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Abstract

Background: Missed vascular events, infections, and
cancers account for ~75% of serious harms from diagnostic
errors. Just 15 diseases from these “Big Three” categories
account for nearly half of all serious misdiagnosis-related
harms in malpractice claims. As part of a larger project
estimating total US burden of serious misdiagnosis-related
harms, we performed a focused literature review to measure
diagnostic error and harm rates for these 15 conditions.
Methods: We searched PubMed, Google, and cited refer-
ences. For errors, we selected high-quality, modern, US-
based studies, if available, and best available evidence oth-
erwise. For harms, we used literature-based estimates of
the generic (disease-agnostic) rate of serious harms (mor-
bidity/mortality) per diagnostic error and applied claims-
based severity weights to construct disease-specific rates.
Results were validated via expert review and comparison
to prior literature that used different methods. We used
Monte Carlo analysis to construct probabilistic plausible
ranges (PPRs) around estimates.

Results: Rates for the 15 diseases were drawn from 28
published studies representing 91,755 patients. Diagnostic
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error (false negative) rates ranged from 2.2% (myocardial
infarction) to 62.1% (spinal abscess), with a median of
13.6% [interquartile range (IQR) 9.2-24.7] and an aggre-
gate mean of 9.7% (PPR 8.2-12.3). Serious misdiagnosis-
related harm rates per incident disease case ranged from
1.2% (myocardial infarction) to 35.6% (spinal abscess),
with a median of 5.5% (IQR 4.6-13.6) and an aggregate
mean of 5.2% (PPR 4.5-6.7). Rates were considered face
valid by domain experts and consistent with prior litera-
ture reports.

Conclusions: Diagnostic improvement initiatives should
focus on dangerous conditions with higher diagnostic
error and misdiagnosis-related harm rates.

Keywords: diagnosis; diagnostic errors; health services
research; medical errors; misdiagnosis-related harms.

Introduction

Preventing medical misdiagnosis is a recognized
national public health priority. In their landmark 2015
report Improving Diagnosis in Healthcare, the National
Academy of Medicine (NAM) stated that “most people
will experience at least one diagnostic error in their
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lifetime, sometimes with devastating consequences” [1].
Unfortunately, relatively little is known about the precise
frequency of diagnostic errors and harms, leading the
NAM to conclude that “the available research estimates
[are] not adequate to extrapolate a specific estimate or
range of the incidence of diagnostic errors in clinical
practice today” [1].

Overall diagnostic error rates in real-world practice
are not known, but a commonly cited estimate based on
expert opinion is that 10-15% of all rendered diagnoses
are incorrect [2]. Empiric rates measured in studies using
chart reviews are often an order of magnitude lower. For
example, a hospital-based study of 7926 records from
hospital discharges and deaths found an error rate of
0.4% [3] and a primary care-based study of 1957 records
estimated an error rate of 2.4% [4, 5]. This latter figure
equates to more than 12 million Americans affected each
year in primary care alone [5]. Assuming similar rates
in emergency department and non-primary care ambu-
latory clinic visits, this would translate to ~31 million
diagnostic errors annually. Such retrospective reviews
are, however, limited by inadequate chart documenta-
tion [6, 7], low inter-rater reliability [8, 9], and hindsight
bias [10]. A prospective study of 348 primary care visits
using standardized patients found 13% of visits involved
diagnostic errors [11], which is squarely in the range of
expert opinion above. With ~1.3 billion US healthcare
visits annually [12-14], the 10-15% estimate could trans-
late to as many as ~100-200 million diagnostic errors
each year.

Serious misdiagnosis-related harm rates are even
less certain, but the same studies cited earlier found
0.22% of hospitalized patients [3] and 0.81% of primary
care patients [5] suffered serious permanent morbidity
or mortality from diagnostic error. With ~36 million hos-
pitalizations annually [14], a 0.22% rate corresponds to
~80,000 serious harms (~40,000 deaths and ~40,000 dis-
abilities) in US hospitals alone, which lands squarely in
the ballpark of prior autopsy-based estimates suggesting
40,000-80,000 misdiagnosis-related deaths each year in
US hospitals [15]. With ~0.5 billion US primary care visits
annually [12], a 0.81% rate would translate to ~4 million
serious harms in primary care alone [16]. With ~1.3 billion
US healthcare visits annually [12-14], the same 0.22% and
0.81% rates would translate to ~10 million serious harms
in total. Such large estimates for total serious harms,
however, seem implausible — prior studies have found
that roughly half of serious harms are deaths [17, 18], but
there are far fewer than 5 million deaths per year in the
US [19].

Diagnostic error and harm rates for specific diseases
[2] or disciplines (e.g. radiology [20]) are often better
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quantified, but reported error rates still vary widely from
~1% to >50% [2] and harm rates vary from ~0.1% [21]
to 45% [22] or more. Some of this variation is real, but
much of it reflects differences in defining numerators
and denominators for rates (Figure 1). The “numerator
problem” (Figure 1, top) is that different standards for
operationally defining a “diagnostic error” (or related
concept) can substantially affect the rate. In a prospec-
tive study of 1152 patients with venous thromboem-
bolism, short diagnostic delays (>1 week) occurred in
19.9%, while long delays (>3 weeks) occurred in only
4.9% [26]. If one counts any missed diagnostic finding or
inter-rater variation as an error, rates can approach 100%
[25]; if one counts only patients who return for additional
care and are judged by chart review to have suffered pre-
ventable, misdiagnosis-attributable death, rates may
be closer to ~0.01% [21]. Similarly, the “denominator
problem” (Figure 1, bottom) is that the same number of
measured errors or harms may be considered as a pro-
portion of various target populations (e.g. all with the
specific target disease vs. all encounters). For example,
in radiology, error rates among radiographs with abnor-
mal findings are roughly 30%, while error rates in typical
radiologic practice (with a mix of predominantly normal
and a few abnormal radiographs) are closer to 3.5-4%
[20]. With rare but dangerous diseases such as spinal
epidural abscess, the same number of serious harm
events could be reported as 61% of misdiagnosed spinal
abscesses, 34% of incident spinal abscess cases, or
0.0005% of all healthcare encounters [23]. These meas-
urement and reporting differences often lead to confu-
sion for readers, and they also make extrapolations to
national estimates challenging.

