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site or AHRQ Web site  for public comment for a 3-4-week period. Comments can be 
submitted via the Web site, mail or E-mail. At the conclusion of the public comment period, 
authors use the commentators’ comments to revise the draft report.  
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public viewing on the Web site approximately 3 months after the final report is published. 
Comments are not edited for spelling, grammar, or other content errors. Each comment is 
listed with the name and affiliation of the commentator, if this information is provided. 
Commentators are not required to provide their names or affiliations in order to submit 
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This document includes the responses by the authors of the report to comments that 
were submitted for this draft report. The responses to comments in this disposition report are 
those of the authors, who are responsible for its contents, and do not necessarily represent the 
views of the Agency for Healthcare Research and Quality.  



 

Summary of Peer Reviewer Comments and Author Response  
 
 
This research review underwent peer review before the draft report was posted for public 
comment on the EHC website. We received comments from four technical experts and four 
peer reviewers. Below is a summary of the more substantive edits we made based on the peer 
review comments. 

• We have provided additional context for the overall diagnostic error rates in any 
medical setting. 

• We clarified how the conditions of interest were specified a priori. 
• We have provided definitions and/or clarifications for the terms used in the report 

(e.g., diagnostic error, misdiagnosis-related harms). Additionally, we have clarified 
that diagnostic errors refers to both false negatives and false positives.  

• We clarified how we calculated our estimates of diagnostic errors and serious 
misdiagnosis-related harms.  

• We have added more context about diagnostic errors in children. 
• We provided more discussion about the strengths and weaknesses of the studies that 

were included for KQ1. 
• We provide additional context for preventable diagnostic errors. 
• We have added teamwork as a factor that could influence diagnostic errors. 
• We discuss the lack of evidence on how patients can influence diagnostic errors. 
• We have added more text about the applicability of the results. 
• We have added more discussion about unintentional consequences that could arise 

when attempting to address diagnostic errors. 
• We have added some text on approaches to measuring diagnostic errors at the 

institutional level. 
• We have provided more context about how a dashboard could impact diagnostic error 

rates.  
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Peer Review Comments and Author Response for reports with sequential peer review and 
public comment 

Commentator 
& Affiliation Section Comment Response 

TEP #1 General The combination of ED and 
urgent care is confusing as 
those are very different 
settings with different 
resources and often varied 
acuity levels – need to 
carefully separate results + 
conclusions by which settings 
you mean them to apply to. 

The term "urgent care" was inadvertently left in 
the report. We have removed all mention of 
"urgent care." 

Peer 
Reviewer #1 

General This report is well written, and 
the systematic review of the 
current evidence available to 
answer the key questions is 
well done. The topic is 
clinically relevant and 
presents an opportunity to 
guide improvement efforts in 
Emergency Department 
care/quality. I find the key 
limitation to be in the 
summary and conclusions of 
the overall report. Specifically, 
the report discusses 
diagnostic error, in the middle 
of the report is a key 

The thrust of this concern seems to be balancing 
the tradeoff between false negatives and false 
positives. This is a valid concern, but only when 
there is no innovation to improve diagnosis, and 
clinicians simply change their test-ordering 
threshold and "do more of the same." We have 
added language to the Conclusions section 
("Solutions should be designed to address both 
false negatives and false positives, and all 
measurement and reporting of diagnostic error 
should be accompanied by balancing measures 
that monitor diagnostic test utilization and 
hospital admission rates."). We have added a 
sub-section on "Balancing Measures" to the 
Section "Implications for Operational Quality 
Measurement and Benchmarking > General 
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Commentator 
& Affiliation Section Comment Response 

discussion about false 
positive errors, but this is not 
included in the summary or 
conclusions to balance the 
estimates about false 
negative errors. This should 
be corrected and used to 
balance the recommendations 
for improvement. Second, the 
estimates should include 
confidence intervals to 
indicate the uncertainty of 
these numbers. Please see 
the attachment for specific 
comments and suggestions. 

Recommendations for Measuring Diagnostic 
error" ("b. Balancing measures – Diagnostic 
process improvements (e.g., through use of new 
or different test batteries, structured clinical 
pathways, or teamwork in diagnosis) that 
increase total diagnostic accuracy will generally 
lead to reductions in both false negatives and 
false positives. However, one potential clinician 
response to concerns over (false negative) 
diagnostic errors is to simply “do more of the 
same” by changing the threshold for diagnostic 
test ordering; this tends to produce diagnostic 
test overuse and excessive hospital admissions, 
rather than more accurate diagnosis. All 
diagnostic error-related measures should be 
accompanied by balancing measures that 
address rates of diagnostic test utilization and 
hospitalization."). We have further raised the 
issue of balancing measures in a new sub-
section called "4. Approaches to measurement at 
the institutional level." 

Peer 
Reviewer #1 

General Starting and ending with 
stroke is a bit over 
emphasized. I recommend 
naming stroke as a key 
diagnosis to improve, but also 
including the others in the top 
ten. 

We have deleted the sentence, "Stroke is the 
leading cause of serious misdiagnosis-related 
harms in the ED." from both the evidence 
summary and the conclusions so as not to 
overemphasize this issue. 

Peer 
Reviewer #1 

General 350,000 patients disabled or 
killed by misdiagnosis. Is this 
accounting for the margins of 
error in the attribution of error. 

Yes, this accounts for margins of error in 
attribution/preventability, since the study used to 
estimate misdiagnosis-related deaths (Calder, 
2010) required that at least two of three 
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Commentator 
& Affiliation Section Comment Response 

(Hayward RA, Hofer TP. 
Estimating Hospital Deaths 
Due to Medical Errors: 
Preventability Is in the Eye of 
the Reviewer. JAMA. 
2001;286(4):415–420. 
doi:10.1001/jama.286.4.415) 

reviewers rate a preventable error and a causal 
association to the outcome and as 5 or 6 on a 6-
point Likert scale for certainty. As stated in the 
text, "events had to be deemed causally related 
and preventable with a certainty of at least 5 on a 
6-point Likert scale by at least 2 of 3 reviewers". 
This standard is a high-bar standard, so likely 
understates (not overstates) the true value. 

Peer 
Reviewer #1 

General Evidence for proposed 
solutions? 
• Top 10- It should be clear 
how this was defined (overall 
number of misses or misses 
with preventable harm or % of 
patient’s presenting with a 
given symptom 
misdiagnosed)? 

The Top 10 was defined for both errors and 
serious misdiagnosis-related harms, but only 
emphasized for the latter, since the former is 
likely a biased result, given the source data sets. 
To the Methods section we added the following 
text: ("For the purposes of KQ1, we defined two 
sets of “Top 10” diseases: (1) based on 
frequency among all diagnostic errors in the ED 
(independent of harm severity) and (2) based on 
frequency among diagnostic errors leading to 
serious harm outcomes (death or permanent 
disability), as judged by original study authors 
and methods."). We have reviewed the other 
mentions of "Top 10" and adjusted, as needed, 
such that each mentions whether it is Top 10 
defined by total errors or by total harms. 

Peer 
Reviewer #1 

General Evidence for proposed 
solutions? 
• “At least 5.6%” how can the 
others be so sure the error 
margins are greater than and 
not less than 5.6%? This 
language could be more 
objective. 

There is reason to believe that even among the 
cited studies, underascertainment of errors is 
likely. Nevertheless, We have changed the 
language on this statement throughout to state, 
"An estimated 5.6 percent…" 
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Commentator 
& Affiliation Section Comment Response 

Peer 
Reviewer #1 

General Evidence for proposed 
solutions? 
• Claims about the 
preventable diagnostic error 
adverse event rate may be 
overstated given the 
challenges in identifying these 
(Hayward RA, Hofer TP. 
Estimating Hospital Deaths 
Due to Medical Errors: 
Preventability Is in the Eye of 
the Reviewer. JAMA. 
2001;286(4):415–420. 
doi:10.1001/jama.286.4.415) 

We have added the following text to the "gaps" 
section ("More research should be done to 
assess preventability of harms from diagnostic 
errors, since there is moderate inter-rater 
variability in clinician ratings of preventability.1" 
and to the recommendations/measurement 
pitfalls section ("vi. Addressing preventability of 
harms: There is moderate inter-rater variability in 
clinician ratings of preventability.1 This issue is 
more complex for diagnostic errors than 
treatment errors because there is dual 
uncertainty—first, whether the diagnostic errors 
themselves can be prevented and, second, 
whether treatments for the diseases would 
prevent any associated untoward outcomes. 
Although it is recommended by the GRADE 
group as ideal, this two-step link from diagnosis 
to health outcome is rarely assessed when 
diagnostic interventions are put to the test.2, 3 The 
strongest evidence of preventability of harms will 
come from prospective (preferably randomized) 
studies that measure the health outcomes of 
interventions to improve diagnosis and that 
demonstrate both greater diagnostic accuracy 
and a link between that greater accuracy and 
improved patient outcomes. Absent this level of 
rigor, measurements of inter-institutional 
variability (adjusted for likely confounders) may 
be a good proxy for preventability, with lower-
performing institutions striving to match 
outcomes from higher-performing institutions.").  
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Commentator 
& Affiliation Section Comment Response 

Peer 
Reviewer #1 

General Evidence for proposed 
solutions? 
• This type of report should 
also describe the potential 
unintended consequences 
of the proposed solutions. 
For example, EDs have 
often been criticized for the 
overuse of diagnostic tests 
and an emphasis on 
diagnostic error has the 
potential to increase testing 
among low-risk patients, 
leading to increased costs, 
identification of 
incedentalomas which 
adversely impact patient 
wellbeing, radiation 
exposure, etc. 

To address this concern, in the section 
"Implications for Clinical Practice, Education, 
Research, or Health Policy" we have added the 
following text: "Lastly, any attempts to fix the 
problem carry an associated risk of unintended 
consequences. For example, EDs have often 
been criticized for the overuse of diagnostic 
tests—an emphasis on diagnostic error has the 
potential to increase testing among low-risk 
patients, increasing costs, adding radiation 
exposure or other test-related risks, and leading 
to more incidental findings that themselves 
adversely impact patient wellbeing." 

TEP #2 General I found this report to be 
comprehensive. Bringing 
together this information into 
one report certainly adds to 
the literature and knowledge 
of this topic in ways that are 
clinically meaningful.  The 
questions are explicitly stated 
and appropriate to the 
question. However, I found 
many parts of the report, 
particularly those that attempt 
to quantify the proportion of 

To avoid the appearance of author bias, we have 
converted terms such as "error rates were at 
least X%" to more neutral language (although the 
reason why we used such language is because 
studies themselves were, in fact, biased towards 
underestimation). However, we have left mention 
of "underestimates" in places where, by design, 
the specific studies in question were biased, 
because of design parameters, towards 
systematic under-ascertainment of diagnostic 
errors or harms. There is now a direct handling of 
US vs. non-US studies in the Applicability 
section, and there is reason to believe that, if 
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Commentator 
& Affiliation Section Comment Response 

missed diagnoses, and to 
extrapolate that to national 
estimates to be overly 
speculative and flawed.  
Additionally, the way the 
report is written it appears that 
the authors have a bias 
toward thinking that 
misdiagnoses are common, 
and that the estimates from 
the papers which come from 
heterogeneous settings are 
“underestimates” and that 
what is observed in one ED at 
one point in time (i.e. a 
sample of patients from a 
European ED from >15 years 
ago), can be extrapolated to 
modern American emergency 
care.  In addition, some of the 
report appears to miss the 
mark when it comes to 
understanding and portraying 
the way that ED diagnoses 
are documented in clinical 
practice and what constitutes 
a misdiagnosis, versus what 
constitutes a symptom-based 
diagnosis and clinical 
uncertainty.  Overall, the 
policy implications are, for the 
most part, correct with some 

anything, US EDs may perform less well than 
European EDs. The same is true regarding 
generalizability with respect to temporal trends, 
where available US-based data indicate that 
diagnostic errors are rising over time, not falling. 
We have added language to address temporal 
trends in diagnostic error rates in the Applicability 
Section: "Given that this systematic review spans 
studies from more than two decades, there are 
naturally applicability concerns regarding recency 
of estimates. We found no clear differences 
based on the epoch in which studies were 
reported (2000 to 2010 vs. 2011 to 2021), 
although comparisons were limited to just a few 
diseases based on data availability. The one 
study which explicitly assessed temporal trends 
for cardiovascular misdiagnosis in US-based 
EDs (2006-2014, using Medicare data) found no 
significant trends for myocardial infarction or 
aortic dissection and a rising trend (increased 
false negative diagnostic errors) over time for 
ruptured aortic aneurysm, subarachnoid 
hemorrhage, and ischemic stroke. Thus, we 
believe that the disease-specific error rates, 
despite in some cases being more than a decade 
old, are either representative of current US ED 
performance or, for some diseases, probably 
low.") We have added text to the Introduction to 
address issues around context and goals of care 
in the ED ("Finally, the goal of ED care is often 
not to make a firm diagnosis, but instead to make 
a diagnosis-informed management decision 
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& Affiliation Section Comment Response 

exceptions (described below). 
Care should also be taken to 
focus more on some of the 
potential for unintended 
consequences should some 
of these be actually 
implemented in practice. 

about immediate on-site testing, treatment, or 
hospitalization. The asymmetry of false negative 
versus false positive diagnostic errors often 
factors heavily in such considerations—an 
"undercall” (discharging a patient with a 
dangerous disease) is generally viewed as less 
desirable than an “overcall” (admitting a patient 
without a dangerous disease). As a result, some 
forms of diagnostic "error" (e.g., symptom-only 
diagnoses or false positive overcalls among 
admitted patients) may simply reflect goals and 
context of care."). Some text on unintended 
consequences has been added ("Lastly, any 
attempts to fix the problem carry an associated 
risk of unintended consequences. For example, 
EDs have often been criticized for the overuse of 
diagnostic tests—an emphasis on diagnostic 
error has the potential to increase testing among 
low-risk patients, increasing costs, adding 
radiation exposure or other test-related risks, and 
leading to more incidental findings that 
themselves adversely impact patient wellbeing."). 

Peer 
Reviewer #2 

General Thank you for the opportunity 
to review this interesting 
research. This report is 
systematic review in which the 
most frequent signs and 
symptoms and clinical 
conditions associated with 
diagnostic errors in the 
emergency department are 
determined. In addition, the 

Thank you for taking the time to review our 
report! 
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& Affiliation Section Comment Response 

authors describe the factors 
associated with these 
diagnostic errors. A very 
relevant and clinically 
meaningful topic for ED 
management as well as for 
ED clinicians, emergency 
physicians, medical 
specialists, but also for nurse 
specialists working in acute 
care. 
The authors identify the 
diseases with the greatest 
burden of misdiagnoses-
related harms in the ED, and 
probably even more useful: 
where we, as ED clinicians, 
can improve our practice. 
Thank you for your work. 

Peer 
Reviewer #2 

General Minor comments: 
In Key Informants, page iv, 
the term TOO is used for the 
first time I think. I do not know 
what that means. It is also 
missing in the list of 
Abbreviations and Acronyms, 
so probably it is a commonly 
used term for native speakers 
(which I am not). 

Thank you for making us aware of this. On page 
iv, we have added "Task Order Officer" to define 
the term TOO. 

Peer 
Reviewer #2 

General In the Structured Abstract, on 
page vi, it is stated that […] 
We included studies […] in 

We have changed this to "We included research 
studies and targeted grey literature reporting 
diagnostic errors or misdiagnosis-related harms 
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EDs in the United States or 
similar countries.[…] To me, 
that is a bit confusing, what 
are similar countries? 
Developed countries? 
Western world countries? 

in EDs in the United States or other developed 
countries with comparable ED care." 

Peer 
Reviewer #3 

General This report is an important, 
and monumental 
accomplishment, identifying 
and synthesizing a large body 
of work in a really impressive 
fashion.  Kudos and thanks to 
the review team for doing an 
incredibly good job putting this 
together, and to AHRQ for 
supporting this endeavor. 
This will be a landmark 
document, right up there with 
the NAM’s “Improving 
Diagnosis in Health Care” in 
terms of its impact.  By so 
clearly identifying the scope of 
the problem, it will attract a 
great deal of attention, and 
hopefully spark the kind of 
interest and investments that 
will be needed to address the 
diagnostic error problem in 
this and other settings. The 
findings are eye-opening, and 
given the rigor and detail of 
the methodology, they are 

Thank you for taking the time to review our 
report! 
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Commentator 
& Affiliation Section Comment Response 

credible.  Here’s hoping it 
sparks some action ! 
The rigor of the methodology 
used is obvious, and the 
quality of the review is first 
rate in every respect. The key 
questions are the right ones.  
The inclusions, the 
exclusions, the assumptions 
made, and how the data was 
handled and interpreted are 
all very clearly defined. 
Finally, the text clearly 
identifies the limitations of the 
findings and conclusions 
when appropriate. 

