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ABSTRACT

Diagnostic errors in hospitalized patients are a leading
cause of preventable morbidity and mortality. Significant
challenges in defining and measuring diagnostic errors
and underlying process failure points have led to
considerable variability in reported rates of diagnostic
errors and adverse outcomes. In this article, we explore
the diagnostic process and its discrete components,
emphasizing the centrality of the patient in decision-
making as well as the continuous nature of the
process. We review the incidence of diagnostic errors
in hospitalized patients and different methodological
approaches that have been used to arrive at these
estimates. We discuss different but interdependent
provider- and system-related process-failure points that
lead to diagnostic errors. We examine specific challenges
related to measurement of diagnostic errors and describe
traditional and novel approaches that are being used to
obtain the most precise estimates. Finally, we examine
various patient-, provider-, and organizational-level
interventions that have been proposed to improve
diagnostic safety in hospitalized patients.
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iagnosis is defined as a “pre-existing set of cate-

gories agreed upon by the medical profession to

designate a specific condition.”" The diagnostic
process involves obtaining a clinical history, performing
a physical examination, conducting diagnostic testing,
and consulting with other clinical providers to gather
data that are relevant to understanding the underlying
disease processes. This exercise involves generating
hypotheses and updating prior probabilities as more
information and evidence become available. Throughout
this process of information gathering, integration, and
interpretation, there is an ongoing assessment of
whether sufficient and necessary knowledge has been

obtained to make an accurate diagnosis and provide
appropriate treatment.?

Diagnostic error is defined as a missed opportunity to
make a timely diagnosis as part of this iterative process,
including the failure of communicating the diagnosis to
the patient in a timely manner.® It can be categorized as a
missed, delayed, or incorrect diagnosis based on available
evidence at the time. Establishing the correct diagnosis
has important implications. A timely and precise diagnosis
ensures the patient the highest probability of having a
positive health outcome that reflects an appropriate under-
standing of underlying disease processes and is consis-
tent with their overall goals of care.* When diagnostic errors
occur, they can cause patient harm. Adverse events due to
medical errors, including diagnostic errors, are estimated
to be the third leading cause of death in the United States.*
Most people will experience at least 1 diagnostic error in
their lifetime. In the 2015 National Academy of Medicine
report Improving Diagnosis in Healthcare, diagnostic errors
were identified as a major hazard as well as an opportunity
to improve patient outcomes.?

Diagnostic errors during hospitalizations are especially
concerning, as they are more likely to be implicated in a
wider spectrum of harm, including permanent disability
and death. This has become even more relevant for
hospital medicine physicians and other clinical providers
as they encounter increasing cognitive and administrative
workloads, rising dissatisfaction and burnout, and unique
obstacles such as night-time scheduling.®

Incidence of Diagnostic Errors in
Hospitalized Patients

Several methodological approaches have been used
to estimate the incidence of diagnostic errors in hos-
pitalized patients. These include retrospective reviews

From Brigham and Women’s Hospital, and Harvard Medical School,
Boston, MA.

Vol. 30, No. 1 January/February 2023 17



Diagnostic Errors in Hospitalized Patients

of a sample of all hospital admissions, evaluations of
selected adverse outcomes including autopsy studies,
patient and provider surveys, and malpractice claims.
Laboratory testing audits and secondary reviews in other
diagnostic subspecialities (eg, radiology, pathology, and
microbiology) are also essential to improving diagnostic
performance in these specialized fields, which in turn
affects overall hospital diagnostic error rates.®® These
diverse approaches provide unique insights regarding
our ability to assess the degree to which potential harms,
ranging from temporary impairment to permanent dis-
ability, to death, are attributable to different failure points
in the diagnostic process.