Given the wide range of potential diagnostic
error rates (~0.4% to ~100%), total diagnostic errors
(~12 million to ~200 million per year in the US), serious
misdiagnosis-related harm rates (~0.01% to ~45%), and
total serious misdiagnosis-related harms (~40,000 to
~10 million), a new approach to estimation of diagnostic
errors and harms is warranted. Across practice settings,
missed vascular events, infections, and cancers (some-
times collectively referred to as the “Big Three” [16])
account for most of the morbidity and mortality attributa-
ble to diagnostic errors [27-30]. Using malpractice claims,
we previously identified the five most frequent diseases
in each “Big Three” category and showed that these 15
together account for nearly half of all serious harms [18].
As a second step toward a US national epidemiologic esti-
mate of serious misdiagnosis-related harms, we sought to
estimate diagnostic error and misdiagnosis-related harm
rates for these 15 dangerous diseases using previously
published medical literature.
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Figure 1: The “numerator and denominator problems” in comparing incidence of diagnostic errors across studies.

The top half of the figure shows potential numerators from larger (top) to smaller (bottom) that might be used to express diagnostic
errors or harms. The bottom half of the figure shows potential denominators from smaller (top) to larger (bottom) that might be used
to define the population in whom diagnostic errors or harms have occurred. With a large numerator (e.g. all diagnostic errors with or
without harms) and a small denominator (e.g. all patients with a specific disease or subtype), measured error rates can exceed 50%
for specific diseases in which errors are known to be frequent [23-25]. By contrast, with a small numerator (e.g. physician-judged
preventable deaths) and a large denominator (e.g. all emergency department visits), we might expect a misdiagnosis-related harms

incidence per visit closer to ~0.01% [21].

Materials and methods
Overall research concept

The overall goal of this three-phase research project was to con-
struct a US national estimate of serious misdiagnosis-related harms
(i.e. permanent disability or death). Each phase was designed to
answer a key question from a specific data source that would sup-
port the final estimate: (1) what dangerous diseases account for the
majority of serious misdiagnosis-related harms? (using malprac-
tice claims data); (2) how frequent are diagnostic errors potentially
causing harm among these dangerous diseases? (using medical
literature-derived estimates from disease-specific studies); and (3)
what is the overall epidemiologic incidence of diagnostic errors
and harms among these dangerous diseases? (using nationally
representative databases). The answer to the first question was
recently published [18]. The answer to the second question is pre-
sented here. The answer to the third question will be presented
elsewhere.

Current study design

We performed a focused review of the medical literature to esti-
mate the rates of diagnostic errors and harms for the 15 “Big Three”
diseases identified from the first phase of our three-phase project
[18]. The list of 15 includes five key vascular events [i.e. stroke,

myocardial infarction, venous thromboembolism, aortic aneurysm
and dissection, and arterial thromboembolism (primarily acute
mesenteric ischemia)]; five key infections (i.e. sepsis, meningitis and
encephalitis, spinal abscess, pneumonia, and endocarditis); and
five key cancers (i.e. lung cancer, breast cancer, colorectal cancer,
prostate cancer, and melanoma). No human subjects were involved
in this study, and no institutional review board (IRB) approval was
required.

We sought to identify the highest-quality, modern, US-based
studies, if available, and, otherwise, the best available evidence if the
prior criteria could not be met. Because few disease-specific studies
on misdiagnosis also assessed misdiagnosis-related harms, we used
literature-based estimates of the overall, generic (disease-agnostic)
serious misdiagnosis-related harm rates per diagnostic error and
combined them with data from malpractice claims and population
incidence to construct disease-specific rates. An overview of the
steps taken to derive the final rate estimates is provided in Figure 2.

Although more accurately called proportions, here we use
the more common term, rates. We only included diagnostic false-
negative rates (1 — sensitivity) [31] in our literature search because
the third phase of our three-phase project relies on population-based
incidence data for the 15 specific diseases. The incidence data are
based on presumed “true disease” (i.e. inpatient hospital discharge
diagnoses for vascular events and infections and cancer registry data
for cancers). The population incidence of false-positive diagnoses
can only be calculated from data on the incidence of “not true dis-
ease”, which cannot be measured unless data on clinical presenting
symptoms and cohort follow-up are available [32].
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List of 15 “Big Three” diseases responsible for serious harms

List of top 5 diseases per category (vascular, infection, cancer) in malpractice claims from first study phase

lterative structured literature search with initial quality review

A 4
L eeceaclbawecadledy e |

Structured search for disease-specific diagnostic error rates and overall harm rates from high-quality studies

A 4

lterative diagnostic error and harm rate extraction and statistical estimation

Data extraction, synthesis from studies of highest quality and relevance; point and range estimates calculated

lterative clinical domain expert review for face validity of error and harm rates

Clinical domain experts review disease-specific error and harm rates, providing iterative feedback

Final results and comparison to total harm estimates from other methods

Final calculations for error and harm rates; comparison to prior estimates for available diseases

Figure 2: Overview of methods for literature-derived diagnostic error and harm rate estimation.
Looping back arrows on the right side of the flow chart refer to iterative steps sparked by feedback from clinical domain experts.

