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Missed diagnoses of acute myocardial infarction 
in the emergency department: variation by patient 
and facility characteristics

Abstract

Background: An estimated 1.2 million people in the US 
have an acute myocardial infarction (AMI) each year. An 
estimated 7% of AMI hospitalizations result in death. 
Most patients experiencing acute coronary symptoms, 
such as unstable angina, visit an emergency department 
(ED). Some patients hospitalized with AMI after a treat-
and-release ED visit likely represent missed opportunities 
for correct diagnosis and treatment. The purpose of the 
present study is to estimate the frequency of missed AMI 
or its precursors in the ED by examining use of EDs prior 
to hospitalization for AMI.
Methods: We estimated the rate of probable missed diag-
noses in EDs in the week before hospitalization for AMI 
and examined associated factors. We used Healthcare 
Cost and Utilization Project State Inpatient Databases and 
State Emergency Department Databases for 2007 to evalu-
ate missed diagnoses in 111,973 admitted patients aged 
18 years and older.
Results: We identified missed diagnoses in the ED for 993 
of 112,000 patients (0.9% of all AMI admissions). These 
patients had visited an ED with chest pain or cardiac con-
ditions, were released, and were subsequently admitted 
for AMI within 7 days. Higher odds of having missed diag-
noses were associated with being younger and of Black 

race. Hospital teaching status, availability of cardiac 
catheterization, high ED admission rates, high inpatient 
occupancy rates, and urban location were associated with 
lower odds of missed diagnoses.
Conclusions: Administrative data provide robust infor-
mation that may help EDs identify populations at risk of 
experiencing a missed diagnosis, address disparities, and 
reduce diagnostic errors.
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Introduction
An estimated 1.2 million people in the US have an acute myo-
cardial infarction (AMI) each year [1]. In 2009, inpatient hos-
pital costs for AMI were nearly 12 billion dollars [2]. Although 
overall AMI mortality rates are declining [3], about 7% of all 
AMI hospitalizations in 2007 resulted in death [1, 4].

Most patients experiencing an acute coronary syn-
drome (ACS) (i.e., AMI or a precursor such as unstable 
angina) come through an emergency department (ED). 
EDs commonly evaluate patients presenting with chest 
pain and other symptoms suggestive of ACS with elec-
trocardiograms and biochemical diagnostic tests. After 
evaluation, patients considered at high risk of AMI are 
hospitalized or held for observation until an AMI can be 
diagnosed or excluded, and patients considered at low 
risk are released with outpatient follow-up.

The decision to hospitalize or release is not always clear. 
Previous studies have estimated that 2% to 8% of patients 
with AMI are not diagnosed in the ED and are inadvert-
ently released home [5–9]. These studies have been small 
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– usually including fewer than a dozen hospitals. They have 
also focused on the characteristics of patients who are more 
likely to have missed diagnoses of AMI: women younger 
than 55 years, patients who are not White, and those who 
present with atypical features of cardiac ischemia [7, 10, 11]. 
Additional research with a larger number of patients would 
yield more generalizable estimates.

Some patients hospitalized with AMI after a treat-and-
release ED visit likely represent missed opportunities for 
correct diagnosis and treatment [12]. Although the effects 
of missed AMI diagnoses are not completely understood, 
some studies have found a nearly two-fold increase in the 
risk of death [7]. Tracking rates of these missed diagno-
ses might allow providers to target specific patients and 
policy makers to target specific facilities for improvement. 
Furthermore, the ability to track missed diagnoses across 
a range of symptoms and problems would facilitate public 
health prioritization efforts to reduce misdiagnosis and 
mitigate harms [13].

The purpose of the present study is to estimate the 
frequency of missed AMI or its precursors (e.g., unstable 
angina) in the ED by examining use of EDs prior to hos-
pitalization for AMI. We focus on patients evaluated for 
chest pain or cardiac conditions within 1 week of hospi-
talization; these patients were the most likely to have 
missed opportunities for diagnosis and intervention that 
might have reduced their risk for AMI. We use administra-
tive data from the Healthcare Cost and Utilization Project 
(HCUP) – a family of databases that encompasses inpa-
tient discharge data for over 95% of visits to hospitals in 
the US [14]. We estimate the overall rate of missed diagno-
ses and examine the association between missed diagno-
ses and patient, ED, and hospital characteristics.

