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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 pro-
fessionals and organizations on what should be done about this complex
challenge.

Second, patients are central to the solution. The report defines diag-
nostic 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 fami-
lies 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 human 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 demands
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:

e Health care professional education and training does not take fully
into account advances in the learning sciences. The report empha-
sizes training in clinical reasoning, teamwork, and communication.

e Health information technology, while potentially a boon to qual-
ity health care, is often a barrier to effective clinical care in its cur-
rent 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.

e 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.

e The health care work system and culture do not sufficiently sup-
port 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.

e In addition, the report highlights the increasingly important role
of radiologists and pathologists as integral members of the diag-
nostic 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 pro-
grams 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 rec-
ommends 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 diag-
nostic 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 implementa-
tion 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 pro-
fessional 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.

e Postmortem examination research spanning decades has shown
that diagnostic errors contribute to approximately 10 percent of
patient deaths.

e Medical record reviews suggest that diagnostic errors account for
6 to 17 percent of hospital adverse events.

e 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 pro-
portion 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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2 IMPROVING DIAGNOSIS IN HEALTH CARE

Getting the right diagnosis is a key aspect of health care—it pro-
vides an explanation of a patient’s health problem and informs subse-
quent health care decisions. Diagnostic errors stem from a wide variety
of causes, including: inadequate collaboration and communication among
clinicians, patients, and their families;! 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 repre-
sents 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 reduc-
tion 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 diag-
nostic 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 under-
standing 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 indi-
viduals who provide support or informal caregiving to patients in the diagnostic process.
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4 IMPROVING DIAGNOSIS IN HEALTH CARE
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FIGURE S-2 The work system in which the diagnostic process takes place.

well as the need for a diagnosis to convey more than simply a label of a
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 defi-
nition 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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6 IMPROVING DIAGNOSIS IN HEALTH CARE

reaches the patient so that a patient and health care professionals can act
on the explanation.?

In addition to defining and identifying diagnostic errors in clinical
practice, the report places a broader emphasis on improving the diag-
nostic 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 unneces-
sary 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 recommenda-
tions 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 pro-
fessionals, 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

* Facilitate more effective teamwork in the diagnostic process among health 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

e 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 diag-
nostic errors

ing about the path of care. Health care professionals and organizations®
are responsible for creating environments in which patients and their
families can learn about and engage in the diagnostic process and pro-
vide 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 interprofes-
sional 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 criti-

3 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
professionals* has the potential to improve diagnostic testing.” In addi-
tion, nurses are often not recognized as collaborators in the diagnostic
process, despite their critical roles in ensuring communication, care co-
ordination, 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 knowl-
edge, skills, resources, and support to engage in teamwork in the
diagnostic process. To accomplish this, they should facilitate and
support:
e Intra- and interprofessional teamwork in the diagnostic
process.
e Collaboration among pathologists, radiologists, other diag-
nosticians, 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-
nostic process, aligned with their needs, values, and preferences. To
accomplish this, they should:
* Provide patients with opportunities to learn about the diag-
nostic process.
¢ Create environments in which patients and their families
are comfortable engaging in the diagnostic process and shar-
ing feedback and concerns about diagnostic errors and near
misses.
¢ Ensure patient access to electronic health records (EHRs), in-
cluding clinical notes and diagnostic testing results, to facili-

4 Treating health care professionals are clinicians who directly interact with patients.

5 The term “diagnostic testing” is broadly inclusive of all types of testing, including medi-
cal 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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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 in-
formation about the accuracy of a clinician’s diagnosis—is essential for
improved diagnostic performance. The authenticity of the learning envi-
ronment 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 contribu-
tions 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 re-
sponsible 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:

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/21794

Improving Diagnosis in Health Care

10 IMPROVING DIAGNOSIS IN HEALTH CARE

e Address performance in the diagnostic process, including
areas such as clinical reasoning; teamwork; communication
with patients, their families, and other health care profes-
sionals; appropriate use of diagnostic tests and the applica-
tion of these results on subsequent decision making; and use
of health information technology.

e Employ educational approaches that are aligned with evi-
dence from the learning sciences.

Recommendation 2b: Health care professional certification and ac-
creditation organizations should ensure that health care profes-
sionals 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 diag-
nostic errors by facilitating timely and easy access to information; com-
munication 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 ef-
fectively 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 identi-
fication 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 mul-
tiple 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 com-
mittee 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 In-
formation Technology (ONC) should work together with users to
ensure that health IT used in the diagnostic process demonstrates
usability, incorporates human factors knowledge, integrates mea-
surement capability, fits well within clinical workflow, provides
clinical decision support, and facilitates the timely flow of informa-
tion 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 sys-
tems 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 diag-
nostic 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 imple-
mentation 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 diag-
nostic 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 ex-
aminations 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 diag-
nostic errors and the role of postmortem examinations in modern clinical
practice.

Health care professional societies can be engaged to identify high-
priority areas to improve diagnosis, similar to the Choosing Wisely initia-
tive 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 organiza-
tions 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.

e Implement procedures and practices to provide systematic
feedback on diagnostic performance to individual health
care professionals, care teams, and clinical and organiza-
tional leaders.

Recommendation 4c: The Department of Health and Human Ser-
vices should provide funding for a designated subset of health care
systems to conduct routine postmortem examinations on a represen-
tative 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 recov-
ery 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 frag-
mentation in health care, organizations need to recognize that patients
cross organizational boundaries and that this has the potential to contrib-
ute 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:

e Adopt policies and practices that promote a nonpunitive cul-
ture 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 ac-
curate 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 environ-
ments, without the threat of legal discovery or disciplinary action, to ana-
lyze and learn from these events. Previously, the IOM recommended that
Congress extend peer review protections to data that are collected for im-
proving 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 encour-
age standardized event reporting, but the use of these formats is volun-
tary, 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 resolv-
ing 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 mal-
practice claims.

