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Abstract: The field of diagnostic excellence has advanced
considerably in the past decade, reframing diagnosis as a
patient safety priority and highlighting the prevalence and
harms of diagnostic error. Foundational evidence now
supports the development of Diagnostic Excellence Pro-
grams; organizational initiatives designed to reduce diag-
nostic errors and improve system-level and individual
performance. While early studies established the epide-
miology of diagnostic error across inpatient, emergency,
and ambulatory care, newer approaches emphasize
continuous, systematic surveillance to inform targeted
improvements. Emerging frameworks, such as the DEER
Taxonomy and root cause or success cause analyses, help
classify drivers of both failures and successes in diagnostic
processes. Effective programs must address system factors,
including electronic health record design, workload, team
structures, and communication, while also enhancing in-
dividual clinician performance through feedback, diag-
nostic reflection, cross-checks, and coaching. Patient
engagement represents a critical but underdeveloped
dimension; strategies such as structured communication
frameworks, patient-family advisory councils, and elec-
tronic tools co-designed with patients aim to foster shared
diagnostic decision-making and improve transparency.
Artificial intelligence (AI) holds promise to accelerate
measurement, streamline clinical workflows, reduce
cognitive load, and support communication, though careful

implementation and oversight are required to ensure
safety. Ultimately, Diagnostic Excellence Programs will
succeed by embedding diagnostic safety into institutional
standards of care, providing clinicians with ongoing, psy-
chologically safe opportunities for recalibration, and
leveraging AI to scale surveillance and improvement
activities.
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Introduction

Over the last decade, the field of diagnostic excellence has
developed rapidly, with a growing body of evidence
describing the prevalence of diagnostic errors and strategies
to evaluate underlying diagnostic processes. Diagnosis is
now firmly positioned as a part of patient safety, as opposed
to being solely part of educational or training programs.

Some aspects of the field of diagnostic excellence have
developed more slowly. Evidence for how to integrate
diagnostic process improvements into clinical operations
and interventions to help physicians improve performance
is nascent. While principles of shared decision making have
been established in other contexts, approaches to mean-
ingfully engaging patients in improving diagnostic safety are
still in their infancy. The role of new technologies, particu-
larly artificial intelligence (AI), in supporting diagnosis is
largely undefined.

Though it predates the “diagnostic excellence” termi-
nology, theNational Academy ofMedicine (NAM) 2015 report
[1] defined the broad outlines of “Diagnostic Excellence
Programs” as those that seek to reduce harms related to
missed or delayed diagnoses [2–4] and employ an organi-
zational approach to improving system-level and individual
diagnostic performance. Building on precedents such as the
medication safety and (more broadly) the patient safety
movement, Diagnostic Excellence Programs can meet the
field’s translational challenges by embedding diagnostic
excellence into organizational standards of care, supporting
interventions to improve diagnostic processes, and
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providing a framework for testing and validating new
methods for evaluating diagnostic processes.

In this article, we will review how evolution in the field
of diagnostic excellence has provided the foundational evi-
dence to define how Diagnostic Excellence Programs
(Table 1), such as systems to accurately measure diagnostic
error and strong executive sponsorship [5, 6], can catalyze
efforts to enhance physician performance and patient
communication to improve diagnostic outcomes in a
healthcare system.

Move from measurement to
understanding of diagnostic errors

Key to improving diagnostic safety and framing effective
Diagnostic Excellence Programs is a clear understanding of
the prevalence of and harms related to diagnostic error [7, 8].

Evidence is emerging to describe the scope of diagnostic
errors in ambulatory, emergency department, and inpatient
settings [9–14]. Current epidemiologic evidence is based on
studies which have employed diverse methods, producing a
wide range of estimates of prevalence. On the low end of
estimates are papers that estimated diagnostic error by
examining data from previously published studies [15].
These estimates are likely low compared to later studies
largely because the primary studies did not apply a sys-
tematic approach to identifying or adjudicating events, likely
leading to under-detection, while later studies directly
examined charts or administrative data. Alternately, data
from studies of unexpected findings found at autopsy esti-
mate the rate as high as 20 %, depending on the era of the
study [9, 12, 16–18]. Direct review of medical records using
structured tools and rigorous adjudication methods can
detect errors with high sensitivity and specificity, and such
reviews place error rates closer to 25 % among hospitalized
patients [9, 11–21].