Large retrospective chart reviews of random hospital
admissions remain the most accurate way to determine
the overall incidence of diagnostic errors in hospitalized
patients.® The Harvard Medical Practice Study, pub-
lished in 1991, laid the groundwork for measuring the
incidence of adverse events in hospitalized patients and
assessing their relation to medical error, negligence, and
disability. Reviewing 30,121 randomly selected records
from 51 randomly selected acute care hospitals in New
York State, the study found that adverse events occurred
in 3.7% of hospitalizations, diagnostic errors accounted
for 13.8% of these events, and these errors were likely
attributable to negligence in 74.7% of cases. The study
not only outlined individual-level process failures, but
also focused attention on some of the systemic causes,
setting the agenda for quality improvement research
in hospital-based care for years to come.”*'? A recent
systematic review and meta-analysis of 22 hospital
admission studies found a pooled rate of 0.7% (95%
Cl, 0.5%-1.1%) for harmful diagnostic errors.® It found
significant variations in the rates of adverse events, diag-
nostic errors, and range of diagnoses that were missed.
This was primarily because of variabilities in pre-test
probabilities in detecting diagnostic errors in these spe-
cific cohorts, as well as due to heterogeneity in study
definitions and methodologies, especially regarding
how they defined and measured “diagnostic error.” The
analysis, however, did not account for diagnostic errors
that were not related to patient harm (missed oppor-
tunities); therefore, it likely significantly underestimated
the true incidence of diagnostic errors in these study
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populations. Table 1 summarizes some of key studies
that have examined the incidence of harmful diagnostic
errors in hospitalized patients.®?!

The chief limitation of reviewing random hospital
admissions is that, since overall rates of diagnostic errors
are still relatively low, a large number of case reviews
are required to identify a sufficient sample of adverse
outcomes to gain a meaningful understanding of the
underlying process failure points and develop tools for
remediation. Patient and provider surveys or data from
malpractice claims can be high-yield starting points for
research on process errors.?>?> Reviews of enriched
cohorts of adverse outcomes, such as rapid-response
events, intensive care unit (ICU) transfers, deaths, and
hospital readmissions, can be an efficient way to identify
process failures that lead to greatest harm. Depending
on the research approach and the types of underlying
patient populations sampled, rates of diagnostic errors
in these high-risk groups have been estimated to be
approximately 5% to 20%, or even higher.243! For exam-
ple, a retrospective study of 391 cases of unplanned
7-day readmissions found that 5.6% of cases contained
at least 1 diagnostic error during the index admission.*?
In a study conducted at 6 Belgian acute-care hospitals,
56% of patients requiring an unplanned transfer to a
higher level of care were determined to have had an
adverse event, and of these adverse events, 12.4% of
cases were associated with errors in diagnosis.?® A sys-
tematic review of 16 hospital-based studies estimated
that 3.1% of all inpatient deaths were likely preventable,
which corresponded to 22,165 deaths annually in the
United States.®® Another such review of 31 autopsy stud-
ies reported that 28% of autopsied ICU patients had at
least 1 misdiagnosis; of these diagnostic errors, 8% were
classified as potentially lethal, and 15% were considered
major but not lethal.®" Significant drawbacks of such
enriched cohort studies, however, are their poor gener-
alizability and inability to detect failure points that do not
lead to patient harm (near-miss events).®

Causes of Diagnostic Errors in

Hospitalized Patients

All aspects of the diagnostic process are susceptible to
errors. These errors stem from a variety of faulty processes,
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Table 1. Major Studies of Incidence of Harmful Diagnostic Errors in Hospitalized Patients

Study

Harvard Medical
Practice Study

(Leape et al,
1997)0-12

Patient Safety
in Developing
Countries

(Wilson et al,
2012)

Quality in
Australian Health
Care Study

(Wilson et al,
1995)"

Adverse Events
and Negligent
Care in Utah and
Colorado

(Thomas et al,
2000y

Canadian
Adverse Events
Study

(Baker et al,
2004)¢

Adverse Events
in New Zealand
Public Hospitals

(Davis et al,
2003)""