Traditional medical liability reforms have not been effective in com-
pensating negligently injured patients or deterring unsafe care. Alterna-
tive approaches are needed that enable patients and clinicians to become
allies in making health care safer by encouraging transparency and dis-
closure 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 diagnos-
tic accuracy by incentivizing the use of evidence-based diagnostic ap-
proaches; 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 environ-
ment for identifying, studying, and learning from errors, but implemen-
tation 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 collabo-
ration 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 Qual-
ity (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 vol-
untary 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 identifica-
tion, disclosure, and learning from diagnostic errors. Specifically,
they should:

* Encourage the adoption of communication and resolution
programs with legal protections for disclosures and apolo-
gies 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 evidence-
based 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 edu-
cation, 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 inabil-
ity 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, patholo-
gists, 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 diag-
nostic 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 pay-
ment 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 predomi-
nant mechanism for determining clinician payment, the Centers
for Medicare & Medicaid Services (CMS) and other payers should:

e Create current procedural terminology codes and provide
coverage for additional evaluation and management activi-
ties 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 man-
agement 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 im-
pact 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

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/21794

Improving Diagnosis in Health Care

18 IMPROVING DIAGNOSIS IN HEALTH CARE

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 govern-
ment, foundations, industry, and other stakeholders. Collaborative fund-
ing 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.
e 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 Out-
comes Research Institute, foundations, the diagnostic testing and
health information technology industries, health care organiza-
tions, and professional liability insurers to support research on the
diagnostic process and diagnostic errors.
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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 expla-
nation 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 experi-
ence at least one diagnostic error in their lifetime, sometimes with devas-
tating 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 con-
cern 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
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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 (Parliamen-
tary 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 con-
cern about overdiagnosis, such as the assignment of diagnostic labels to
conditions that are unlikely to affect the individual’s health and well-
being (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 indi-
cated 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 ex-
ample, 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’ experi-
ences 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 deci-
sion making, as well as the pervasiveness of diagnostic errors in practice, it
is surprising that this issue has been neglected within the quality improve-
ment 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 per-
formance 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 character-
istics 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 ef-
forts 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 lever-
age 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). Estimat-
ing 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 Medi-
cine 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 ex-
pertise, 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 nu-
merous 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 diagnos-
tic 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 diag-
nostic 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 organiza-
tions 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.
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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 diag-
nostic 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 informa-
tion 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 con-
ceptual 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) estab-
lish 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 com-
mittee 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 ongo-
ing 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
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BOX 1-2 Continued

over a relatively common condition. Over the next 2 weeks, she developed in-
creasingly 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 atypi-
cal 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 chemo-
therapy 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 collabo-
rate to reduce diagnostic errors by:

* Improving the processes of—and the accountability for—secure intra- and
interprofessional communication of patients’ clinical information.

e 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, in-
cluding 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).! 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, pub-
lic 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 pro-
cess, such as the roles of diagnostic uncertainty and time. It also high-
lights the mounting complexity of health care, due to the ever-increasing
options for diagnostic testing? 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 popula-

! 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 neuro-
cognitive 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, patient-
centered, 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 informa-
tion 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 experi-
ences 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 interpreta-
tion, and determining a working diagnosis. Performing a clinical history
and interview, conducting a physical exam, performing diagnostic test-
ing, and referring or consulting with other clinicians are all ways of ac-
cumulating 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 prob-
abilities as more information is learned. Communication among health
care professionals, the patient, and the patient’s family members is criti-
cal 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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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):

* Diagnostic team members include patients and their families and all health
care professionals involved in their care.

* Tasks are goal-oriented actions that occur within the diagnostic process.

e 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 set-
tings (i.e., work systems) in which the diagnostic process can occur—for example,
outpatient primary or specialty care office settings, emergency departments, in-
patient 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 dif-
fer 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 communi-
cated 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, diag-
nostic refinement of the working diagnosis becomes diagnostic verifica-
tion, in which the lead diagnosis is checked for its adequacy in explaining
the signs and symptomes, its coherency with the patient’s context (physi-
ology, risk factors), and whether a single diagnosis is appropriate. When
considering invasive or risky diagnostic testing or treatment options, the
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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 informa-
tion 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; perform-
ing 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 im-
portant 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 clini-
cian 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 cur-
rent concern, past medical history, family history, social history, and other
relevant information, such as current medications (prescription and over-
the-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 conduct-
ing 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 infor-
mation 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 cur-
rent signs and symptoms.

There are growing concerns that traditional “bedside evaluation”
skills (history, interview, and physical exam) have received less atten-
tion 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 test-
ing (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 pa-
tient. 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 con-
cerns that physical exam skills have been underemphasized in current

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/21794

Improving Diagnosis in Health Care

38 IMPROVING DIAGNOSIS IN HEALTH CARE

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). Educa-
tors 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). Typi-
cally, 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 ex-
ample, 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 pathol-
ogy (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 long-
term 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 physi-
cians 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 ap-
proved 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 in-
cludes nine steps: test selection and ordering, sample collection, patient
identification, sample transportation, sample preparation, sample analy-
sis, result reporting, result interpretation, and clinical action (Lundberg,
1981). These steps occur during five phases of diagnostic testing: pre-
pre-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 cor-
rect test or series of tests (Hickner et al., 2014; Laposata and Dighe, 2007).
The pre-analytic phase involves sample collection, patient identifica-
tion, 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. Ensur-
ing 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 de-
scribed 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 preva-
lent (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 challeng-
ing for clinicians, in part because of the sheer volume of choices. For ex-
ample, 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 other-
wise complicated. Advances in molecular diagnostic technologies and new
diagnostic tests have introduced another layer of complexity. Many clini-
cians 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 dis-
order (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 devel-
opment 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 histologi-
cal, 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) provid-
ing 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) im-
proving 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 time-
consuming, 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 Adminis-
tration issued a warning about potential diagnostic errors related to false positives
caused by contamination in a Lyme disease test (Nelson et al., 2014). As molecu-
lar 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 Medi-
cine 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 laboratory-
developed 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)

Centers for
Medicare &
Medicaid
Services (CMS)

Food and Drug
Administration
(FDA)

American

Academy

of Family

Physicians
(AAFP)

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.

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).

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).

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 ASCP certifies medical laboratory professionals. ASCP also manages a
Society for CMS-approved PT program for gynecologic cytology (ASCP, 2014).
Clinical
Pathology
(ASCP)
College of CAP accreditation ensures the safety and quality of laboratories and
American satisfies CLIA requirements. CAP also offers an inter-laboratory peer
Pathologists PT program (CAP, 2013, 2015). This program includes
(CAP)