Peer 
Reviewer #3 

General The one glaring problem with 
the report is the pivot from the 
finding that so many of the 
errors involved breakdowns in 
clinical reasoning to the 
recommendation that these 
should be addressed through 
‘system’ solutions.  Yes, 
system solutions may be very 
helpful, but the 
recommendations need to be 
more balanced.  The 
recommendations give 
insufficient attention to 
cognitive interventions and 
education; these may also 

We concur with the sentiment expressed in this 
comment that educational interventions are 
important, but we view this as a "systems 
solution" to a "cognitive problem." Thus, we 
included "training" in the list of likely possible 
solutions to address diagnostic error. In order to 
prevent any further, unintended confusion on this 
terminology-oriented point, we have changed the 
term "systems solution" to "system-wide 
solutions" or "system wide, scalable solutions". 
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Commentator 
& Affiliation Section Comment Response 

help, and are more to the 
point.  At this early stage of 
considering interventions, it 
would not be good public 
policy to pick one winner 
(system solutions) before any 
of the proposed interventions 
have had fair trials. 

TEP #3 General The report is of high value 
given the scrutiny on patient 
safety and the fact that 
diagnostic errors have been 
the "blind spot" 
The key questions are 
appropriately stated 

Thank you for taking the time to review our 
report! 

Peer 
Reviewer #4 

General The report is clinically 
meaningful in that it has 
highlighted disease 
populations that may be at 
greater risk of diagnostic error 
and possible harm, as well as 
contributing factors to those 
errors. It gives some priority to 
the need to focus on a more 
directed approach to better 
understand both frequency 
and severity of the most 
impactful errors, particularly 
from the diagnostician’s 
perspective. 

Thank you for taking the time to review our 
report! 

Peer 
Reviewer #4 

General The report contains a 
significant amount of useful 

In the Conclusions section, we have added a 
sentence about the target audience, "This report 
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information, but it is not 
clearly articulated who may 
find the findings and 
recommendations useful. One 
can identify the opportunities 
for public policy and some 
quality improvement activities 
as they are more specifically 
stated, but it doesn't easily 
identify other audiences such 
as those in graduate medical 
education, risk management 
and professional liability 
claims management - those 
who could be significant 
contributors to future 
literatures searches, data 
contributors (if I were to be 
searching for “what’s in it for 
me”), and future 
recommendations to consider. 

summarizes current best evidence regarding the 
nature, frequency, and causes of ED diagnostic 
errors. Its contents are relevant to patients, ED 
clinicians, quality officers, risk management 
professionals (and professional liability insurers), 
educators, and policymakers, among others." We 
have also added "risk management 
professionals" in the section on Considerations 
for Clinical Practice and Policy ("In pursuing new 
solutions to tackle ED diagnostic errors, the first 
question that any chief quality officer, risk 
management professional, or policymaker should 
ask is..."). 

Peer 
Reviewer #4 

General As to the Key Questions, they 
are appropriate and explicit. 

Thank you! 

TEP #4 General The synthesis is well 
organized and easy to follow. 
The design is good and 
explained well. The key 
questions identified are 
reasonable and a logical 
place to start. The authors did 
a nice job of organizing the 
evidence and providing the 

Thank you for taking the time to review our 
report! 



 

Source: insert URL here  
Published Online: Month XX, 20XX  

15 

Commentator 
& Affiliation Section Comment Response 

results for policy 
consideration, in particular I 
like how they generalized the 
data to help the reader see 
the bigger picture. 

TEP #1 Introduction More effort to place rates of 
ED error within the context of 
hospital/PCP/surgery/inpatient 
would help the reader 
understand the scope and 
scale of the problem. 

We have added the following text to the 
Introduction "Diagnostic errors occur across all 
medical settings. Overall diagnostic error rates 
are not known, but a commonly cited figure is 
that 10-15 percent of medical diagnoses are 
wrong. Hospital autopsy studies tend to 
corroborate this figure, with estimated major error 
rates of 8 percent to 24 percent, even when 
accounting for selection bias in who undergoes 
autopsy. On sheer volume alone, most 
diagnostic errors happen in ambulatory clinic 
settings, where diagnostic errors are estimated to 
affect at least 6 percent of primary care 
encounters, translating to more than 12 million 
Americans suffering errors each year. Because 
this figure is based largely on studies that 
searched retrospectively for adverse events 
(e.g., unplanned revisits), the true error rate is 
likely higher, but the rate of misdiagnosis-related 
harms in primary care is likely lower and closer to 
0.1% (calculated as 187/212,165 from Singh et 
al., 2013). Diagnostic adverse event rates 
(defined similarly to misdiagnosis-related harms) 
are estimated to occur in 0.7% of 
hospitalizations; that this adverse event rate 
would be higher than in primary care makes 
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sense, given the higher intensity of illness 
present among hospitalized patients." 

Peer 
Reviewer #1 

Introduction The introduction is well written 
and appears to include the 
relevant background to set up 
the purpose of the report and 
its relevance. 

Thank you for reviewing our report! 

Peer 
Reviewer #1 

Introduction 40% missed stroke rate 
among dizzy patients is 
drastically overstated… It 
should be made clear that the 
40% missed diagnosis rate 
here is not indicating the 
number of serious harms 
related to stroke. 

We apologize for misleading the Reviewer. The 
40% false negative rate for stroke patients 
presenting with dizziness is correct (and sources 
are cited). However, it is not that 40% of patients 
with dizziness and vertigo (i.e., where 
dizziness/vertigo is the denominator) have 
missed strokes; it is that 40% of patients with 
strokes whose symptoms are dizziness and 
vertigo (i.e., where stroke presenting with these 
symptoms is the denominator) are missed. To 
clarify, we have adjusted the wording in this 
sentence by adding "presenting with" to reflect 
the..."Diagnostic error rates for stroke, a 
condition that tends to be more reliant on 
bedside diagnosis, are approximately 4 percent 
for those PRESENTING WITH weakness but 
approximately 40 percent for those 
PRESENTING WITH dizziness or vertigo.13, 15 
Most misdiagnosed patients do not suffer 
significant adverse events." The sentence that 
follows which states, "Most misdiagnosed 
patients do not suffer significant adverse events." 
is unchanged. We could not find a location where 
we stated that all of these patients suffered 
serious harms as a result, and we repeatedly 
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state throughout that the proportion suffering 
harms is only a subset of those suffering error. 

Peer 
Reviewer #1 

Introduction KQ1 sometimes includes UC 
and other times only the ED. 
The manuscript should be 
more consistent with 
articulating when the evidence 
is for the ED, UC or both. I 
couldn’t find any evidence 
discussing UC encounters, so 
this should be omitted or 
clarified. 

The term "urgent care" was inadvertently left in 
the report. We have removed all mention of 
"urgent care." 

TEP #2 Introduction Overall, the introduction is 
well written.  Several 
comments. There are 
additional reasons that the ED 
is known to be high-risk 
include that ED physicians 
have no prior relationship with 
their patients and information 
at the time of evaluation is 
often incomplete (patients 
may not provide accurate 
information on past medical 
history or medications, history 
of present illness may not be 
clear – e.g. altered mental 
status). 

We have added these points to the Introduction: 
"ED physicians usually have no prior relationship 
with their patients, and information at the time of 
evaluation is often incomplete (e.g., patients may 
not provide accurate information on past medical 
history or medications; the history of present 
illness may not be clear, as with altered mental 
status)." 

TEP #2 Introduction Importantly, it would be useful 
to explicitly describe what a 
misdiagnosis is in the context 
of the ED.  This may seem 

We note that it was expressly requested by the 
AHRQ team that we address both false negative 
and false positive errors; we concur these are 
different, and the notion of what constitutes an 
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basic; however, it is not, and 
this report does not appear to 
offer a clear description.  I 
would argue that a patient 
with intractable nausea and 
vomiting who is admitted to 
the hospital for further work-
up and testing with an ED 
diagnosis of “nausea and 
vomiting” but a hospital 
discharge diagnosis of 
“stroke” is not a misdiagnosis.  
By contrast, a patient who is 
discharged from the ED with a 
diagnosis of viral 
gastroenteritis or benign 
positional vertigo, who later 
comes back and has a 
diagnosis of stroke more likely 
to have actually been 
misdiagnosed. 

appropriate admission in the face of diagnostic 
uncertainty cannot be stated in absolute terms. 
We have added a paragraph to the Introduction 
to address this issue: "The National Academy of 
Medicine defines 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.” 
Notably, this definition (which is used in this 
report) does not require a care process failure 
(e.g., a specific clinical reasoning “mistake” on 
the part of an individual clinician) and is agnostic 
with respect to any resulting harms or their 
preventability. Furthermore, it does not elaborate 
on the words “accurate” or “timely,” nor does it 
draw distinctions between false negative and 
false positive errors or specify how management 
differences might be used inferentially in 
assessing the “correctness” of diagnostic 
decision-making. There is no clear consensus on 
how to define “diagnostic error” at this deeper 
level, but some ED authors have made important 
attempts to do so. For example, a Swiss group 
examining diagnostic errors among admitted ED 
patients divided differences between ED and 
final hospital discharge diagnoses into those that 
were deemed, in their view, not to represent ED 
diagnostic errors (ED diagnosis was somewhat 
under-specified or a complication not present at 
the time of the ED visit became the primary 
inpatient diagnosis) and those that were 
considered diagnostic errors (ED missed a 
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second, more important diagnosis or ED 
diagnosis was qualitatively incorrect). There is 
even less certainty about how best to capture 
communication failures between ED clinician and 
patient, and very few studies have sought to 
address this aspect of diagnostic error 
definitions. Whenever possible, we relied on the 
National Academy’s definition of diagnostic error 
(e.g., to differentiate diagnostic errors from 
diagnostic errors with adverse events or harms), 
but we also relied, as necessary, on individual 
study-based operational definitions, including 
more granular determinations of error, harms, 
and preventable harms that were used in the 
included studies." 

TEP #2 Introduction In the section later on ED 
admission v. discharge, this 
point comes out further where 
it is stated that ED clinicians 
may tend to admit when they 
don’t know what is going on. 
That is absolutely true, if you 
ask any ED doctor. The 
speculative nature of that 
point makes me concerned 
that the authors are missing a 
fundamental understanding of 
the practice of emergency 
medicine. Admitting when you 
don’t know what is going on is 
not a misdiagnosis. What it 
means the patient needs 

We note that it was expressly requested by the 
AHRQ team that we address both false negative 
and false positive errors; we concur these are 
different, and the notion of what constitutes an 
appropriate admission in the face of diagnostic 
uncertainty cannot be stated in absolute terms. 
We have added text to the Introduction to 
address this issue more directly ("Finally, the 
goal of ED care is often not to make a firm 
diagnosis, but instead to make a diagnosis-
informed management decision about immediate 
on-site testing, treatment, or hospitalization. The 
asymmetry of false negative versus false positive 
diagnostic errors often factors heavily in such 
considerations—an "undercall” (discharging a 
patient with a dangerous disease) is generally 
viewed as less desirable than an “overcall” 
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additional testing (i.e. MRI or 
whatever is next) to make the 
diagnosis.  A common 
heuristic to reduce the 
likelihood of the incorrect 
disposition, ie sending a 
patient home with a 
immediately life-threatening 
diagnosis is the use of 
discharge tachycardia 
screening.  Tachycardia at 
discharge is a red flag that 
increases the likelihood of a 
serious diagnosis, and there 
should be a high threshold for 
discharging a tachycardic 
patient. Another heuristic is 
patients who have visited the 
ED multiple times for the 
same complaint. Many ED 
groups require admission on 
the third visit. 

(admitting a patient without a dangerous 
disease). As a result, some forms of diagnostic 
"error" (e.g., symptom-only diagnoses or false 
positive overcalls among admitted patients) may 
simply reflect goals and context of care."). 

TEP #2 Introduction Another area that appears to 
be missing from this is that 
ED docs use symptom-based 
diagnoses at discharge. I.e. 
chest pain v. non-cardiac 
chest pain.  If someone is 
discharged from the ED with a 
symptom-based diagnosis, 
told to have a close follow-up 
with a specialist who later 

Whether a diagnosis was "makeable" at the ED 
visit speaks to preventability, but does not, per 
se, speak to the question of whether a diagnostic 
error (by the National Academy of Medicine 
definition) occurred. In other words, if a patient is 
discharged from the ED with a diagnosis of 
"chest pain, NOS" and referred to a cardiologist 
the next day for a stress test, but dies of a 
massive heart attack two hours after discharge, 
then the patient did not receive an "accurate and 
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makes a more serious 
diagnosis, it does not 
necessarily mean that 
diagnosis was not considered 
or that the ED physician 
misdiagnosed that patient, it 
means it was not clearly 
evident on that initial visit.  
This sort of understanding 
appears to be absent from 
this work.  It also may explain 
some of the findings in the 
papers that were used to 
empirically study this 
phenomenon. 

timely" diagnosis in the sense of the NAM 
definition. Whether it was reasonable to EXPECT 
that the patient would have received an accurate 
diagnosis is a separate question that relates to 
attributable harm and preventability. 
Nevertheless, we have added the following text 
to the Introduction: "As a result, some forms of 
diagnostic "error" (e.g., symptom-only diagnoses 
or false positive overcalls among admitted 
patients) may simply reflect goals and context of 
care." 

Peer 
Reviewer #2 

Introduction No comments, the 
introduction is clear to me. 

Thank you! 

Peer 
Reviewer #3 

Introduction The introduction is excellent.  
I don’t have any special 
critiques or suggestions. 

Thank you! 

TEP #3 Introduction The introduction lays out the 
rationale very well for the 
systematic review. We would 
need to highlight, however, 
that the term diagnostic error 
and the way it has been used 
in the literature is variable - 
there are multiple definitions 
and the NASEM definition 
further adds a level of 
complexity that cannot be 
captured in this systematic 

We have added a paragraph to the Introduction 
directly addressing definitions. ("The National 
Academy of Medicine defines 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.” Notably, this definition (which is 
used in this report) does not require a care 
process failure (e.g., a specific clinical reasoning 
“mistake” on the part of an individual clinician) 
and is agnostic with respect to any resulting 
harms or their preventability. Furthermore, it 
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review - for instance - how will 
we ever know that the 
communication of the 
patient's condition especially 
the need to seek further care 
ever took place which may 
often be the reason why a 
diagnosis that was unable to 
be made in the ED due to 
unevolved illness gets made 
in an non-ED setting or on a 
repeat visit where it risks 
being categorized as a 
diagnostic error. 

does not elaborate on the words “accurate” or 
“timely,” nor does it draw distinctions between 
false negative and false positive errors or specify 
how management differences might be used 
inferentially in assessing the “correctness” of 
diagnostic decision-making. There is no clear 
consensus on how to define “diagnostic error” at 
this deeper level, but some ED authors have 
made important attempts to do so. For example, 
a Swiss group examining diagnostic errors 
among admitted ED patients divided differences 
between ED and final hospital discharge 
diagnoses into those that were deemed, in their 
view, not to represent ED diagnostic errors (ED 
diagnosis was somewhat under-specified or a 
complication not present at the time of the ED 
visit became the primary inpatient diagnosis) and 
those that were considered diagnostic errors (ED 
missed a second, more important diagnosis or 
ED diagnosis was qualitatively incorrect). There 
is even less certainty about how best to capture 
communication failures between ED clinician and 
patient, and very few studies have sought to 
address this aspect of diagnostic error 
definitions. Whenever possible, we relied on the 
National Academy’s definition of diagnostic error 
(e.g., to differentiate diagnostic errors from 
diagnostic errors with adverse events or harms), 
but we also relied, as necessary, on individual 
study-based operational definitions, including 
more granular determinations of error, harms, 
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and preventable harms that were used in the 
included studies.") 

Peer 
Reviewer #4 

Introduction It is an appropriate length, 
frames the problem, provides 
relevant background 
information, and introduces 
suggestions about 
approaches that may be 
considered to address the 
problem. 

Thank you! 

TEP #4 Introduction The introduction is succinct 
and clearly explains the key 
questions the synthesis seeks 
to address. There is 
opportunity to expand the 
back ground to provide the 
reader a bit more information 
about the problem and why 
the ED was chosen.  
However, as written is does 
not distract from the quality of 
the synthesis. 

We have added a paragraph to the Introduction 
for context, "Diagnostic errors occur across all 
medical settings. Overall diagnostic error rates 
are not known, but a commonly cited figure is 
that 10-15 percent of medical diagnoses are 
wrong.11 Hospital autopsy studies tend to 
corroborate this figure, with estimated major error 
rates of 8 percent to 24 percent, even when 
accounting for selection bias in who undergoes 
autopsy.4 On sheer volume alone, most 
diagnostic errors happen in ambulatory clinic 
settings, where diagnostic errors are estimated to 
affect 6.3 percent of primary care encounters, 
translating to more than 12 million Americans 
suffering errors each year.5 Because this figure is 
based largely on studies that searched 
retrospectively for adverse events (e.g., 
unplanned revisits), the true error rate is likely 
higher, but the rate of misdiagnosis-related 
harms in primary care is likely lower and closer to 
0.1% (calculated as 187/212,165 from Singh et 
al., 2013).12 Diagnostic adverse event rates 
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(defined similarly to misdiagnosis-related harms) 
are estimated to occur in 0.7% of 
hospitalizations;9 that this adverse event rate 
would be higher than in primary care makes 
sense, given the higher intensity of illness 
present among hospitalized patients." 

TEP #1 Methods You claim to be answering the 
question of which conditions 
are associated with the 
highest risk of ED diagnostic 
errors…but then say that you 
decided the conditions ahead 
of time a priori.  This is 
confusing and very much 
needs to be clarified. 

We have revised the wording of KQ2 and KQ3 to 
be "clinical conditions of interest."  