Spanish National
Study of Adverse
Events

(Aranaz-Andrés
et al, 2008)"®

Safety of
Inpatient
Health Care in
Massachusetts

(Bates et al,
2023)"°

Location

Nonpsychiatric
hospitals in New
York State

8 developing
countries in
Africa

New South
Wales and South
Australia

Utah and
Colorado

5 provinces in
Canada

New Zealand
public hospitals

Spanish hospitals

Massachusetts
hospitals

Year(s)
recruited

1984

2005

1992

1992

2000

1998

2005

2018

Study
population

All age groups,
from newborn
to>65y

Mean age range,
26-44 y across
all countries

All age groups;
mean age,
438y

All age groups;
mean age,
389y

Adults; mean
age, 649y
(those with
AEs), 62.0y
(those without
AEs)

All age groups,
from 0-14 y to
>65y

Mean age,
64.3 y (those
with AEs),
52.5y (those
without AEs)

Adults; mean
age, 59.9y

Total,
n

30,121

15,548

14,179

15,000

15612

6579

5624

2809
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Main results

AEs occurred
in 3.7% of
hospitalizations
(95% Cl, 3.2%-
4.2%)

Diagnostic error
rate: 0.4%

8.2% of cases
showed at least 1
AE, with a range of
2.5% 10 18.4% per
country

Diagnostic error
rate: 1.6%

16.6% of
admissions were
associated with
an AE

Diagnostic error
rate: 1.8%

AEs occurred in
a mean (SD) of
2.9% (0.2%) of
hospitalizations in
each state

Diagnostic error
rate: 0.2%

AE rate was 7.5
per 100 hospital
admissions (95%
Cl, 5.7%-9.3%)

Diagnostic error
rate: 0.4%

850 AEs were
identified, 315 were
likely preventable

Diagnostic error
rate: 1.0%

8.4% of AEs were
related directly to
hospital care (95%
Cl, 7.7%-9.1%)

Diagnostic error
rate: 0.3%

23.6% of
admissions had at
least 1 AE

Diagnostic error
rate: 0.4%

January/February 2023

Other key findings

27.6% of AEs were due to
negligence (95% Cl, 22.5%-
32.6%)

70.5% of AEs caused disability
lasting <6 months, 2.6%
caused permanently disabling
injuries, and 13.6% led to death

83% of AEs were judged to
be preventable, 30% were
associated with death of the
patient

34% of AEs were from
therapeutic errors in relatively
noncomplex clinical situations

51% of AEs were considered
preventable

In 77.1% the disability had
resolved within 12 mo, in 13.7%
the disability was permanent,
and in 4.9% the patient died

In Utah, 32.6% (4.0%) of AEs
were due to negligence; in
Colorado, 27.4% (2.4%) of AEs
were due to negligence

Death occurred in 6.6% (1.2%)
of AEs and 8.8% (2.5%) of
negligent AEs

Among patients with AEs,
preventable events occurred in
36.9% (95% Cl, 32.0%-41.8%)
and death in 20.8% (95% Cl,
7.8%-33.8%) of patients

Half of all events (413/850) were
both preventable and occurred
in hospital, giving an overall rate
of 6.3%

There were 1.2 AEs per 100
patient-days (95% Cl, 1.1-1.3)

Incidence of moderate and
serious AEs was 5.6 per 1000
patient-days (95% Cl, 4.9-6.3)

32.3% of AEs were serious
(caused substantial harm)

5.8% of all admissions had a
preventable AE

Continued on following page
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Study Location Year(§) Study .
recruited population

Incidence of Swedish 2003- All age groups,

Adverse Events  hospitals 2004 from 0-14 y to

in Swedish >65y

Hospitals

(Soop et al,

2009y

Irish National Irish hospitals 2009 Mean age, 54 y

Adverse Events

Study

(Rafter et al,

2017)*

AE, adverse event.