Materials and methods

Definition of misdiagnosis
Definitions and standards for describing diagnostic failures vary [13]. 
We defined misdiagnosis as a diagnostic error; that is, a diagnosis 
that is “missed, wrong, or delayed, as detected by some subsequent 
definitive test or finding” [15]. We focused on probable missed AMI 
using hospital admission with a discharge diagnosis of AMI as the 
subsequent definitive test. We looked back in time from these index 
admissions for patients whose symptoms were probably missed or 
misdiagnosed at a recent ED visit. We did not distinguish missed, 
wrong, or delayed diagnoses or differentiate between misdiagnosis 
and diagnostic error. Because we did not have detailed clinical data, 
we could not examine potential diagnostic process failures, prevent-
ability of the missed AMI, or potential harm resulting from the diag-
nostic procedure.

Study design
We conducted a retrospective, cross-sectional analysis of probable 
missed AMI using linked inpatient discharge records and ED visit 
records. We identified patients hospitalized for AMI in inpatient data. 
Then, we identified the patients who had been treated and released 
from an ED in the preceding 7 days in linked ED data. Data were pre-
pared and analyzed consistent with Health Insurance Portability and 
Accountability Act (HIPAA) privacy rules as described below.

This is a retrospective study using administrative data with syn-
thetic person identifiers. No human subjects were involved in the 
preparation of this manuscript, and no IRB approval was required.

Data source
Our analysis used the 2007 HCUP State Inpatient Databases [16], which 
is a census of inpatient discharge records, and the 2007 HCUP State 
Emergency Department Databases [17], which is a census of hospital-
affiliated ED visits that did not result in hospitalizations. ED visits that 
resulted in hospitalizations are captured in the SID. We linked indi-
viduals in inpatient and ED settings of care using a synthetic person 
identifier that state data organizations had devised with each patient’s 
personal information. Synthetic person identifiers can be used to track 
patients across hospitals and settings while satisfying strict privacy 
guidelines [18]. We included in the study the states with SID and SEDD 
data as well as reliable, encrypted person identifiers and race and eth-
nicity coding. The resulting data came from 9 states (Arizona, Florida, 
Massachusetts, Missouri, New Hampshire, New York, South Carolina, 
Tennessee, and Utah) comprising 797 EDs.

Study population
We included records of 111,973 patients aged 18 years and older who 
had an AMI index admission between February and December, 2007. 
We identified AMI admissions by using Clinical Classifications Soft-
ware (CCS), which groups International Classification of Diseases, 
Ninth Revision, Clinical Modification (ICD-9-CM) codes by clinically 
meaningful categories [19]. We required patients have a principal 
diagnosis of AMI as determined by the CCS code 100. To adhere 
closely to the aforementioned definition of “diagnostic error”, we 
excluded from the analysis patients who left the ED against medical 
advice ( < 1% of all AMI index admissions with a prior ED visit and 
13% of AMI index admissions with a prior ED visit for cardiac symp-
toms). We also excluded patients with missing ZIP-Code-level income 
information (2.9% of AMI index admissions).

Variables

Missed diagnoses

Hospitalization for AMI following an ED visit does not necessarily 
indicate that an opportunity for diagnosis or treatment was missed. A 
patient’s ED diagnosis could be unrelated to the subsequent AMI. To 
minimize this problem, we focus on patients who visited an ED with 
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chest pain or cardiac conditions, were released from the ED, subse-
quently returned to a hospital within 0 to 7 days, and were admit-
ted with a principal diagnosis of AMI. Patients were not counted in 
the category of missed diagnoses if, on their initial ED visit, they 
were admitted to the same hospital through the ED or transferred 
to another hospital. Consistent with previous studies [5–9] and to 
make a conservative attribution of the AMI to the earlier symptom, 
we applied a maximum cutoff of 7 days between the ED visit and an 
inpatient admission.

We based our list of cardiac conditions on those used in previ-
ous clinical studies and on preliminary examination of CCS codes. 
Using CCS codes for the first-listed diagnosis in the SEDD, we identi-
fied ED diagnoses preceding admission for AMI. Table 1 lists the ED 
diagnoses for patients with an ED visit within the prior 7 days of their 
AMI admission. About 70% of these patients were diagnosed with 
four cardiac conditions: (1) nonspecific chest pain (45.5%); (2) coro-
nary atherosclerosis and other heart disease (15.4%); (3) congestive 
heart failure (5.4%); and (4) cardiac dysrhythmias (3.3%). Another 
15% were diagnosed with other lower respiratory disease (8.9%) or 
abdominal pain (6.6%). All other conditions accounted for  < 3% of 
the missed diagnoses. Although some ED visits for lower respiratory 
disease, abdominal pain, and other diagnoses may represent atypi-
cal presentations of heart disease, we restricted our definition of 
missed diagnoses to ED visits for the four cardiac conditions.