As a result of heterogeneous approaches to measuring
diagnostic processes and errors, the mantra of diagnostic
error measurement can be distilled down to the statement:
‘if you look for them, you will find them.’ The weight of
evidence suggests the rate of diagnostic errors, and the po-
tential opportunity for Diagnostic Excellence Programs to
make a real difference in patient care, is much higher than
estimated 10 years ago.

As the field moves beyond characterizing the epidemi-
ology of errors, Diagnostic Excellence Programs will need to
simultaneously increase the scope and reduce the burden of
monitoring for diagnostic errors. Continuous, systematic
surveillance of diagnostic errors, their causes, and their
harms is a necessary step to informing and driving
improvements, much as it is for all other safety and quality
gaps [22]. In the ambulatory setting, Kaiser Permanente
Southern California has leveraged its electronic health in-
formation system to create a patient safety surveillance
system that supports timely diagnosis of conditions ranging
from cancer to Chlamydia infections, from infant hearing
impairment to chronic kidney disease by closing the loop on
symptoms, test results, and referrals [23, 24]. Alternatively,
approaches using administrative data to compare initial
symptoms and diagnoses to eventual (or final) diagnoses
have been proposed to screen for diagnostic errors [11] more
efficiently. Although this approach is promising for speeding
measurement, few data describe its applicability outside a
few settings and conditions, thereby limiting its operational
utility [21]. Automation of error screening, use of sampling
methods on a large scale [25], and case identification (likely
leveraging AI, as we will discuss) will be key in moving
beyond narrow and relatively small groups of patients to a

Table : Summary of recommendations for diagnostic excellence
programs.

Domain Key takeaways

System-based
changes

– Implement continuous diagnostic error mea-
surement and integrate findings into existing
safety programs.

– Improve team structures, EHR usability, and
communication to reduce cognitive load.

– Target improvement in specific conditions
(e.g., sepsis, stroke) using defined processes
and technology-enabled follow-up.

Provider-based
changes

– Shift focus from remediation to continuous
performance improvement.

– Use decision support, second opinions, and
feedback tools to enhance diagnostic thinking.

– Employ coaching and reflective practices to
develop clinicians’ diagnostic skills.

Patient engagement – Emphasize communication of diagnostic
rationale, uncertainty, and shared diagnostic
decision-making.

– Develop structured communication based on
principles of shared decision-making and
communicating uncertainty, utilize tools like
“be the expert on you” and “60 s to improve
diagnostic safety.”

– Use digital tools to identify and address diag-
nostic gaps from the patient’s perspective.

AI and diagnostic
excellence

– Use AI to scale monitoring for diagnostic
errors.

– Surface critical information, reduce alert fatigue,
and identify vulnerable diagnostic moments.

– Emphasize human oversight using measures
of diagnostic excellence and gradual imple-
mentation to ensure safety and efficacy.
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broader understanding of diagnostic opportunities within
the health system.

Diagnostic Excellence Programs will need to systemati-
cally identify processes associatedwith diagnostic outcomes,
such as a lack of timely access to diagnostic tests and pro-
cedures or staffing shortages that lead to unsafe conditions.
By utilizing tools such as the DEER Taxonomy to classify
diagnostic process improvement opportunities [26–28] and
diagnosis-focused root cause analyses [29], health systems
can elucidate the factors contributing to diagnostic error and
design interventions that will result in diagnostic process
improvement. It is also essential to characterize drivers of
diagnostic excellence; approaches such as the “success cause
analysis” allow institutions to learn about strategies that
result in favorable diagnostic accounts and hardwire/rein-
force those strategies/processes [30].