:;Otal’ Main results Other key findings

1967 12.3% of 70% of AEs were preventable
admissions had % of th bl
AEs (95% Cl, |8% oq 1 e'preventa dg eg?.nts
10.8%-13.7%) e lto |mpa|rmentlorl isability,

which resolved within 1 year;

Diagnostic error 9% led to permanent disability,
rate: 0.8% and 3% contributed to death

1574 Prevalence of AE 70% of AEs were considered

was 12.2% (95%
Cl, 9.5%-15.5%)

preventable

67% of AEs were rated as
having a mild-to-moderate
impact on the patient, 9.9%
caused permanent impairment,
and 6.7% contributed to death

Diagnostic error
rate: 1.1%

Note: Table includes selected major studies looking at incidence of harmful diagnostic errors in hospitalized patients. Only studies that sampled random hospital
admissions were included. Reviews of enriched cohorts of adverse outcomes (such as rapid-response events, intensive care unit transfers, deaths, and hospital
readmissions) were not included in the table. There were significant variabilities regarding how studies defined and measured “diagnostic error.” Most studies
only reported diagnostic errors that were related to adverse outcomes. Diagnostic errors that were not associated with patient harm (missed opportunities) were

generally not reported.

including failure of the patient to engage with the health
care system (eg, due to lack of insurance or transpor-
tation, or delay in seeking care); failure in information
gathering (eg, missed history or exam findings, order-
ing wrong tests, laboratory errors); failure in information
interpretation (eg, exam finding or test result misinter-
pretation); inaccurate hypothesis generation (eg, due to
suboptimal prioritization or weighing of supporting evi-
dence); and failure in communication (eg, with other team
members or with the patient).2** Reasons for diagnostic
process failures vary widely across different health care
settings. While clinician assessment errors (eg, failure to
consider or alternatively overweigh competing diagno-
ses) and errors in testing and the monitoring phase (eg,
failure to order or follow up diagnostic tests) can lead to a
majority of diagnostic errors in some patient populations,
in other settings, social (eg, poor health literacy, puni-
tive cultural practices) and economic factors (eg, lack
of access to appropriate diagnostic tests or to specialty
expertise) play a more prominent role.3435

The Figure describes the relationship between com-
ponents of the diagnostic process and subsequent out-
comes, including diagnostic process failures, diagnostic
errors, and absence or presence of patient harm.?%6:57
[t reemphasizes the centrality of the patient in decision-
making and the continuous nature of the process. The
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Figure also illustrates that only a minority of process fail-
ures result in diagnostic errors, and a smaller proportion of
diagnostic errors actually lead to patient harm. Conversely,
it also shows that diagnostic errors can happen without
any obvious process-failure points, and, similarly, patient
harm can take place in the absence of any evident diag-
nostic errors.®-% Finally, it highlights the need to incor-
porate feedback from process failures, diagnostic errors,
and favorable and unfavorable patient outcomes in order
to inform future quality improvement efforts and research.

A significant proportion of diagnostic errors are due
to system-related vulnerabilities, such as limitations in
availability, adoption or quality of work force training,
health informatics resources, and diagnostic capabilities.
Lack of institutional culture that promotes safety and
transparency also predisposes to diagnostic errors.940
The other major domain of process failures is related to
cognitive errors in clinician decision-making. Anchoring,
confirmation bias, availability bias, and base-rate neglect
are some of the common cognitive biases that, along
with personality traits (aversion to risk or ambiguity, over-
confidence) and affective biases (influence of emotion on
decision-making), often determine the degree of utiliza-
tion of resources and the possibility of suboptimal diag-
nostic performance.*“2 Further, implicit biases related to
age, race, gender, and sexual orientation contribute to
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System

Integration and
interpretation

Working
diagnosis

Patient

Information-gathering

The Diagnostic Process

Feedback and
opportunities for improvement

No harm

Outcomes

Figure. The diagnostic process. Shown is the relationship between components of the diagnostic process and subsequent outcomes,
including diagnostic process failures, diagnostic errors, and absence or presence of patient harm. The centrality of the patient in deci-
sion-making, as well as the continuous nature of the process, is emphasized. The Venn diagram illustrates that only a minority of process
failures result in diagnostic errors, and a smaller proportion of diagnostic errors lead to patient harm. It also shows that diagnostic errors
can happen without any obvious process failures, and, similarly, that patient harm can take place in the absence of any evident diag-
nostic errors. The need to incorporate feedback from process failures, diagnostic errors, and patient outcomes to inform future quality

improvement efforts is emphasized.