As a validation check to ensure coherence between our misdiag-
nosis construct and the results we report, we assessed the temporal 
profile of missed diagnoses and controls within the 7-day window 
prior to index admission for AMI. We hypothesized that revisits for 
symptoms designated as probable missed diagnoses would be clus-
tered in the days immediately following an ED visit. We expected 
revisits for designated control symptoms (i.e., other lower respiratory 
disease, abdominal pain, esophageal disorders, syncope, other gas-
trointestinal disorders, essential hypertension, malaise and fatigue, 

dizziness or vertigo, or gastritis) to be more evenly dispersed across 
the 7-day period.

Patient characteristics

We categorized patients by age, sex, race and ethnicity (non-His-
panic White, non-Hispanic Black, Hispanic, other non-Hispanic), 
and expected primary payer (private insurance, Medicare, Medi-
caid, other insurance, uninsured). We also classified patients by the 
national quartile of median household income based on the patient’s 
ZIP Code. We used Elixhauser Comorbidity Software to adjust for 
patient comorbidities [20].

Facility characteristics

We assigned hospital and ED characteristics based on the facility that 
initially treated the patient for AMI symptoms. For patients with an 
ED visit prior to the AMI admission, we used the characteristics of 
the ED that treated and discharged the patient. For patients without 
a previous ED visit, we used the characteristics of the admitting facil-
ity. Facility-specific characteristics included: (1) region (Northeast, 
Midwest, South, West); (2) population size (large metropolitan area, 
small metropolitan area, micropolitan area, and rural area); (3) hos-
pital ownership (public, private not-for-profit, private for-profit); (4) 
the availability of a cardiac catheterization lab, as reported to the 
American Hospital Association; and (5) the facility’s teaching status 
(teaching or non-teaching). A teaching facility was defined as hav-
ing an approved American Medical Association accredited gradu-
ate medical education program, being a member of the Council of 

Table 1 Emergency department diagnoses among patients released from an emergency department in the week before hospitalization for 
acute myocardial infarction.

CCS Code  Description   Frequency, n  Frequency, %

102a   Nonspecific chest pain   649  45.48
101a   Coronary atherosclerosis and other heart disease   220  15.42
133   Other lower respiratory disease   127  8.90
251   Abdominal pain   94  6.59
108a   Congestive heart failure; non-hypertensive   77  5.40
106a   Cardiac dysrhythmias   47  3.29
138   Esophageal disorders   36  2.52
245   Syncope   32  2.24
155   Other gastrointestinal disorders   30  2.10
98   Essential hypertension   30  2.10
252   Malaise and fatigue   25  1.75
93   Conditions associated with dizziness or vertigo   24  1.68
100   Acute myocardial infarction   20  1.40
140   Gastritis and duodenitis   16  1.12
Total     1427  100.00

CCS, Agency for Healthcare Research and Quality Clinical Classifications Software (CCS). aED code that was considered a missed diagnosis. 
Source: Agency for Healthcare Research and Quality, Healthcare Cost and Utilization Project (HCUP), State Inpatient Databases and State 
Emergency Department Databases, nine states combined (Arizona, Florida, Massachusetts, Missouri, New Hampshire, New York, South 
Carolina, Tennessee, and Utah), 2007.
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Teaching Hospitals, or having a ratio of full-time-equivalent interns 
and residents to beds that was 0.25 or higher.

Facility volume characteristics

We characterized hospitals according to the volume of patients seen in 
the ED and inpatient settings. To assess volume, we divided into ter-
tiles: (1) total volume of ED visits during the year, (2) the proportion of 
patients admitted to an inpatient setting from the ED, and (3) the annual 
occupancy rate as reported to the American Hospital Association.

Visit characteristics

We also accounted for visit-specific characteristics in the analyses. 
These included: (1) visit occurrence on a weekend or weekday; (2) 
visit occurrence during the first half (July–December) or second half 
(January–June) of the traditional resident training year; and (3) the 
relative ED volume on the day of the visit. We calculated relative 
ED volume as the total number of visits to the ED on the day of the 
patient’s visit, divided by the maximum number of visits to the ED on 
any day during the year.

