatrics
and a fellowship in immunology and nephrology and also served on the
faculty. He was a professor of pediatrics at Albany Medical College until
1979. In 1969 Dr. Herdman was appointed director of the New York State
Kidney Disease Institute in Albany, New York, and shortly thereafter
was appointed deputy commissioner of the New York State Department
of Health, a position he held until 1977. That year he was named New
York State’s director of public health. From 1979 until joining the U.S.
Congress Office of Technology Assessment (OTA), he served as a vice
president of Memorial Sloan Kettering Cancer Center in New York City.
In 1983 Dr. Herdman was named assistant director of OTA, where he subsequently served as director from 1993 to 1996. He later joined the IOM
as a senior scholar and directed studies on graduate medical education,
organ transplantation, silicone breast implants, and the Department of
Veterans Affairs national formulary. Dr. Herdman was appointed director of the IOM/National Research Council National Cancer Policy Board
from 2000 through 2005. From 2005 until 2009, Dr. Herdman directed
the IOM National Cancer Policy Forum. In 2007 he was also appointed
director of the IOM Board on Health Care Services. During his work at
the IOM, Dr. Herdman worked closely with the U.S. Congress on a wide
variety of health care policy issues.
Sharyl Nass, Ph.D., is director of the Board on Health Care Services and
director of the National Cancer Policy Forum for the Institute of Medicine
(IOM) of the National Academies of Sciences, Engineering, and Medicine.
The Board addresses the organization, financing, effectiveness, workforce,
and delivery of health care to ensure the best possible care for all patients.
The Cancer Forum examines policy issues pertaining to the entire continuum of cancer research and care.
For more than 15 years at the IOM, Dr. Nass has worked on a broad
range of topics that includes the quality of care, clinical trials, oversight
of health research, development and assessment of medical technologies,
and strategies for large-scale biomedical science. She has a Ph.D. in cell
and tumor biology from Georgetown University and undertook postdoc-
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toral training at the Johns Hopkins University School of Medicine. She
also holds a B.S. in genetics from the University of Wisconsin–Madison,
and she studied developmental genetics and molecular biology at the
Max Planck Institute in Germany under a fellowship from the Heinrich
Hertz-Stiftung Foundation. She was the 2007 recipient of the Cecil Award
for Excellence in Health Policy Research, the 2010 recipient of a Distinguished Service Award from the Academies, and the 2012 recipient of the
IOM staff team achievement award (as the team leader).
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FIGURE C-1 Venn diagram illustrating relationships between errors in the
diagnostic process; missed, delayed, or wrong diagnoses; and adverse patient
outcomes. Group A represents adverse outcomes resulting from error-related
misdiagnosis (pathology specimens erroneously mixed up [diagnostic process
error], resulting in wrong patient being given diagnosis of cancer [misdiagnosis]
who then undergoes surgery with adverse outcome [adverse event]). Group B
represents delayed diagnoses or misdiagnoses due to process error (positive urine
culture overlooked, thus a urinary
tract infection
Figure
C-1 is not diagnosed but patient has
no symptoms or adverse consequences). Group C represents adverse events due
raster image, not editable
to misdiagnoses but no identifiable process error (death from acute myocardial
portrait
infarction but no chest pain or other
symptoms that were missed).
SOURCES: Adapted from Schiff et al., 2005, and Schiff and Leape, 2012.
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Figure C-2
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FIGURE C-2 Singh’s diagnostic error framework, which employs the term “missed opportunity” to imply “that something different could have been done to make the correct diagnosis earlier.” 
SOURCE: Singh, 2014. © Joint Commission Resources: Joint Commission Journal on Quality and Patient Safety. Oakbrook Terrace,
IL: Joint Commission on Accreditation of Healthcare Organizations (2014), 40(3), (100). Figure. Reprinted with permission.
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Figure C-3

FIGURE C-3 Singh and Sittig’s diagnostic error framework, which illustrates the sociotechnical system in which diagnosis occurs
and opportunities to measure and learn from diagnostic errors to improve diagnosis and patient and system outcomes.
NOTE: * Includes eight technological and non-technological dimensions.
SOURCE: Reproduced from BMJ Quality and Safety, H. Singh and D. F. Sittig, 24(2), 103–110, 2015 with permission from BMJ
Publishing Group Limited.
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FIGURE C-4 Newman-Toker’s diagnostic error framework, which defines preventable diagnostic error as the overlap between diagnostic process failures and
diagnostic label failures.
SOURCE: Reprinted, with permission, from David Newman-Toker, A unified
conceptual model for diagnostic errors: Underdiagnosis, overdiagnosis, and misFigure
C-4
diagnosis; in Diagnosis 1(1), 2014, pp.
43–48.