TEP #1 Methods Can you move the definition 
of serious misdiagnosis harm 
into the methods—you seem 
to be using this as a technical 
term and it should be defined 

We have added our definition of serious 
misdiagnosis-related harms to the Key Questions 
section of the Methods chapter. This definition 
was already provided in Figure 1 and in Table 1. 

Peer 
Reviewer #1 

Methods The methods related to the 
Systematic review and 
summary of results, including 
tables are appropriate and 
well done. A couple of 
recommendations. First, is 
related to the estimates made 
based on the data. I 
recommend more detail about 
how each of the estimates 
were made AND most 
important feel that confidence 

Confidence intervals and "attribution" of 
outcomes to error  are discussed elsewhere in 
response to similar comments. We have added 
the following text to the Methods section to 
describe the method of calculating national 
estimates. "We extrapolated to US national 
estimates arithmetically. To estimate the total 
number of ED diagnostic errors per year, we 
multiplied total annual US ED visits (based on 
Centers for Disease Control and Prevention 
estimates) by the best estimate of diagnostic 
error rate from KQ2. To estimate the total 
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intervals should be included to 
indicate the accuracy of the 
reported estimates. Second, 
there is evidence discussing 
the challenges related to 
attributing patient outcomes to 
errors. Ideally these should be 
included in the methods and 
interpretation of results 
related to missed diagnosis 
harms (Hayward RA, Hofer 
TP. Estimating Hospital 
Deaths Due to Medical Errors: 
Preventability Is in the Eye of 
the Reviewer. JAMA. 
2001;286(4):415–420. 
doi:10.1001/jama.286.4.415) 

number of diagnostic adverse events, we 
multiplied total annual US ED visits by the 
diagnostic adverse event rate from KQ2. To 
estimate the total number of serious 
misdiagnosis-related harms, we used two 
different methods. For the first method, we 
multiplied the total number of diagnostic adverse 
events by the serious harm proportion derived 
from KQ1 (in national incident reports). For the 
second method, we multiplied total annual US 
ED visits by the misdiagnosis-related mortality 
rate from KQ2 to estimate misdiagnosis-related 
deaths; we then multiplied misdiagnosis-related 
deaths by the disability-to-death ratio from KQ1 
(in national incident reports) to estimate 
misdiagnosis-related serious, permanent 
disability before adding the two values (deaths 
plus disability) to get a total serious harms 
estimate."  

TEP #2 Methods The search strategies and 
modes of review seem 
reasonable.  Two concerns: 1) 
The choice to focus on 
specific conditions a priori 
seems directly at odds with 
the study question. This is the 
sort of information that should 
have emanated from the 
literature, rather than from 
expert opinion in such a 
review.  It would make sense 
that this list be drawn from the 

We agree that it would have been preferable to 
have identified the clinical conditions of interest 
based on a literature search. However, there are 
a few reasons we decided to rely on prior 
research and expert opinion to identify the 
clinical conditions of interest. First,  we are 
limited by the timeline set by AHRQ. We would 
not have had sufficient time to have conducted 
two consecutive searches. Second, most of the 
literature addressing KQ2 and KQ3 is disease-
specific. We would have missed many studies if 
we did not take the approach that we did. 
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common reasons that ED 
physicians get sued, which it 
essentially is, but that should 
not be conflated with 
misdiagnosis, which an a 
priori choosing of conditions 
does not necessarily capture, 
2) Testicular torsion is not 
specific to the pediatric 
population, nor is sudden 
arrythmia (i.e. missed 
malignant arrhythmia in a 
syncope patient), 3) Many 
other high-risk conditions do 
not appear to be considered 
(e.g. ovarian torsion which is 
relatively common, as well as 
many rarer diseases). 

Peer 
Reviewer #2 

Methods No comments, clear inclusion 
and exclusion criteria, clear 
description of the definitions 
uses. 

Thank you! 

Peer 
Reviewer #3 

Methods I am not a methodologist but 
have participated in several 
systematic reviews. The 
methods in this report appear 
to be state-of-the art.  
Including articles in foreign 
languages is a strength.  Yes, 
the definitions are clear and 
the include\exclude criteria 
are appropriate.  The 

Thank you! 
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framework is helpful and 
understandable at a glance. 
The key questions are terrific 
and will hopefully serve to 
jumpstart future reviews on 
those for which the evidence 
right now is limited. 
 
One very impressive aspect of 
the methodology is the 
breadth of the search, and the 
success realized in identifying 
so many relevant articles.  
Just looking at the titles of the 
selected articles, one wouldn’t 
have suspected that so many 
of these included usable data 
on diagnostic error.  Kudos to 
the team that devised the 
search strategy and scoured 
the candidate articles so 
effectively. 
 
I was also impressed by the 
many instances where key 
methodologic issues were so 
clearly identified and clarified. 
Examples include the 
importance of case-severity 
adjustment, and considering 
the discovery\omission rates 
in addition to the 
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positivity\negativity rates.  
Pointing out the many 
methodologic shortcomings in 
the publications used and 
cited is also welcome and well 
done, as was the advice at 
the end on pitfalls to avoid in 
future studies. 

Peer 
Reviewer #3 

Methods The rigor of the methodology 
is in striking contrast to 
another systematic review of 
diagnostic error in the ED 
recently published, where the 
methodology is sorely 
deficient in many ways, and 
only 7 articles were included 
for review. [Amaniyan et al.  
Learning from patient safety 
incidents in the emergency 
department: A systematic 
review.  J Emerg Med, 2020.  
58 (2): 234-44.]. I suppose 
you should mention this other 
review somewhere 
(discussion section?). 

The cited systematic review did not focus on 
diagnostic errors, but the broader landscape of 
patient safety incidents in the ED. We have 
review this article and made sure that all 
relevant, cited references that address diagnostic 
error are included or cited in our current review. 

TEP #3 Methods The methodology overall is 
excellent - however, given the 
substantial heterogeneity of 
the studies, the variable 
definitions for diagnostic error, 
varying including/exclusion 
criteria, and varying outcome 

If this had been a study about interventions to 
reduce diagnostic error, we would agree that 
randomized trial evidence would have been 
ideal. However, assessing the most frequently 
misdiagnosed diseases, real-world rates of 
diagnostic error, and risk factors/causes for 
diagnostic error are not best assessed by RCTs. 
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measures make the robust 
analytic methods completely 
moot. Indeed, there were only 
5 RCTs (one of which does 
not even qualify) and other 
cohort studies which are 
largely driven by malpractice 
claims make the systematic 
review very biased towards 
one particular methodology 
and skewed towards cases 
with harm. 

We concur that malpractice claims are skewed 
towards high-harm conditions, and note this 
repeatedly in the answer to KQ1; we explore the 
impact of this bias on the list of misdiagnosed 
diseases and call for research in identified gaps. 
The results of KQ2 are not at all based on 
malpractice claims, and the results of KQ3 
include a mix of study types and data sources. 
We believe that the evidence presented is quite 
strong, overall; more importantly, we have 
identified where the evidence is strong and 
where it is weak, so that readers can interpret the 
results for themselves, and future researchers 
can fill in gaps in evidence. 

Peer 
Reviewer #4 

Methods While the report identifies 
(page 6, lines 38-40) findings 
from major liability insurance 
carriers or similar risk 
management entities, it was 
unclear how and why they 
selected the ones they did, 
and how broadly the industry 
was queried to determine 
what other claims data may 
be available to inform this 
work. See comments below. It 
is notable that recognition of 
specific biases in malpractice 
cases may be present (page 
19, line 28); this should be 
further vetted at some point, 
as there should be 

We have added the results of our grey literature 
search to Appendix Table B-1. 
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consideration given as to the 
venues/states represented in 
the malpractice claims 
sampled – caps and other 
recovery statutes may impact 
who, when and where a 
person sues, and as 
importantly, if they didn’t sue 
because they live in a small 
community with one hospital 
where their friends and family 
work (thus a high-severity 
harm case may never be 
litigated). Many things 
influence a persons’ 
willingness to sue and 
depending on the geographic 
areas covered by a 
malpractice carrier and 
personal considerations of a 
patient who has been harmed, 
these data likely have some 
bias. 

Peer 
Reviewer #4 

Methods Statistical methods used are 
appropriate. 

Thank you! 

TEP #4 Methods The inclusion/exclusion 
criteria are justifiable and the 
search strategies are clearly 
stated, logical and easy to 
follow.  Both the diagnostic 
criteria and statistic methods 

Thank you! 
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were appropriate and 
reasonable. 

TEP #1 Results The organization of Table 3 is 
hard to follow –particularly the 
additional categories after 
total harm “top 10” v. “big 3” 
seems like you should just 
pick one and go with it. 
 
More subheadings would 
really help 

We have split Table 3 into two tables to address 
this concern. 

TEP #1 Results this seems critically 
important—that diagnosis is 
hard and sometimes even 
inpatient teams (with more 
resources and time than ED 
teams) will also get it wrong; 
the report has the potential to 
be read as blaming of ED 
providers and made me start 
to wonder about how these 
error rates compare to other 
settings 

That is true, the ED is not alone, diagnostic 
errors occur in many settings. We have added a 
contextual paragraph to the Introduction to 
address this concern "Diagnostic errors occur 
across all medical settings. Overall diagnostic 
error rates are not known, but a commonly cited 
figure is that 10-15 percent of medical diagnoses 
are wrong. Hospital autopsy studies tend to 
corroborate this figure, with estimated major error 
rates of 8 percent to 24 percent, even when 
accounting for selection bias in who undergoes 
autopsy. On sheer volume alone, most 
diagnostic errors happen in ambulatory clinic 
settings, where diagnostic errors are estimated to 
affect at least 6 percent of primary care 
encounters, translating to more than 12 million 
Americans suffering errors each year. Because 
this figure is based largely on studies that 
searched retrospectively for adverse events 
(e.g., unplanned revisits), the true error rate is 
likely higher, but the rate of misdiagnosis-related 
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harms in primary care is likely lower and closer to 
0.1% (calculated as 187/212,165 from Singh et 
al., 2013). Diagnostic adverse event rates 
(defined similarly to misdiagnosis-related harms) 
are estimated to occur in 0.7% of 
hospitalizations; that this adverse event rate 
would be higher than in primary care makes 
sense, given the higher intensity of illness 
present among hospitalized patients." 

TEP #1 Results the sudden switch to bolding 
and underlining and italics 
does not improve readability – 
would recommend 
subheadings 

The formatting has been changed.  

TEP #1 Results why is this X % We agree this was confusing. We were using 
myocardial infarction as an example, and this 
value is not available for myocardial infarction. 
We have modified the exemplars to include both 
myocardial infarction and pneumonia so that we 
can put an actual value present in the Table in 
the definition. In addition, we have clarified all of 
the missing values in the Table so that readers 
know where we do not have results to offer. 

TEP #1 Results why is the question of why 
improved diagnostic accuracy 
would improve outcomes only 
important for this patient 
population rather than any of 
the other subgroups 
described? 

We have deleted this sentence. 

TEP #1 Results this is really important but not 
sure if it is results or 

We have moved most of this paragraph to the 
Discussion under "Pitfalls in Measurement" as a 
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discussion?  And can it get 
pulled out in some way so it 
doesn’t get lost in the 
paragraph.  The importance of 
the different study 
methodologies and how they 
may bias results is one of the 
most important features of this 
report, in my opinion.   – 
similarly I think a section in 
the discussion section on 
methodologies for studying 
and analyzing diagnostic 
accuracy and error and best 
practices for future research 
would be incredibly helpful 

new subheading "vi. Differences in causal 
inferences based on different denominators." We 
have left a shortened version of the paragraph in 
place under KQ3 and alerted the reader to a 
more elaborate treatment in the Discussion 
section.  

Peer 
Reviewer #1 

Results The results are thorough and 
appear to be complete. In my 
estimation, they have found 
the key studies (save those 
recently published outside of 
the search timeline). The 
results could be improved in 
the following ways: 
1) Key question one should 
summarize the results by all 
diagnostic errors, and then 
those resulting in serious 
harm. This is more consistent 
with the question, and should 
assure readers understand 
that nearly all of the reported 

We have adjusted the order of rows in Table 2 to 
emphasize the rank order in the "Mean" column 
and added the following text to the Key Points of 
the KQ1 Results section: "• The top 10 individual 
diseases associated with diagnostic errors 
(independent of harm severity), in rank order, 
were found to be fracture, stroke, myocardial 
infarction, sepsis, venous thromboembolism, 
appendicitis, aortic aneurysm and dissection, 
lung cancer, meningitis and encephalitis, and 
spinal and intracranial abscess. However, it is 
likely that this list of misdiagnosed diseases, 
derived from two large “numerator-only” studies 
(one malpractice-based and one incident report-
based), is strongly skewed by reporting bias 
towards diseases that, when missed, lead to 
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errors are related to false 
negative/omission errors. 
Very little is reported on the 
false positive diagnostic errors 
and potential harms. 

serious harms. It is also likely that the list is 
skewed towards false negatives relative to false 
positives. Finally, it may also be partly skewed 
towards errors likely to be confirmed in hindsight 
by radiographic review, including both fractures 
and lung cancer." 

Peer 
Reviewer #1 

Results 2) There appears to be an 
over emphasis on stroke and 
dizziness in the summary and 
conclusions. This may be the 
key condition to target, but 
other conditions appear to be 
overshadowed by the 
overemphasis of stroke. 

We have deleted the sentence, "Stroke is the 
leading cause of serious misdiagnosis-related 
harms in the ED." from both the evidence 
summary and the conclusions so as not to 
overemphasize this issue. 

Peer 
Reviewer #1 

Results 3) US estimates are made on 
limited prospective data 
primarily from Europe and 
should include confidence 
intervals. These results 
should be more tempered with 
acknowledgment of the 
limitations of these numbers. 

This concern over lack of uncertainty estimates 
(or "confidence intervals") on the extrapolations 
to annual US national estimates is mentioned in 
multiple comments. To avoid repetition, we will 
only address this here and not elsewhere. We 
concur that expressing uncertainty for readers is 
appropriate and that confidence intervals would 
be ideal. Unfortunately, true, statistically-valid 
confidence interval estimation would require 
methods (e.g., Monte Carlo simulation) that are 
beyond the scope of the current report as well as 
data that are unavailable (e.g., 95% confidence 
interval estimates around the national estimate 
for ED visits in the US or around the disability to 
death ratio). Text has now been added as 
footnote to the Table with US national estimates 
(current Table 10, former Table 9) ("We are not 
able to provide statistically-valid confidence 
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intervals for these extrapolations since this would 
require advanced statistical modeling techniques 
(e.g., Monte Carlo simulation) that are beyond 
the scope of the report as well as data points that 
are unavailable (e.g., 95% confidence interval 
estimates for the annual number of ED visits in 
the US or disability to death ratio).") However, for 
the final report draft we will attempt to provide 
"plausible range" estimates based on the final 
included studies (i.e., a sensitivity analysis to 
assess reasonable bounds); if we are able to do 
so, we will provide the necessary descriptive 
language in the Methods and Results sections, 
as well as propagating these ranges throughout 
the report, so as to give readers a sense for 
plausible levels of uncertainty. 

Peer 
Reviewer #1 

Results The results of the top 
diagnostic errors, in relation to 
the top errors with serious 
related harms should be 
made clear in the summary of 
this question. 

These results have been added in the Summary 
for KQ1 (as well as bulleted in the Key Points). 
("Thus, more is known about disease distribution 
for diagnostic errors that result in adverse 
events, and little is known about the subset that 
result in minimal or minor harms. With that 
caveat noted, we found the top 10 individual 
diseases associated with diagnostic errors 
(independent of harm severity), in rank order, 
were fracture, stroke, myocardial infarction, 
sepsis, venous thromboembolism, appendicitis, 
aortic aneurysm and dissection, lung cancer, 
meningitis and encephalitis, and spinal and 
intracranial abscess. As noted, it is likely that this 
list of misdiagnosed diseases, derived from two 
large “numerator-only” studies (one malpractice-
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based and one incident report-based), is strongly 
skewed by reporting bias towards diseases that, 
when missed, lead to serious harms. It is also 
likely that the list is skewed towards false 
negatives relative to false positives. Finally, it 
may also be partly skewed towards errors likely 
to be confirmed in hindsight by radiographic 
review, including both fractures and lung cancer. 
The top 10 individual diseases causing serious 
misdiagnosis-related harms, in rank order, were 
found to be stroke, myocardial infarction, aortic 
aneurysm and dissection, venous 
thromboembolism, meningitis and encephalitis, 
sepsis, lung cancer, arterial thromboembolism, 
spinal and intracranial abscess, and pneumonia. 
Taken together, they account for an estimated 53 
percent of all serious harms from diagnostic error 
in the ED. This list is much more likely to be 
representative, because malpractice claims and 
incident reports, though clearly biased towards 
adverse events, are likely fairly representative of 
the cases with poor health outcomes (i.e., 
serious harms). Fractures and appendicitis no 
longer make the list and are replaced by arterial 
thromboembolism and pneumonia. It is possible 
that lung cancer is still overrepresented because 
the “proof” of error found in chest radiographs 
may be a key factor that helps ascertain the 
presence of an error or, alternatively, increases 
the odds of legal action.") 