e 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 HFAP accreditation ensures the safety and quality of laboratories and
Facilities satisfies CLIA requirements (HFAP, 2015).
Accreditation
Program
(HFAD)
The Joint The Joint Commission accreditation ensures the safety and quality of
Commission 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 modali-
ties. CT procedures are frequently used to assess and diagnose cancer, cir-
culatory 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 al-
lowed 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 inter-
tumoral 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 ex-
aminations 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 limita-
tions. Some studies have found that between 20 and 50 percent of all ad-
vanced imaging results fail to provide information that improves patient
outcome, although these studies do not account for the value of nega-
tive 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 di-
agnostic 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 inap-
propriate 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
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conditions, these guidelines are often not followed. The use of clinical
decision support systems at the point of care as well as direct consulta-
tions 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 im-
aging. 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 screen-
ing 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 commu-
nication 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 Medi-
care Improvements for Patients and Providers Act (MIPPA)? requires that
private outpatient facilities that perform CT, MRI, breast MRI, nuclear
medicine, and PET exams be accredited. The requirements include person-
nel 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, order-
ing clinicians will be required to consult appropriateness criteria to order
advanced medical imaging procedures, and the act called for a demonstra-
tion 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 clini-
cian 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,
2015¢; 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

diagnostic uncertainty

time

population trends

diverse populations and health disparities
mental health

Diagnostic Uncertainty

One of the complexities in the diagnostic process is the inherent un-
certainty 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 infer-
ence. 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 (diag-
nostic certainty) in order for treatment to be justified (Pauker and Kassirer,
1980). The decision to begin treatment based on a working diagnosis is in-
formed by: (1) the degree of certainty about the diagnosis; (2) the harms and
benefits of treatment; and (3) the harms and benefits of further information-
gathering activities, including the impact of delaying treatment.

The risks associated with diagnostic testing are important consider-
ations 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 rec-
ognized for their risks (Zhi et al., 2013) (see Chapter 3). Overuse of diag-
nostic 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 pro-
cedure 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 addi-
tion, the risk for harm needs to take into account the cascade of diagnostic
testing and treatment decisions that could stem from a diagnostic test re-
sult. 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 indi-
vidual 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 necessar-
ily 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 pro-
cedure 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 on-
set 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 complex-
ity 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. Dis-
eases may also present atypically, with an unusual and unexpected con-
stellation of symptoms (Emmett, 1998).

Adding to the complexity of the time-dependent nature of the diag-
nostic 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 pa-
tients, 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” (Henrik-
sen 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 con-
dition 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, poly-
pharmacy 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 cogni-
tive 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 cul-
tural 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 diag-
nosis of heart attack, a situation that has been partly attributed to real
and perceived gender biases, but which may also be the result of physi-
ologic 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 distinguish-
ing 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 quintessen-
tial competency. Clinical reasoning is “the cognitive process that is nec-
essary 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 clini-
cal 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 er-
rors, particularly in diagnostics, may be attributable to cognitive sources,
insufficient progress in systematically evaluating and implementing sug-
gested strategies for improving critical thinking skills and medical judg-
ment 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 consider-
ation 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, intui-
tive, 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.*
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), intu-
ition, or repeated experiences.

In contrast, slow system 2 (reflective, analytical) processing places
a heavy load on working memory and involves hypothetical and coun-
terfactual 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 cogni-
tive 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 con-
sulting 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 con-
firmed. If not, further information gathering, hypothesis generation, interpre-
tation, 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 consider-
ation 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 prob-
ability of each potential diagnosis, given the available data (Kassirer et al., 2010).

These models hold that clinical problem-solving tasks, such as diagnosis, re-
quire 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 problem-
solving 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-rec-
ognition 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 previ-
ously and stored in memory as concrete examples) or prototypes (an abstract dis-
ease 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. lliness 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 dif-
ferent types of information about disease conditions—that is, actual instances
versus typical presentation versus multidimensional information—pattern recogni-
tion 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 auto-
matically and unconsciously employed—are particularly important for
decision making (Gigerenzer and Goldstein, 1996). Heuristics can facili-
tate 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 success-
fulness 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 rea-
soning and decision making (see Table 2-2 for medical and nonmedical
examples). Additional examples of heuristics and biases that affect deci-
sion making and the potential for diagnostic errors are described below
(Croskerry, 2003b):

e The representativeness heuristic answers the question, “how
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).

® DBase-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.

e 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.

e 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 men-
tal 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.

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

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.

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

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.

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.

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

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.

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.

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 buy a new car based

on excellent reviews and
tend to ignore or downplay
negative features that are
noticed.

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

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.”

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.

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 con-
troversial. Some hold that these processes are constantly occurring in paral-
lel and that any conflicts are resolved as they arise. Others have argued that
system 1 processes generate an individual’s default response and that sys-
tem 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 sys-
tem 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, inter-
vene 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 clini-
cal practice settings. System 1 performs best in highly reliable and pre-
dictable 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 understand-
ing 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

System 1
Processing N

Symptoms and Signs 1\
RECOGNIZED Pattern Recognition

T v
Patient Executive Irrational -
. alibration | —>

Override ’ | Override

\ Repetition A

Symptoms and Signs T

NOT RECOGNIZED

\ System 2

Processing

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
they are not recognized, system 2 processes are used. Repetition of data to system
2 processes may eventually be recognized as a new pattern and subsequently pro-
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 deci-
sion 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 BM] Publishing Group Limited. Cognitive
debiasing 1: Origins of bias and theory of debiasing. P. Croskerry, G. Singhal, and
S. Mamede. BM] Quality and Safety 22(Suppl 2):ii58-ii64. 2013.
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include comparing a patient’s signs and symptoms with clinicians’ men-
tal 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 hap-
pens, slow system 2 processing may be engaged, and the clinician will
continue to gather, integrate, and interpret potentially relevant informa-
tion 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 find-
ings might be expected, and does the patient have them? This process is
repeated for each condition in the differential diagnosis and may be aug-
mented by additional sources of information, such as diagnostic testing,
further history gathering or physical examination, or referral or consulta-
tion. The cognitive process of reassessing the probability assigned to each
potential diagnosis involves inductive reasoning,® 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 diagno-
sis 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 domi-
nantly 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 situa-
tions marked by novelty and difficulty, when patients present with atypi-
cal 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 pat-
tern 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. Fig-
ure 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 in-
formation 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 diagno-
ses 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 diag-
nostic 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, includ-
ing lighting, noise, and layout, can influence clinical reasoning. Chapter
5 discusses how health IT can improve or degrade clinical reasoning, de-
pending 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 informa-
tion 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, sweat-
ing, and rapid heart rate for pheochromocytoma), base rate neglect and
the representativeness bias may lead clinicians to overestimate the likeli-
hood 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 er-
rors. 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 symp-
toms 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 per-
cent 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 reason-
ing, 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 suf-
fices 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 alterna-
tives 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 ran-
dom 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 con-
sequences. 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 pro-
cesses 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 nov-
ice 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 meta-
cognitive 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 over-
confidence, 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 pres-
ence 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 prob-
ability 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 strepto-
coccus (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 per-
cent 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 conges-
tion times 24 percent), whereas 9.7 percent have non-GABHS without nasal
congestion but with fever (88.1 percent with non-GAHBS without nasal conges-