raster image, not editable
portrait
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FIGURE C-5 Newman-Toker’s diagnostic error framework, including suboptimal diagnostic process and optimal diagnostic
process, as well as reducible and unavoidable diagnostic error.
NOTE: * “Near misses” and harm from overtesting and overdiagnosis also result from suboptimal diagnostic processes.
SOURCE: Reprinted, with permission, from David Newman-Toker, A unified conceptual model for diagnostic errors: UnderdiC-543–48.
agnosis, overdiagnosis, and misdiagnosis; in Diagnosis 1(1),Figure
2014, pp.
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Appendix D
Examples of Diagnostic Error

Whereas the title of the Institute of Medicine (IOM) report To Err Is
Human: Building a Safer Health System focused on human error, the primary focus of that report was describing the range of work system factors
that can affect errors (IOM, 2000). The report emphasized the need to go
beyond acute failure and the need to understand latent failures and the
range of work system factors that contribute to errors over time. Consistent with the earlier IOM report, this report on diagnostic error in health
care also emphasizes the need to look at errors in the diagnostic process,
which is embedded in a larger work system.
The case studies presented in this appendix provide snapshots of various diagnostic errors. It is important to understand that a range of work
system factors could have contributed to these diagnostic errors. As highlighted in the conceptual model (see Figures S-1 and S-2) and described
in Chapters 2 and 3, the diagnostic process unfolds over time; various
people and care settings are involved (e.g., outpatient care settings, hospitals, emergency departments, and long-term care settings), and multiple
work systems factors (e.g., information flow and communication, the engagement of patients, culture, training and education, usable and useful
technology) can contribute to diagnostic errors, including those briefly
described in Box D-1.
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BOX D-1
Examples of Diagnostic Error
Lack of appreciation for significant elements of the patient’s history and physical
exam led to a missed pulmonary embolism
A 33-year-old obese patient with remote history of asthma, and on oral contraceptives, presented to her primary care clinician with a three-day complaint
of right thigh pain, swelling, and red streaking on her skin. On exam, her right
inguinal lymph nodes were enlarged and antibiotics were prescribed. Three days
later, she returned with complaint of new onset shortness of breath, chest pain,
and rapid heart rate. The patient had diminished breath sounds. Her physician
thought she was having an asthma flare and advised her to continue antibiotics
and asthma medications. Later the same day, emergency personnel were called
to the patient’s home after she fell. She was brought to a local Emergency Depart
ment where she quickly decompensated and died. Autopsy revealed a large
pulmonary thromboembolism.
SOURCE: CRICO, 2014. Reprinted with permission from CRICO/Risk Management Foundation of the Harvard Medical Institutions.
A misread X-ray of patient with pneumonia led to respiratory failure and death
A 55-year-old male was diagnosed by his primary care clinician with sinusitis
and prescribed an antibiotic. Six days later, he was evaluated in an urgent care
clinic for shortness of breath, labored breathing, extreme fatigue, and chest pain
with cough. The patient had a temperature, a fast heart rate, and low oxygen
saturation. After he was treated with an aerosolized nebulizer his oxygen saturation improved. Based on her negative interpretation of a chest X-ray, the urgent
care clinician diagnosed a viral [upper respiratory infection] and instructed the
patient to see his family doctor the next day. Two days later, the X-ray was read
by a radiologist with impression of pneumonia. The clinic called the patient and
instructed him to go to his local Emergency Department [ED] for evaluation and
treatment. Before he could get to the ED, the patient died of respiratory failure
associated with pneumonia.    
SOURCE: CRICO, 2014. Reprinted with permission from CRICO/Risk Management Foundation of the Harvard Medical Institutions.
Multiple missteps in the referral process preceded patient’s death from cardiac
failure
A 51-year-old female with a history of attention deficit disorder and hyper
lipidemia had been treated by her primary care physician for 14 years. Her high
cholesterol was treated with medications and she was otherwise asymptomatic.
Due to a family history of cardiac disease, the patient requested a cardiology referral for evaluation. Her [primary care provider] ordered the referral and a stress
test. The office reports sending the referral information to the patient, however,
the patient did not receive it. After the patient called the practice multiple times,
a referral was scheduled (three months after initial request). On the day she was
to have her cardiology appointment, the patient died. Her death was attributed to
significant coronary artery disease, with hyperlipidemia noted.
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SOURCE: CRICO, 2014. Reprinted with permission from CRICO/Risk Management Foundation of the Harvard Medical Institutions.
Radiology results not communicated
Mr. J, a patient with severe degenerative joint disease who is cared for by
a rural physician, is referred to an orthopedist at an urban center. He receives a
chest x-ray as part of the preoperative evaluation for knee replacement. The chest
x-ray shows a mass, and his knee surgery is cancelled. The orthopedic surgeon
is on vacation the following month, and the radiology report is never sent to the
primary care physician. Mr. J follows up three months later with his primary care
physician, who learns of the chest x-ray from Mr. J. He is found to have a primary
lung cancer, which is successfully removed with surgery.
SOURCE: Sarkar et al., 2009. © Joint Commission Resources: Joint Commission