Definitions

Published definitions were used for diagnostic error and misdiagno-
sis-related harms. The NAM defines a diagnostic error 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
[1]. Misdiagnosis-related harms are defined as harms resulting from
the delay or failure to treat a condition actually present, when the
working diagnosis was wrong or unknown [delayed or missed diag-
nosis (false negative)], or from treatment provided for a condition not
actually present [wrong diagnosis (false positive)] [33, 34]. For the
purposes of our search, harms from false positives were not consid-
ered (see Current study design). Harm severity was defined accord-
ing to the National Association of Insurance Commissioners (NAIC)
Severity of Injury Scale, a recognized insurance industry standard for
measuring severity of injury in malpractice claims [35, 36]. Serious
(high-severity) misdiagnosis-related harms were defined using NAIC
severity codes 6-9, representing serious permanent morbidity (NAIC
6-8) or mortality (NAIC 9) [18].

Literature search strategy

Given the need to assess error and harm rates for a large number of
diseases, we did not attempt to conduct a full systematic review and
meta-analysis for each disease. Nevertheless, literature searches were
conducted by authors with substantial prior experience in system-
atic reviews and meta-analysis (A.S.T., D.N.T.). We searched PubMed,
Google Scholar, Google, and our personal files for relevant citations.
We began with an initial PubMed search using a standardized search
string focused on diagnostic errors (Supplementary Material A1). We
cross-referenced this search with terms related to each of the 15 dis-
eases. When a large number of citations were encountered, we further
cross-referenced the search with terms related to meta-analysis. When
few results returned, we pursued additional searches using broader
diagnostic error-related searches (e.g. not restricted to title words). We
also searched using PubMed tools (e.g. “Similar Articles” search), the
reference lists of identified references, and the reference lists of prior
narrative reviews of diagnostic error rates [2]. Some error rates were

harder to identify. In particular, most of the high-quality literature we
found for cancer misdiagnosis was eventually identified using terms
describing diagnostic “intervals” rather than “delays”.

Diagnostic error and harm rates

Diagnostic error rates were abstracted from the highest quality lit-
erature we could identify. We discarded lower-quality studies when
more rigorous studies (e.g. systematic reviews, population-based
sampling, large sample sizes, rigorous case ascertainment) were
available. We quantitatively combined studies of comparable quality
for point estimates or ranges, as appropriate (see Statistical analysis
and reporting). Because hospital autopsy-detected diagnostic error
rates have been declining over time [29, 37], we sought to identify
temporal trends in diagnostic error rates whenever possible.

Because most disease-specific diagnostic error studies did not
measure frequency or severity of misdiagnosis-related harms, we were
forced to use a generic per-error harm rate and then construct a disease-
specific weight using additional information from malpractice claims.
To estimate the generic (disease-agnostic) rate of serious harms per
diagnostic error, we took data from the five large, well-respected stud-
ies of diagnostic errors from general care settings that identified both
harm frequency and severity [3, 4, 38-40]. To estimate disease-specific
harm rates, we used the proportion of high-severity harms from diag-
nostic error malpractice claims cases from the first phase of this project
[18] to construct a disease-specific harm-severity weighting. The diag-
nostic error rate was multiplied by the weighted disease-specific harm
rate to get a disease-specific, serious misdiagnosis-related harm rate
per incident case of disease (i.e. the combined error-harm rate for each
of the 15 diseases). Using additional information available from the
first phase of our project [18], we also constructed estimates for “other”
vascular events, infections, and cancers. Additional details may be
found in Section A2 of the Supplementary Material.

As a further check on our diagnostic error and serious harm
rates, we sent the estimates to 25 relevant domain experts and asked
for their feedback regarding face validity of the error and harm rates
in their respective areas of domain expertise. During that process, we
also made note of additional feedback provided by experts on the
framing and interpretation of our results. We also compared our final
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serious misdiagnosis-related harm rates to empiric rates found in rig-
orously designed studies, where available.

Statistical analysis and reporting

We report point estimates for error and harm rates with either 95%
confidence intervals (CIs) or plausible ranges (PRs), as appropri-
ate. If available, we used 95% ClIs reported in source manuscripts.
When homogeneous studies of comparable quality were available,
we combined results to determine a mean error rate and then calcu-
lated upper and lower 95% CI bounds. When studies used more than
one threshold cutoff for defining a missed or delayed diagnosis (e.g.
based on short vs. long diagnostic delay) or revealed heterogeneous
results, we used input from domain experts to help choose the most
appropriate point estimate or PR bound. For combined error-harm
rates (i.e. the arithmetic product of disease-specific diagnostic error
and per-error harm rates), we derived variability estimates using a
probabilistic sampling approach based on Monte Carlo simulations
[41] (Supplementary Material A3). In this paper, these ranges are
denoted as “probabilistic plausible ranges” (PPRs), rather than 95%
ClIs, to caution against the fact that some diagnostic error rates use
PRs rather than 95% Cls as their range, reflecting uncertainty beyond
mere sampling error. We calculated 95% CIs around “rates” (i.e. pro-
portions) using Stata v14.2 (College Station, TX, USA) and PPRs using
R v3.4.4 (Vienna, Austria). This paper follows EQUATOR (STROBE)
[42] reporting guidelines for observational studies.