disparities in access to health care and outcomes.*® In a
large number of cases of preventable adverse outcomes,
however, there are multiple interdependent individual and
system-related failure points that lead to diagnostic error
and patient harm.6*2

Challenges in Defining and Measuring
Diagnostic Errors
In order to develop effective, evidence-based interven-
tions to reduce diagnostic errors in hospitalized patients,
it is essential to be able to first operationally define, and
then accurately measure, diagnostic errors and the pro-
cess failures that contribute to these errors in a standard-
ized way that is reproducible across different settings.®4*
There are a number of obstacles in this endeavor.

A fundamental problem is that establishing a diag-
nosis is not a single act but a process. Patterns of
symptoms and clinical presentations often differ for the

www.mdedge.com/jcomjournal

same disease. Information required to make a diagnosis
is usually gathered in stages, where the clinician obtains
additional data, while considering many possibilities, of
which 1 may be ultimately correct. Diagnoses evolve over
time and in different care settings. “The most likely diag-
nosis” is not always the same as “the final correct diag-
nosis.” Moreover, the diagnostic process is influenced by
patients’ individual clinical courses and preferences over
time. This makes determination of missed, delayed, or
incorrect diagnoses challenging.*54®

For hospitalized patients, generally the goal is to
first rule out more serious and acute conditions (eg,
pulmonary embolism or stroke), even if their probability
is rather low. Conversely, a diagnosis that appears less
consequential if delayed (eg, chronic anemia of unclear
etiology) might not be pursued on an urgent basis, and
is often left to outpatient providers to examine, but still
may manifest in downstream harm (eg, delayed diagnosis
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of gastrointestinal malignancy or recurrent admissions
for heart failure due to missed iron-deficiency anemia).
Therefore, coming up with disease diagnosis likelihoods
in hindsight may turn out to be highly subjective and not
always accurate. This can be particularly difficult when
clinician and other team deliberations are not recorded
in their entirety.*

Another hurdle in the practice of diagnostic medicine
is to preserve the balance between underdiagnosing ver-
Sus pursuing overly aggressive diagnostic approaches.
Conducting laboratory, imaging, or other diagnostic stud-
ies without a clear shared understanding of how they
would affect clinical decision-making (eg, use of prostate-
specific antigen to detect prostate cancer) not only leads
to increased costs but can also delay appropriate care.
Worse, subsequent unnecessary diagnostic tests and
treatments can sometimes lead to serious harm.4°

Finally, retrospective reviews by clinicians are subject
to multiple potential limitations that include failure to cre-
ate well-defined research questions, poorly developed
inclusion and exclusion criteria, and issues related to
inter- and intra-rater reliability.>® These methodological
deficiencies can occur despite following "best practice"
guidelines during the study planning, execution, and
analysis phases. They further add to the challenge of
defining and measuring diagnostic errors.*

Strategies to Improve Measurement of
Diagnostic Errors

Development of new methodologies to reliably measure
diagnostic errors is an area of active research. The advance-
ment of uniform and universally agreed-upon frameworks
to define and identify process failure points and diagnostic
errors would help reduce measurement error and support
development and testing of interventions that could be
generalizable across different health care settings. To more
accurately define and measure diagnostic errors, several
novel approaches have been proposed (Table 2).