Journal on Quality and Patient Safety. Oakbrook Terrace, IL: Joint Commission
on Accreditation of Healthcare Organizations (2009), 35(7) (378). Case study.
Reprinted with permission.
Poor care coordination and recognition of medication-related symptoms
Mr. F, who has diabetes, hypertension, and heart failure, sees a primary care
physician, an endocrinologist, and a cardiologist. All three adjust his medications. When he presents for a scheduled primary care visit, he does not have his
medicines, so the primary care physician does not have an accurate accounting
of Mr. F’s current drug regimen. Also, Mr. F did not submit to laboratory tests as
requested at his prior primary care visit. His daughter, who cares for him, states
that his endocrinologist had ordered laboratory tests the prior month, so she
thought he did not need any more blood drawn. He reports feeling generally weak
and unwell, so his primary care physician orders laboratory tests done the same
day, and he is found to have dangerously low serum sodium.
SOURCE: Sarkar et al., 2009. © Joint Commission Resources: Joint Commission
Journal on Quality and Patient Safety. Oakbrook Terrace, IL: Joint Commission on
Accreditation of Healthcare Organizations (2009), 35(7) (378–379). Case study.
Reprinted with permission.
Diagnostic failure due to intuitive biases
A 28-year-old female patient is sent to an emergency department from a
nearby addictions treatment facility. Her chief complaints are anxiety and chest
pain that have been going on for about a week. She is concerned that she may
have a heart problem. An electrocardiogram is routinely done at triage. The
emergency physician who signs up to see the patient is well known for his views
on “addicts” and others with “self-inflicted” problems who tie up busy emergency
departments. When he goes to see the patient, he is informed by the nurse that
she has gone for a cigarette. He appears angry, and verbally expresses his irrita
tion to the nurse. He reviews the patient’s electrocardiogram, which is normal.
When the patient returns, he admonishes her for wasting his time and, after
a cursory examination, informs her she has nothing wrong with her heart and
discharges her with the advice that she should quit smoking. His discharge
continued
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BOX D-1 Continued
 iagnosis is “anxiety state.” The patient is returned to the addictions centre, where
d
she continues to complain of chest pain but is reassured that she has a normal
cardiogram and has been “medically cleared” by the emergency department. Later
in the evening, she suffers a cardiac arrest from which she cannot be resuscitated.
At autopsy, multiple small emboli are evident in both lungs, with bilateral massive
pulmonary saddle emboli.
SOURCE: Croskerry, 2012. Reprinted, with permission, from P. Croskerry
2012. Copyright 2012 by Longwoods Publishing.
Cognitive failures lead to insufficient search
A 21-year-old man is brought to a trauma center by ambulance. He has been
stabbed multiple times in the arms, chest, and head. He is in no significant distress. He is inebriated but cooperative. He has no dyspnea or shortness of breath;
air entry is equal in both lungs; oxygen saturation, blood pressure, and pulse are
all within normal limits.
The chest laceration over his left scapula is deep but on exploration does not
appear to penetrate the chest cavity. Nevertheless, there is concern that the chest
cavity and major vessels may have been penetrated. Ultrasonography shows no
free fluid in the chest; a chest film appears normal, with no pneumothorax; and
an abdominal series is normal, with no free air. There is considerable discussion
between the resident and the attending physician regarding the management of
posterior chest stab wounds, but eventually agreement is reached that computed
tomography (CT) of the chest is not indicated. The remaining lacerations are
cleaned and sutured, and the patient is discharged home in the company of his
friend.
Five days later, he presents to a different hospital reporting vomiting, blurred
vision, and difficulty concentrating. A CT of his head reveals the track of a knife
wound penetrating the skull and several inches into the brain.
SOURCE: Croskerry, 2013. From New England Journal of Medicine. P.
Croskerry.  From mindless to mindful practice—Cognitive bias and clinical decision
making. 368(26):2445–2448. 2013. Massachusetts Medical Society. Reprinted
with permission from Massachusetts Medical Society.
Incomplete patient history
A 45-year-old woman presents to the emergency department in an agitated
state. She is holding a large empty bottle of aspirin and says that she has taken
all of the pills a few hours ago to ‘end it all’. Her breathing and heart rate are fast;
she is nauseated and complains of ringing in her ears. Blood is drawn for testing
that includes a toxic screen, intravenous lines are started and treatment is begun
for salicylate poisoning. Within an hour, the laboratory reports that her salicylate
level is at a toxic level.
Although her condition initially showed some marginal improvement, when
she is reassessed by the emergency physician after two hours, the impression is
that she is not progressing as well as expected. She now appears confused and
her monitor shows a marked tachycardia. While the physician is reflecting on her
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condition, the patient’s partner comes to the emergency department to enquire
how she is doing. The physician tells him that she is not doing as well as expected
but, given that she has taken a major overdose of salicylate, she may take a little
time to stabilise. Her partner pulls an empty bottle of a tricyclic antidepressant out
of his pocket and says that he found it on the bedroom floor when he got home
from work. He wonders if this is important.
Shortly afterwards, the patient becomes hypotensive, with the monitor showing an intraventricular conduction delay with wide QRS, first-degree block and a
prolonged QT interval; she then has seizures. She is intubated and transferred to
the intensive care unit.