Peer 
Reviewer #1 

Results The authors combine 
discussions about the 

We have clarified that this paragraph is about 
NON-STROKE (i.e., inner ear) dizziness cases. 
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prevalence of misdiagnosis, 
and conditions that result in 
serious misdiagnosis harm. It 
is misleading to discuss 
dizziness misses and report 
80% missed in the section 
about misdiagnosis harm and 
stroke, when the number of 
dizziness presentations 
resulting in a stroke are far, 
far fewer. The paragraph 
emphasizing dizziness and 
downplaying missed fractures 
doesn’t ring true as written. 

We apologize that the wording was confusing as 
written previously. ("Diagnostic error rates for 
these BENIGN CONDITIONS are estimated to 
be over 80 percent in these patients,87, 88 so 
the total number of misdiagnosed BENIGN 
INNER EAR CASES is likely to exceed 800,000 
per year. ") 

Peer 
Reviewer #1 

Results Page 18: Overcalls vs 
Undercalls. This is an 
important component of 
misdiagnosis. The 
overwhelming part of this 
paper is about Undercalls, but 
I feel this section that 
introduces Overcalls should 
be more balanced throughout 
the manuscript. 

In response to other similar critiques, we have 
bolstered mentions related to "false positives" in 
various locations, including the 
Recommendations section. Specifically, we have 
linked this to the "overcalls" and "undercalls" 
language found in the Results section in the 
section on measurement recommendations. ("b. 
Top-harms portfolio: An institution with 
intermediate measurement resources and 
institutional recognition of the importance of 
diagnostic error might develop a local dashboard 
for the ten conditions generally causing the 
greatest misdiagnosis-related harms from 
“undercalls” (i.e., false negatives with dangerous 
diseases)—top five most harmful vascular events 
(stroke, myocardial infarction, aortic aneurysm 
and dissection, venous thromboembolism, 
arterial thromboembolism) plus top five most 
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harmful infections (meningitis/encephalitis, 
sepsis, spinal and intracranial abscess, 
pneumonia, endocarditis). They could (i) use 
SPADE look-back metrics to identify high-risk 
clinical presentations, (ii) design interventions to 
address the most pressing of these, and (iii) 
measure impact of these interventions using 
SPADE look-forward metrics. They could use 
balancing measures related to false positives 
and resource utilization (e.g., test frequency, 
hospital admission rates, false discovery rate) for 
each of the ten top-harm diseases to address 
“overcalls” (i.e., false positive diagnoses of 
dangerous diseases or inappropriate resource 
use in pursuit of those diseases).") We have also 
added an extensive introductory paragraph in the 
"Considerations for Clinical Practice and Policy" 
section that focuses on the "tradeoff" issue 
between false positives and false negatives. 

Peer 
Reviewer #1 

Results Page 19: The discussion 
about missed stroke and 
missed AMI should include 
the fact that AMI has a 
reliable lab test to assist with 
the AMI diagnosis, and stroke 
is often reliant upon a clinical 
diagnosis. 

We have added language to address these 
points. ("Diagnostic error rates for myocardial 
infarction, for example, are impressively low at 
about 1 to 2 percent (in part due to the 
availability of a reliable lab test),8 but delays in 
diagnosing spinal abscess occur in up to 75 
percent of such encounters in the ED.14 
Diagnostic error rates for stroke, a condition that 
tends to be more reliant on bedside diagnosis, 
are approximately 4 percent for those presenting 
with weakness but approximately 40 percent for 
those presenting with dizziness or vertigo.13, 
15") 
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Peer 
Reviewer #1 

Results Key Question 1b: Primarily 
informed by malpractice 
claims without a denominator. 
This is a key limitation to the 
current data and the 
manuscript would be 
strengthened by highlighting 
this and calling for standard 
approaches to define misses 
and accurately assess the 
seriousness/severity of the 
results. 

This is specifically highlighted in the key points 
for this section. To further highlight this, we have 
added additional text to the summary of findings 
("As noted, it is likely that this list of 
misdiagnosed diseases, derived from two large 
“numerator-only” studies (one malpractice-based 
and one incident report-based), is strongly 
skewed by reporting bias towards diseases that, 
when missed, lead to serious harms."). In 
multiple places we make clear in 
recommendations that numerator-denominator 
data sets should be preferred over numerator-
only data sets and call for greater standardization 
(e.g., "5. High-stakes measurement for 
accountability, payments, and national 
benchmarking. Based on the results of this 
review, high-stakes, cross-institutional 
comparisons require greater standardization...."). 

Peer 
Reviewer #1 

Results Page 21-22: Spinal abscess is 
a rare disease. It should be 
mentioned in the manuscript 
that recent CMS and 
insurance providers have 
emphasized the need to 
reduce imaging among 
patients with back pain (the 
common presentation of a 
spinal abscess). These efforts 
to improve affordability are 
likely to worsen rare 
diagnoses like spinal 
abscesses. 

We have added this point to a more extensive 
introductory paragraph in the "Considerations for 
Clinical Practice and Policy" section that focuses 
on this "tradeoff" issue. ("In considering 
implications for clinical practice and policy, it is 
important to examine the apparent tension 
between test underuse and test overuse as it 
relates to diagnostic errors. A common concern 
is that a focus on false negatives will drive 
diagnostic test overuse and more false positives 
(as well as adverse impacts of greater testing 
such as risks, incidental findings, and costs). For 
example, concern over missed stroke in ED 
dizziness appears to be driving increased use of 
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neuroimaging. Head CT is the primary 
neuroimaging modality used to search for stroke 
in ED dizziness, and there is strong evidence 
that CT overuse in ED dizziness presentations is 
increasing radiation exposure and healthcare 
costs without improving diagnosis of stroke or 
other neurologic diseases. Conversely, the 
argument is often made that a focus on cost 
containment and efficiency in care will drive 
diagnostic test underuse and more false 
negatives. For example, there are legitimate 
concerns that downward financial pressure on 
use of MRI in back pain presentations may 
increase the risk of missed spinal abscess, which 
requires spine imaging for diagnosis. But this 
“tradeoff” scenario assumes that innovations in 
diagnosis do not occur and that the only way to 
influence diagnosis is to alter the threshold for 
ordering existing tests (e.g., by lowering the 
threshold and testing patients at very low risk for 
the target disease). In turn, this premise leads to 
the (often) erroneous conclusion that diagnosis is 
a “zero sum game” and the only choice is to “pick 
your poison” between more false negatives 
(favor specificity, sacrifice sensitivity) and more 
false positives (favor sensitivity, sacrifice 
specificity). However, this is generally a false 
dichotomy, since innovations that actually 
improve diagnosis (e.g., via better 
education/training, new clinical pathways, novel 
diagnostic tests, enhanced teamwork in 
diagnosis, greater access to specialists, or 
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improved feedback/calibration) will almost always 
increase both sensitivity and specificity at any 
given decision threshold. The result is then fewer 
false negatives and fewer false positives, 
sometimes even at a lower total cost.") 

Peer 
Reviewer #1 

Results Severity of the results of 
conditions identified as a 
missed diagnosis should be 
tempered with expected 
outcomes even if 
appropriately diagnosed (such 
as mesenteric ischemia or 
aortic dissection). The 
marginal benefits to accurate 
diagnosis is the optimal 
outcome and at times the 
severity of the misses may be 
overstated without this 
counterbalance. As evidenced 
by the 1 study with 
prospective data about 
missed diagnostic harms with 
only 503 patients. 

We have added the following text to the "gaps" 
section ("More research should be done to 
assess preventability of harms from diagnostic 
errors, since there is moderate inter-rater 
variability in clinician ratings of preventability.1" 
and to the recommendations/measurement 
pitfalls section ("vi. Addressing preventability of 
harms: There is moderate inter-rater variability in 
clinician ratings of preventability.1 This issue is 
more complex for diagnostic errors than 
treatment errors because there is dual 
uncertainty—first, whether the diagnostic errors 
themselves can be prevented and, second, 
whether treatments for the diseases would 
prevent any associated untoward outcomes. 
Although it is recommended by the GRADE 
group as ideal, this two-step link from diagnosis 
to health outcome is rarely assessed when 
diagnostic interventions are put to the test.2, 3 The 
strongest evidence of preventability of harms will 
come from prospective (preferably randomized) 
studies that measure the health outcomes of 
interventions to improve diagnosis and that 
demonstrate both greater diagnostic accuracy 
and a link between that greater accuracy and 
improved patient outcomes. Absent this level of 
rigor, measurements of inter-institutional 
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variability (adjusted for likely confounders) may 
be a good proxy for preventability, with lower-
performing institutions striving to match 
outcomes from higher-performing institutions.").  

Peer 
Reviewer #1 

Results Taking one prospective study 
of 503 patients and making 
national estimates about the 
number of missed diagnostic 
errors, deaths, permanent 
disabilities, etc. should be 
avoided. The confidence 
intervals on these types of 
estimates would be enormous 
and summarizing the data in 
this way can be misleading. 

Confidence intervals are discussed elsewhere in 
response to similar comments. While the point 
estimate for the misdiagnosis-related death rate 
derives from a single, high-quality study (that 
used design elements favoring under-reporting of 
diagnostic errors and used a high standard for 
determining preventability of harms), plausibility 
of this estimate is bolstered by multiple other 
analyses described in the text at some length. 
("The rate of misdiagnosis-related deaths in the 
one high-quality, prospective study (0.2 percent, 
n=1 of 503) is 217-fold higher than the weighted 
mean from the three retrospective studies 
(0.0009 percent). Although the rate of 0.2 
percent is based on just a single death (so is 
imprecise, with a wide 95% CI 0.005 to 1.1), it is 
not far from what appears to be a plausible 
range. US data based on deaths post ED 
discharge from Medicare (where ascertainment 
of death is nearly complete) suggest that, at least 
for patients over age 65, the 7-day death rate 
among non-hospice patients treated and 
released with non-lethal ED diagnoses is 0.12 
percent (n=12,375 of 10,093,678),125 equating 
to about 1 death per 833 ED treat-and-release 
visits. This value is 134-fold higher than what 
was found in the retrospective, trigger-based 
studies with incomplete ascertainment of deaths 
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and just 1.6-fold off from the 0.2 percent 
measured in the one high-quality, prospective 
study that identified the one death among 503 
patients (Calder, 2010). We can compare this 
death rate to that found in the other high-quality 
prospective study, which examined only admitted 
patients (Hautz, 2019). Using a strong design, 
the increased mortality associated with 
diagnostic error was 4.8 percent (8.6% of cases 
[8 of 93 incorrectly diagnosed] minus 3.78% of 
controls [25 of 662 correctly diagnosed]). In the 
United States, ED admitted patients constitute 
12.5 percent of ED visits (n=16.2 million of 130.0 
million).17 Thus, if misdiagnosis-related deaths 
only occurred among admitted ED patients (not 
those discharged), the overall misdiagnosis-
related mortality rate would be 0.07 percent. If 
the death rate among those discharged were the 
same as in Calder, 2010 (0.2%, 95% CI 0.005-
1.1), the overall rate would be 0.25 percent with 
a plausible range of 0.08 percent to 1.0 percent. 
We can further assess the plausibility of a 0.20-
0.25 percent death rate based on the proportion 
of total post-ED deaths it represents. The overall 
30-day death rate after an ED visit is 3.0 percent 
for patients of any age group (from a population-
based Danish study);126 this is likely a 
reasonable proxy for US-based ED deaths, since 
the US-based 30-day mortality rate is 4.6 percent 
among Medicare beneficiaries,127 and it is 
naturally expected to be higher among this older 
cohort that represents approximately 1 in 5 ED 



 

Source: insert URL here  
Published Online: Month XX, 20XX  

44 

Commentator 
& Affiliation Section Comment Response 

visits.128 If the misdiagnosis-related death rate 
is 0.20-0.25 percent and the overall death rate is 
3.0 percent, then the proportion of deaths 
attributable to diagnostic error (misdiagnosis-
related deaths) would be 6.7-8.3 percent. This 
figure is quite plausible (and perhaps even low), 
given that a systematic review of misdiagnosis-
related deaths estimated the combined Goldman 
Class I/II diagnostic error rate for an average, 
modern, US-based hospital that autopsied 100% 
of its deaths would be 8.4% (95% CI 5.2-13.1). 
Since hospital admission serves as a safety net 
that likely reduces diagnostic errors and partially 
mitigates resulting harms (see The Role of 
Hospitalization and Discharge Fraction, below), 
the proportion of misdiagnosis-related deaths 
among discharged ED patients would be 
expected to be higher than that for patients who 
die during hospitalization, not lower.") Further, in 
the Key Points section, we summarize and 
elaborate on this point ("This estimate is based 
on just a single death but is corroborated by 
estimates derived from the other high-quality 
prospective study of admitted ED patients, which 
found an absolute increase in mortality of 4.8 
percent (8.6 vs. 3.8% among those correctly 
diagnosed) and included 33 deaths; this estimate 
corresponds to a rate of nearly 0.1 percent per 
ED visit, without considering the known 
additional deaths among the 88 percent 
discharged."). 
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Peer 
Reviewer #1 

Results One study with prospective 
assessment of overall ED 
diagnostic errors from a single 
hospital in Spain makes it 
challenging to make any 
broad conclusions or 
statements about the actual 
expected rate in the US. 

It was prespecified in the protocol (after 
extensive consultation with ED clinicians during 
the Key Informant process) that Spain would be 
included among the countries in Western Europe 
with substantially similar healthcare systems 
such that results would be considered applicable 
to US ED populations. We have discussed at 
length in the report the fact that the estimate of 
total diagnostic errors (both the rate and the 
distribution of diseases) is uncertain. However, to 
address this issue further, we have added a 
paragraph to the Summary section of the Results 
for KQ2 explaining in more detail why we believe 
this is a valid estimate. ("Nevertheless, we 
estimate a weighted average overall diagnostic 
error rate of 5.6 percent per ED visit by 
combining the error rate among ED discharges 
(4.1%) from a case-control study at a large 
university hospital in Spain with the error rate 
among ED admissions (12.3%) from a rigorous, 
prospective study at a university hospital in 
Switzerland. The  representativeness of this 
estimate is uncertain, but the figure is not outside 
the range expected based on disease-specific 
error rates found in KQ2b, which range from 1 
(fractures, myocardial infarction) to 56 percent 
(spinal abscess). Additionally, the 4.1 percent 
estimate for the ED diagnostic error rate is 
correctly positioned within the spectrum of 
error/harm frequencies—diagnostic errors among 
admitted "non-specific" symptom cases (54%) > 
diagnostic errors among admitted patients (12%) 
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> diagnostic errors among treat-and-release 
discharges (4%) > diagnostic errors resulting in 
adverse events (2%) > diagnostic errors resulting 
in serious harms, including death or permanent 
disability (0.2%). Finally, the overall error rate of 
5.6% is comparable to that found in rigorous US-
based studies of other frontline care settings 
(e.g., 6.3% overall diagnostic error rate in US-
based primary care clinics). Thus, we believe it is 
appropriate to report this result.") 

Peer 
Reviewer #1 

Results Again the authors seem to be 
drawing conclusions based on 
data that is either inaccurate 
or missing to make 
assumptions about the 
missed diagnosis death rate. I 
recommend avoiding such 
discussions and conclusions 
as the data are lacking to 
make such assumptions. 

While the point estimate for the misdiagnosis-
related death rate derives from a single, high-
quality study (that used design elements favoring 
under-reporting of diagnostic errors and used a 
high standard for determining preventability of 
harms), plausibility of this estimate is bolstered 
by multiple other analyses described in the text 
at some length. ("The rate of misdiagnosis-
related deaths in the one high-quality, 
prospective study (0.2 percent, n=1 of 503) is 
217-fold higher than the weighted mean from the 
three retrospective studies (0.0009 percent). 
Although the rate of 0.2 percent is based on just 
a single death (so is imprecise, with a wide 95% 
CI 0.005 to 1.1), it is not far from what appears to 
be a plausible range. US data based on deaths 
post ED discharge from Medicare (where 
ascertainment of death is nearly complete) 
suggest that, at least for patients over age 65, 
the 7-day death rate among non-hospice patients 
treated and released with non-lethal ED 
diagnoses is 0.12 percent (n=12,375 of 
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10,093,678),125 equating to about 1 death per 
833 ED treat-and-release visits. This value is 
134-fold higher than what was found in the 
retrospective, trigger-based studies with 
incomplete ascertainment of deaths and just 1.6-
fold off from the 0.2 percent measured in the one 
high-quality, prospective study that identified the 
one death among 503 patients (Calder, 2010). 
We can compare this death rate to that found in 
the other high-quality prospective study, which 
examined only admitted patients (Hautz, 2019). 
Using a strong design, the increased mortality 
associated with diagnostic error was 4.8 percent 
(8.6% of cases [8 of 93 incorrectly diagnosed] 
minus 3.78% of controls [25 of 662 correctly 
diagnosed]). In the United States, ED admitted 
patients constitute 12.5 percent of ED visits 
(n=16.2 million of 130.0 million).17 Thus, if 
misdiagnosis-related deaths only occurred 
among admitted ED patients (not those 
discharged), the overall misdiagnosis-related 
mortality rate would be 0.07 percent. If the death 
rate among those discharged were the same as 
in Calder, 2010 (0.2%, 95% CI 0.005-1.1), the 
overall rate would be 0.25 percent with a 
plausible range of 0.08 percent to 1.0 percent. 
We can further assess the plausibility of a 0.20-
0.25 percent death rate based on the proportion 
of total post-ED deaths it represents. The overall 
30-day death rate after an ED visit is 3.0 percent 
for patients of any age group (from a population-
based Danish study);126 this is likely a 
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reasonable proxy for US-based ED deaths, since 
the US-based 30-day mortality rate is 4.6 percent 
among Medicare beneficiaries,127 and it is 
naturally expected to be higher among this older 
cohort that represents approximately 1 in 5 ED 
visits.128 If the misdiagnosis-related death rate 
is 0.20-0.25 percent and the overall death rate is 
3.0 percent, then the proportion of deaths 
attributable to diagnostic error (misdiagnosis-
related deaths) would be 6.7-8.3 percent. This 
figure is quite plausible (and perhaps even low), 
given that a systematic review of misdiagnosis-
related deaths estimated the combined Goldman 
Class I/II diagnostic error rate for an average, 
modern, US-based hospital that autopsied 100% 
of its deaths would be 8.4% (95% CI 5.2-13.1). 
Since hospital admission serves as a safety net 
that likely reduces diagnostic errors and partially 
mitigates resulting harms (see The Role of 
Hospitalization and Discharge Fraction, below), 
the proportion of misdiagnosis-related deaths 
among discharged ED patients would be 
expected to be higher than that for patients who 
die during hospitalization, not lower.") Further, in 
the Key Points section, we summarize and 
elaborate on this point ("This estimate is based 
on just a single death but is corroborated by 
estimates derived from the other high-quality 
prospective study of admitted ED patients, which 
found an absolute increase in mortality of 4.8 
percent (8.6 vs. 3.8% among those correctly 
diagnosed) and included 33 deaths; this estimate 
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corresponds to a rate of nearly 0.1 percent per 
ED visit, without considering the known 
additional deaths among the 88 percent 
discharged."). 