The Safer Dx framework is an all-round tool devel-
oped to advance the discipline of measuring diagnostic
errors. For an episode of care under review, the instru-
ment scores various items to determine the likelihood
of a diagnostic error. These items evaluate multiple
dimensions affecting diagnostic performance and mea-
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surements across 3 broad domains: structure (pro-
vider and organizational characteristics—from everyone
involved with patient care, to computing infrastructure,
to policies and regulations), process (elements of the
patient-provider encounter, diagnostic test performance
and follow-up, and subspecialty- and referral-specific
factors), and outcome (establishing accurate and timely
diagnosis as opposed to missed, delayed, or incorrect
diagnosis). This instrument has been revised and can be
further modified by a variety of stakeholders, including
clinicians, health care organizations, and policymakers,
to identify potential diagnostic errors in a standard-
ized way for patient safety and quality improvement
research.5"52

Use of standardized tools, such as the Diagnosis Error
Evaluation and Research (DEER) taxonomy, can help to
identify and classify specific failure points across different
diagnostic process dimensions.®” These failure points
can be classified into: issues related to patient presen-
tation or access to health care; failure to obtain or mis-
interpretation of history or physical exam findings; errors
in use of diagnostics tests due to technical or clinician-
related factors; failures in appropriate weighing of evi-
dence and hypothesis generation; errors associated with
referral or consultation process; and failure to monitor the
patient or obtain timely follow-up.®* The DEER taxonomy
can also be modified based on specific research ques-
tions and study populations. Further, it can be recatego-
rized to correspond to Safer Dx framework diagnostic
process dimensions to provide insights into reasons for
specific process failures and to develop new interven-
tions to mitigate errors and patient harm.®

Since a majority of diagnostic errors do not lead to
actual harm, use of “triggers” or clues (eg, procedure-
related complications, patient falls, transfers to a higher
level of care, readmissions within 30 days) can be a more
efficient method to identify diagnostic errors and adverse
events that do cause harm. The Global Trigger Tool,
developed by the Institute for Healthcare Improvement,
uses this strategy. This tool has been shown to identify
a significantly higher number of serious adverse events
than comparable methods.®® This facilitates selection and
development of strategies at the institutional level that are
most likely to improve patient outcomes.?*
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Table 2. Strategies to Improve Measurement of Diagnostic Errors

Strategy

Measurement
frameworks

Trigger tools

Reporting tools
and forums

Al-based
strategies

Structured chart
reviews

Examples

Safer Dx5"%2

DEER taxonomy®’

Global Trigger
Tool®®

RL6 Reporting
System®®

HCAHPS®®

SPADE
framework®”

UPSIDE,*® PSLL,*
ADEPT®0

Description
Instrument scores various items to determine the likelihood of a diagnostic error.

These items are related to 3 domains: structure (provider and organizational
characteristics), process (interpersonal and technical aspects of healthcare), and
outcome (change in patient’s health status or behavior).

This tool can help to identify and classify specific failure points across different diagnostic
process dimensions.

These failure points can be classified into: issues related to patient access or presentation;
failure to obtain or misinterpretation of history or physical exam findings; errors in use

of diagnostic tests due to technical or clinician-related factors; failures in assessment or
hypothesis generation; and errors related to referral/consultation process or follow-up.

This method uses "triggers" or clues (eg, procedure-related complications, transfers to
higher level of care, readmissions within 30 days) to identify diagnostic errors.

Since a majority of diagnostic errors do not lead to adverse outcomes, use of trigger
tools is a more efficient way to identify process failures that actually lead to patient harm.

Patient-safety-event reporting systems provide a mechanism for team members at all
levels within the hospital to contribute to reporting patient adverse events, including those
arising from diagnostic errors.

They can help organizations be more proactive in identifying issues related to patient safety.
First standardized, nationally reported patient survey that is designed to measure
patients’ perceptions of their hospital experience.

Published by CMS on its website 4 times a year, this survey serves as an important
incentive for hospitals to improve patient safety and quality of health care delivery.

Using "big data" algorithms, this system can help discover otherwise hidden symptom-
disease links and improve overall diagnostic performance.

This technique is proposed for both case-control (look-back) and cohort (look-forward)
studies assessing diagnostic errors and misdiagnosis-related harms.