SOURCE: Croskerry and Nimmo, 2011. Reprinted, with permission, from Croskerry P, Nimmo G. Journal of the Royal College of Physicians of Edinburgh 2011;
41(2): 155–162. Copyright 2011 Journal of the Royal College of Physicians of
Edinburgh.
Poor management plan and bias
A 32-year-old female presents to the emergency department with complaints
of abdominal pain and vomiting. She is black, obese, schizophrenic and has poor
personal hygiene. She does not communicate very well. She is treated with intravenous fluids, analgesics and anti-emetics. Her blood work-up and urinalysis are
within normal limits.
A diagnosis of gastroenteritis is made and she is mobilised for discharge, but
she begins to vomit again. It is getting late in the evening and the emergency physician decides to keep her overnight and arranges an ultrasound of her abdomen
and repeat blood work for the morning.
The following morning, the ultrasound is reported as normal, but her white
cell count has gone up to 13,000/mm3. Abdominal X-rays are done and appear
normal. Her condition does not improve through the day and in the late afternoon
a computed tomography exam of her abdomen reveals a four-inch-long metallic/
plastic foreign body, a hair clasp, in her stomach. This is removed several hours
later by endoscopy. There were four handovers during the course of 28 hours in
the emergency department before the correct diagnosis was made.
SOURCE: Croskerry and Nimmo, 2011. Reprinted, with permission, from Croskerry P, Nimmo G. Journal of the Royal College of Physicians of Edinburgh 2011;
41(2): 155–162. Copyright 2011 Journal of the Royal College of Physicians of
Edinburgh.
Rushed communication leads to error
The doctor informs the patient to refrain from aspirin ingestion prior to a particular laboratory test involving platelets. The consultation with the patient is rushed,
and the physician fails to explain to the patient that aspirin is present in many
medicines and that the patient should determine whether any over-the-counter
product contains aspirin prior to using it. When the assay is performed, the result
is incorrect. When the patient is asked about aspirin ingestion, she reports she
has taken Alka-Seltzer within the past 24 hours, inadvertently ingesting an overcontinued
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BOX D-1 Continued
the-counter product containing aspirin. This necessitates a repeat performance of
a complicated assay.
SOURCE: Laposata, 2010. Republished with permission of Demos Medical Publishing, from Coagulation disorders: Quality in laboratory diagnosis, M.
Laposata, 2010; permission conveyed through Copyright Clearance Center.
Poor emergency department diagnostic test tracking and reporting
A young woman with a complicated medical history, including systemic lupus
erythematosis (lupus), presented to the ED with severe ankle pain, thought to be
a partial Achilles tendon tear. She also had ulcerations of both of her palms. The
physician performed an examination and ordered routine blood work and blood
cultures. The gram stain showed gram + cocci in clusters; the final blood culture
report revealed staphylococcus aureus. The CBC with differential and urinalysis
were abnormal. The lab called the results to the ED, but a new charge nurse
skipped the physician’s review and the standard ED alert system. The patient went
home, became septic, endured a prolonged hospital stay, and is now considered
totally disabled.
SOURCE: MagMutual, 2014. Reprinted, with permission, from MagMutual
Insurance Company, Atlanta, GA, 2015.
Diagnosis that is beyond current medical knowledge
Although alarmed at the sight of a red stream instead of straw-colored urine,
Dunham Aurelius didn’t realize that he needed to see a doctor. An endurance
runner and triathlete in his early 20s, he brushed off the physical discomfort and
reasoned that he may have pushed too hard on a long Sunday run. When the
bleeding persisted, Aurelius made an appointment with a urologist, a specialist
in diseases of the urinary tract and reproductive organs. The doctor diagnosed a
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kidney stone, the first of many that Aurelius would endure throughout his 20s and
30s. He became an all-too-frequent patient of urologists, as well as of endocrinologists and nephrologists, who specialize, respectively, in diseases of endocrine
glands and kidneys.
Aurelius’ kidneys formed stones at a size and frequency that surprised his
doctors. He has passed more than 15 stones; one calcium phosphate mass in
his kidney measured three centimeters. His doctors detected high vitamin D
levels in his blood but they weren’t sure of its significance or why he developed
these stones.
Aurelius expelled many kidney stones without recourse to medical intervention. Once, he brought a bag of stones to his urologist, who hailed him as an
ultimate fighter of the kidney stone world. Some stones, however, required painful
and sometimes dangerous procedures. The problem worsened to the point that
Aurelius was having multiple surgeries a year. He started to become desperate
for a diagnosis at age 38, almost 20 years after his first stone.
In 2008, Aurelius’ endocrinologist at the University of New Mexico Health
Sciences Center learned about the Undiagnosed Diseases Program (UDP), a
new NIH program. The UDP was recruiting patients whose conditions were unexplained despite doctors’ best efforts to make a diagnosis. The new program would
accept referrals if there were some clue for a multidisciplinary team of doctors at
NIH to follow up. In Aurelius’ case, the clue was his high vitamin D levels.
In 2009, he became the 37th of 75 patients evaluated in the first year of the
UDP, during a week-long visit to the NIH Clinical Center. Through genomic analysis conducted in subsequent months, NIH doctors ultimately discovered that mutations in Aurelius’ DNA caused loss in the function of an enzyme called CYP24A1,
which results in high vitamin D levels. With his wife’s help, Aurelius made dietary
changes that have brought about vast improvements in his condition).
SOURCE: MacDougall, 2013.

