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ABSTRACT
Objective Diagnostic errors in the emergency
department (ED) are harmful and costly. We reviewed a
selected high-risk cohort of patients presenting to the ED
with abdominal pain to evaluate for possible diagnostic
errors and associated process breakdowns.
Design We conducted a retrospective chart review of
ED patients >18 years at an urban academic hospital.
A computerised ‘trigger’ algorithm identified patients
possibly at high risk for diagnostic errors to facilitate
selective record reviews. The trigger determined patients
to be at high risk because they: (1) presented to the ED
with abdominal pain, and were discharged home and
(2) had a return ED visit within 10 days that led to a
hospitalisation. Diagnostic errors were defined as missed
opportunities to make a correct or timely diagnosis
based on the evidence available during the first ED visit,
regardless of patient harm, and included errors that
involved both ED and non-ED providers. Errors were
determined by two independent record reviewers
followed by team consensus in cases of disagreement.
Results Diagnostic errors occurred in 35 of 100 high-
risk cases. Over two-thirds had breakdowns involving the
patient–provider encounter (most commonly history-
taking or ordering additional tests) and/or follow-up and
tracking of diagnostic information (most commonly
follow-up of abnormal test results). The most frequently
missed diagnoses were gallbladder pathology (n=10)
and urinary infections (n=5).
Conclusions Diagnostic process breakdowns in ED
patients with abdominal pain most commonly involved
history-taking, ordering insufficient tests in the patient–
provider encounter and problems with follow-up of
abnormal test results.

INTRODUCTION
Diagnostic errors are estimated to affect 12 million
adults in the USA annually in the outpatient
setting.1 Data from malpractice claims suggest that
of all medical errors, diagnostic errors are the most
frequent and expensive, and they contribute to the
most morbidity and mortality.2 3 While their fre-
quency in the emergency department (ED) is
unknown,4 an ED-specific malpractice study sug-
gests that they are a significant issue in the emer-
gency setting. Almost half (47%) of ED claims and
62% of payouts are due to diagnostic errors, and
these errors lead to at an average of US$295 000
more per payout as compared with other types of
errors.5

The ED is an inherently risky environment
where physicians see many sick and unfamiliar
patients while being interrupted every 3–6 min.6–8

An estimated 129.8 million annual ED visits

combined with a conservative 5% estimate of diag-
nostic error rate in outpatient care suggests millions
of incorrect diagnoses could be made in EDs each
year.9 10 Though many diagnostic errors never lead
to harm, the rate of this type of error and its conse-
quences may be underestimated and understudied.1

While unscheduled return visits to the ED within
72 h are commonly used as a trigger to find these
errors,11 12 evidence suggests that the revisits asso-
ciated with poor quality and error may occur up to
9 days after the initial visit.13 Reviews of unscheduled
ED return visits estimate that 12%–25% of patients
returning had an incorrect initial diagnosis.14 15

While several reviews of return visits have found
abdominal pain to be a major factor associated
with unscheduled returns (n=10),15 prior studies
of repeat visits to the ED and adverse events have
only focused on chest pain (n=13), psychiatric
complaints (n=10) and chronic lung disease (n=8).
Abdominal pain is the most common chief
complaint16 and also a particular area of risk for
the ED physician because several abdominal condi-
tions can present with uncommon or unusual
presentations.

Key messages

What is already known on this subject?
▸ Diagnostic errors lead to substantial patient

safety concerns in the Emergency Department
(ED) but methods to study and learn from them
are underdeveloped.

▸ Abdominal pain presents a diagnostic challenge
in the ED and is often associated with
unscheduled return visits.

What might this study add?
▸ An electronic “trigger” algorithm based on

unscheduled return visits followed by rigorous
record review methodology identified cases of
abdominal pain at high-risk for diagnostic
error.

▸ Over two-thirds of diagnostic errors involved
breakdowns in the patient-provider encounter
(most commonly history-taking or ordering
additional tests) and/or follow up and tracking
of diagnostic information (most commonly
follow-up of abnormal test results).