Peer 
Reviewer #1 

Results The authors are to be 
commended in adding this 
section that describes the 
different types of misdiagnosis 
(false positive/negative and 
false discovery/omission 
rates). The authors point out 
that there are few studies 
about the false 
positive/discovery rates, but 
those that exist demonstrate 
much higher rates than the 
false negative/omission rates 
(17% vs 24% stroke and 1-2% 
vs 14% for AMI, etc.). 
Balancing the false negative 
and false positive diagnostic 
errors should be highlighted 
more in the summary results. 

We have added numerous new references to 
false positives and overcalls in response to 
similar critiques. We note that the findings were 
non-uniform across diseases (e.g., false 
negatives for aortic dissection were 28% while 
the false discovery rate was 7%). We have 
specifically added the following text to the Key 
Points for KQ2: "More is known about the 
frequency of false negative diagnostic errors and 
harms than false positive errors and harm. 
Limited evidence suggests that false positive 
errors may be more common than false negative 
errors, at least for some of the more common 
dangerous diseases (e.g., stroke, myocardial 
infarction, pneumonia)." 

Peer 
Reviewer #1 

Results Key Question 2c: Do the 
estimates reporting 7million 
diagnostic errors annually 
include the false 
negatives/omission results 
AND the false 
positive/discovery rates? It 
reads as though these are 
only the false negatives in the 

We have added text to the KQ2c Results to 
address this question: "The studies of general 
(non-disease-specific) diagnostic errors on which 
these estimates are based were not explicit 
about the breakdown of false negative versus 
false positive errors, but used methods related to 
diagnostic discrepancy, so should have included 
both types of error (including both “undercalls” 
and “overcalls” of dangerous diseases). Since 



 

Source: insert URL here  
Published Online: Month XX, 20XX  

50 

Commentator 
& Affiliation Section Comment Response 

summaries and table 8. I also 
feel that there is not sufficient 
evidence to make good 
estimates. IF we are to 
estimate then we should use 
confidence intervals to 
demonstrate the vast amount 
of uncertainty. This should be 
clarified to help with 
understanding. 

there was no explicit search described for the 
adverse effects of false positive diagnoses (e.g., 
complications from invasive diagnostic tests or 
adverse health outcomes from treatment for 
incidental, yet unimportant, findings), it is 
presumed that the misdiagnosis-related harms 
reflect only those related to false negatives for 
those whose dangerous underlying diseases 
were missed." Confidence intervals are 
discussed elsewhere in response to similar 
comments. 

TEP #2 Results The “Big Three” should be 
cited. In particular, I have 
never heard of misdiagnoses 
of cancer being a top 
consideration in the ED, with 
so many other immediately 
life-threatening diseases to 
consider. Big Three should be 
reconsidered, and remove 
cancer. 

The reference has been added. We have added 
a footnote to Table 3A explaining how lung 
cancer differs from other ED diagnostic errors ("It 
also likely reflects a very different type of ED 
diagnostic error than the others, since many of 
these cases likely reflect missed incidental lung 
nodules on imaging that eventually led to patient 
harm through diagnostic delay, rather than 
immediate failures to diagnose acute, dangerous 
causes of symptomatic disease."). 

TEP #2 Results Please look carefully at how 
the two European studies 
defined a misdiagnosis in 
admitted patients (citations 45 
and 58) as a discrepancy 
between the ED admitting 
diagnosis and the final 
diagnosis.  This is why the 
rate is so high, and variable is 
because these definitions are 
so different, and use different 

The definitions between the two studies with 
different results (from one another) were very 
similar (discrepancy between ED diagnosis and 
final diagnosis); the only difference in definition 
was that the Swiss study used a 30-day follow-up 
instead of a hospital discharge as the "final" 
diagnosis. We have modified the sentence to 
include this as a possibility to explain the 
discrepancy between 6.3% and 54%, but it is not 
likely to explain the difference (which likely 
relates to the cohort under study [ambiguous 
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criteria.  This is why the 
misdiagnosis rate is 
“shockingly” high in the Swiss 
paper. It is because of the 
way that diagnoses are coded 
not because there are 
misdiagnoses. 

symptoms], not the definition of diagnostic error). 
"This high rate of error may have been due to 
differences in error definition (based on 30-day 
follow-up rather than end of hospitalization) or, 
more likely, a function of the narrowly defined 
“non-specific symptoms” cohort included in the 
Swiss study." 

TEP #2 Results Rates of diagnostic errors. 
This entire section is fraught 
with selection bias.  Because 
each study examined a 
different population in a 
different setting, extrapolating 
the rate of “error” to a larger 
population is scientifically 
wrong.  For example, trying to 
come up with the actual 
number of misdiagnoses in 
ED visits from a handful of 
studies that measured 
misdiagnosis is different ways 
is incredibly misleading.  For 
example, the Nunez study 
found a diagnostic error rate 
of 4% for the “control” 
population.  In that study, 
diagnostic errors were 
determined to be so, “for the 
controls by comparing the 
medical record of the only visit 
to the ED with that of the 
primary health care center. 

As stated in the Methods, we sought to use the 
National Academy of Medicine definition of 
diagnostic error, which requires only that the 
diagnosis be inaccurate, untimely, or not 
communicated effectively. We specified that the 
gold standard definition for the correct final 
diagnosis would be determined by the study 
authors, and the Nunez study qualified. If the ED 
diagnosed "chest pain" and the patient had 
"GERD" as the final diagnosis, then the 
diagnosis was not accurate (underspecified and 
insufficient for treatment). The harms associated 
with a missed diagnosis of GERD (and lack of 
appropriate treatment) for a few weeks would 
obviously be mild and temporary, but this would 
still be a diagnostic error by the NAM definition, 
regardless of WHY the diagnosis was missed 
(e.g., ED physician was just using a symptom-
based diagnosis as they were taught). We 
believe the rates of diagnostic error (5.6%) 
identified are face valid and comport with all of 
the available literature on diagnostic error (both 
within the ED and beyond). We now have 
provided a paragraph to the Summary section of 
the Results for KQ2 explaining in more detail why 
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The objective criterion was… 
the primary health care 
medical records for controls.”  
There are many problems 
with this definition. For 
example, if an ED discharge 
diagnosis was “chest pain” 
and the primary care 
diagnosis was “GERD” then is 
that a misdiagnosis?  How do 
we know the primary care 
diagnosis is correct? And how 
do we know that the ED 
physician was not just using a 
symptom-based diagnosis as 
she/he was taught. No further 
information is provided in the 
paper, therefore we cannot 
know. 

we believe this is a valid estimate. 
("Nevertheless, we estimate a weighted average 
overall diagnostic error rate of 5.6 percent per 
ED visit by combining the error rate among ED 
discharges (4.1%) from a case-control study at a 
large university hospital in Spain with the error 
rate among ED admissions (12.3%) from a 
rigorous, prospective study at a university 
hospital in Switzerland. The  representativeness 
of this estimate is uncertain, but the figure is not 
outside the range expected based on disease-
specific error rates found in KQ2b, which range 
from 1 (fractures, myocardial infarction) to 56 
percent (spinal abscess). Additionally, the 4.1 
percent estimate for the ED diagnostic error rate 
is correctly positioned within the spectrum of 
error/harm frequencies—diagnostic errors among 
admitted "non-specific" symptom cases (54%) > 
diagnostic errors among admitted patients (12%) 
> diagnostic errors among treat-and-release 
discharges (4%) > diagnostic errors resulting in 
adverse events (2%) > diagnostic errors resulting 
in serious harms, including death or permanent 
disability (0.2%). Finally, the overall error rate of 
5.6% is comparable to that found in rigorous US-
based studies of other frontline care settings 
(e.g., 6.3% overall diagnostic error rate in US-
based primary care clinics). Thus, we believe it is 
appropriate to report this result.") 

TEP #2 Results Another study should be 
included this this section, that 
assesses 72-hour return 

The suggested study does not measure or 
describe diagnostic errors, so does not qualify for 
inclusion based on our Methods. 
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admissions (Abualenain J, 
Frohna WJ, Smith M, Pipkin 
M, Webb C, Milzman D, Pines 
JM. The prevalence of quality 
issues and adverse outcomes 
among 72-hour return 
admissions in the emergency 
department. J Emerg Med. 
2013 Aug;45(2):281-8.) In that 
study, it found that 72-hour 
return admissions were rare 
(0.5%) of ED visits, and 
among those, prospectively 
reviewed, that moderate and 
severe care deviations were 
present in 4% and 0.2% of 
those returns. In 1% and 0.4% 
there were moderate or 
severe changes in outcome. 
While this study did not 
directly address diagnostic 
error, it could be assumed 
that commonly 72-hour return 
admissions when care 
deviations are present are 
due to diagnostic error. 

TEP #2 Results The Swiss study in this 
section (citation 87) that 
describes discrepant 
diagnoses at ED admission 
and discharge does not 
appear to be actual diagnostic 

The Swiss study uses the term "diagnostic error" 
in their title and "diagnostic discrepancy" in their 
Methods, but, regardless of which terminology is 
used, their study definition qualifies for the 
National Academy of Medicine definition of 
diagnostic error used in this report. 
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errors, if the logic above is 
understood. The authors of 
the study do not characterize 
it that way, but the authors of 
this report do. 

TEP #2 Results Using the Calder study 
(citation 111) as a population-
level estimate of ED-visit level 
harms is very problematic. 
The other studies that are not 
prospective in that section are 
also very biased and cannot 
be used to estimate any 
overall rate.  The Calder study 
used a subset of high acuity 
patients (ESI 1-3) in a large 
academic ED that probably 
sees sicker patients on 
average than other EDs. 
Given this clear section bias, 
please do not extrapolate 
outside of this individual 
study. 

The  Calder study (2010) did not restrict their 
population on the basis of CTAS (or ESI) acuity 
score. They stated that "The patient also had to 
receive treatment in the resuscitation or 
observation areas of the ED, and we included 
admitted as well as discharged patients. In 
contrast to ambulatory areas, the resuscitation 
and observation areas represented those 
patients of highest acuity requiring management 
on a bed." Many EDs separate out their "minor" 
or "urgent care" subsets of patients for studies, 
and it is not clear that the studied ED population 
is any different than the other reviewed studies. 
This study was from a larger, academic center, 
but that would lead to an UNDERESTIMATE of 
the error rate (i.e., represents a conservative 
estimate), not an OVERESTIMATE, as shown in 
prior studies that compared across ED types.6-8 
Furthermore, they classified diagnostic errors 
leading to mismanagement as management 
errors, not diagnostic errors, so, again, this 
estimate is likely conservative. Finally, they used 
a very high-bar standard for determining 
preventability of adverse outcomes (they 
required that at least two of three reviewers rate 
a preventable error and a causal association to 
the outcome and as 5 or 6 on a 6-point Likert 
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scale for certainty), again making the estimate 
conservative. Thus we believe it is appropriate to 
use this high-quality, prospective study from 
Canada with nearly complete follow-up for the 
purposes of national extrapolation. 

TEP #2 Results I have the same concerns for 
many of the other studies in 
this section, which include 
Aaronson et al., Heitmann et 
al, and the others. While 
providing estimates based on 
the local study population, 
there were different 
definitions, different 
approaches to assessing 
diagnostic errors, and error-
related deaths across these 
studies.  These can be 
described individually as a 
data point, but cannot be 
extrapolated to a broader 
population. 

As described in the text, the retrospective studies 
were not used to extrapolate to national 
estimates because of systematic 
underascertainment of outcome events. 

TEP #2 Results Similarly, the comparison of 
extrapolated death rates with 
death rates in the Medicare 
population which include both 
discharges and admissions, is 
too speculative. 

This comparison was provided for context. The 
coherence of results across study types, with "as 
expected" design-related differences in 
measured rates, strengthens the overall findings. 

TEP #2 Results I do appreciate the work that 
went into this section to 
calculate the various rates.  I 
am concerned that in some of 

From Madsen, "If patients were given diagnoses 
of stroke, rule-out stroke, cerebrovascular 
accident, transient ischemic attack, weakness, or 
numbness, these cases were categorized as not 



 

Source: insert URL here  
Published Online: Month XX, 20XX  

56 

Commentator 
& Affiliation Section Comment Response 

these meta-analysis sections 
that different denominators 
are being used and there is 
significant ascertainment bias.  
In addition, it is unclear to me 
that these are really 
measuring diagnostic errors 
but rather measuring 
diagnostic uncertainty.  For 
example, take Venkat et al. 
the second largest study used 
in the calculation (listed in the 
Figure on Page #36). This 
was a sample of admitted 
patients, with a group of 
neurology department authors 
only, who were assigned as 
“misdiagnosed”.  However, all 
were admitted to the hospital 
for further care, presumably 
because there was concern 
by the emergency physician 
for a serious diagnosis. Take 
a patient with an admission 
diagnosis of altered mental 
status, who gets admitted, 
later to be found by a 
neurologist to have a positive 
MRI.  Certainly, it is plausible 
that among the differential 
diagnosis of the emergency 
physician at admission for the 

missed." From Venkat, "All patients with 
TIA/stroke recorded in the ED list of differential 
diagnoses as well as those in whom unilateral 
weakness, numbness/sensory deficit and 
dysphasia was recorded as a differential 
diagnosis were considered not “missed” and 
excluded (n = 89; Fig. 1)." Thus, the methods 
appear to be nearly identical on this point. The 
fact that the authors were neurologists is not 
material. 
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altered mental status patient, 
stroke would be a possible 
cause. So, it is unclear to me 
that this was a misdiagnosis, 
but rather more likely 
diagnostic uncertainty at 
hospital admission. By 
contrast, the Madsen study 
also listed in the Figure on 
page #36, appears to be a 
more carefully performed 
study excluding visits where 
stroke was considered in the 
differential in the ED note.  
The point is that with different 
methodologies in 
ascertainment and definition 
of misdiagnosis, combining 
studies together is 
problematic to make summary 
estimates. In addition, none of 
the studies that I reviewed in 
this section at least on stroke 
included discharged patients, 
further underscoring the 
characterization of these 
patients as where diagnostic 
uncertainty exists, not 
necessarily misdiagnosis. 

TEP #2 Results This section has a fatal flaw 
 
 

We have addressed in both the text of the report 
and the response to reviewers why we believe 
the estimates for diagnostic errors (5.6%), 
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 and should be removed, 
specifically, any national 
extrapolation. Headline 
grabbing, yes, but this is at 
best gravely misleading, given 
the concerns above. 

diagnostic adverse events (2.0%), and 
misdiagnosis-related mortality (0.2%) are valid 
and believable --- if anything, they are low, given 
the methods used in the specific studies that 
formed the basis of these results. The collective 
body of literature on ED diagnostic error supports 
these numbers as reasonable and appropriate. 
Another reviewer considered these estimates a 
key aspect of conveying the report's findings ("By 
so clearly identifying the scope of the problem, it 
will attract a great deal of attention, and hopefully 
spark the kind of interest and investments that 
will be needed to address the diagnostic error 
problem in this and other settings. The findings 
are eye-opening, and given the rigor and detail of 
the methodology, they are credible."). 
Accordingly, we have retained the national 
estimates. However, in response to concerns 
from one of the other reviewers about uncertainty 
in these estimates, we will attempt to construct 
plausible range estimates for the final report that 
bears the updated literature search.  