Large, ongoing studies that are using structured chart review methodologies
incorporating many of the above strategies in combination.

Cases triggered by certain events (eg, ICU transfer, death, worsening AKI) are reviewed
using validated tools, including Safer Dx framework and DEER taxonomy, to provide the
most precise estimates of the burden of diagnostic errors in hospitalized patients.

Useful in identifying many more process failures or diagnostic delays that lead to error
than traditional chart review approaches.

ADEPT, Achieving Diagnostic Excellence through Prevention and Teamwork study; Al, artificial inteligence; AKI, acute kidney injury; CMS, US Centers for Medi-
care and Medicaid Services; DEER, Diagnosis Error Evaluation and Research taxonomy; HCAHPS, Hospital Consumer Assessment of Healthcare Providers and
Systems; ICU, intensive care unit; PSLL, Patient Safety Learning Lab; SPADE, Symptom-Disease Pair Analysis of Diagnostic Error framework; UPSIDE, Utility of
Predictive Systems in Diagnostic Errors studly.

Encouraging and facilitating voluntary or prompted
reporting from patients and clinicians can also play an
important role in capturing diagnostic errors. Patients
and clinicians are not only the key stakeholders but are
also uniquely placed within the diagnostic process to
detect and report potential errors.?>% Patient-safety-
event reporting systems, such as RL6, play a vital role
in reporting near-misses and adverse events. These

systems provide a mechanism for team members at all
levels within the hospital to contribute toward reporting
patient adverse events, including those arising from diag-
nostic errors.%® The Hospital Consumer Assessment of
Healthcare Providers and Systems (HCAHPS) survey is
the first standardized, nationally reported patient survey
designed to measure patients’ perceptions of their hospital
experience. The US Centers for Medicare and Medicaid
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Services (CMS) publishes HCAHPS results on its website
4 times a year, which serves as an important incentive for
hospitals to improve patient safety and quality of health
care delivery.*®

Another novel approach links multiple symptoms to
a range of target diseases using the Symptom-Disease
Pair Analysis of Diagnostic Error (SPADE) framework.
Using “big data” technologies, this technique can help
discover otherwise hidden symptom-disease links and
improve overall diagnostic performance. This approach
is proposed for both case-control (look-back) and cohort
(look-forward) studies assessing diagnostic errors and
misdiagnosis-related harms. For example, starting with
a known diagnosis with high potential for harm (eg,
stroke), the “look-back” approach can be used to iden-
tify high-risk symptoms (eg, dizziness, vertigo). In the
“look-forward” approach, a single symptom or exposure
risk factor known to be frequently misdiagnosed (eg,
dizziness) can be analyzed to identify potential adverse
disease outcomes (eg, stroke, migraine).®”

Many large ongoing studies looking at diagnostic
errors among hospitalized patients, such as Utility of
Predictive Systems to identify Inpatient Diagnostic Errors
(UPSIDE),%® Patient Safety Learning Lab (PSLL),%® and
Achieving Diagnostic Excellence through Prevention and
Teamwork (ADEPT),®° are using structured chart review
methodologies incorporating many of the above strate-
gies in combination. Cases triggered by certain events
(eg, ICU transfer, death, rapid response event, new or
worsening acute kidney injury) are reviewed using val-
idated tools, including Safer Dx framework and DEER
taxonomy, to provide the most precise estimates of
the burden of diagnostic errors in hospitalized patients.
These estimates may be much higher than previously
predicted using traditional chart review approaches.®%
For example, a recently published study of 2809 random
admissions in 11 Massachusetts hospitals identified 978
adverse events but only 10 diagnostic errors (diagnostic
error rate, 0.4%)."° This was likely because the trigger
method used in the study did not specifically examine
the diagnostic process as critically as done by the Safer
Dx framework and DEER taxonomy tools, thereby under-
estimating the total number of diagnostic errors. Further,
these ongoing studies (eg, UPSIDE, ADEPT) aim to
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employ new and upcoming advanced machine-learning
methods to create models that can improve overall diag-
nostic performance. This would pave the way to test and
build novel, efficient, and scalable interventions to reduce
diagnostic errors and improve patient outcomes.