continued

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/21794

Improving Diagnosis in Health Care

66 IMPROVING DIAGNOSIS IN HEALTH CARE

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 likeli-
hood 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 dis-
tinguishing 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 mam-
mogram 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 aver-
age 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 diag-
nosis 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 pre-
vention, diagnosis, and treatment, with a deluge of innovations in di-
agnostic 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 hu-
man 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 con-
ditions categorized in the National Library of Medicine’s medical sub-
jects 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 ex-
ample, 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 infor-
mation. 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 spe-
cific 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 devel-
opment 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 determin-
ing 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 vari-
ables (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 out-
comes (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 influ-
ence 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 ap-
propriate 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 im-
prove 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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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 in-
cidence and nature of the problem of diagnostic error; to determine the
causes and risks of diagnostic error; to evaluate interventions; for edu-
cation 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]Jealth 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 ben-
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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 some-
times 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). Com-
municating 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 un-
planned action that should have been completed (omission) as an error
(IOM, 2004). The IOM report To Err Is Human: Building a Safer Health Sys-
tem distinguished among four types of error: diagnostic, treatment, pre-
ventive, 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 ex-
isting 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 diag-
nostic 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. No-
fault 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; techni-
cal 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 admin-
istering 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: I0M, 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 presen-
tation, (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 pro-
cess 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 structure-
process-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 op-
portunity 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 over-
lap 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 un-
avoidable 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 (Newman-
Toker, 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 defini-
tions 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 diag-
nostic error may be different from a clinician- or research-oriented defini-
tion 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, 2014Db).

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 perspec-
tive, 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 gath-
ering 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 timeli-
ness. 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 con-
dition 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 di-
agnoses 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 communica-
tion. 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 be-
cause 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, life-
threatening 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, prefer-
ences, 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 prob-
lem 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 prefer-
ences 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 or-
ganizations, 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 com-
munity 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 impor-
tant 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 in-
formation 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.! 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 re-
quired 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 vulner-
abilities (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 Fig-
ure 3-1). An accurate and timely diagnosis that is communicated to a pa-
tient 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

! 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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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 poten-
tial 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 harm-
ful 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 in-
efficiency 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 participat-
ing in the diagnostic process and public trust in the health care system.
Correct diagnoses, diagnostic errors, and near misses can be used as op-
portunities 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 prob-
lem 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., im-
proved radiographic resolution); the identification of incidental findings;
the widening boundaries or lowered thresholds for defining what is ab-
normal (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 at-
tention 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 (posi-
tive 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 cri-
teria 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 be-
cause it is found primarily with population-based estimates; it is vir-
tually impossible to assess whether overdiagnosis has occurred for an
individual patient (Welch and Black, 2010). Our understanding of biol-
ogy 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, screen-
ing 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—Ilike many inter-
ventions—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 knowl-
edge, and the assessment of overdiagnosis is dependent on population-
based 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 life-
threatening) 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 profes-
sionals, 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). Over-
utilization 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 aggres-
sive 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 cli-
nicians 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,
advances in diagnostic testing have also led to some challenges, including an
under-reliance on more traditional diagnostic tools, such as careful history tak-
ing 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 contrib-
uting 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 radia-
tion (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 con-
siderations, 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 imag-
ing 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 “[cJompared 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 team-
based 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). Further-
more, 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 con-
text 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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errors; for educational and training purposes; and for accountability pur-
poses (e.g., performance measurement). Each of these purposes is de-
scribed in greater detail below.

1.

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 mea-
surement 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 de-
tect problems more rapidly will require additional work.
Evaluate interventions. This report should stimulate the develop-
ment of programs designed to prevent, detect, and correct diag-
nostic errors across the spectrum, but these programs will require
appropriate measurement tools (both quantitative and qualita-
tive) to allow a rigorous assessment of whether the interventions
worked. This will be particularly challenging for measuring pre-
vention, 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 pro-
vide 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 pay-
ment for every area in which a potential problem has been identi-
fied 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 ac-
countability 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 ex-
aminations (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 under-
score 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-
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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 dur-
ing 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 (ac-
curacy, 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 avail-
able 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 de-
partments, a variety of outpatient settings (such as primary and specialty
care settings and retail clinics), and long-term-care settings (such as nurs-
ing 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 dimen-
sions 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 de-
scribing 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 communi-
cated to the patient. Other data sources, such as patient surveys, may be
helpful in making this determination. Alternatively, medical record chart-
ing 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 ap-
proach 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 asso-
ciated 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 diag-
nostic 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 er-
ror 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
Method(s) for

Selecting Cases Method for
Key Features of the for Review Determining if Error
Data Source  Data Source (Denominator) Occurred (Numerator)
Postmortem  Deaths only Consecutive series Comparison to
examination Limited number of with criteria another data source
(Autopsy) reviews Convenience samples (medical record,
Selection bias (typically ~ Prespecified criteria interview, location/
focused on Requests (from circumstance of
unexpected deaths) clinicians or death)
Limited workforce families) Cause of death
determination
Effects or indication of
disease
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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

Medical
malpractice
claims

Health
insurance
claims

Diagnostic
testing

Medical
imaging

Surveys of

clinicians

Surveys of
patients

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

Requires claim to be
filed; more likely for
negligent care

Most studies done on
closed claims

Requires a billable event
Relies on documentation
necessary for payment

Source data available
for review

Applies only to
diagnoses for which
diagnostic testing
data are a key factor

Focus on interpretation

Source data available
for review

Applies only to
diagnoses for which
medical imaging data
are a key factor

Focus on interpretation

Subject to nonresponse
bias

May be difficult to
validate

Subject to nonresponse
bias

May be difficult to
validate

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

Classification criteria
(typically based
on claim made in
suit)

Criteria-based
algorithm
(selected)

Universe of claims

Random sample
Prespecified criteria

Random sample
Prespecified criteria

Sample receiving

survey

Sample receiving
survey

Implicit review /expert
assessment
Explicit criteria

Claims adjudication
process (including
courts)