Results

Diagnostic error rates

Condition-specific diagnostic error rates were derived
from high-quality meta-analyses, large prospective clini-
cal trials, or studies using population-based sampling for
14 of 15 diseases (Tables 1-3). For arterial thromboembo-
lism, the best available evidence was summarized from
four retrospective, single-center studies (Table 1). Drawn
from 28 studies collectively representing 91,755 patients,
the total per-disease individual study sample sizes were
greatest for cancers (mean 14,690; median 11,860), inter-
mediate for vascular events (mean 3068; median 1532), and
least for infections (mean 593, median 309). We observed
that specific operational definitions for diagnostic error
influenced their estimated frequency substantially. For
example, diagnostic error for venous thromboembolism
occurred in 19.9% when using a delay cutoff of >1 week
but just 4.9% when using a delay of >3 weeks [26].
Disease-specific diagnostic error (false negative)
rates ranged from 2.2% (myocardial infarction) to 62.1%
(spinal abscess), with a median disease-specific rate
of 13.6% [interquartile range (IQR) 9.2-24.7] across the
15 individual diseases. The aggregate mean rate across
all of these 15 “Big Three” diseases was 9.7% (8.2-12.3).
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Studies that assessed diagnostic error over an extended
time period and analyzed for trends in misdiagnosis rates
found no decline (stroke, 19962016 [31]) or small declines
that were not statistically significant (aortic aneurysm,
1961-2005 [44]; aortic dissection, 1996-2007 [45]). For
colorectal cancer, rates of diagnostic delay were lower in
a study from 2010 to 2014 [62] than in a study from 1998 to
2005 [63] (Table 3); experts felt that increases in colorectal
cancer screening over time could have been partly respon-
sible, but other methodological differences between the
two studies could also have explained the discrepancy.

Misdiagnosis-related harm rates

The generic rate of serious misdiagnosis-related harms,
derived from five major studies of diagnostic error across
care settings (Table 4), was 30.8% (n=374/1216, 95% CI
28.29%-33.4%) [3, 4, 38-40]. Schiff et al. described 583 phy-
sician-reported diagnostic errors based on surveys during
the years 2002-2004 from a convenience sample of 283
physicians from 22 institutions in six states that included
a mix of general internists, medical specialists, and emer-
gency physicians, 47% of whom identified themselves as
primary care physicians [38]. They identified case severity
as “major” in 28% (defined as “death, permanent disabil-
ity, or near life-threatening event”); there was no difference
in the rate of a case being considered “major” whether
physicians were reporting their own diagnostic error vs.
someone else’s diagnostic error [38]. Zwaan et al. exam-
ined 7926 hospital discharges and deaths from a stratified,
random sample of Dutch hospitals (n=40) in 2004 for
adverse events, defined as “(1) an unintended (physical or
mental) injury that (2) resulted in prolongation of the hos-
pital stay, temporary or permanent disability, or death and
(3) was caused by health care management rather than the
patient’s disease” [3]. They found 80 diagnostic adverse
events, 29% of which resulted in death and 26% of which
resulted in disability at discharge [3]. Singh et al. reviewed
records from 1957 primary care visits to 69 primary care
providers in 2006-2007 at two large health systems iden-
tified using electronic health record trigger tools [4]. They
identified 190 instances of diagnostic error, 14% of which
were judged to have resulted in “immediate or inevitable
death” and 19% of which resulted in “serious permanent
damage” [4]. Ely et al. described 202 physician-reported
diagnostic errors based on surveys during the years 2009-
2010 from a stratified random sample of 200 family physi-
cians, 200 general internists, and 200 general pediatricians
practicing in Iowa and registered with the Iowa Board of
Medical Examiners. Among 184 errors where outcomes
were known, 27% resulted in death and 13% resulted in
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Table 2 (continued)

Notes

Study design (sample)

Upper
bound

Lower

Point
estimate?

Infection

bound

486 patients from seven regions in France with definite infective endocarditis
in 2008; late diagnosis (>1 month after onset of first symptoms) occurred in

Prospective study with population-based

29.6%

21.7%

25.5%

Endocarditis

=486) [57]

sampling (n

(95% CB)

(95% CB)

124/486)

25.5% (n

2Diagnostic error rates reported are false-negative rates (i.e. missed/delayed). Studies generally defined these rates based on one of two strategies: (1) encounters at which the diagnosis
might have been made, but was not (i.e. missed opportunities); (2) absolute diagnostic delay relative to the urgency of illness detection, as defined by disease natural history. In the latter
case, the time window to avoid harm was necessarily disease-specific and, therefore, defined differently across studies of different diseases (e.g. hours for aortic dissection, months for
cancer). The estimates across all four studies for missed sepsis were heterogeneous. In particular, from two studies that included both academic and community hospitals, the reported

.: Rate of diagnostic errors and harms for the “Big Three”

academic hospital rate of missed sepsis (2.7%, 95% Cl 1.9-3.8) was far lower than the community hospital rate (17.5%, 95% Cl 14.5-20.8). Accordingly, we assigned a wider plausible bound to
the range. Specifically, we used the lower 95% Cl bound of the total sample (9.5%, 95% Cl 8.2-11.0), and the upper 95% Cl bound of the community-only subsample from the same four studies

4/163) were still

deemed unlikely by clinicians even after a chest CT scan result. To define the lower plausible bound, we combined the lower rate from Claessens et al. with the results from the study by Zwaan

et al. [56] (4.8%, 95% Cl 2.3-8.6) and then used the lower 95% Cl bound. CB, confidence bound; ED, emergency department; PB, plausible bound; VA, Veterans Affairs.

(20.8%). <Claessens et al. [55] identified 14 patients clinically deemed unlikely to have pneumonia who were confirmed to have pneumonia. Among these, four of 14 (n

DE GRUYTER

“permanent disabilities” [39]. Okafor et al. evaluated 509
voluntary incident reports at two large academic-affiliated
emergency departments from 2009 to 2013. They identified
209 diagnosis-related incidents, 16% resulting in “major
harm” defined as a “life-threatening or limb-threatening
event, permanent disability or death” [40]. Where the
causes of harm were described, the harms were dispropor-
tionately due to illness progression, rather than adverse
consequences of treatments for other (e.g. benign) diseases
that the patient did not actually have (i.e. wrong diagnoses).