Along with broader measurement approaches, Diag-
nostic Excellence Programs also require more expansive
understandings of contributors to diagnostic errors. Most
research studies have had difficulty separating systems-
driven diagnostic issues (for example, the contribution of
electronic health record [EHR] design) from issues such as
anchoring bias. Few studies have explicitly measured actual
cognitive load or have been able to grapple effectively with
the range of clinical scenarios, team structures, or task loads
that influence how clinicians work; these will need to be key
considerations for programs that want to create a complete
picture of diagnostic performance.

System-based interventions to
improve diagnosis

Optimal organizational approaches for quality improve-
ment are well understood [31] and include leadership
endorsement, presence of clinical champions, measurement
capabilities, communication and outreach tools, and
appropriate resources. Robust Diagnostic Excellence Pro-
gram implementation toolkits (MeasureDx [6]) grounded in
organizational theory are available, but the degree to which
they are in current use or their utility in comparison to
existing improvement programs is as yet unknown.

Going forward, we believe that the field can advance
most rapidly by extending previous organizational change
models to implement Diagnostic Excellence Programs. Like
all healthcare outcomes, diagnostic outcomes are the prod-
uct of systems of care – systems that include people, orga-
nizations, physical environments, tools and technology, and
delineated tasks [32, 33]. While the clinician is an essential
element of the work system, a decade of systems safety

literature suggests that systems improvements are required
to realize broad gains in diagnostic quality and safety.

System-based interventions begin with robust moni-
toring and measurement [34], which in turn involve the
issues of validity and scaling of measurement we discussed
earlier [22–24]. Human and patient-centered design princi-
ples underlie effective programs with the Systems Engi-
neering Initiative for Patient Safety (SEIPS) and SEIPS 2.0
models providing important frameworks for integrating
Human Factors and Ergonomics (HFE) in healthcare quality
and patient safety improvement [32, 33].

Systems may want to focus improvement efforts within
defined diagnoses or conditions (e.g., recognition of stroke in
adults or appendicitis in children) for which there are
clearly defined processes and outcome measures, and
multifactorial systems opportunities for improvement.
Emerging research in symptom-diagnosis pairs can form the
basis of these measures [11]. Working within defined areas
may make leveraging technology to support closed-loop
follow-up of unexpected or abnormal actionable imaging,
laboratory, or vital sign changes more feasible, for example.
Improving the diagnostic process around imaging may
include structured entry of recommendations by radiolo-
gists, prompting referring practitioners to explicitly
disagree, agree, or modify these recommendations [35], and
creating and enforcing policies and procedures for esca-
lating levels of contact to ensure diagnostic closure. Labo-
ratory and vital sign abnormalities could be linked to early
warning systems that accurately identify hospitalized pa-
tients at risk for clinical deterioration as signs of a possible
diagnostic error. Such signals could trigger a diagnostic
pause, escalate for team evaluation, or prompt cross-check/
second opinion programs [36], which may assist individual
providers’ performance [11, 26–30, 35].

Health systems have a role in designing EHRs and team
structures that facilitate diagnosis, aiming to reduce cogni-
tive load resulting from complex workspaces, high volumes
of tasks, and interruptions [37]. Communication across the
care system – regarding follow-up, diagnostic uncertainty,
and reasoning – is a key driver of diagnostic performance.
Systems can support diagnostic excellence by attempting to
flag patients with diagnostic uncertainty or to structure
communication across interdisciplinary teams about dete-
riorating patients [38]. Systems have a core role in evidence-
based EHR redesign and training clinicians in EHR best
practices, with strong evidence suggesting that thoughtful
EHR redesign can improve performance on diagnostic tasks
[39–41]. Specific focus areas should include chart synthesis,
ways to heighten the salience of unexpected or essential
information, and designing clinician-centered decision
support, many of which will be the target of artificial
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intelligence (AI) tools. Finally, the volume and type of
communication between teams is often driven by infra-
structure supported by health systems; Diagnostic Excel-
lence Programs can help guide communication systems that
can reduce interruptions and improve cognitive perfor-
mance, while also improving team functions [42].