Criteria-based
algorithm

Expert assessment

compared to original

Expert assessment
compared to original

Descriptive statistics

on self-report

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 con-
ducted 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 physi-
cians request to clarify cause of death or assess care,” and (2) “medicolegal
autopsies, which legal officials order to further investigate the circum-
stances 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 extensive-
ness 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 in-
formation 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 post-
mortem 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 mem-
bers must consent to having the procedure done. There is no systematic
information on the frequency with which the request for an autopsy is re-
fused (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 au-
topsies), 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 treat-
ing 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 im-
portant 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 impor-
tant 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).? 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 re-
view 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 ongo-
ing 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 diag-
nosis 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 war-
ranted. In addition, tracking the number of deaths, those eligible and
selected for postmortem exams, and the refusal rate among family mem-
bers would enable the development of better national estimates of diagnos-
tic 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 re-
flects both financial realities and workforce challenges (i.e., a limited num-
ber 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 docu-
mented 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 com-
mon 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 k=0.40-0.41
(95 percent confidence interval, 0.30-0.51) for identifying adverse events
and x=0.19-0.24 (95 percent confidence interval, 0.05-0.37) for identify-
ing negligent adverse events (Thomas et al., 2002). These rates are con-
sidered 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 k=0.25 (95 percent
confidence interval, 0.05-0.45) (fair) for identifying adverse events and of
k=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 ad-
verse 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 viola-
tions 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.* However, or-
ganizational 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 focus-
ing 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 diag-

4 1t 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 ab-
normal 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 approxi-
mately 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 seek-
ing 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 Na-
tional Practitioner Data Bank (NPDB). The NPDB is a repository of clini-
cian 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 prob-
ability 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 valid-
ity 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 diag-
nostic error using malpractice claims data use all malpractice claims (any
allegation) as the denominator.

Methods for determining if an error occurred (numerator) In malprac-
tice 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 medi-
cal malpractice claims from the National Practitioner Data Bank in order
to characterize the frequency, patient outcomes, and economic conse-
quences 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 phy-
sicians. 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 or-
ganization 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 res-
cue), 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 in-
surer, compiled information from its 20072013 claims database for the
committee. In its analysis of diagnosis-related claims, The Doctors Com-
pany included information from 10 medical specialties (internal medi-
cine, 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 in-
cluded the top five diagnoses associated with each specialty’s malprac-
tice 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 de-
velop 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 pat-
terns 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 ar-
rangement 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 data-
base, 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-1V, 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 calcu-
lated. 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 ab-
sence 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 technol-
ogy (health IT) and health insurance claims databases over the past sev-
eral 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 be-
cause 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 fre-
quently these beneficiaries were seen by health care professionals in the
week prior to ultimate diagnosis (either in outpatient, emergency depart-
ment, or hospital settings), the incorrect diagnoses that were made, and
the factors associated with the diagnostic error. For instance, this epide-
miologic 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 diagno-
sis. 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 exami-
nation of secretions, discharges, blood, or tissue using chemical, micro-
scopic, 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 reanaly-
sis 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 clini-
cian 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 final;
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 meth-
ods—random samples and prespecified criteria—are commonly used to
identify cases. Both methods allow for the denominator to be character-
ized (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 test-
ing involves multiple steps, there are many different methods for identify-
ing 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 as-
sume 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 reduc-
tions 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 clas-
sified 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 per-
cent 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 fellow-
ship 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 evaluat-
ing 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 fea-
ture 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 medi-
cal 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 ap-
proximately 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 ran-
dom sample of cases is selected for second review, although some stud-
ies 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 be-
tween 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 con-
sisted 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 studies
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 (writ-
ten, telephone, interview, Web-based) that obtain clinicians’ self-reports
about diagnostic errors they have made or what they know about diag-
nostic 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 af-
fected 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 com-
pared 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 im-
plicit 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 informa-
tion 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.


http://www.nap.edu/21794

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’ self-
reports 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 af-
fected by nonresponse bias and by reporting bias. Unless there are oppor-
tunities to compare answers to other data sources, it may not be possible
to confirm the validity of the responses. Patient definitions of diagnos-
tic 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). Conve-
nience samples are also used.

Methods for determining if an error occurred (numerator) The deter-
mination 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 er-
rors were diagnostic errors (Betsy Lehman Center for Patient Safety and
Medical Error Reduction, 2014). Weissman and colleagues (2008) sur-
veyed patients about adverse events during a hospital stay and compared
survey-detected adverse events with medical record review. Twenty-three

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/21794

Improving Diagnosis in Health Care

OVERVIEW OF DIAGNOSTIC ERROR IN HEALTH CARE 117

percent of surveyed patients reported at least one adverse event, com-
pared 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 perfor-
mance. 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 in-
cidence of error.

Patient actors, or “standardized patients,” have been used to assess
rates of diagnostic error. Patient actors are asked to portray typical pre-
sentations of disease, and clinicians are assessed on their diagnostic per-
formance. 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 under-
reporting 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, docu-
mentation, 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 associ-
ated 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 per-
cent 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, med-
ical 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 measure-
ment 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 commen-
tary, Shojania concluded that “it appears that a hospital’s picture of pa-
tient 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 mea-
surement of diagnostic errors; with the complexity of the diagnostic pro-
cess, 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 char-
acterize diagnostic errors by identifying the causes and the risks associ-
ated 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 oppor-
tunities 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 commit-
tee’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 expla-
nation 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 pro-
cess 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 comple-
mentary 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 ac-
cessing health care. Health care organizations are familiar with routine
measures of eligible patients presenting for common screening tests;
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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 Failure?

Methods for Detecting Failures

Failure to engage
in the health

care system or

in the diagnostic
process

Failure in
information
gathering

Failure in
information
integration

Failure in
information
interpretation

Failure to
establish an
explanation
(diagnosis)

Failure to
communicate the
explanation to
the patient

Delay in patient presenting
Patient unable to access care

Failure/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

Failures in hypothesis generation
Suboptimal weighting and
prioritization

Failure to recognize or weight
urgency

Inaccurate or failed
interpretation of history, physical
exam findings, test results

Suboptimal 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)

Patient not notified

Delay in notification
Incomplete explanation
Patient does not understand
explanation

Analysis of emergency
department, urgent care,
and other high-risk cohorts

Surveys to determine why
and what could be done
differently

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”)

Debriefing
Diagnostic conferences
Random exams

Second review of samples

Random reviews

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

Postmortem examinations

Video recording and debriefing
Survey patients

Medical record review

Shared decision making result

? Adapted 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 specifica-
tion); 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 in-
formation 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 incor-
rect interpretation of diagnostic tests occurs in internal medicine (38 per-
cent 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 re-
views 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 rec-
ognize 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 cor-
rect 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 identify-
ing 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 commu-
nicating 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 follow-
up, 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 il-
lustrate 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 re-
sults 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 ba-
sis 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 gen-
eral 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 anal-
ogy 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 dis-
tinguish 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 organi-
zations 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, espe-
cially 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 contribut-
ing 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 diagno-
sis 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 config-
ured 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

e Problems with
information

o Amount

o Accuracy

o Completeness

o Appropriateness
Communication issues
Task complexity
Situation awareness
Poor workflow design
Interruptions
Inefficiencies
Workload