Strategies to Improve Diagnostic Safety in
Hospitalized Patients

Disease-specific biomedical research, as well as advances
in laboratory, imaging, and other technologies, play a crit-
ical role in improving diagnostic accuracy. However, these
technical approaches do not address many of the broader
clinician- and system-level failure points and opportuni-
ties for improvement. Various patient-, provider-, and
organizational-level interventions that could make diag-
nostic processes more resilient and reduce the risk of
error and patient harm have been proposed.®

Among these strategies are approaches to empower
patients and their families. Fostering therapeutic relation-
ships between patients and members of the care team
is essential to reducing diagnostic errors.®? Facilitating
timely access to health records, ensuring transparency in
decision making, and tailoring commmunication strategies
to patients’ cultural and educational backgrounds can
reduce harm.®® Similarly, at the system level, enhancing
communication among different providers by use of tools
such as structured handoffs can prevent communication
breakdowns and facilitate positive outcomes.?

Interventions targeted at individual health care
providers, such as educational programs to improve
content-specific knowledge, can enhance diagnostic
performance. Regular feedback, strategies to enhance
equity, and fostering an environment where all providers
are actively encouraged to think critically and participate
in the diagnostic process (training programs to use
“diagnostic time-outs” and making it a “team sport”)
can improve clinical reasoning.®>%® Use of standardized
patients can help identify individual-level cognitive fail-
ure points and facilitate creation of new interventions to
improve clinical decision-making processes.®’

Novel health information technologies can further
augment these efforts. These include effective docu-
mentation by maintaining dynamic and accurate patient
histories, problem lists, and medication lists®7%; use of



electronic health record-based algorithms to identify
potential diagnostic delays for serious conditions’"2; use
of telemedicine technologies to improve accessibility and
coordination’; application of mobile health and wearable
technologies to facilitate data-gathering and care deliv-
ery™7; and use of computerized decision-support tools,
including applications to interpret electrocardiograms,
imaging studies, and other diagnostic tests.”

Use of precision medicine, powered by new artificial
intelligence (Al) tools, is becoming more widespread.
Algorithms powered by Al can augment and sometimes
even outperform clinician decision-making in areas such
as oncology, radiology, and primary care.”” Creation of
large biobanks like the All of Us research program can be
used to study thousands of environmental and genetic
risk factors and health conditions simultaneously, and
help identify specific treatments that work best for people
of different backgrounds.” Active research in these areas
holds great promise in terms of how and when we diag-
nose diseases and make appropriate preventative and
treatment decisions. Significant scientific, ethical, and
regulatory challenges will need to be overcome before
these technologies can address some of the most com-
plex problems in health care.”

Finally, diagnostic performance is affected by the
external environment, including the functioning of the
medical liability system. Diagnostic errors that lead to
patient harm are a leading cause of malpractice claims.&°
Developing a legal environment, in collaboration with
patient advocacy groups and health care organizations,
that promotes and facilitates timely disclosure of diag-
nostic errors could decrease the incentive to hide errors,
advance care processes, and improve outcomes. 8"

Conclusion

The burden of diagnostic errors in hospitalized patients is
unacceptably high and remains an underemphasized cause
of preventable morbidity and mortality. Diagnostic errors
often result from a breakdown in multiple interdependent
processes that involve patient-, provider-, and system-level
factors. Significant challenges remain in defining and identi-
fying diagnostic errors as well as underlying process-failure
points. The most effective interventions to reduce diag-
nostic errors will require greater patient participation in the

Clinical Review

diagnostic process and a mix of evidence-based interven-
tions that promote individual-provider excellence as well as
system-level changes. Further research and collaboration
among various stakeholders should help improve diagnos-
tic safety for hospitalized patients.
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