Team structuremay also influence clinicians’ diagnostic
capabilities – the mechanism of action may be by reducing
workload through shared models of care (e.g., APP-MD
teams) [43] or, more likely, through models that leverage
principles of collective intelligence. Collective intelligence
models may include scheduled multidisciplinary meetings
(e.g., tumor board), single clinician or non-clinician consul-
tation models (e.g., e-consults or external second opinions
[36]), or virtual collaboration (e.g., mobile applications) [44].

Clinician-supporting interventions
to support diagnostic processes

Earlier thinking attributed gaps in diagnostic reasoning to
deficiencies in professional conduct or clinical knowledge,
leading to the development of peer-review programs. How-
ever, evidence developed in the last decade strongly sup-
ports the idea that most diagnostic errors are related to gaps
in clinician diagnostic processes such as assessment or
decision-making [14], and that these problems are influ-
enced by cognitive biases – systematic and predictable
shortcuts in our thinking that can lead to error [45]. Envi-
ronmental context, team structure, cognitive load, and
health system resources driven at the system level can un-
cover ormagnify cognitive biases. Emerging theories such as
situativity [46–48], and increasing recognition of the role of
resilience and Safety II concepts [49] have helped expand
understanding drivers of diagnostic errors and are well-
positioned to inform features of system-wide interventions,
as well as programs focused on improving individual clini-
cians’ performance.

There is a broad and active literature examining
possible approaches to improving clinician (primarily
physician and advanced practice provider) cognitive pro-
cesses involved with diagnosis, with interventions such as
decision support or guides (as mentioned above) being one
aspect of helping physicians’ diagnostic accuracy during a
clinical encounter. Approaches representing a separate step
include diagnostic feedback, prompted diagnostic reflection,
and collective intelligence through second opinion or cross-
check programs [36, 50].While this literature suggests awide
range of approaches, few as yet have been tested in multi-
center studies or using rigorous trial designs.

Effective Diagnostic Excellence Programs must simul-
taneously address system factors (such as team structures)
and individual clinician factors contributing to individual
diagnostic performance resiliency.While tools such as alerts
or second opinion programs may be organized at the system
level, their level of effect is among providers; this contrasts
with monitoring and measurement programs, which, while
organized at the system level, do not target individuals.

Cognitive forcing questions, such as a diagnostic time-
out or pause (e.g., “what else could this be?”), may counteract
cognitive bias [51–55] but are challenging to integrate into
routine practice even with training or awareness of diag-
nostic metacognition. Rather, pauses may be best timed to
specific events, such as return visits in the outpatient setting
[56] or a structured peer-peer cross-check [36] at the end of
an ED shift. Cross-check, time out, and second opinion
models have many parallels to debriefs and checklist pro-
grams but differ in their focus on the cognitive processes of
diagnosis, rather than the system-based checks needed to
ensure process adherence.

The development and refinement of clinical decision-
making is a career-long endeavor for clinicians and can
impact diagnostic accuracy; coaching and self-reflection
approaches on performance, mainly after the fact, are key
approaches. Clinicians can, in theory, calibrate their diag-
nosis and diagnostic decisions once the final diagnosis is
established, though in practice, they often are unaware of
patient outcomes. Programs that prompt clinicians to review
patients’ outcomes after an encounter may support
improved diagnosis; automated capabilities to assist in
gathering this information are available [57–59], though
longer-term adoption as a part of reflective clinical practice
remains a considerable challenge. One recent model
focusing on case review and reflection is represented by
CalibrateDx [60], an approach that includes the use of a
structured tool to guide physicians’ self-directed case re-
views, reflection on clinical performance as part of those
reviews, and guidance around how to apply learnings from
case reviews in future practice. CalibrateDx is currently
being tested in several settings with results pending.

It is critical to point out that the clinician-development
component of Diagnostic Excellence Programs we propose
here must be fundamentally different than remediation or
peer-review programs employed as part of regulatory or
medical board activities at many hospitals. Peer review and
remediation programs are predominantly corrective and
used primarily for severe performance problems. To
improve diagnosis, the focus must shift towards enhancing
performance generally and for all providers via consistent,
relatively frequent approaches aligned with a standard of
care that seeks to improve provider performance as a part of
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professional growth, rather than as a punitive or purely
corrective measure.