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

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

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)

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

Usability evaluation

Observation of technology
in use

Proactive risk assessment,
including failure mode
and effect analysis
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TABLE 3-3 Continued

Contribution to Diagnostic ~ Examples of Methods for

Work System Dimension Errors Assessing Effects

Organizational characteristics

e Culture Not supporting work Culture surveys

® Leadership and system design efforts Surveys aimed at assessing
management aimed at improving the leadership and

e Staffing diagnostic process and management in quality/

e Work organization preventing/mitigating safety improvement
(distribution of roles, diagnostic errors Interviews or focus groups
rounding process, etc.) Conflicting messages about with clinicians and

e Scheduling regulations across the patients

organization

Confusion about
responsibilities for tasks
with unclear roles

Reluctance to question
people with greater

authority

Physical environment Additional stressors Physical human factors/

e Noise on diagnostic team ergonomics methods

e Lighting members that can (e.g., direct assessment of

e Poor physical layout affect cognitive tasks noise and lighting [with
in diagnostic process: equipment], survey of
information gathering, diagnostic team members
information integration, regarding physical
and information environment)
interpretation 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 informa-
tion (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, integra-
tion, 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 pro-
active 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 com-
mon 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 diagnos-
tic 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 informa-
tion needs that clinicians had in preparing for an office visit and the infor-
mation 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 cogni-
tive 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 verify-
ing what exactly occurs during a particular process (CAHPS, 2012). Fre-
quently, these observations are documented in the form of process maps,
which are graphical representations of the various steps required to ac-
complish a task. The approach is able to capture the complex demands
imposed on members of the diagnostic team, and it allows for the “doc-
umentation 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 cogni-
tive 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 projec-
tion 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 com-
bination 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 analy-
sis used to describe the processes and activities involved in completing
clinical tasks. In contrast to observing work processes, modeling tech-
niques 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 po-
tential risks or vulnerabilities in a system. An example of such a method
is FMEA. Several steps are involved in FMEA, including graphically de-
scribing the process, observing the process to ensure that the diagram is
an accurate representation, brainstorming about failure modes, conduct-
ing 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 ex-
amples 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 imple-
mentation, 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 infor-
mation 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 usabil-
ity, 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 rec-
ommendations 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 incor-
porated 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 evalua-
tion, 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 diagnos-
tic 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 character-
istics 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 environ-
ment (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 chal-
lenges 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 er-
rors—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 ex-
ist (surveys, methods of observation, and analysis of teams) and might be
applied to samples of different types of teams and settings to identify par-
ticular 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 improve-
ment program or a research project. For both purposes it would be helpful
to develop assessment tools that can be implemented within routine clini-
cal 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 spe-
cific aims and change strategy under evaluation will indicate what mea-
surement 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 simultane-
ously. 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 inter-
ventions on improving diagnosis and reducing diagnostic error. McDonald
and colleagues (2013) conducted a systematic review to identify interven-
tions targeted at reducing diagnostic error. They found more than 100
evaluations of interventions and grouped them into six categories: “tech-
niques (changes in equipment, procedures, and clinical approaches); per-
sonnel changes (the introduction of additional health care professionals
or the replacement of certain health care professionals for others); edu-
cational 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 meth-
ods (independent reviews of test results)” (McDonald et al., 2013, p. 383).
The measures used in these intervention studies included diagnostic ac-
curacy, 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 identi-
fied 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 eval-
uated 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 inter-
ventions” and “cognitive interventions” on the reduction of diagnostic
errors (Graber et al., 2012; Singh et al., 2012b). For system-related inter-
ventions Singh and colleagues concluded, “Despite a number of sug-
gested 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 avail-
able 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 op-
portunities 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 inter-
mediate 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 er-
ror. 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 mea-
surement 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 in-
corporate 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 re-
search, 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 perfor-
mance 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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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 pro-
cess, the importance of clinicians partnering with patients and their fami-
lies 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 com-
mittee 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 be-
cause it better reflected the patient-centered and teamwork-oriented as-
pects of the diagnostic process. This conceptualization of diagnosis grew
out of the recognition that too often the diagnostic process is character-
ized 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
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FIGURE 4-1 Diagnostic team members and the tasks they perform are two ele-
ments of the work system in which the diagnostic process occurs.

individual clinician, the diagnostic process ideally 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 pro-
cess. Thus, arriving at accurate and timely diagnoses—even those made
by an individual clinician working with a single patient—involves team-
work. 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 con-
sidered 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, mul-
tiple 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, includ-
ing ever-increasing options for diagnostic testing and treatment and the
movement toward precision medicine; the rapidly rising levels of bio-
medical 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 ex-
pertise of other health care professionals, as well as patients and families,
throughout the diagnostic process. The committee recognizes that refram-
ing 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. Neverthe-
less, 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 Teach-
ing, 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, re-
sponsibilities, 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 com-
munication skills. It has consistent channels for candid and complete communica-
tion, 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 consid-
ered 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 evi-
dence 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
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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. Team-
work 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 coordina-
tion 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’ under-
standing of others’ roles (Bushe and Chu, 2011). Although teams focused
on patient treatment may also exhibit fluidity, the uncertainty and com-
plexity 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, includ-
ing 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 commu-
nication and coordination challenges in other areas of health care. These
same challenges have been found to have an impact on diagnostic per-
formance (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 collabora-
tion 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 edu-
cational and training backgrounds working together and practicing to
the full extent of their education and training (IOM, 2001, 2012c). Hav-
ing 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 profes-
sionals 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 con-
tributions 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 pro-
fessionals have the appropriate knowledge, skills, resources, and sup-
port to engage in teamwork in the diagnostic process. Ensuring that
individuals participating in the diagnostic process have the appropri-
ate 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 team-
work (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 com-
municating an accurate and timely explanation of a patient’s health prob-
lem (Salas et al., 2008). Teamwork in the diagnostic process involves the
collaboration of patients and their families; diagnosticians, such as physi-
cians, 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, medi-
cal 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 be-
tween diagnosticians and health care professionals who support the diag-
nostic 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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Health care professionals
who support the diagnostic process

Diagnosticians

Patient &

Family Members

FIGURE 4-2 Teamwork in the diagnostic process includes the collaboration of a
patient and his or her family members, diagnosticians, and health care profession-
als who support the diagnostic process.

needing immediate medical care—has not typically been included as a
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 diagnos-
tic 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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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 di-
agnostic 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 im-
prove 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, diag-
nosticians 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 set-
tings 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 test-
ing, and consultations with or referrals to other health care professionals
(see Chapter 2).