▸ A triggered review methodology identified
opportunities for process improvement and
might be useful for other EDs considering
measurement and reduction of diagnostic
errors.
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The primary objective of this study was to determine the
types and origins of diagnostic errors in a high-risk cohort of
patients who presented with abdominal pain to the ED. A sec-
ondary objective was to test methods of error identification and
review in the ED that others could use for future investigation
within their own institutions.

METHODS
Study design and setting
We conducted a retrospective chart review study of patients seen
in the ED of a large tertiary hospital affiliated with the Baylor
College of Medicine in the USA. Providers include over 25 full-
time ED physicians (ie, emergency medicine residency trained
and working in this ED about 28 clinical hours per week), 20
full-time mid-level providers (physician assistants and nurse
practitioners who independently treat and discharge patients
with complaints triaged as less severe, but seek help from ED
physicians as needed), 30 part-time providers (ie, emergency
medicine residency-trained physicians and mid-level providers
who work <28 h/week), 42 emergency medicine residents and a
rotating cadre of off-service interns from other specialities. All
surgical specialities are available in the hospital to consult on
patients in the ED when requested by the ED providers. The
hospital system has a comprehensive integrated electronic health
record (EHR) and a large network of primary and speciality
clinics. The patient population is ethnically and racially diverse,
with one-third falling below 200% of the federal poverty level
and nearly three-quarters being uninsured. Typically, uninsured
patients are asked to pay anywhere from several hundred to
several thousand dollars in cash up front for physician visits,
surgeries and hospitalisations accessed outside of the ED.
Uninsured patients have access to emergent care through the ED
without payment, but receive a bill after treatment.

Study protocol
This study was approved by the local institutional review board.
We developed an electronic trigger algorithm to identify patients
who visited the ED between May 2011 and May 2013 (index
ED visit) and who met two criteria that we believed would
make them at high risk for diagnostic error of an abdominal
complaint: (1) had ‘abdominal pain’ in the provider’s ‘History
of Present Illness’ or in the diagnosis codes, or had a lipase
laboratory test or an abdominal image (kidney, ureter and
bladder (KUB)) X-ray, ultrasound or CT) performed and (2)
were subsequently discharged home from the ED and then had
a return ED visit that led to hospitalisation between 1 and
10 days after the initial visit (figures 1 and 2). We included
lipase because nurses order this test as a triage protocol for
abdominal pain and while nurses are also authorised to order
basic metabolic panels, complete blood counts, liver function
tests, urinalysis and pregnancy tests, lipase is the most specific.
In cases where the same patient made two or more pairs of
visits that triggered the algorithm, only the earliest visit pair was
included. The electronic trigger algorithm identified 621 unique
patients. This list was sorted using Microsoft Excel random
number generator, and records of these patients were briefly
reviewed in order. The review excluded patients who did not
actually have a chief complaint of abdominal pain on chart
review, or had traumatic, long-standing (>6 weeks) or dialysis-
related presentations of abdominal pain. We, thus, reviewed 260
charts to find the first 100 eligible patients, a sample size similar
to prior diagnostic error work,6 17 as well as feasible and prac-
tical given the exploratory aims of this study. We did not plan to
make any error frequency estimations based on this sample;

rather, we aimed to gather an adequate number of errors to gain
insights for quality improvement purposes.

Two emergency physician ‘primary’ reviewers independently
reviewed patient charts to determine the presence or absence of
error using a standardised data abstraction form modified from
previous studies.17 Diagnostic error studies traditionally have
had very low reviewer agreements, so disagreements between
primary reviewers about the presence/absence of error were
independently reviewed by a surgeon and an additional emer-
gency physician.17–20 If these two secondary reviewers dis-
agreed, the case was discussed in a meeting that included the
primary and secondary reviewers and two diagnostic error
researchers to reach a team consensus. This serial consensus
methodology overcame some of the limitations of reliably meas-
uring diagnostic errors.21