Disease-specific harm severity weights, severity-
weighted serious misdiagnosis-related harm rates per
error, and serious misdiagnosis-related harm rates per
incident disease case are shown in Table 5. The disease-
specific rates of serious harms per incident case of disease
ranged from 1.2% (myocardial infarction) to 35.6% (spinal
abscess), with a median disease-specific rate of 5.5% (IQR
4,6-13.6) across the 15 individual diseases. The aggregate
mean rate across all of these 15 “Big Three” diseases was
5.2% (PPR 4.5-6.7). Put differently, we estimated that one
of every 85 patients with a myocardial infarction, roughly
one of every 20 patients with any top 5 “Big Three”
disease, and more than one of every three patients with a
spinal abscess suffers death or permanent disability as a
consequence of being misdiagnosed.

Expert validation of error and harm rates

To assess the face validity of our literature-derived esti-
mates for diagnostic error and serious harm rates, we sent
our results to 25 domain experts not part of the study and
asked for their impression as to the plausibility of the esti-
mates in their area of expertise. We received feedback from
23 physicians, including individuals trained in cardiology
(x1); dermatology (x1); emergency medicine (x6); gastro-
enterology (x1); infectious diseases (x3); neurology (x2);
oncology (x5); radiation oncology (x1); and surgery (x3).
All but one agreed to be recognized for their input (see
Acknowledgments). After the first set of exchanges with
experts, we adjusted several of our estimates (in each of
the “Big Three” categories), before returning our revised
estimates to them for final review and approval.

For vascular events, our initial estimate for missed
myocardial infarction (0.8%, based on a large adminis-
trative data study [69] that we ultimately did not use for
estimation) was deemed too low by experts from emer-
gency medicine and cardiology. They felt that the estimate
from the older but more robust patient-level clinical trial
dataset [43] (2.2%, upper bound 3.0%) was more realis-
tic. We switched to exclusively using the latter study for
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Table 4: Generic (disease-agnostic) rates of serious misdiagnosis-related harms per diagnostic error.

Source Study method Population # Diagnostic # Serious % Serious
errors harms? harms

Schiff et al. [38] Physician report Mixed, 47% 553 159 28.8%

(2002-2004) (survey) primary care

Zwaan et al. [3] Record review Inpatient 80 44 55.0%

(2004) (triggered)

Singh et al. [4] Record review Primary care 190 63 33.2%

(2006-2007) (triggered)

Ely et al. [39] Physician report Primary care 184° 74 40.2%

(2009-2010) (survey)

Okafor et al. [40] Physician report Emergency 209 34 16.3%

(2009-2013) (incidents) department

Total - - 1216 374 30.8%

2Serious harm was named and defined slightly differently in each study (see Results), but essentially reflected either death or permanent
disability as a health outcome state, which is very similar to our definition in the current study. °Ely et al. described 202 diagnostic errors in
their article, but they had no outcome information on 18 patients. Thus, the % serious harm is calculated out of 184 here.

the point estimate and associated CI. This was the only
error or harm estimate revised upward through the expert
review process. One expert questioned whether the mis-
diagnosis rate for arterial thromboembolism, based on
weaker sources, might be too high, but the others did not,
and we left this unchanged. Several experts mentioned
they would have preferred to separate aortic aneurysm
rupture from aortic dissection, as their clinical presenta-
tions differ; however, these were left grouped together
because error and harm rates are similar, and these are
grouped together in the standard classification schema
that we used to define all the disease groupings [18]. For
infections, our initial estimates for harm from sepsis and
pneumonia misdiagnosis were deemed too high; addi-
tional literature was identified for sepsis, and an outlier
study for pneumonia misdiagnosis was removed.

Our initial estimates of delayed cancer diagnosis rates
were almost uniformly considered too high by our experts.
We had originally chosen as the point estimate the shorter
diagnostic delay period (i.e. higher diagnostic error rate)
reported in each of the studies and used the longer delay
period (i.e. lower diagnostic error rate) as the lower PR
bound. After expert feedback, we switched the point esti-
mates from the higher rates to the lower rates — the cancer
experts then found the revised estimates face valid. It was
clear that diagnostic error rates and per-error harm rates
could not be completely disaggregated in experts’ minds,
particularly for cancers. In other words, the threshold for
considering a delay a “diagnostic error” (i.e. missed or
delayed diagnosis) was inextricably linked to the question
of its impact — short delays might cause zero harm, while
long delays might be associated with frequent, severe
harms (e.g. death). Several of our experts were therefore
much more comfortable judging the harm rate per incident
disease case (i.e. the mathematical product of diagnostic

error rate and per-error harm rate), rather than these two
numbers separately. The final serious harm rates per inci-
dent cancer case [range 1.2-13.8% for five specific cancers
(Table 5)] were judged believable by experts. This review
process thus accounts for the anticipated inverse relation-
ship between error and per-error harm rates (Supplemen-
tary Material B1).

Finally, five of our six emergency physicians expressed
specific concerns related to their practice context when
measuring and reporting diagnostic errors and misdi-
agnosis-related harms. Three key issues were raised in
their comments: (1) emphasizing that diagnostic delay
(not only “wrong” or “missed”) is part of the “diagnostic
error” rate estimates, as articulated in the NAM definition
used here (“accurate and timely”) [1]; (2) clarifying that
such errors do not only occur in the emergency depart-
ment (e.g. aneurysmal subarachnoid hemorrhage, where
misses of this acute disease disproportionately occur in
primary care [70]); and (3) acknowledging that 100% diag-
nostic accuracy is unattainable and the pursuit of 100%
accuracy could have adverse, unintended consequences
that cause more harm than good (e.g. harms from testing,
management of incidental findings, or overdiagnosis
leading to overtreatment). All agreed, however, that there
remain opportunities to improve on current diagnostic
performance in the emergency department.