Pathologists and radiologists are diagnosticians who provide infor-
mation 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.! Despite the important roles that labo-
ratory 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 en-
gaged 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 no-
tion 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 prob-
lem, treating clinicians may also need to work collaboratively with other
diagnosticians, such as sleep specialists, cardiologists, and others. Educa-
tion 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 navi-
gators, 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

! 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

—n

. Know the major diagnoses of your patients.
. 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.
. Be the watchdog for appropriate care coordination.
. Educate patients about the diagnostic process.
. Learn about how diagnostic errors arise and how they can be avoided.
. 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.

\S]

© 00 N O

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, docu-
menting 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 trans-
forming 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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e Nurses should be full partners, with physicians and other health
professionals, in redesigning health care in the United States.

e 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.?
Despite these efforts, progress in the implementation of these recommen-
dations 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 nor-
mal 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 nega-
tively 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 pro-
cess, 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 iden-
tify whether a patient’s symptoms may be due to the side effects of a
particular drug or the interaction of multiple medications. Because clini-
cians 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 orga-
nizations 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 in-
volved 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 manage-
ment teams, integrated practice units, morbidity and mortality confer-
ences, and multidisciplinary rounds.

Care Delivery Reforms

Two care delivery reforms—patient-centered medical homes (PCMHs)
and accountable care organizations (ACOs)—have recently been imple-
mented across the country as a means to improve patient care coordina-
tion 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 im-
prove team-based care by acting as the nexus of coordination and com-
munication 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 offer-
ing 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 diffi-
culties 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 treat-
ment 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 com-
plex 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 patholo-
gists, radiologists, other diagnosticians, and treating health care profes-
sionals 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 inter-
pretation 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 condi-
tions (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 pa-
tient 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 un-
derstand 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.
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(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 con-
sider 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 educa-
tion (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 en-
gagement 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 di-
agnostic 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:

e 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

e 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
e 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
e 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 symptomes,
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 pre-
vent patients from fully engaging in the diagnostic process. Approxi-
mately 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 mak-
ing, 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 avail-
able 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 involv-
ing 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 mak-
ing 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 pa-
tients may have difficulty assessing the quality of the information available
to them (NLM, 2012b; Semigran et al., 2015). Clinicians may also react neg-
atively 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, includ-
ing 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 cogni-
tive 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 resis-
tant 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 en-
gagement, 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, pa-
tients 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 clini-
cians, 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 dis-
closed, 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 con-
tribute to racial and ethnic disparities in healthcare” (IOM, 2003b, p. 12).
For example, one study found that a patient’s race and gender indepen-
dently 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 ill-
ness 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 “psych-
out 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 com-
munication among clinicians, patients and their families may need to con-
vey 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 pro-
cess 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 em-
brace 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 recom-
mends that health care professionals and organizations provide pa-
tients 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,”* 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. Provid-
ing 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, in-
cluding 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, includ-
ing 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, for-
mulating notes about symptoms and questions to bring to appointments,
and maintaining a list of medications (such as prescriptions, over-the-
counter medications, dietary supplements, and complementary and alter-
native 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 pro-
fessionals and organizations should create environments in which pa-
tients 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. Tell Your Story Well: Be clear, complete, and accurate when you tell your clini-
cian 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.
e Think about your family’s medical history and if you may be at risk for simi-
lar illnesses.

3. Keep Good Records:
* Keep your own records of test results, referrals, and hospital admissions.
* Keep an accurate list of your medications.
e Bring your medication list with you when you see your clinician or pharmacist.

4. Be an Informed Consumer:
e Learn about your illness by looking at reliable sources on the Internet or
visit a local library.
e Learn about the tests or procedures you are having done.
e 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)
Know what the medication is for.
Know the amount (dose) you need to take.
Know the time(s) you need to take it during the day.
Know the side effects to watch for and report to your clinician.
Know if the medication interacts with any food or drugs.

O O O O O
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5. Take Charge of Managing Your Health:

e When meeting with your clinician, use the Ask Me 3 brochure, Good Ques-
tions for Getting the Right Diagnosis:
1. What could be causing my problem?
2. What else could it be?
3. When will | get my test results, and what should | do to follow up?

e |f 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.
e Don’t assume that no news is good news; call and check on your test
results.
e Ask what the test results mean and what needs to be done next.

7. Follow Up:
e 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.
e Don't be afraid to ask “What else could this be?”
e Encourage your clinicians to think about other possible reasons for your
illness.

9. Record Your Health Information and Monitor Your Progress:
e Track your health information and share it with your health care team in a
structured format.?

20ne 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.
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BOX 4-5
Smart Partners About Your Health

SMART CHECKLIST

e 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 (lbuprofen, 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.

e Todo
Make sure you understand what you need to do next. Repeat your treat-
ment 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 | have a list of my current medications and
supplements.”

e Assessment
“I'm worried | might have ____ and | 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?”

e Todo
“Just to make sure | haven’t missed anything, | 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 YOURVISIT ...
e 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?
e Share what home treatments you have tried
Did they help or make your symptoms worse?
e Share your worries about your symptoms
e 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?
e Could there be more than one thing going on?

AT THE END OF YOURVISIT ...

* 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 Commu-
nication 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 well-
known 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 ap-
proach 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 tech-
niques 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 di-
agnosis. As discussed in the education section of this chapter, providing
feedback to health care professionals about the accuracy of their diagno-
ses 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 im-
prove diagnostic performance, health care professionals and organiza-
tions 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 clini-
cians 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 collabora-
tive process that allows patients and their providers to make health care
decisions together, taking into account the best scientific evidence avail-
able, 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 or-
ganizations 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 appropri-
ate 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. Has 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 con-
firms 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 de-
signed to increase cultural competency and sensitivity. Though there is
evidence that improving cultural competency can improve patient satis-
faction 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 in-
stances (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 diag-
nostic 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 pa-
tients 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 pa-
tient 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 organi-
zations 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 organiza-
tions 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 in-
viting patients to view the notes recorded by health care professionals dur-
ing 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 develop-
ers 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 pro-
cesses, to enhance trust, and to engage family caregivers. In a pilot study,
the developers found that patients with access to their medical informa-
tion 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 mammog-
raphy 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 dif-
ficulty 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 clini-
cians 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).° For example, patients and family mem-
bers 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 er-
rors (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 imple-
ment patient-centered changes, including changes that may reduce diag-
nostic 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
sciences® and an insufficient focus on areas critical to the diagnostic pro-
cess, 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.