TEP #2 Results This section is overall very 
good. Would recharacterize 
the admission v. discharge 
section as above. Please 
reconsider the sentence: “This 
likely indicates that hospital 
admission serves as a clinical 
safety net for patients who are 
initially misdiagnosed, and 
comports with US Medicare 

We have changed this sentence to: "This likely 
indicates that hospital admission serves as a 
clinical safety when there is diagnostic 
uncertainty or error." In response to a similar 
comment earlier, we have added text to the 
Introduction to address issues around context 
and goals of care in the ED, including symptom-
only diagnoses ("Finally, the goal of ED care is 
often not to make a firm diagnosis, but instead to 
make a diagnosis-informed management 
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data showing that EDs with 
very high discharge fractions 
(proportion of patients sent 
home on any given day) are 
more susceptible to diagnostic 
errors associated with short-
term, unexpected patient 
deaths.” Admission is mostly 
about diagnostic uncertainty, 
not misdiagnosis…. This is 
central to the practice of 
emergency medicine. 

decision about immediate on-site testing, 
treatment, or hospitalization. The asymmetry of 
false negative versus false positive diagnostic 
errors often factors heavily in such 
considerations—an "undercall” (discharging a 
patient with a dangerous disease) is generally 
viewed as less desirable than an “overcall” 
(admitting a patient without a dangerous 
disease). As a result, some forms of diagnostic 
"error" (e.g., symptom-only diagnoses or false 
positive overcalls among admitted patients) may 
simply reflect goals and context of care.").  

TEP #2 Results The section about short-term 
revisits should also include a 
description of the reference 
(Rising KL, Victor TW, 
Hollander JE, Carr BG. 
Patient returns to the 
emergency department: the 
time-to-return curve. Acad 
Emerg Med. 2014 
Aug;21(8):864-71.) 

We have added a paragraph to KQ2d describing 
the Rising reference, which had already been 
mentioned in KQ2a, but only briefly. (KQ2d: "It 
should be noted that this temporal profile has 
also been demonstrated for all ED revisits 
(without regard to underlying cause for the 
revisit). Using data from AHRQ’s Healthcare 
Cost and Utilization Project (HCUP) family of 
databases,251 Rising et al. found that 31 percent 
of ED visits were followed by a revisit within 1 
year (3-day revisit rate 7.5%; 30-day revisit rate 
22.4%).124 The modeled cumulative hazard for 
revisits showed exponential growth over roughly 
the first 14 days, followed by a linear rise 
thereafter (best approximated by a double-
exponential model, with excellent fit, R2 = 
0.9997). The authors concluded that the optimal 
balance between capturing “excess” acute 
revisits and “expected” revisits would be 
achieved by using a 9-day return window for 
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quality measurement, rather than the more 
typically used 72-hour window.") 

TEP #2 Results This section is good, and I 
believe very true. Although, it 
primarily just describes the 
results of one study. 
 
Rest of KQ3 is well written 
given the limitations of the 
literature 

Thank you for taking the time to review our 
report! 

Peer 
Reviewer #2 

Results Tables and Figures are very 
helpful. 

Thank you! 

Peer 
Reviewer #3 

Results In general, the results are 
clear, they are well presented, 
and their derivation from the 
literature is easy to follow. 
 
There were 2 
results\conclusions that 
seemed to be a bit ‘off’, or 
somewhat of a reach: 
 
One questionable result is the 
finding that for each error-
related death, there are 0.41 
instances of permanent 
serious disability.  (ES2 Line 
34; Page 51, Table 9).  This 
appears to be from just 1 
study, and I don’t know why 
they came up with such a low 

We agree that death being more common than 
disability as an outcome "feels" off, but it is not 
unreasonable. There is little doubt that ANY 
disability (including minor and temporary) will be 
MUCH MORE common than death as a 
consequence of diagnostic error. However, the 
same is not necessarily true of PERMANENT, 
SEVERE disability (i.e., NAIC 6, 7, 8). There is 
moderately strong evidence that PERMANENT, 
SEVERE disability as a consequence of 
diagnostic error is LESS common than death as 
an outcome. In a prior NPDB malpractice claims 
analysis,9 diagnostic error outcome severity was 
MINOR in 24%, DISABILITY (permanent injury 
that was ‘significant’, ‘major’, or ‘worse’) in 35%, 
and DEATH in 41%. So ANY disability is MORE 
common than death (59% > 41%), but 
PERMANENT, SEVERE disability is LESS 
common than death (35% < 41%). The "1.7-fold 
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estimate, but it isn’t credible.   
We all have the picture of the 
error\harm pyramid in mind in 
regard to patient safety where 
deaths are just the tip of the 
pyramid, harms are much 
more common and errors are 
the most common. So it is not 
plausible that the disability 
rate is less than the death 
rate.  It is also at odds with 
the findings you report on 
Page 29 from the NAIC study 
finding that the estimate of 
harms is likely to be at least 
1.7 fold higher than the death 
rates.  You got it right in the 
concluding sentence in that 
section (Page 29 , line 45) 
where you state that “mortality 
will be a particularly poor 
health outcome proxy and will 
tend to substantially 
understate ….harms”.  I would 
suggest soft-selling that 0.41 
factor, or even revising it to be 
1.7. 

higher" means that (PERMANENT, SEVERE 
DISABILITY + DEATH) = 1.7 x DEATH (i.e., that 
permanent, severe disability is LESS common 
than death - this is equivalent to a 0.7 disability 
per death estimate). How MUCH less common 
than death is less clear (i.e., closer to 0.41 
permanent, severe disabilities per death [from 
incident data] or 0.7 per death [from malpractice 
data]). From the largest incident report study, 
outcome severity was 10% death, 4% severe 
harm, 14% moderate harm, 52% mild harm, and 
20% no harm. These categories are based on 
WHO definitions, which do NOT precisely 
correspond to NAIC classifications. The 0.41 
figure is conservative (probably low, based on 
definitions that lump "permanent or long term 
harm or loss of function" with some temporary 
harms as "moderate"); the 0.7 figure is probably 
anti-conservative (probably high, based on a bias 
in malpractice claims towards devastating non-
death outcomes). This issue is probably best 
addressed by assigning a plausible range 
estimate. We intend to provide such estimates as 
part of the final report, and will address this issue 
at that time. 

Peer 
Reviewer #3 

Results Another questionable 
result/conclusion is the one 
regarding diagnostic errors in 
pediatric patients for whom 
“serious misdiagnosis-related 

We have added language on the need for more 
pediatric research to the Evidence/Gaps section 
("Overall, there is a relative paucity of literature 
on diagnostic errors among pediatric ED 
populations. More studies are warranted, 
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harms are also less common”. 
(Page 13, line 4; Page 18, line 
3; Page 68, line 39)  The 
reference for this is the 
Newman-Toker article on the 
‘Big 3’, which was based on 
CRICO’s malpractice claims 
data.  The number of pediatric 
claims in the CRICO database 
is very limited, the Newman-
Toker article doesn’t make the 
same conclusion that you do, 
and it isn’t clear that the data 
in the article justifies this 
statement.  It is not clear why 
there are so few pedi cases in 
the CRICO database but 
there are many other possible 
explanations than that kids 
suffer less harm than adults 
from dx error.  One nice 
strength of your review is the 
many articles on pediatric 
diagnostic error that WERE 
identified, but none of them 
specifically compared the 
likelihood of harm in pediatric 
vs adult populations.  Finally, 
the meaning of the conclusion 
isn’t clear; do you mean that 
the absolute number of 
pediatric patients harmed is 

including research on how the distribution of 
diseases (KQ1), rates of diagnostic error (KQ2), 
and causes/risk factors (KQ3) differ from those in 
adult patients.") We disagree with the claim that 
the differences seen in the malpractice claims 
are likely attributable to bias in the CRICO 
database (which represents 30% of all national 
US claims), and we now provide a more robust 
justification to clarify our position on the 
interpretation of the data (including the fact that 
we meant total/absolute frequency, rather than 
rates of diagnostic error on a per case or visit 
basis). ("There are fewer ED diagnostic error-
related malpractice claims among children (<18 
years old, 13%) than among adults (18 years or 
older, 87%). This is mainly because there are 
fewer pediatric ED patients (about 30 million, 20-
25%) than adult ED patients (about 100 million, 
75-80%). However, this incompletely accounts 
for the difference. If we exclude those of 
unknown age, Table 5 also shows that there are 
proportionately fewer claims per age decile for 
those ages 0-20 (8%) versus for those ages 21 
and older (11%). When considering adults ages 
21-60 (for whom age-related mortality has not 
appreciably reduced the general population), the 
difference is even larger (17%, ratio about 2:1 for 
claims in adults vs. children). A similar difference 
in the epidemiology of malpractice claims per 
population has been reported previously (for all 
claims, not restricted to diagnostic errors or ED 
care) using the National Practitioner Data Bank, 
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less the absolute number of 
adults that are harmed? Or 
that the relative risk of a 
pediatric patient for having a 
diagnostic error is less than 
for an adult patient?   My 
suggestion is to add a new 
section in the “GAPS” area 
that points out that we need 
more\better studies on the 
likelihood of diagnostic error 
in peds, and to what extent 
the factors differ from those in 
adult patients. (eg the impact 
of having a specialized pedi 
ER, or pediatric-specialized 
ED physicians). 

which showed 5.6 claims per 100,000 population 
for children vs. 10 claims per 100,000 for adults 
(ratio about 2:1 for claims in adults vs. children), 
so is unlikely to represent a bias in CRICO data. 
Although all malpractice claims are less frequent 
in pediatric populations, the plurality (48%) of 
claims are still diagnosis related (as in adults), 
and 58 percent occur in the ED setting. Although 
this absolute frequency difference between 
children and adults could be accounted for by a 
lower likelihood of a lawsuit being brought when 
the patient is a child, this seems highly 
improbable; if anything, one would suspect just 
the opposite, since legal actions are 
disproportionately sought when the severity of 
adverse outcomes is greater (as would be the 
case for a child who might otherwise have a “full 
life to live” were it not for a devastating medical 
misdiagnosis). This leaves two possible 
explanations—either (a) diagnostic errors are 
less frequent among children (e.g., because they 
have less medical comorbidity, so are less 
“complex”) or (b) harms are less frequent among 
children (e.g., because they are less often 
impacted by life-threatening diseases). The rate 
of diagnostic errors in pediatric acute care 
settings (5.0%) is close to that estimated for the 
aggregate ED setting (5.6%, see KQ2), 
suggesting explanation “a” is less likely. 
Explanation “b” makes sense and corresponds 
best to the data shown in Figure 2, which show 
that diagnostic error claim frequency roughly 
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mirrors the relative prevalence of dangerous 
disease groups in children versus adults (higher 
prevalence of infections and lower prevalence of 
vascular events and cancer). Thus, to 
summarize, there appear to be fewer total 
(absolute) misdiagnosis-related harms among 
children, most likely because they are fewer in 
number (total population), visit the ED less 
frequently, and less often have a dangerous 
underlying cause, rather than because the rate of 
diagnostic errors is lower or that harms occur 
less frequently (or are less severe) when there is 
an underlying dangerous cause present.") 

Peer 
Reviewer #3 

Results Besides the major findings of 
the report, there were many 
little incidental findings that 
were novel and especially 
interesting; thanks for pointing 
these out: 
•       That dx errors are likely 
to be more common in 
discharged patients than 
those admitted (Page 52) 
•       That ED’s with high 
discharge volumes may have 
a higher likelihood of 
diagnostic error 
•       That ED clinicians may 
be more focused on 
disposition than on correct 
diagnosis per se (Page 53) 

Thank you! 
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TEP #3 Results There have been some 
studies that are missing 
 
Freund Y, Goulet H, Leblanc 
J, et al. Effect of Systematic 
Physician Cross-checking on 
Reducing Adverse Events in 
the Emergency Department: 
The CHARMED Cluster 
Randomized Trial. JAMA 
Intern Med. 2018;178(6):812–
819 
 
Rinke, Michael L. MD, PhD*; 
Singh, Hardeep MD, MPH†; 
Brady, Tammy M. MD, PhD‡; 
Heo, Moonseong PhD§; 
Kairys, Steven W. MD, 
MPH¶,ǁ; Orringer, Kelly MD**; 
Dadlez, Nina M. MD, MS††; 
Bundy, David G. MD, MPH‡‡ 
Cluster Randomized Trial 
Reducing Missed Elevated 
Blood Pressure in Pediatric 
Primary Care: Project RedDE, 
Pediatric Quality and Safety: 
September/October 2019 - 
Volume 4 - Issue 5 - 

Neither study qualified for the systematic review. 
We have now cited the first study in a paragraph 
about teamwork ("Likewise it would be valuable 
to know whether findings from vignette-based 
trials showing that medical students make more 
accurate diagnoses when working in teams than 
when working alone also apply to routine, real-
world ED care delivery, as implied by one recent 
study that focused on systematic physician 
cross-checking in the ED.10"). The second study 
appears to be focused on primary care, rather 
than the ED. 

Peer 
Reviewer #4 

Results As I considered the citations 
and studies included, as well 
as the malpractice claims 
study, I feel there are missed 

The CRICO Benchmarking System data from the 
cited study represent 30% of all national 
malpractice claims (we have added text to this 
effect, "This was a US-based malpractice claims 
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(or perhaps future) 
opportunities to more deeply 
use this type of data to better 
understand the top diagnosis 
related harms and causes. 
While I appreciate the deep 
and consistent coding from 
the CRICO database, there is 
much, much more information 
available regarding 
malpractice claims, which by 
virtue of the legal process 
(e.g., discovery) provides a 
robust analysis of 
clinical/diagnostic decisions 
made and operational issues 
that contributed to specific 
outcome. For example, the 
Aon/ASHRM HPL and PPL 
benchmarking study has been 
completed annually for over 
20 years. The 2020 report 
includes data from a database 
with over 99,000 non-zero 
claims, amounting to $20.6 
Billion in incurred losses (it 
includes claims specifically 
from children's hospitals and 
overall from 108 health care 
systems). In the 2017 report 
they noted that 12% of the 
42,100 records in the study 

study (not restricted by age or disease, and 
representing over 30% of all US national claims 
during the study period from 2006-2015)..."). 
There are clearly other malpractice claims data 
sources, but we reviewed these (including grey 
literature claims reports from major malpractice 
insurance carriers), and none provided 
breakdowns by setting and disease in a way that 
could reasonably be combined. We have, 
however, added more detail to the report on this 
point, since one report makes clear that the list of 
relevant diseases from The Doctor's Company is 
essentially the same. ("We reviewed other 
published malpractice claims reports and grey 
literature reports from major medical liability 
insurance carriers or similar risk management 
entities (Appendix Table B-1). Only one provided 
data on claims specific to the ED setting and 
used a roughly comparable disease 
categorization process (Troxel, 2014). These 
results, published in a quarterly report by The 
Doctor’s Company, found that 58 percent of their 
ED claims (n=242/414) were diagnosis-related. 
They did not stratify their findings based on harm 
severity and listed only the top six conditions 
(fracture 13%, stroke 13%, myocardial infarction 
5%, meningitis 5%, appendicitis 2%, spinal 
abscess 2%); nevertheless, the list appears to be 
quite similar to results obtained from the 9.4-fold 
larger CRICO Comparative Benchmarking 
System database analysis (n=2,273).") 
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were as a result of diagnostic 
error, and the third highest in 
severity. While not specifically 
broken out by setting, many of 
these are known to have 
resulted from an ED visit. This 
study is one of many regularly 
published malpractice claims 
studies with meaningful data 
that may inform study 
findings, particularly around 
high-harm events. While the 
claims in this and various 
other claim studies are not 
necessarily coded to the level 
of detail in the CRICO 
database, this data (and 
claims data from others such 
as CNA, The Doctors 
Company, Coverys etc.) may 
add context to the actual 
number of harm events 
resulting from diagnostic 
error. This in turn may 
validate (or not) that finding 
that stroke is the leading 
cause of serious 
misdiagnosis-related harm in 
the ED. 

Peer 
Reviewer #4 

Results While not the purpose of the 
study (and perhaps not 
palatable to distract from 

We agree that financial harm is an important 
consideration. Although a detailed treatment of 
costs is beyond the scope of this work, we have 
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patient harm to health system 
financial harm), when 
considering how priorities are 
set as to improving diagnosis 
and reducing harm, given the 
malpractice claims data was 
heavily relied upon here, 
consideration should be given 
to noting the financial 
“severity” of the conditions in 
order from highest to lowest. 
This data should be 
considered as part of 
improvement 
recommendations, as the 
financial impact to an 
organization may be the driver 
for improvement if the 
malpractice claims experience 
has been significant. 

added the claims payout-based ranks and total 
payouts to Table 3. We have added a short 
paragraph describing these findings ("Total 
malpractice claim payouts may be important for 
prioritization at the institutional level. The range 
across the top 10 diseases (any severity, 2006-
2015) was from $8 million for arterial 
thromboembolism to $58 million for stroke (Table 
3). Two other neurological conditions led to 
disproportionately high payouts when missed, 
causing their payout-based rank to rise above 
their high-severity harm frequency-based rank—
meningitis/encephalitis (from #5 to #3, $34M) 
and spinal and intracranial abscess (from #9 to 
#4, $29M). Taken together, these three 
neurological conditions accounted for 20 percent 
of high-harm ED cases but 46 percent of total 
payouts."). 