Literature validation of error and harm rates

As a final check on the validity of our results, we com-
pared our misdiagnosis-related harm rates to previ-
ously published estimates using other methods. At first
glance, the per-error harm rates (Table 5) seemed to us
to be quite high. However, these estimates were similar
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Table 5: Severity-weighted, disease-specific diagnostic error and serious misdiagnosis-related harm rates.
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Big Three disease Diagnostic error rate %

(95% Cl, PR, PPR?)

Disease-specific
harm severity

Severity-weighted
serious harm rate

Serious
misdiagnosis-related

weight per diagnostic harm rate per incident
error (PPR) case of disease (PPR)
Vascular
Aortic aneurysm and dissection 27.9% (Cl: 25.6-30.2) 1.98 60.9% (55.9-66.1) 17.0% (15.1-19.1)
Arterial thromboembolism 23.9% (Cl: 18.9-29.5) 1.70 52.3% (48.0-56.8) 12.5% (9.7-15.7)
Venous thromboembolism 19.9% (PR: 4.9-22.3) 1.70 52.3% (48.0-56.8) 10.4% (2.6-11.8)
Stroke 8.7% (Cl: 8.0-9.3) 1.80 55.2% (50.7-60.0) 4.8% (4.3-5.3)
Myocardial infarction 2.2% (Cl: 1.6-3.0) 1.73 53.2% (48.9-57.8) 1.2% (0.8-1.6)
Top 5 vascular events subtotal 8.7% (PPR: 6.8-9.1) 1.77 54.4% (52.4-57.0) 4.7% (3.7-5.0)
Other vascular events 8.7% (PPR: 6.8-9.1)° 0.39 11.9% (10.9-12.9) 1.0% (0.8-1.1)
Total vascular events 8.7% (PPR: 6.8-9.1) 1.03 31.7% (30.7-33.1) 2.8% (2.2-2.9)
Infection
Spinal abscess 62.1% (Cl: 54.6-69.2) 1.88 57.9% (53.2-62.9) 36.0% (30.9-41.3)
Meningitis and encephalitis 25.6% (Cl: 20.8-30.8) 1.83 56.3% (51.7-61.2) 14.4% (11.5-17.7)
Endocarditis 25.5% (Cl: 21.7-29.6) 1.72 52.9% (48.6-57.5) 13.5% (11.3-16.0)
Sepsis 9.5% (PR: 8.2-20.8) 1.88 57.9% (53.1-62.9) 5.5% (4.7-12.1)
Pneumonia 9.5% (Cl: 2.3-14.3) 1.55 47.8% (43.8-51.9) 4.5% (1.1-6.9)
Top 5 infections subtotal 10.2% (PPR: 6.9-15.4) 1.72 52.9% (50.8-58.4) 5.4% (3.8-8.4)
Other infections 10.2% (PPR: 6.9-15.4)" 0.99 30.6% (28.1-33.2) 3.1% (2.1-4.8)
Total infections 10.2% (PPR: 6.9-15.4) 1.34 41.1% (39.6-44.1) 4.2% (2.9-6.4)
Cancer
Lung cancer 22.5% (PR: 11.4-37.8) 2.01 61.9% (56.8-67.2) 13.9% (7.0-23.6)
Melanoma 13.6% (PR: 6.8-25.0) 1.34 41.2% (37.8-44.8) 5.6% (2.8-10.3)
Colorectal cancer 9.6% (PR: 8.4-47.7) 1.87 57.4% (52.7-62.4) 5.5% (4.8-27.6)
Breast cancer 8.9% (PR: 8.5-26.3) 1.61 49.4% (45.3-53.7) 4.4% (4.2-13.1)
Prostate cancer 2.4% (PR: 1.7-13.8) 1.70 52.2% (47.9-56.7) 1.2% (0.9-7.3)
Top 5 cancers subtotal 11.1% (PPR: 10.1-20.9) 1.82 56.0% (52.3-58.8) 6.2% (5.5-11.7)
Other cancers 11.1% (PPR: 10.1-20.9)® 2.13 65.5% (60.1-71.1) 7.3% (6.6-13.9)
Total cancers 11.1% (PPR: 10.1-20.9) 1.95 59.9% (56.7-62.7) 6.6% (6.0-12.6)
Additional totals
Total Big Three (top 5 only) 9.7% (PPR: 8.2-12.3) 1.75 53.9% (52.7-56.8) 5.2% (4.5-6.7)
Total Big Three (top 5 +other) 9.6% (PPR: 8.0-12.2) 1.30 39.9% (39.6-43.2) 3.8% (3.3-5.1)

aShown are either 95% confidence intervals (Cls), plausible ranges (PRs), or probabilistic plausible ranges (PPRs). We used PRs when there
was heterogeneity in the findings across disease-specific studies of similar quality or when two different error rates were defined within a
single study based on different lengths of diagnostic delay (see Tables 1-3 footnotes for additional details). PPRs derive from Monte Carlo
analysis. ®"We made the simplifying assumption that error rates for “Other” (unnamed) diseases in each category would be similar to those
for the top 5 in that same category. Thus, within-category miss rates for “Other” diseases represent means from the top 5 conditions. These
means considered disease incidence (e.g. myocardial infarction had proportionally more impact on the final mean than aortic aneurysm and
dissection, because there are many more incident cases of myocardial infarction) (see Supplementary Material A2). PPRs derive from Monte
Carlo analysis. Cl, confidence interval; PPR, probabilistic plausible range; PR, plausible range.

to disease-specific studies we found that assessed harm
rates per error. For instance, a study of missed aneurysmal
subarachnoid hemorrhages found that 50.9% (n=27/53)
had died or were permanently disabled at 1 year [70]; our
estimate for missed stroke (which included missed suba-
rachnoid hemorrhage) was 54.7%. Similarly, a study of
missed spinal abscess found that 60.6% (n=40/66) had
died or suffered severe harm [23]; our estimate was 57.4%.