¢ 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 train-
ing 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 chal-
lenges 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 learn-
ing 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 appro-
priate 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 learn-
ing 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 em-
phasize memorization without helping students develop the deeper con-
ceptual 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, includ-
ing 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 sci-
ences, 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 previ-
ous 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 consid-
ered 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 pro-
viding learners adequate opportunities to achieve expertise in diagnosis.
For example, educators may attempt to teach students to think like expe-
rienced 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 profes-
sionalism, 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 team-
work 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 feed-
back, 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 out-
comes and competencies (IOM, 2010). The result is a continuing education
system that does not meet the needs of health care professionals in prac-
tice; for example, didactic activities such as lectures are large components
of continuing education, even though participatory learning opportuni-
ties 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 evi-
dence 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 self-
directed learning (Cooke et al., 2010; Hirsh et al., 2014; McLaughlin et al.,
2014; Trowbridge, 2014). It may also be necessary to develop more effec-
tive 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 im-
prove 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 incorpo-
rating 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 innova-
tive 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 fund-
ing 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 exper-
tise 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 ser-
vices” (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 compe-
tencies necessary for the diagnostic process. Models of continuing edu-
cation that are competency based or that focus on quality improvement
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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 im-
prove 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 commit-
tee 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

e Appropriate use of diagnostic tests and the application of these
results on subsequent decision making

e Use of health IT

Clinical Reasoning

Clinical reasoning, including diagnostic decision making, is under-
emphasized 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 reme-
diation more difficult (Audétat et al., 2012; Hauer et al., 2007). In recog-
nition 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 train-
ing opportunities that develop these skills—both fast system 1 processes
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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 inter-
pretation (Papp et al., 2014). Opportunities to improve clinical reasoning
include instruction and practice on how to develop and refine a differen-
tial diagnosis and a focus on developing probabilistic reasoning skills (see
Chapter 2) and also an understanding of likelihood ratios (Brush, 2014).”
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 diag-
nostic 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 knowl-
edge base of disease and the accompanying illness scripts® (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 stu-
dents receive to disease cases, actual or simulated, is inadequate to de-
velop 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 com-
fortable 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 Tllness 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 ac-
tivities; 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 train-
ing that focuses on the cognitive heuristics and biases that can affect di-
agnosis 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 aware-
ness 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, incon-
stant, 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 strate-
gies in emergency medicine (Croskerry, 2000a, 2002; Pines, 2006). Addi-
tional 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 ensur-
ing that the work system in which the diagnostic process occurs bet-
ter 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, dis-
cusses 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 set-
tings. 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 clini-
cal 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 im-
portance 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 Advance-
ment 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 dif-
ferences 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 team-
work 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 famil-
iarize students with the roles of other health care professionals (89 per-
cent) and to teach students teamwork skills (76 percent) (AAMC, 2015b).
Educational settings also varied, with schools offering training in class-
room 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 clini-
cian—educators. Other programs offer courses taught jointly with students
from both nursing and medical schools, provide interdisciplinary team-
based 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 develop-
ment of curricula and training opportunities in teamwork.

An important teamwork skill in diagnosis is communication with
patients, their families, and other health care professionals. Communica-
tion failures between health care professionals are recognized as a lead-
ing 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 com-
munication 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 man-
ner (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 pro-
grams 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:

* Assess the patient.

e 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, medica-
tion 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.
| think the problem is

Recommendation: What action do you propose? State what the patient needs
(get a time frame).
| request that you

SOURCE: Adapted from Dingley et al., 2008.
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topics such as communication with patients who are perceived as diffi-
cult, culturally and linguistically appropriate communication, interview-
ing 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 ques-
tions 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 infor-
mation to provide high quality care (AHRQ, 2015a; Straus et al., 2014).
The system is at various stages of implementation in numerous facili-
ties 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 empha-
sis 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 labora-
tory medicine (Smith et al., 2010). Many of the processes within laboratory
medicine—such as ordering the correct tests, understanding test perfor-
mance 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 recog-
nized 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 diag-
nosis (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 edu-
cational 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 ana-
tomic pathology in medical education (Magid and Cambor, 2012). While
aspects of anatomic pathology are covered in the medical school curricu-
lum, 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 pathol-
ogy 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 deci-
sion 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 per-
cent 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 de-
signed by the Alliance of Medical School Educators in Radiology (Rubin
and Blackham, 2015).

Thus, health care professionals need improved education and train-
ing 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 imag-
ing 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 profes-
sionals 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 provi-
sions 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 en-
sure 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 cur-
ricular 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 physi-
cians. 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, under-
graduate, graduate, and continuing education—need to address diagnos-
tic 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 clini-
cal 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 Com-
mittee on Medical Education (LCME) and the ACGME include diagnos-
tic 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 competen-
cies 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 life-
long, 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 interprofes-
sional 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 com-
petencies 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 profes-
sionals 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 certifi-
cation and accreditation organizations should ensure that health care
professionals have and maintain the competencies needed for effective
performance in the diagnostic process, including

e (Clinical reasoning

¢ Teamwork

e Communication with patients, their families, and other health
care professionals

e Appropriate use of diagnostic tests and the application of these
results on subsequent decision making

e 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 en-
sure that health care professionals have the appropriate knowledge,
skills, resources, and support to engage in teamwork in the diagnos-
tic process. To accomplish this, they should facilitate and support:
e Intra- and interprofessional teamwork in the diagnostic
process.
¢ Collaboration among pathologists, radiologists, other diag-
nosticians, 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:

e Provide patients with opportunities to learn about the diag-
nostic process.

* Create environments in which patients and their families
are comfortable engaging in the diagnostic process and shar-
ing feedback and concerns about diagnostic errors and near
misses.

e Ensure patient access to electronic health records (EHRs),
including clinical notes and diagnostic testing results, to fa-
cilitate 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:

e Address performance in the diagnostic process, including
areas such as clinical reasoning; teamwork; communication
with patients, their families, and other health care profes-
sionals; appropriate use of diagnostic tests and the applica-
tion of these results on subsequent decision making; and use
of health information technology.

e Employ educational approaches that are aligned with evi-
dence from the learning sciences.

Recommendation 2b: Health care professional certification and ac-
creditation organizations should ensure that health care profes-
sionals have and maintain the competencies needed for effective
performance in the diagnostic process, including the areas listed
above.
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