Similar to prior published work, we defined diagnostic errors
as missed opportunities to make a correct or timely diagnosis
based on the available evidence, regardless of patient harm.19 22

Operationally, these were judged to have occurred if adequate
data to suggest the final, correct diagnosis were already present
at the index ED visit or if documented abnormal findings at the
index visit should have prompted additional evaluation that
would have revealed the correct, ultimate diagnosis. Thus,
errors were determined to occur only when missed opportun-
ities to make an earlier diagnosis were present at the index ED
visit.19 Diagnostic errors included any missed opportunity
during the index ED visit, whether missed by the ED provider
or by a consulting provider, patient or other staff member such

Figure 1 Patient selection criteria flowsheet. ED, emergency
department.
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as a radiologist. Reviewers were trained on how to identify diag-
nostic error cases based on prior studies before beginning the
review process, and practised the review process on 10 cases.

Data collected from the EHR included patient and visit
characteristics, presenting symptoms, past medical history as
documented in the providers’ notes, abnormal test results, dif-
ferential diagnoses and final diagnoses as documented in the
note or encounter, discharge instructions and follow-up plans
from the initial visit. Information collected from the second
visit included the evolution of the patient’s presentation, includ-
ing details on symptom progression and new test results, and
final diagnoses as documented in the hospital discharge
summary.

Outcomes
In addition to determining the presence or absence of diagnostic
error, the primary reviewers collected details about the error, if
discovered. To identify the types of diagnostic process break-
downs underlying these errors, we used an existing five-level
classification developed by Singh et al19 and categorised process
breakdowns into the following categories: patient–provider
encounter, performance and/or interpretation of diagnostic
tests, follow-up and tracking of diagnostic information, referral-
related processes and patient-specific processes. Patient–provider
encounter issues included problems with history, physical exam-
ination, failure to review previous documentation and problems
ordering diagnostic test for further work-up in the ED (such as
failure to order an imaging study while in the ED). We also used
an eight-point ‘Human Error Consequence Scale’ previously
validated by Singh et al19 in diagnostic error research to collect
data about each error’s potential for harm, with one indicating
no harm/no inconvenience and eight indicating the potential for
immediate or inevitable death.

Analysis
Descriptive statistics were used to describe characteristics of the
diagnostic error cases, including the clinical conditions involved,
as well as associated process breakdowns and the potential for
harm. Characteristics were compared between error and

non-error cases using t tests for continuous variables and χ2 or
Fisher’s exact tests, where appropriate, for categorical variables.
Then, a multivariable logistic regression was performed using
characteristics that differed significantly between the error and
non-error cases using univariate tests. All data were analysed
using IBM SPSS Statistics V.22.

RESULTS
Of 100 cases reviewed in detail, 35 were ultimately determined
to contain diagnostic errors. The most frequently missed diag-
noses were acute gallbladder pathology (n=10), urinary system
infections (n=5), diverticulitis (n=2), small bowel obstruction
(n=2), appendicitis (n=2), cancer (n=2) and ectopic pregnancy
(n=2). Selected examples of errors where both primary
reviewers were in agreement on the presence of error are pre-
sented in table 1.

Primary reviewer inter-rater agreement was 67.7% on the
presence or absence of error; secondary reviewers reviewed 33
cases where the primary reviewers disagreed and achieved a
54.8% agreement for presence/absence of error in these cases.
The remaining 18 cases of disagreement were discussed by the
team, of which, 8 were determined to have errors by consensus.