Interventions to improve patient
engagement in the diagnostic
process are critical

TheNAMreport emphasized that an optimal diagnosis is one
that is accurate, timely, and communicated to the patient.
Patient engagement in the diagnostic process shares com-
mon lineage with well-developed fields such as shared
decision making, where communication around treatment
choices has traditionally been a focus, but which has
broadened to consider diagnostic steps as well [61]. Patient-
centered communication may not only support accurate
diagnosis but also prevent inappropriate testing and pro-
mote diagnostic stewardship [62]. Communicating the
rationale for and understanding of a diagnosis while also
conveying uncertainty is also core to a truly shared diag-
nostic process and has a strong relationship to system factors
(such how EHRs present data) and physician expertise [63–
66], and has been highlighted as part of international diag-
nostic excellence recommendations [67].

Progress in this area has been greatly facilitated by the
development and growth of the leading patient safety
organizations, including the Partnership for Patient Safety
(P4Ps) [68]; the Pulse Center for Patient Safety, Education &
Advocacy [69]; the Community Improving Diagnosis in
Medicine (CIDM) Patient Engagement Committee [70]; and
the World Health Organization (WHO) Patients for Patient
Safety Program [71]. In addition, this work has been
advanced by the growth of patient-family advisory councils
(PFACs), which consist of patients and family members who
have received care at an organization and administrators,
clinicians, and staff. PFACs provide amechanism to seek and
learn from the patient and family perspective, promote a
culture of patient- and family-centered care (PFCC), and
guide PFCC implementation [72].

Engagement frameworks and tools for patients and
families have been developed and are part of ongoing eval-
uation. The Agency for Healthcare Research and Quality-
sponsored “Toolkit for Engaging Patients to Improve Diag-
nostic Safety” contains two strategies, “Be the Expert on You”
and “60 Seconds to Improve Diagnostic Safety.” [73]. The first
helps prepare patients and caregivers to communicate their
health stories to clinicians clearly and concisely through
written prompts and is discussed elsewhere in this issue. The
second strategy prompts clinicians to conduct reflective
listening, without interruption, for 1 min at the start of a

patient encounter. Both strategies are being evaluated as part
of an AHRQ/RAND study [4], including small group diagnostic
reflection/calibration and establishing institution-level mea-
surement strategies. Initiatives are underway to adapt these
for the inpatient setting as part of the Achieving Diagnostic
Excellence through Prevention and Teamwork (ADEPT) study
[25], leveraging tools developed in a prior single-center Pa-
tient Safety Learning Lab study [53]. These include a Patient
Diagnosis Questionnaire (PDQ), where patients and their
caregivers are asked several questions about their experience
with the diagnostic process shortly after being admitted.
These questions explore patients’ understanding of their
diagnosis, whether they think it is correct, whether they are
improving, and if there are any parts of their health story that
the medical teammay be overlooking. ADEPT is also working
to adapt outpatient tools to the inpatient setting using struc-
tured communication techniques such as the SHARE frame-
work: Summarizing, Hypothesizing together, Aligning with
the patient’s experience, Reviewing for red flags, and
Encouraging dialogue.

Electronic tools may also aid in understanding diag-
nostic opportunities and increase shared decision-making.
One tool (OurDX) [74], co-designed with patients and fam-
ilies, helps identify, describe, and analyze patient-reported
diagnostic breakdowns and provide that information to the
inpatient treatment team. Preliminary results show poten-
tial to surface diagnostic blind spots. In all these efforts, the
goals are to enhance bidirectional communication between
patients and clinicians, develop strategies to support and
evaluate communication about diagnosis (including
communication of diagnostic uncertainty), promote systems
that identify patients’ diagnostic questions and concerns,
and encourage shared decision-making in the diagnostic
process.