Copyright © National Academy of Sciences. All rights reserved.

443

Improving Diagnosis in Health Care

444

IMPROVING DIAGNOSIS IN HEALTH CARE

REFERENCES
CRICO. 2014. 2014. Annual benchmarking report (2014): Malpractice risks in the diagnostic
process. Cambridge, MA: CRICO Strategies. www.rmfstrategies.com/benchmarking
(accessed June 11, 2015).
Croskerry, P. 2012. Perspectives on diagnostic failure and patient safety. Healthcare Quarterly
15(Special issue) April:50–56.
Croskerry, P. 2013. From mindless to mindful practice—Cognitive bias and clinical decision
making. New England Journal of Medicine 368(26):2445–2448.
Croskerry, P., and G. Nimmo. 2011. Better clinical decision making and reducing diagnostic
error. Journal of the Royal College of Physicians of Edinburgh 41(2):155–162.
IOM (Institute of Medicine). 2000. To err is human: Building a safer health system. Washington,
DC: The National Academies Press.
Laposata, M. 2010. Coagulation disorders: Quality in laboratory diagnosis. New York: Demos
Medical Publishing.
MacDougall, R. 2013. Expanding the limits of modern medicine: NIH Undiagnosed Diseases
Network will address abundance of mystery cases. www.genome.gov/27552767 (accessed August 18, 2015).
MagMutual. 2014. Poor ED lab tracking and reporting system results in sepsis treatment
delay. www.magmutual.com/sites/default/files/PoorEDLabTrack_SepsTreatmDelay.
pdf (accessed July 23, 2015).
Sarkar, U., R. M. Wachter, S. A. Schroeder, and D. Schillinger. 2009. Refocusing the lens:
Patient safety in ambulatory chronic disease care. Joint Commission Journal on Quality
and Patient Safety 35(7):377–383, 341.

Copyright © National Academy of Sciences. All rights reserved.