All high-risk cases had similar patient and initial ED visit
characteristics, except error cases had shorter initial ED visit
lengths of stay from arrival to ED departure (p=0.002), were
more likely to be seen by a mid-level provider than a physician
(p=0.013), made fewer visits to the ED in the 3 months preced-
ing the initial visit (p=0.002) and were less likely to report a
history of substance abuse (p=0.03) (table 2). When laboratory
test results were abnormal, error cases were less likely than
non-error cases to have the abnormal laboratory results docu-
mented as reviewed in the provider’s note (25.7% (n=9) vs
45.3% (n=29), p=0.004), and more likely to have the abnor-
mal results inadequately addressed at the initial visit (42.9%
(n=15) vs 0.0% (n=0), p<0.001). Error cases were more likely
to have a differential diagnosis that did not include the final
diagnosis (37.1% (n=13) vs 25.0% (n=16), p=0.031). Using a
multivariable logistic regression, error cases still differed from
non-error cases in having shorter initial ED visit lengths of stay

Figure 2 Number of days between
emergency department (ED) visits:
error versus non-error cases.
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(OR 0.91, CI 0.84 to 1.00, p=0.045) and higher likelihood of
being seen by a mid-level provider (OR 2.68, CI 1.01 to 7.13,
p=0.048).

Of the 35 error cases, most (74.3%) had multiple types of
process breakdowns based on the 5-level classification; nine
(25.7%) error cases had three breakdowns and 17 (48.6%) had

Table 1 Examples of errors with reviewer agreement and the process breakdowns involved (all patients have been referred to as male, and
ages have been masked).

Case Errors

A non-English speaking patient presented with abdominal pain, and nurses documented vomiting with inability
to tolerate oral intake. Laboratory revealed elevated liver function tests. No interpreter services were used, but
the provider documented no nausea or vomiting, and referred the patient for elective outpatient
cholecystectomy without performing an abdominal ultrasound. The patient returned the next day, and was
diagnosed with choledocholithiasis

Problems with history
Problems ordering diagnostic test for further work-up in
the ED
Problems with timely follow-up of abnormal test result

Patient with history of prior cholecystectomy presented with left upper quadrant pain, nausea and vomiting,
which were worse with eating. Liver function tests were elevated. A CT abdomen/pelvis was performed and read
by radiology resident as duodenitis, and the patient was discharged with PCP follow-up. Postdischarge, the
radiology attending reread the preliminary CT as choledocholithiasis, but the patient was not called back. The
patient returned on his own a few days later with worsening symptoms

Problems with diagnostic test (radiology over-read)
Problems with follow-up of abnormal test result

Patient with no medical history presented with 4 days of abdominal pain, nausea, vomiting and diarrhoea after
eating fast food. Chief complaint in triage was ‘food poisoning’. Documented examination did not find lower
abdominal tenderness. Laboratory showed leucocytosis with left shift, and right upper quadrant ultrasound was
negative. He was discharged home with antibiotics for possible colitis without a follow-up plan. He returned
with worsening pain few days later, and CT revealed ruptured appendicitis

Problems with physical examination
Problems ordering diagnostic test for further work-up in
the ED (CT scan)Problems scheduling appropriate
follow-up (none given)

Patient with history of gallstone pancreatitis presented with right upper quadrant pain, nausea and vomiting.
Laboratory revealed elevated liver function tests and normal WBC count, but with left shift. Patient was
discharged from ED without imaging, but returned about a week later with worsening symptoms and new
fever. Imaging revealed choledocholithiasis with cholangitis

Problems ordering diagnostic test for further work-up in
the ED
Problems with timely follow-up of abnormal test results

Patient with stage 4 colon cancer on chemotherapy presented with >1 week nausea, vomiting, diarrhoea and
abdominal pain. No differential diagnosis recorded. Patient was given intravenous fluids and offered admission
for intravenous hydration and intravenous antiemetics, but refused. Returned a few days later after an
outpatient CT revealed small bowel obstruction. On return visit, a history of >1 week of minimal stool output
and no flatus was elicited by the new care team

Patient issue (declined admission)
Problems with history
Problems ordering diagnostic test for further work-up in
the ED

Patient with history of kidney stones and lithotripsy scheduled presented with new flank pain and dysuria.
Nursing noted pain in right upper quadrant. Urinalysis with +leucocyte esterase, +RBCs, +WBCs, but no
imaging was performed. Patient was discharged with antibiotics and urology follow-up, but returned a few days
later with worsening pain. A diagnosis of cholecystitis with choledocholithiasis was made

Problems with history
Problems ordering diagnostic test for further work-up in
the ED

ED, emergency department; PCP, primary care provider; RBC, red blood cells; WBC, white blood cells.