More importantly, we were able to approximate com-
bined error-harm rates from the literature for three of our
vascular conditions, and these were consistent with our

study outputs (Table 6). Specifically, a recent analysis of
Medicare claims data by Waxman et al. on emergency
department discharges of major vascular events (acute
myocardial infarction, aortic aneurysm rupture, aortic dis-
section, stroke, and subarachnoid hemorrhage) produced
very similar results to our analysis [71]. This retrospective
cohort study linked emergency department discharges
to subsequent hospitalizations in order to identify short-
term adverse events related to presumed missed diag-
nosis. They estimated that 3.9% (range across diseases
2.3%-4.5%) of dangerous vascular events involved an
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Table 6: Comparison of present study estimates of harm rates per incident case of disease to prior literature [71].

Condition Present Prior Notes
study literature

Stroke 4.8% 4.1% Both our current estimate and that of Waxman et al. [71] include subarachnoid
hemorrhage within the stroke disease grouping. Although Waxman et al. did not
report stroke severity, it is known that strokes were severe enough to prompt both a
return to the emergency department and to warrant hospital admission (i.e. stroke-
related adverse events). Risk of mortality rises nearly 5-fold after an initial miss [70].

Myocardial 1.2% 2.3% The most likely explanation for the disparity between these two estimates is

infarction that Waxman et al.’s cohort [71] included any hospital admission for myocardial
infarction, even if the outcome was not serious morbidity or mortality. Thus, our
current estimate is likely lower because it reflects only the more serious harms.

Aortic aneurysm 16.8% 4.0% Waxman et al.’s methodology [71] relies on hospital admissions after emergency

department discharge, so does not account for within-visit delays in diagnosis. The
mortality with aortic dissection rises by ~1% per hour and median time to diagnosis
is ~4 h [45]. Delays >4 h occur in ~50%, and delays >24 h in ~25% of cases [45].
Thus, the difference between the two results is almost certainly explained by the lack
of accounting by Waxman et al. for increases in misdiagnosis-related harms within

a single visit or hospitalization. This difference could easily account fora 10-15%

and dissection

difference in serious morbidity and mortality.

NCI SEER, National Cancer Institute Surveillance, Epidemiology, and End Results program/database.

“observed above expected” recent treat-and-release emer-
gency department visit antecedent to a hospital admis-
sion for the vascular event in question. Although framed
by the authors of that article as “diagnostic errors”, their
methods more closely approximate misdiagnosis-related
harms [32]. Only aortic aneurysm/dissection had a very
different measured per-incident disease case harm rate,
and this was likely because within-visit or within-hospital
delays (e.g. 12 h) go unaccounted for when using revisit-
based analyses (see Table 6 notes).

Discussion

This study, based on an analysis of previously published
literature, provides the first robust estimates of diagnos-
tic error and serious misdiagnosis-related harm rates for
15 diseases that result in nearly half of all the permanent
disability or death due to diagnostic error [18]. Our results
were bolstered by the use of high-quality prior literature;
expert feedback and validation; and, where possible, cor-
roboration via comparison to studies using other methods.
These findings are important because they can be used
immediately to develop national estimates of aggregate
harms from diagnostic error; furthermore, they allow us to
target diagnostic improvement initiatives to diseases with
the highest error and harm rates.

Disease-specific diagnostic error rates ranged from 2.2%
to 62.1% and combined diagnostic error-harm rates ranged
from 1.2% to 35.6%. For vascular events and infections, the

lowest error and error-harm rates were seen with the most
common dangerous diseases, such as myocardial infarc-
tion (2.2%, 1.2%), stroke (8.7%, 4.8%), pneumonia (9.5%,
4.5%), and sepsis (9.5%, 5.4%). Conversely, the highest
error and error-harm rates were seen with the least common
diseases, such as endocarditis (25.5%, 13.4%), meningitis
and encephalitis (25.6%, 14.3%), aortic aneurysm and dis-
section (27.9%, 16.8%), and spinal abscess (62.1%, 35.6%).
Presumably this disease-incidence dependence of error
frequency and harms relates to a combination of factors
for clinicians, such as having less overall experience in
assessment of patients with low-prevalence diseases and
presentations or, conversely, choosing not to pursue low-
likelihood diagnoses because of known low baseline preva-
lence. Both would make sense, given the scant feedback to
calibrate physician diagnostic skills even for some of the
more common, dangerous conditions such as stroke [72]
and the relatively low per-symptom disease prevalence in
clinical scenarios where the cases are most often missed
(e.g. only 3-5% of acute dizziness is from stroke [73]).

For cancers, the variation in error and harm fre-
quency may have correlated more with public awareness
and utilization of screening programs than purely disease
incidence. The lowest rate was seen with prostate cancer
(2.4%, 1.2%), where frequent screening (even overuse)
has generally become the US norm [74]; the highest rate
was seen with lung cancer (22.5, 13.8%), where, despite
public health efforts, screening remains below the recom-
mended levels [75]. It is also possible that at least some of
the differences in harms could be attributable to treatment
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differences (i.e. fewer effective therapies for later-stage
lung cancers contribute to the adverse impact of diagnos-
tic delays) (Supplementary Material B2).