Peer 
Reviewer #4 

Results The Summary of Findings 
was quite extensive and the 
writing style seemed to vary 
across sections. At times it 
was very tedious to review 
(e.g., page 31, line 11 through 
page 32 line 18). When 
discussing the individual 
disease findings (starting 
page 36, line 6), some 
sections listed the number of 
studies and study participants 

We concur that the "Summary of Findings" 
sections were the most challenging to present 
and to review. To address this, we emphasized 
harmonizing writing style across the Key Points 
sections (which "summarize the summaries") as 
well as the Discussion section (including Gap, 
Conclusions, etc.). We will seek to harmonize 
listing the number of studies and patients when 
the updated final results are included. 
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(page 36, lines 7-8) while 
others did not mention the 
number of participants (page 
40, line 29; page 41 line 4, 
page 42 line 8 – as 
examples). 

TEP #4 Results The results section is very 
well done and the study 
characteristics are clearly 
defined.  The figures, tables 
are adequately described and 
easy to understand. 

Thank you! 

TEP #1 Discussion are you recommending all of 
these? Some of these? 

We are recommending that measurement 
strategies be tailored to specific circumstances 
and have added text and adjusted the language 
in this section to make this clearer (e.g., "[START 
ADDED TEXT] Because no single measurement 
method can address all types of diagnostic errors 
[END ADDED TEXT], ED diagnostic errors 
should be tracked using a portfolio of metrics that 
include the following"). We have changed the 
specific language noted to reflect a more positive 
tone vis-a-vis this particular sort of measurement: 
"However, the effort and expense required 
makes this an option that should be reserved for 
very high-stakes scenarios (e.g., pay-for-
performance benchmarking for diagnosis of a 
specific clinical presentation)." Finally, we have 
added a section entitled "4. Approaches to 
measurement at the institutional level." to make 
this point as explicit and actionable as possible. 
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TEP #1 Discussion at the conclusion of this 
report, I remain unclear about 
what a national diagnostic 
performance dashboard is or 
what it would do to help? 

We have broken out and expanded the section 
on the National Diagnostic Performance 
Dashboard: "d. National Diagnostic Performance 
Dashboard: AHRQ, other government bodies 
(e.g., Centers for Disease Control and 
Prevention’s National Center for Health 
Statistics252), or non-governmental 
organizations could monitor the overall 
epidemiology and variability of diagnostic 
performance across the nation (analogous to the 
Dartmouth Atlas Project for utilization of 
healthcare services). For the 10+ diseases noted 
above, disease-specific metrics could be 
combined into a National Diagnostic 
Performance Dashboard. For simplicity, this 
might initially use only a look-back approach and 
ignore specific symptoms (as done recently by 
Waxman, et al147). Later, for greater precision 
and monitoring of diagnostic quality and safety 
performance, ICD symptom code sets could be 
added for the most common ED symptoms. This 
would allow realization of the full potential of 
SPADE analysis, using both look-back 
(identifying high-risk presentations and 
disparities in diagnosis) and look-forward 
(measuring absolute harm rates and monitoring 
impact of solutions) approaches. The purpose of 
a national monitoring mechanism would be 
multiple: (i) providing a benchmarking tool for 
individual institutional ED performance; (ii) 
monitoring national diagnostic quality and safety 
(e.g., temporal trends and health disparities) to 
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help guide policy decisions; (iii) assessing the 
impact of major policy interventions (e.g., 
payment reforms that incentivize better 
diagnostic performance)." 

Peer 
Reviewer #1 

Discussion The authors did a nice job 
summarizing the gaps in 
knowledge, which are many, 
that are yet to be filled by 
future research. As mentioned 
above, I feel the conclusions 
and summary can be 
improved by tempering the 
reported estimates with 
confidence intervals. I also 
recommend a discussion 
about the challenges in 
identifying "preventable" 
serious harms related to 
missed diagnosis or error (see 
JAMA reference). For 
example, a patient with a 
normal troponin, a normal 
EKG and with a low-risk score 
evaluated for chest pain may 
be discharged home based on 
current AHA/ACC/SAEM 2021 
recommendations. However, 
based on current missed 
diagnosis definitions, if the 
patient has an AMI within 30-
days, it may be designated a 
miss, when current quality 

Confidence intervals are discussed elsewhere in 
response to similar comments. "Attribution" and 
"preventability" is discussed here. We have 
added the following text to the "gaps" section 
("More research should be done to assess 
preventability of harms from diagnostic errors, 
since there is moderate inter-rater variability in 
clinician ratings of preventability.1" and to the 
recommendations/measurement pitfalls section 
("vi. Addressing preventability of harms: There is 
moderate inter-rater variability in clinician ratings 
of preventability.1 This issue is more complex for 
diagnostic errors than treatment errors because 
there is dual uncertainty—first, whether the 
diagnostic errors themselves can be prevented 
and, second, whether treatments for the 
diseases would prevent any associated untoward 
outcomes. Although it is recommended by the 
GRADE group as ideal, this two-step link from 
diagnosis to health outcome is rarely assessed 
when diagnostic interventions are put to the 
test.2, 3 The strongest evidence of preventability 
of harms will come from prospective (preferably 
randomized) studies that measure the health 
outcomes of interventions to improve diagnosis 
and that demonstrate both greater diagnostic 
accuracy and a link between that greater 
accuracy and improved patient outcomes. 
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recommendations were 
followed. These misses 
should be interpreted within 
the baseline rates of AMI or 
other similar diseases. These 
nuances may be worth 
discussing as part of the 
recommended next steps for 
future research. Last, the 
conclusions/summary should 
at least mention false positive 
misdiagnoses and how these 
kind of errors require ample 
future research. 

Absent this level of rigor, measurements of inter-
institutional variability (adjusted for likely 
confounders) may be a good proxy for 
preventability, with lower-performing institutions 
striving to match outcomes from higher-
performing institutions."). False positives 
language was added to the research 
recommendations ("False positive diagnostic 
errors should be a key research focus, given the 
relative paucity of studies addressing this 
issue."). 

Peer 
Reviewer #1 

Discussion It would be clearer when 
summarizing the key 
questions if they were 
reported based on the 
greatest number of missed 
diagnosis then the greatest 
number resulting in serious 
harm. As it stands the first is 
omitted (ie. Fractures, 
abdominal pain, etc.) 

We have added to the summary discussion of 
KQ1 the following paragraph: "Although limited 
by biases in the data towards diseases causing 
more severe harms when missed, the top 10 
individual diseases found here to be associated 
with diagnostic errors (independent of harm 
severity), in rank order, were (1) fracture, (2) 
stroke, (3) myocardial infarction, (4) sepsis, (5) 
venous thromboembolism, (6) appendicitis, (7) 
aortic aneurysm and dissection, (8) lung cancer, 
(9) meningitis and encephalitis, and (10) spinal 
and intracranial abscess. It is likely that this list of 
misdiagnosed diseases, which derive from two 
large “numerator-only” studies (one malpractice-
based and one incident report-based), is strongly 
skewed by reporting bias towards diseases that, 
when missed, lead to serious harms. It is also 
likely that the list is skewed towards false 
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negatives relative to false positives; many 
“benign” diseases that do not cause immediate 
threat to life or limb are likely missed in far higher 
total numbers than most of these disorders. 
Finally, it may also be partly skewed towards 
errors likely to be confirmed in hindsight by 
radiographic review, including both fractures and 
lung cancer." 

Peer 
Reviewer #1 

Discussion I also recommend that the 
authors clarify that the 
numbers presented are false 
negatives/omissions and are 
not including the false 
positive/discovery results. 
When the authors say 
“missed diagnosis” this goes 
both directions, but its not 
summarized that way. 

In the (new) first paragraph of the KQ1 
discussion, we have the following sentence: "It is 
also likely that the list is skewed towards false 
negatives relative to false positives; many 
“benign” diseases that do not cause immediate 
threat to life or limb are likely missed in far higher 
total numbers than most of these disorders.". We 
have also added the following sentences to the 
(now) 2nd paragraph of the KQ1 discussion: 
"However, it is also likely that this is a relatively 
unbiased list of diseases leading to serious 
misdiagnosis-related harms. The source data 
(which are organized by the final, correct 
diagnosis) likely reflect almost entirely false 
negatives, but this is probably still an accurate 
reflection of serious misdiagnosis-related harms. 
Put differently, death or permanent disability is 
probably a rare outcome among patients with 
non-life- or limb-threatening diseases mistaken 
for dangerous ones (e.g., migraine mistaken for 
stroke and leading to excess imaging and 
hospital admission). Nevertheless, complications 
(including death) can certainly occur, especially 
when invasive procedures are involved, such as 
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when surgery is performed because of a false 
positive appendicitis diagnosis. The precise 
frequency of such adverse outcomes is 
unknown, but it is likely that such cases would 
appear in medicolegal claims with equal or 
greater odds relative to false negative diagnoses 
of dangerous illnesses, since the legal claim 
must present evidence that the patient’s outcome 
would have differed but for the diagnostic error, 
and this is more easily proven for a patient 
whose misdiagnosis is a false positive (i.e., 
“healthy” without the disease) than for a patient 
whose misdiagnosis is a false negative (i.e., 
“sick” with the disease)." 

Peer 
Reviewer #1 

Discussion These summarized results 
should include the limitations 
of the evidence. There is not 
good data to make accurate 
estimates in the US as 
presented in the summary. If 
possible, these estimates 
should all have confidence 
intervals with them to 
demonstrate the uncertainty. 

We have added language stressing the 
limitations of the data. We disagree that the data 
are insufficient to make extrapolations. 
Confidence intervals are discussed elsewhere in 
response to similar comments.  

Peer 
Reviewer #1 

Discussion I recommend removing the 
recommendations for 
interventions to address the 
shortcomings. There does not 
appear to be data to support 
the efficacy or effectiveness of 
the proposed solutions and it 

We believe that this paragraph is within the 
scope of KQ3, as we feel that it follows directly 
on the heels of the question, "Are there 
significant commonalities or differences among 
causes of ED diagnostic errors or associated 
harms across clinical conditions". The purpose of 
that question is to assess whether any TYPES of 
solutions are likely to be directed towards 
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is not within the scope of the 
KQ3. 

common, cross-cutting causes. The paragraph 
points only to a general direction for solutions 
based on the evidence compiled as part of KQ3. 
The paragraph does not describe or endorse any 
specific solutions, nor does it state that there is 
(or is not) supporting evidence for their efficacy 
(which is something that is expressly beyond the 
scope of this review per the initial Request for 
Task Order). 

Peer 
Reviewer #1 

Discussion I recommend the authors 
include the lack of evidence 
around “preventable” serious 
harms and the limitations with 
using a scale without strong 
inter-rater reliability (Hayward 
RA, Hofer TP. Estimating 
Hospital Deaths Due to 
Medical Errors: Preventability 
Is in the Eye of the Reviewer. 
JAMA. 2001;286(4):415–420. 
doi:10.1001/jama.286.4.415). 
I also recommend a 
discussion about the woefully 
inadequate evidence 
surrounding false positive 
diagnostic errors. The 
evidence and this report are 
heavily imbalanced toward 
diagnostic errors resulting in 
false negative/omission 
diagnostic errors and this 
should be made clear to the 

The issue of preventable harms has been 
bolstered in several places in response to the 
noted concern about low inter-rater reliability / 
uncertainty on preventability of harms (see new 
bullet point entitled "Addressing preventability of 
harms" that can be found in "Implications > 3. 
General Recommendations for Measuring 
Diagnostic Error > d. Pitfalls in measurement > 
vi. Addressing preventability of harms"), as has 
the issue about false positives. We have further 
added text to the Discussion / Strengths and 
Limitations Section (Evidence subsection) on the 
false positives point ("On KQ2 (frequency), the 
literature was strong on false negatives but 
relatively weak on false positives."). We do not 
believe it is a fair characterization to say that 
"there are few to no high-quality prospective US 
studies to address many of the key questions." 
This statement seems to imply that high-quality 
evidence would need to come from prospective 
US-based studies, but here is no reason to 
believe that high-quality evidence to address  the 
key questions requires "prospective US studies" 
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readers. It should also be 
noted that there are few to no 
high-quality prospective US 
studies to address many of 
the key questions. 

(or even "prospective studies" at all). 
Nevertheless, we now address this issue directly 
in two new places. We have  added text to the 
Discussion / Strengths and Limitations Section 
(Evidence subsection) on this point ("Estimates 
for overall error and harm rates were drawn 
principally from three smaller studies (combined 
n=1,758), none US-based, but these were the 
only studies that did not restrict patients by 
disease and still conducted systematic patient 
follow-up to minimize under-ascertainment of 
diagnostic errors. There is reason to believe that 
both the overall and disease-specific results 
generalize to US-based EDs (see Applicability 
Section)."). To the Section on Applicability, we 
have added the following text: "Despite sourcing 
key portions of the data for KQ2 (rates) from a 
small number of studies conducted in countries 
outside the United States, we believe the results 
apply to US-based EDs. Point estimates for 
overall error and harm rates were drawn from 
three studies based outside the United States 
(Canada, Spain, and Switzerland, with a 
combined n=1,758), but these were the only 
higher-quality studies found that conducted 
systematic patient follow-up to minimize under-
ascertainment of diagnostic errors. The overall 
estimated ED diagnostic error rate of 5.6% was 
far lower than the false negative rates for 9 of the 
top 10 diseases producing serious harms (range 
14-56%, Table 9), and 8 of 10 of these disease-
specific rates included US-based studies. The 
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measured overall harm and death rates (though 
derived from a single, well-designed, prospective 
Canadian study) triangulate well with data from a 
nationally-representative US-based source 
(Medicare data on short-term deaths post ED 
treat-and-release with a “benign” diagnosis). 
While the referral architecture by which patients 
attend EDs likely differs across countries 
(including some included as part of our review), 
we found no evidence that studies conducted in 
comparable, disease-specific populations outside 
the United States had substantively different 
results than those conducted in US-based EDs. 
Comparison across studies within each disease 
did not demonstrate any systematic differences 
in diagnostic error rates between US-based and 
non-US-based EDs. The one disease-specific 
study which included both US-based and 
European EDs and compared diagnostic 
performance directly across continents found 
slightly longer diagnostic delays for aortic 
dissection patients in North America when 
compared to Europe; from the list of investigators 
included in the registry, 12 of 14 North American 
sites were US-based institutions and the other 
two were in Canada, while the European sites 
were from seven countries, including Spain and 
Switzerland. Thus, there is reason to believe that 
the error and harm rate estimates are either 
representative of US ED performance or perhaps 
even low." 
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TEP #2 Discussion Overall, the discussion is well 
written. I think there are some 
excellent ideas for additional 
studies. Clearly more work is 
needed in assessing the 
actual rate of errors in a 
standardized way. Section for 
KQ2 should be rewritten the 
context of the above 
comments with limitations on 
the actual known rate of 
errors, and any national 
extrapolation. 

Thank you for the kind words. For the final report, 
we will seek to develop plausible range estimates 
for national extrapolations to better characterize 
uncertainty in estimates for readers. 

TEP #2 Discussion The secret shopper piece 
seems out of place in a list of 
reasonable policy options. 
Consider removing. 

We concur that this will be an infrequently used 
option, but we believe it could be a reasonable 
choice in highly select circumstances. We have 
tried to express this more clearly by rewording 
the final sentence ("However, the effort and 
expense required makes this an option that 
should be reserved for very high-stakes 
scenarios (e.g., pay-for-performance 
benchmarking for diagnosis of a specific clinical 
presentation).") 

TEP #2 Discussion The high-stakes 
measurement in Medicare 
data would not make much 
sense unless there was a 
clear definition of what 
actually constituted an error in 
claims, which may not give 
sufficient granularity to really 

We have evaluated our SPADE-derived 
observed minus expected measure for missed 
stroke in dizziness using Medicare data. We 
have shown that it correlates appropriately with 
hospital attributes (e.g., smaller hospitals have 
higher observed minus expected error-rates) and 
with use of neuroimaging (no benefit of CT, but 
fewer missed strokes when MRI is used, as 
would be expected based on the known 
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assess this in a reliable and 
valid manner. 

diagnostic accuracy attributes of CT vs. MRI). 
McCormick's systematic review11 has 
demonstrated that administrative stroke codes 
used in our measure have >=95% specificity, and 
we have demonstrated data-element validity of 
relevant ICD codes for dizziness (100% PPV, 
lower 95% confidence bound 99.89%). We have 
applied to the National Quality Forum (NQF) for 
consideration of endorsement of the measure, 
and the measure has been passed quantitative 
review (i.e., was deemed to have sufficient data-
element validity and measure precision to pass 
as a hospital-level measure).  

Peer 
Reviewer #2 

Discussion Clear discussion. Thank you! 

Peer 
Reviewer #3 

Discussion 1)       Inappropriate focus on 
system-based interventions 
 
The report conveys a strong 
preference for system 
solutions as the best option to 
address diagnostic error in the 
ED.  This begins on Page 70 
line 46 (“If substantial 
headway is to be made, we 
must develop systems 
solutions to address these 
cognitive problems.”) and 
continues on Page 75 (the 
first paragraph of 
“Considerations for Clinical 
Practice and Policy”. 