Table 2 Demographics of error versus non-error cases

Patient and initial ED characteristics
Non-errors
n=65

Errors
n=35 p Value

Age (years), mean (SD) 41.4 (15.1) 43.7 (12.1) 0.41
Weight (kg), mean (SD) 77.7 (20.3) 78.2 (18.9) 0.92
Length of Stay (h), mean (SD) 13.8 (6.2) 10.3 (4.5) 0.002*
Number of ED visits in prior 3 months, mean (SD) 0.9 (1.5) 0.2 (0.6) 0.002
Duration of pain at initial visit (days), mean (SD) 2.8 (1.6) 2.5 (1.5) 0.37
History of mental health disorder, n (%)† 10 (15.4) 4 (11.4) 0.14
History of substance abuse, n (%)† 14 (21.5) 4 (11.4) 0.03
History of abdominal surgery, n (%)† 28 (43.1) 17 (48.6) 0.32
English as a primary language, n (%)† 37 (58.7) 18 (51.4) 0.55
Seen by nurse practitioner or physician’s assistant, n (%)† 15 (23.1) 17 (48.6) 0.01*
Primary diagnosis unknown at initial visit, n (%)† 1 (1.5) 2 (5.7) 0.28
Differential diagnosis documented at initial visit, n (%)† 41 (66.1) 17 (51.5) 0.19
Differential diagnosis did not include true diagnosis, n (%)† 10 (25.0) 13 (37.1) 0.03*
Abnormal laboratory at initial visit, n (%)† 43 (66.2) 28 (80.0) 0.17
Abnormal laboratory documented at initial visit, n (%)† 29 (45.3) 9 (25.7) 0.004*
Abnormal imaging at initial visit, n (%)† 28 (66.7) 12 (54.5) 0.42

Abnormal imaging documented at initial visit, n (%)† 20 (33.3) 7 (20.6) 0.42
Abnormal results not adequately addressed at initial visit, n (%)† 0 (0.0) 15 (42.9) <0.0001
Inappropriate time to follow-up, n (%)† 15 (23.4) 12 (34.3) 0.35
Inappropriate return precautions given, n (%)† 7 (10.8) 4 (11.4) 0.58

*Remained significant on multivariable analysis.
†Percentages are for errors (or non-errors) with the exposure (eg, history of mental health disorder). Only the number of patients with the exposure in each error group are presented,
but non-exposure percentages can be recreated by subtracting the number of each exposure group from the total number for each column and dividing by the total sample size.
Bold indicates a significant p-value < or = 0.05
ED, emergency department.

4 Medford-Davis L, et al. Emerg Med J 2015;0:1–7. doi:10.1136/emermed-2015-204754

Original article

group.bmj.com on November 9, 2015 - Published by http://emj.bmj.com/Downloaded from 

http://emj.bmj.com/
http://group.bmj.com


two breakdowns (table 3). Two-thirds had problems with the
patient–provider encounter (68.6%, n=24), most frequently
related to failure to order sufficient diagnostic tests for work-up
(48.6%, n=17), or problems collecting the patient history
(40.0%, n=14). Additionally, almost three-fourths had problems
with follow-up and tracking of diagnostic information (74.3%,
n=26), most frequently related to follow-up of abnormal diag-
nostic test results (65.7%, n=23). Nine (25.7%) cases had issues
related to diagnostic test performance/interpretation. Additional
breakdowns included problems with the consultation process
(11.4%, n=4) and patient-related issues (14.3%, n=5) such as
failure to mention key symptoms. The potential severity of

injury was categorised as considerable to severe in 57% of cases,
with the most frequent risk being considerable harm (figure 3).