Despite a small but steady decline in hospital autopsy-
determined diagnostic errors over the past several decades
[37], we found no evidence from the literature that overall
rates were declining appreciably over time. This comports
with a recent study analyzing Medicare data (2007-2014)
which showed that the risks of missed major vascular
events was either stable (myocardial infarction, aortic
dissection) or rising (stroke, subarachnoid hemorrhage,
aortic aneurysm rupture) [71]. Why misdiagnosis of some
diseases might be rising over time is unclear, but this trend
is alarming and deserves greater attention going forward.

A key methodological insight from this study is that
per-error harm rates are tightly hinged to the threshold for
considering a diagnostic delay an error (Supplementary
Material B1). This was apparent both in the review of avail-
able literature and during feedback from clinical experts. Of
course, it is unsurprising that trivial delays (e.g. <72 h for a
cancer diagnosis, even if malignant) will be nearly univer-
sal, yet devoid of impact on patient outcomes; likewise, it
is also no surprise that very long delays (e.g. >1 year for a
malignant cancer diagnosis) will be uncommon, yet highly
impactful. A clinically meaningful delay is a function of
underlying disease biology and natural history — for colorec-
tal cancer, delays up to ~6-9 months likely have no impact
[62]; for aortic dissection, minutes probably count [45].

Importantly, however, this fact makes it challenging
to combine data from disparate sources about error and
harms, as definitions may not align. We were only able to do
so here with confidence because of independent corrobo-
ration of these disease-specific estimates from two sources
— clinical experts, demonstrating face validity, and a large
independent study by Waxman et al. [71] that used very
different methods, demonstrating construct validity [76].
In the latter case, our final error-harm rates for stroke and
heart attack were similar to those from the Waxman et al.’s
study, demonstrating convergent validity, while those for
aortic aneurysm and dissection differed substantially, as
would be expected based on methodological differences,
demonstrating divergent validity (Table 6). Thus, future
estimates of misdiagnosis-related harms would benefit
from disease-specific study designs that measure error
and case-mix-adjusted harms in one study [70] or address
harms directly (e.g. SPADE [32]). Ideally, these would also
address issues of treatment advances and case-mix adjust-
ment (Supplementary Material B2 and B3).

Finally, it is worth pointing out that diseases histori-
cally receiving the most sustained attention to diagnosis
(i.e. research funding, clinical quality improvement,
public awareness) are the ones with the lowest harm rates.
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Myocardial infarction is the prototype and the only acute
illness approaching the target “standard” of <1% harmed
often cited in the emergency department [77]. This is, of
course, after a half century of focused efforts to automate
electrocardiogram interpretation [78], develop and refine
biomarkers (e.g. troponin) [79], and create routine diagnos-
tic protocols for chest pain or suspected acute coronary syn-
dromes. Similarly, basic research studies and clinical trials
focused on prostate cancer biomarkers (e.g. prostate-specific
antigen) date back to the 1960s [80]. Achieving similar gains
may be possible for other key diseases, but only if we make
sustained investments in improving diagnosis (e.g. missed
stroke [31] in acute dizziness [73], where novel bedside tests
[81] and tele-medicine [82] have shown early promise).

Limitations

This study is limited by the quality of available literature
on diagnostic errors and harms. Our estimates of diagnos-
tic error rates for infections were based on smaller sample
sizes than those in the other two “Big Three” categories,
so are generally less precise. Not all studies were US based
and recent, so current rates could differ — however, at least
one study [45] found higher error rates in North America
(mostly US) than Europe, and several studies assessed for
trends toward lower error rates in recent years and found
only stable or worsening diagnostic accuracy. Our main
estimates of harms were derived from generic, disease-
agnostic studies, then weighted based on malpractice
claims severity to make them disease-specific; the weights
themselves may be inexact, but our final combined error-
harm estimates were face valid to experts. Although social
desirability bias could have influenced feedback from
domain experts, findings were concordant with previ-
ously published literature, where available (Table 6).
Harm rates reflect only delayed or missed diagnoses
(i.e. false-negative dangerous disease diagnoses), so do
not account for harms from treatment for wrong diagnoses
(i.e. false-positive dangerous disease diagnoses); thus, for
example, any harms associated with thrombolytic therapy
for presumed ischemic stroke in a patient who actually has
migraine with aura (i.e. does not actually have stroke) are
not considered here. We also did not consider the cumu-
lative morbidity of less serious (but more frequent) harms
from diagnostic error (e.g. pain, temporary disability,
psychological distress). Most of the studies cited did not
consider communication failures with patients, so these
NAM-defined diagnostic errors were not fully accounted for
in the current estimates. Thus, total misdiagnosis-related
harms are likely greater than assessed here. It is unknown
if the harms represented in this analysis would necessarily
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have been prevented by prompt, correct diagnosis, and, in
some cases, attempting to reduce false negatives could have
adverse, unintended consequences from false positives.

Conclusions

We estimate that roughly one in 10 patients with a danger-
ous “Big Three” disease is misdiagnosed, and roughly half
of those misdiagnosed die or are permanently disabled as
a result. Diagnostic error and harm rates vary substan-
tially across dangerous diseases and do not appear to be
declining over time. For a given disease, error and harm
rates are inversely related and probably tightly coupled
— this makes estimates of combined error-harm rates
per incident disease case more stable, more comparable
across studies, and more clinically relevant than either
quantity alone. The lowest error and harm rates were seen
with extensively researched conditions that have received
sustained attention and investments to improve diag-
nosis over several decades. These findings will immedi-
ately facilitate creation of national estimates of aggregate
harms from diagnostic error. Simultaneously, they should
also help guide and focus future diagnostic improvement
initiatives toward conditions where current diagnostic
performance is lacking.
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