We apologize for our choice of terminology. As 
noted previously in response to a similar 
comment, we have defined "systems solutions" 
more broadly than the Reviewer. We have solved 
this problem by changing the term to "system-
wide solutions" or "system-wide, scalable 
solutions" so as not to confuse any readers for 
whom "systems solutions" is a term of art with 
different meaning than we intended. We have 
added additional text with regard to teamwork-
based interventions, including citing the excellent 
overview article by the Reviewer on the New 
Diagnostic Team. We have specifically added a 
paragraph to the Gaps in Evidence for KQ3 
about patient-related issues ("We found few 
studies that addressed whether patients 
themselves affected ED diagnostic errors for the 



 

Source: insert URL here  
Published Online: Month XX, 20XX  

80 

Commentator 
& Affiliation Section Comment Response 

 
In terms of system-related 
interventions, I would like to 
see more attention paid to 
improving teamwork in the 
diagnostic process, the #1 
recommendation from the 
IOM.  This includes improving 
patient engagement and 
better collaboration with 
colleagues, nurses, support 
staff in the lab and radiology, 
etc.  I would be happy to 
provide specific references on 
these if needed. 
 
More critically, while It is both 
appropriate to mention 
system-based approaches as 
ONE way to address the 
problem, this is not the only 
game in town.  Cognitive and 
educational approaches are 
just as promising, and should 
not be shortchanged. 
At this early stage of the 
game, although we know 
diagnostic error is a huge 
problem, and so much 
progress has been made in 
understanding the associated 
factors, it is safe to say that 

worse (e.g., via delayed recognition of the 
problem as part of the “patient interval” in 
diagnosis [see KQ3 results regarding testicular 
torsion]) or for the better (e.g., via proposed 
patient-facing strategies to prevent diagnostic 
error or mitigate resulting harms). Further study 
is needed to assess the impact on diagnosis-
related health outcomes of delayed (or rapid) 
disease recognition by patients themselves; the 
role of directly engaging patients as part of the 
diagnostic team; and more effective approaches 
to shared diagnostic decision making as part of 
“patient-centered diagnosis.”"). 
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we are at the very beginning 
of efforts to address the 
problem.  A host of 
recommendations have been 
made, but very few have been 
evaluated at all, and there are 
no comparative studies of say 
intervention A vs intervention 
B, and more specifically, 
system-based vs cognitive 
interventions.  Thus there is 
NO factual evidence at all that 
system interventions will be 
more successful than 
cognitive interventions.  We 
just don’t know, and it would 
be a great disservice to future 
researchers and the field to 
close out education and 
cognitive interventions from 
consideration.   The strong 
emphasis on system 
interventions is also out of 
keeping with AHRQ’s 
predisposition to neutrality in 
making major 
recommendations. 
 
With such overwhelming 
evidence that cognitive issues 
are the primary problem in the 
ED, isn’t this justification 
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enough for considering 
cognitive interventions?  They 
would apply across the board.   
Sure, a pathway for dizziness 
would be great, but that is just 
1 diagnosis out of 10,000+.  
Improving cognition would 
conceivably help in a very 
wide range of situations, and 
could also improve diagnosis 
OUTSIDE the emergency 
department.  Many tools to 
improve cognitive aspects of 
diagnosis are readily available 
(checklists, decision support 
tools for differential diagnosis, 
‘stop and think’ exercises, 
etc), they are low cost, and 
they could be implemented 
immediately. 
 
Additional comments on 
system-based vs cognitive 
interventions are provided in 
the attachment. 

Peer 
Reviewer #3 

Discussion 2)       Education is 
shortchanged 
Education as a possible 
approach to improving 
diagnosis in the ED is not 
mentioned at all; the only 
reference to education is 

Education is mentioned in multiple locations as 
an intervention (5 times under the name 
"training" and twice under the name "education") 
and is allotted no less space than the other 
proposed interventions (teamwork and 
technology). Because this report is focused on 
diseases, rates, and causes (rather than on 
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negative (P74, line 49).  The 
IOM focused on this as their 
next-most-important 
recommendation (after better 
teamwork) for improving 
diagnosis !  Revised text on 
education is provided 
separately for the team’s 
consideration in the 
attachment. 

interventions, which were explicitly beyond the 
scope of the original Task Order), the treatment 
of suggested interventions is necessarily limited. 
None of the proposed interventions has been 
addressed in the level of detail provided in the 
suggested text for educational interventions; we 
believe that adding this level of detail for 
education would create a lopsided overtreatment 
of education (rather than resolve a lopsided 
undertreatment of education). 

Peer 
Reviewer #3 

Discussion One recommendation is that 
“reporting should be 
standardized” (Page 73, line 
32).   Completely agree, and 
this would be the right place 
to encourage HCO’s to start 
using the new AHRQ 
Common Format for Error 
Reporting for Diagnostic 
Error, just out. 

We have added mention of the new AHRQ 
Common Format to the measurement section 
("Incident reports can be enhanced and made 
more informative via the use of common formats 
that permit aggregation of data at the local, 
regional, or national levels. The AHRQ Common 
Formats for Event Reporting (CFER) now include 
a special common format for Diagnostic Safety 
event reporting (CFER-DS) that has recently 
been developed for use by patient safety 
organizations (PSOs)."). 

Peer 
Reviewer #3 

Discussion Somewhere it would be 
helpful\interesting to state 
how many ED’s there are in 
the US. 

We have added this information to the 
Introduction ("There are approximately 130 
million emergency department (ED) visits each 
year17 to the roughly 5,000 EDs in the United 
States."). 

Peer 
Reviewer #3 

Discussion Suggest including as a Gap in 
regard to KQ3, the paucity of 
studies relating to equity in 
ED diagnosis.  Thanks for 
citing the available evidence 
on dx error bias in regard to 

Properly analyzed studies in the ED have 
identified demographic disparities in diagnosis; 
as we note in several places, the reason for 
differences in study results is principally analytic 
heterogeneity and inferential confusion, rather 
than heterogeneity of real-world findings with 
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sex, ethnicity, etc (Page 58), 
but given the many studies 
done in ambulatory care that 
HAVE identified inequity 
issues, it would seem that 
more studies of ED patients 
would be valuable.  Mental 
health issues, as an example, 
are likely to be a patient factor 
that degrades diagnosis (see 
for example Isbell et al.  
Emotionally evocative 
patients…. bmjqs-2019-
010110) 

respect to equity/disparities. We have expanded 
on these issues as part of the KQ3 gaps section 
and cited the suggested reference. ("Reporting 
should be standardized (e.g., by creating an 
extension to the STARD reporting guidelines250) 
so that health equity in diagnosis can be 
accurately measured. More research should be 
done to assess the contribution of prevalence-
based decision-making on the part of ED 
clinicians to diagnostic health disparities. Other 
patient characteristics or factors that may 
increase the risk of diagnostic error (e.g., co-
morbid mental health or substance use 
disorders12, 13) are understudied and deserve 
further equity-related research.") 

Peer 
Reviewer #3 

Discussion Interventions that involve the 
patient should be mentioned.  
Tools designed for patients to 
improve the odds of a good 
diagnostic outcome have 
been developed (See SIDM 
website) and should be 
mentioned.  Patient feedback 
would also be a valuable way 
to identify diagnostic errors. 

We now mention tools for patients, citing the 
SIDM website ("...tools that help patients 
summarize their symptoms [CITE: 
https://www.improvediagnosis.org/patients-
toolkit/]"). Patient-reported diagnostic errors are 
discussed in the measurement section ("e. 
Routine or sampled follow-up outreach to 
patients (e.g., LEAPED) - Although methods for 
determining diagnostic error using routine or 
sampled patient follow-up contact are still being 
optimized, feasibility has recently been 
established. Our review identified very few 
studies assessing failures in communicating 
diagnoses to patients (which are also defined as 
diagnostic errors by the National Academy of 
Medicine). Direct patient outreach post-visit is 
likely the only method by which diagnostic errors 
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due to communication failures with patients can 
be ascertained. If follow-up is obtained very early 
(e.g., less than 72 hours), communication failures 
will predominate. If follow-up is obtained later 
(e.g., 30 days), it is likely that both 
communication failures and diagnostic accuracy 
can be captured. Such later phone calls are likely 
to serve as an important source of information 
regarding diagnostic errors with less severe 
consequences, including temporary harms, 
which our review found were poorly captured by 
existing methods."). 

TEP #3 Discussion The conclusion is valid and 
appropriately stated - 
however, it should be 
emphasized that the 
complexity and negative 
implications of ascribing an 
error to the context of ED will 
be default always be high and 
will always be low for contexts 
such as ICUs or care provided 
by subspecialists who see 
only a biased population - for 
instance not all causes of 
isolated vomiting are due to 
raised intracranial pressure 
but for neurologists if they see 
cases of intracranial tumors 
who presented with vomiting, 
they have a biased view 
which often translates as to 

We have added the sentence, "Skepticism 
related to the role of hindsight bias in 
retrospective studies further fuels such doubts14" 
to the Discussion section to address this 
concern. We have also added language to the 
Conclusion on this point ("The results and 
conclusions presented herein should be viewed 
through the lens of opportunity for quality 
improvement and increased diagnostic safety for 
ED patients, rather than as an indictment of 
current ED care or ED clinicians. It is duly 
acknowledged that the ED is probably the most 
challenging setting in which to practice medicine, 
and many factors contribute to the diagnostic 
errors that do occur there. Despite this, we 
estimate that only about 1 of every 20 patients is 
misdiagnosed in the ED. "). In addition to 
language added about diagnostic test overuse 
already added to the Discussion section in 
response to other feedback, we have further 
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why vomiting was not 
evaluated for raised 
intracranial pressures. There 
has to be an added statement 
about a few things - the 
reason why MI is more 
appropriately/timely 
diagnosed is because a lot of 
people are worked up for MI. 
Also, instances where there is 
robust research such as the 
indications for CT head in 
pediatric patients with mild 
TBI - the rate of CTs has been 
drastically reduced and the 
risk of missed bleeds is very 
low - thus, more argument 
should be made for 
supporting large prospective 
studies for development of 
prediction rules that will aid 
the clinician in balancing 
between excessive testing 
and missing true positives. 
Finally - we need to state the 
new complexity that has been 
added by the NASEM 
definition of diagnostic errors - 
is it useful and can it be 
clinically applied and thus 
measured 

added a specific sentence about myocardial 
infarction ("Some of our findings suggest that, at 
least for myocardial infarction, the balance may 
already have shifted in the direction of test 
overuse, excess workups, and diagnostic 
overcalls (see KQ2)."). Our Research 
Recommendations stated the need for 
prospective studies, and we have now clarified 
that they should be large ("For KQ2, large 
studies using rigorous, prospective 
ascertainment are needed, but these should be 
deliberately designed to assess the extent to 
which less rigorous but easier methods of 
measurement can serve as valid proxies."). We 
have added this sentence to the Conclusion, 
"Large, prospective studies are needed to 
validate current diagnostic error rate estimates, 
but also to help develop valid proxy measures 
that are more readily and routinely acquired for 
operational measurement." 



 

Source: insert URL here  
Published Online: Month XX, 20XX  

87 

Commentator 
& Affiliation Section Comment Response 

Peer 
Reviewer #4 

Discussion The Gaps in Evidence 
(starting page 71, line 33) 
were well done, and nicely 
outlined some specific actions 
to be taken. 

Thank you! 

TEP #4 Discussion The major findings were very 
well explained and easy to 
follow.  The limitations were 
well described and the future 
research section is clear and 
easily translated into new 
research. 

Thank you! 

Peer 
Reviewer #1 

Conclusions Stroke is overly emphasized 
in these conclusions. There is 
more research done about 
diagnostic accuracy and 
stroke, and it is #1 as 
mentioned, but I recommend 
this be tempered with other 
diagnoses in the top 10. I also 
feel that the total number of 
diagnostic errors should be 
mentioned, not just those 
leading to serious related 
harms. 

We have deleted the sentence, "Stroke is the 
leading cause of serious misdiagnosis-related 
harms in the ED." from both the evidence 
summary and the conclusions so as not to 
overemphasize this issue. We have added the 
number of diagnostic errors in both locations 
("We estimate that each year in the United States 
there may be more than 7 million diagnostic 
errors and 350,000 patients who are permanently 
disabled or die due to diagnostic error. "). 

Peer 
Reviewer #1 

Conclusions The estimates (ie. 350,000) 
should have confidence 
intervals to indicate the 
uncertainty surrounding these 
estimates. As currently stated 
these estimates are a bit 
misleading, especially since 

The estimate of harms does not derive from a 
study from Spain, but from a high-quality 
prospective study in Canada. These issues are 
now better clarified in the section on Applicability. 
Confidence intervals are discussed elsewhere in 
response to similar comments.  
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they are primarily derived 
from a single hospital in Spain 
and being used to make U.S. 
predications/estimates. 

Peer 
Reviewer #4 

Conclusions I appreciate the conclusion 
outlining and synthesizing the 
findings into actionable steps. 
Of note, the statement “Data 
on the conditions most often 
misdiagnosed in the ED, 
regardless of outcome 
severity, remain uncertain,” 
(page 71, lines 46-47) doesn’t 
align with the 
recommendation to “target 
diseases based on overall 
share of high-severity harms, 
higher absolute error or 
harm…(page 83, line 29). The 
first statement doesn’t given 
confidence that we have the 
right data, and while I 
appreciate the ”harm” lens as 
a priority, what if improvement 
efforts should be directed 
toward a high frequency 
problem versus a high 
severity problem? 

It is not clear to us how the two statements are 
misaligned, but we do appreciate that there may 
be value in fixing high-frequency diagnostic 
errors associated with a large total burden of 
harm for patients, even if any one patient suffers 
only relatively minor harms. We already had 
addressed this issue in the Considerations for 
Clinical Practice and Policy section ("Target 
diseases should be prioritized based on (a) the 
overall share of misdiagnosis-related harms 
(particularly high-severity harms), (b) higher 
absolute error or harm rates (i.e., with ample 
opportunity for improvement), (c) variability in 
diagnostic performance (including known health 
disparities or variation by organization, site, or 
provider), and (d) availability or cost-
effectiveness of promising solutions. This 
approach to prioritization reflects an emphasis on 
public health needs while balancing societal 
costs and benefits. There is a value judgment to 
be made when comparing more frequent but less 
severe harms (as with missed fractures) to those 
that are less frequent but more severe (as with 
missed stroke). From a purely utilitarian 
standpoint, the aggregate societal disutility in 
these two categories of diagnostic error may be 
similar, but our personal experience with patients 
who have suffered diagnostic errors is that they 
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care more about permanent, severe harms than 
temporary, milder ones, even if the latter are 
more frequent. Therefore, we believe that 
prioritization on the basis of high-severity harms 
(KQ1, Table 3), makes both the most public 
health sense and the most patient-centered 
sense.") We now have added the concluding 
sentence, "Nevertheless, solutions targeting very 
high-frequency errors may also be warranted." 

Peer 
Reviewer #4 

Conclusions I also find that when 
discussing the Root causes of 
ED diagnostic failure (p. 83, 
line 51 – page 84, line 17), it 
addresses failures of clinical 
assessment, the solutions of 
training, teamwork and 
technology. From what was 
presented in the report, these 
don’t all line up with the 
“involved failures of clinical 
assessment.” While training 
(simulation, standardized 
patients) might be an action, 
and the use of AI/algorithms 
in EMRs might be useful, how 
teamwork comes into play 
isn’t demonstrated – the focus 
of the recommendations 
seems to be on an 
diagnostician’s cognitive 
ability – nothing addressed 
the contributions of nursing 

A detailed treatment of interventions is beyond 
the scope of this report (as explicitly stated in the 
task order). However, we have sought to clarify 
the engagement of nurses and allied health 
professionals in teamwork to improve diagnosis 
for the reader by referencing works that 
elaborate on this issue more fully. ("enhanced 
teamwork using clinical pathways that 
incorporate rules to determine need for specialty 
consultation;268 or engage nurses and other 
allied health professionals more effectively in the 
diagnostic process;15-17") We also added a 
paragraph to the gaps identified for KQ3 noting 
that more studies addressing teamwork 
(including nursing engagement) are warranted. 
("We found no studies included in the review that 
considered how teamwork directly impacted the 
risk of diagnostic error for better or worse (e.g., 
involvement of patients, trainees, APPs, ED 
nurses, allied health professionals, or specialists; 
typical ED team composition; or team cohesion 
and dynamics). Recent studies suggest that ED 
diagnostic accuracy can be improved through the 
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assessments conducted as 
part of a patient exam (good 
or bad), and how that data 
may have contributed 
positively (to the correct 
diagnosis) or negatively (to an 
erroneous diagnosis). It's 
unclear how “teamwork” may 
have an impact, and what is 
meant by teamwork in the 
context of how this 
recommendation is presented. 

direct engagement of specialist consultants as 
part of the diagnostic team caring for ED 
patients.268 It would also be valuable to know 
whether engaging ED nurses in support of ED 
clinician diagnosis by promoting adherence to 
guidelines, protocols, or pathways would improve 
diagnostic accuracy or outcomes for patients (as 
demonstrated previously in other areas of patient 
safety). Likewise it would be valuable to know 
whether findings from vignette-based trials 
showing that medical students make more 
accurate diagnoses when working in teams than 
when working alone also apply to routine, real-
world ED care delivery, as implied by one recent 
study that focused on systematic physician 
cross-checking in the ED.") 

TEP #1 Clarity and 
Usability 

There is lots of useful 
information here but some of 
it is hard to find.  Increased 
used of subheadings in the 
results + discussion would 
help and separating out 
*summaries of research 
papers* from *summaries of 
research methods* would also 
help. 

Within the limits of the required EPC report 
format, we have tried to make the report more 
usable through subheadings and nesting. 
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