DISCUSSION
We used an electronic algorithm to identify a cohort of patients
with abdominal pain who we considered at high risk for diag-
nostic errors. We then used a rigorous record review method-
ology to identify errors and processes for quality improvement.
The majority of breakdowns involved two diagnostic processes:
the patient–provider encounter, where breakdowns often
involved failures in gathering history or ordering sufficient diag-
nostic tests for further work-up; and failures in follow-up and
tracking of diagnostic information, where breakdowns fre-
quently involved failure to review or act on abnormal test
results. Similar areas of process breakdown have been documen-
ted in ambulatory care19 23 as well as in malpractice claims in
the ED setting.5 6 Our study documents the presence of the
high frequency of these process breakdowns in the ED in cases
of abdominal pain-related diagnostic error.

We used a robust methodology to identify and determine
diagnostic errors that could also be useful to others pursuing
error measurement for diagnostic quality improvement. First,
we leveraged the EHR to focus on a selective high-risk cohort
of patients. Few studies have used electronic trigger methods for
error identification,20 and none in ED settings. These methods
could be useful to inform future research as well as local quality
improvement efforts related to diagnostic errors where measure-
ment methods are fairly limited.24 Second, the serial consensus
method between ED physicians, surgeons and diagnostic error
experts was a relatively novel method for case evaluation and
added rigor to diagnostic error determination, which typically
has had very low agreement in previously published
studies.6 18 19 Third, we used an existing classification of
process breakdowns and applied this to understand the origins
of these errors.

Our study underscores the importance of addressing
measurement-related challenges to advance the understanding
and improvement of diagnostic errors.24 In the absence of exist-
ing gold standards, different physician specialists often perceive
quality of care very differently in the same case, which we also
found while reviewing cases. At times, even when a consensus
was reached between the secondary emergency physician
reviewer and the surgeon, each gave a different reason why they
believed the error had occurred. Measurement of diagnostic
error is additionally challenging because each physician deals
with uncertainty very differently, even within the same special-
ity. Often factors other than training such as culture, norms and
personal preferences might sway their judgements. Further work
in this area needs to develop more objective criteria for diagnos-
tic errors, and focus on how to identify missed opportunities
that could be examined for improvement and prevention.22

Failure to follow up abnormal laboratory was a common
breakdown. A frequent example was the failure to order abdom-
inal imaging for patients with abnormal liver function tests.
While emergency physicians typically do not follow up abnor-
mal tests themselves beyond the ED encounter, they are
expected to either order appropriate further investigations
during the initial ED visit or to arrange outpatient follow-up for
patients to have the abnormality rechecked. Problems in gather-
ing patient history were also common breakdowns. Examples
included failing to elicit a history of similar episodes (such as in
a patient with known porphyria), not using a language inter-
preter and eliciting an inadequate or incomplete history, espe-
cially one that contradicted the nursing notes, the latter being

Table 3 Errors in five dimensions

Dimensions of 35 error cases n (%*)

Patient Related 5 (14.3)
Delay in seeking care 0 (0.0)
Lack of adherence to appointments 0 (0.0)
Other (patient refused admission on initial visit; did not fill
outpatient medications; changed the history (story) several times;
asked to leave prior to complete work-up, rushing diagnosis; did not
provide correct contact information for follow-up)

5 (14.3)

Patient–provider encounter 24 (68.6)
Problems with history 14 (40.0)
Problems with physical examination 2 (5.7)
Failure to review previous documentation 4 (11.4)
Problems ordering diagnostic tests for further work-up 17 (48.6)
Other: unnecessary procedure performed 1 (2.9)
Diagnostic tests 11 (31.4)
Ordered test, not performed at all 0 (0.0)
Ordered tests, not performed correctly 0 (0.0)
Ordered tests, not interpreted correctly 9 (25.7)
Misidentification 0 (0.0)
Other: attending over-read of preliminary radiology result 3 (8.6)
Follow-up and tracking 26 (74.3)

Problems with follow-up of abnormal diagnostic test results 23 (65.7)
Problems with scheduling of appropriate and/or timely follow-up
visits

6 (17.1)

Other: failure to prescribe antibiotics for diagnosed infection 1 (2.9)
Referrals 4 (11.4)
Problem initiating referral 2 (5.7)
Lack of appropriate actions on requested consultation 1 (2.9)
Communication breakdown from consultant to referring provider 1 (2.9)
Other 0 (0.0)

*Each case may have several contributing factors involved. Dimensions and items
within each dimension are not mutually exclusive.