AI and the future of diagnostic
excellence

The future of AI as a core aspect of the diagnostic process is
months away, not years. A first opportunity is in the role of
commercially available AI tools, including medical-specific
tools such as Open Evidence or general “reasoning” large
language models such as GPT 03, Claude 4 Opus, and Gemini
2.5 Pro, to support clinical decision-making by patients and
clinicians. Uptake of commercially available tools is well
underway but is somewhat separate – more an educational
and reinforcing step – from an integrated Diagnostic
Excellence Program.
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Measuring diagnostic errors and opportunities is hugely
time-intensive, and it is here where AI is likely to have its
first significant impact – by summarizing charts and records
to identify cases and events where a diagnostic gap exists. AI
tools may use diagnosis-based algorithms [11] or risk-based
ones to find populations of patients where diagnostic prob-
lems are most likely. In this way, AI-enabled measurement
[75] will permit assessment at scale and facilitate broader
improvement activity.

AI methods can also support more streamlined work-
spaces, where vital data is surfaced earlier or more notice-
ably. AI-derived decision support in the context of diagnostic
excellence can be judicious in the timing and amount of
diagnostic feedback given to reduce or avoid alert fatigue.
With more complex data and analytic tools, it is feasible to
identify the “moments” of diagnostic vulnerability and
resilience to support diagnostic excellence.

With current technology,we can easily imagine ambient
AI transcribing and synthesizing conversations with
patients and team members, accessing the entirety of the
medical record to find key data, examining outside sources
of information to guide evidence-based care, and providing
care and communication recommendations to the team,
patient, and family. This end-to-end AI-enabled experience
contains several constituent tasks that are bugaboos in
clinical care – processing complex data, clear communica-
tion, and synthesis of thinking into a coherent plan. Each

step requires development and validation steps, and
fundamental questions about the balance of automation
versus human cross-checking are necessary at each stage
(for example, the need to review source data underlying
summarized notes to ensure information is not hallucinated
or misinterpreted).

Summary: making meaningful
changes in diagnostic performance

Healthcare delivery systems have ample evidence to design
their own optimal Diagnostic Excellence Programs
(Figure 1). Efforts by the Leapfrog Group to pilot measures of
organizational approaches to measure and reduce diag-
nostic errors could be catalytic in making Diagnostic Excel-
lence Programs a high institutional priority [76], but the
need for immediate improvement is self-evident. Hospitals
already have large programs that track safety incidents,
adverse events, and mortality, so leveraging existing infra-
structure and people to effect change is a natural place to
start for this essential work. Expanding and scaling diag-
nostic excellence monitoring across entire physical and
virtual health systems should be a first goal.

A second key step is to embrace the principle that to
improve diagnosis, you must also identify opportunities to

Figure 1: Towards an integrated diagnostic excellence program that monitors and improves diagnostic safety.
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enhance the clinical performance of individuals and teams.
Clinical performance is deeply impacted by system-based
issues such as EHRdesign orworkload. Still, it is also strongly
influenced by cognitive pitfalls and biases, which can be
independent from system-based factors and require a more
supportive and improvement-focused program than the one
we currently have.

Third, clinical performance improvement should be
approached as an ongoing aspect of clinical practice rather
than a periodic and high-stakes activity. From this view-
point, a peer-reviewmodel is not optimal for ongoing clinical
performance improvement; rather, frequent low-intensity
and meaningful opportunities for diagnostic coaching,
feedback, and recalibration will be key. Meaningful pro-
grams will be able to strike a balance between the psycho-
logical safety needed to truly reflect on cases or hear
feedback, and specific and actionable feedback that may
point out opportunities for improvement.

The final step is to anticipate the central role of artificial
intelligence at the core of each step and to make the neces-
sary investments in the programs and people needed to
ensure AI tools are deployed safely and effectively. We
cannot use AI to fix the staffing or census problems, for
example, but we can use AI to reduce cognitive load and
improve communication between each other and our pa-
tients. Importantly, we can move healthcare and diagnostic
excellence into this new era by understanding the safety
gaps and creating teams to monitor performance.
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