Figure 3 Potential severity of injury associated with 35 error cases.
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accurate as discovered by information gathered during the
second visit. Notably, missing the documented information in
nurse’s notes was one of the reasons attributed to the misdiag-
nosis of the 2014 Ebola case in a Dallas, Texas, ED.25

Although little actual harm was documented in these 35 error
cases, more than half were judged to have the potential for sig-
nificant harm. Two errors were judged to be life threatening, the
first a missed ectopic pregnancy that was ruptured on return
and the second a missed spontaneous bacterial peritonitis in a
patient with cirrhosis who returned with altered mental status.
High rates of harm in malpractice claims6 signify the potential
negative consequences of diagnostic error, making its reduction
a high-priority area for quality improvement.

Diagnostic errors are often thought to stem from bias or from
overreliance on type 1, or automatic, heuristic thinking rather
than deliberate type 2 reasoning.26 Interventions could include
deliberate consideration of a broad differential diagnosis prior
to final disposition, learned cognitive forcing strategies or use of
a checklist, all of which force the mind to slow down prior to
making a final decision.26 27 Cognitive error concepts and miti-
gation strategies should be integrated into medical and residency
education both in the classroom and through simulation.
Medical culture should encourage seeking assistance from
fellow ED colleagues, consultants or diagnostic aid tools rather
than praising independence.26 28–30 Other systems-based solu-
tions such as chief complaint-triggered clinical decision support,
EHR tools, lowering the ED patients per hour/throughput
expectations and involving patients in the diagnostic error iden-
tification and reduction process are potential solutions that
warrant further evaluation.31

Our study has several limitations. It has a small sample size
and represents an exploratory analysis of the origins of certain
types of diagnostic errors in emergency medicine, rather than a
prevalence or hypothesis testing study. While it includes patient
factors in the origins of error, it does not fully examine other
contributions to error that may have occurred in the pre-ED
setting.32 However, it builds methodologically on similar studies
done in other settings.5 6 18 19 23 33 The inter-rater agreement
was relatively low, but it was similar to prior studies about the
presence of error.6 18 19

Retrospective studies such as ours are also subject to hindsight
bias and limited by the data recorded in the patient chart at the
time of evaluation. For example, while we found a significant
association between diagnostic errors and the failure to docu-
ment a broad differential diagnosis or abnormal test results as
reviewed, providers may have considered the correct diagnosis
and reviewed laboratory results, but not documented these
actions in their notes. Thus, we are unsure if these failures rep-
resent documentation problems alone or premature cognitive
closure without consideration of a sufficiently broad differential
and failure to notice or recognise an abnormal test result.

Furthermore, the types of diagnoses that were missed may
not be generalisable to other patient populations with
abdominal pain. We also might not have captured patients
who returned to a different ED, although due to a hospital-
specific financing scheme, many patients primarily obtain
care within this hospital system. Patients with atypical pre-
sentations of abdominal pathology such as back or hip pain
would not have been identified by the trigger algorithm
unless a provider suspected abdominal pathology and
ordered lipase or abdominal imaging. Nevertheless, the ana-
lysis is comprehensive, and has identified common high-risk
processes that warrant attention in order to reduce diagnos-
tic errors in the ED.

In conclusion, process breakdowns leading to diagnostic
errors in patients presenting with abdominal pain to the ED
most commonly involved incomplete history-taking, ordering
insufficient tests in the patient–provider encounter and problems
with follow-up of abnormal test results. Future investigations
into diagnostic error in the ED setting should analyse and
address the contributory factors underlying these process break-
downs and test interventions to reduce them.
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