Hospital disposition

We examined rates of mortality for patients with and without a 
missed diagnosis of AMI based on the patient’s discharge disposi-
tion.

Statistical analysis
We performed statistical analyses using SAS (SAS Institute, Inc; Cary, 
NC, USA) statistical software Version 9.2. We used hierarchical multi-
level modeling [21–23] to examine the likelihood of missed diagnoses, 
adjusting for patient and facility characteristics. We fit the simplest 
form of a hierarchical model using SAS PROC GLIMMIX, where we 
investigated patient visits nested within the EDs. We also included 
hospital fixed effects to control for unobservable characteristics, 
such as ED technology, infrastructure, culture, personal biases, and 
other factors that could not be measured directly at each ED.

Results
Figure 1 displays the results of the temporal profile analy-
sis of probable missed diagnoses and controls. As hypoth-
esized, treat-and-release ED visits for missed diagnoses 
were clustered in the few days before the hospital admis-
sion for AMI. In contrast, visits for control symptoms were 
more evenly distributed throughout the 7-day period.

Table 2 displays the descriptive characteristics of the 
patients with missed diagnoses in the ED and patients 
with AMI and no ED visit for chest pain or a cardiac condi-
tion within the previous 7 days. We identified 993 patients 
(0.9% of all AMI admissions) with missed diagnoses. 
State-level estimates ranged from 0.29% to 1.96%. Com-
pared to patients without a preceding ED visit for a cardiac 
condition, patients with missed diagnoses were younger; 
more likely to be Black; less likely to be Hispanic; more 
likely to have private insurance, Medicaid, or no insur-
ance; more likely to reside in areas with the lowest house-
hold incomes; and less likely to die in the hospital. There 
were 15 significant differences in comorbidities between 
patients with and without missed diagnoses; of these, 13 
comorbidities were more common in patients who did not 
have missed diagnoses. Also, most patients with missed 
diagnoses were seen at non-teaching hospitals and visited 
EDs without cardiac catheterization capabilities.

Table 3 displays the estimates, odds ratios (ORs), and 
probability values from the hierarchical model of missed 
diagnoses. Compared to younger patients, older patients 
had lower odds of missed diagnoses (aged 45–64 years, 
OR = 0.70, p = 0.001; 65–74 years, OR = 0.61, p < 0.001; 75+ 
years, OR = 0.49, p < 0.0001). Compared to White patients, 
Black patients (OR = 1.31, p = 025) and patients identified as 
other races or ethnicities (OR = 1.45, p < 0.005) had higher 
odds of missed diagnoses. The odds of missed diagnoses 
were 20% lower for patients covered by Medicare com-
pared to those who were privately insured (OR = 0.80, 
p = 0.04). However, the associations between missed diag-
noses and expected payers (other than Medicare), house-
hold income, and most comorbidity characteristics were 
not significant when other demographic and clinical con-
ditions were controlled.

The odds of missed diagnoses also varied with facil-
ity and visit characteristics. Hospitals in the Midwest had 
more than twice the odds of missed diagnoses as hospitals 
in the Northeast (OR = 2.17, p = 0.0003). Compared to hospi-
tals in large population centers, those in areas of between 
10,000 and 50,000 residents (OR = 1.97, p < 0.0001) and those 
with  < 10,000 residents (OR = 1.86, p = 0.0002) demonstrated 
higher odds of missed diagnoses. The odds of missed diag-
noses were about 80% lower for facilities with available 
cardiac catheterization laboratories (OR = 0.19, p < 0.0001). 
Teaching hospitals had lower odds of missed diagnoses 
compared to non-teaching hospitals (OR = 0.60, p = 0.0002). 
EDs that admit a higher proportion of patients to the hospi-
tal had about 85% lower odds of missed diagnoses (highest 
category, OR = 0.15, p < 0.0001) compared to hospitals with 
lower admissions from the ED. Hospitals with high occu-
pancy rates (OR = 0.63, p < 0.0001) demonstrated lower odds 
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than those with low occupancy. ED visits in January through 
June had lower odds of missed diagnoses than visits in July 
through December (OR = 0.69, p < 0.0001).

Discussion
We retrospectively evaluated patients who presented to an 
ED with chest pain or a cardiac condition and for whom an 
AMI diagnosis was confirmed on an inpatient admission 
within 1 week – that is, those who had a probable missed 
diagnoses in the ED. Our study indicates an overall rate 
of 0.9% for missed diagnoses of AMI. This rate is lower 
than the 2% rate reported in recent decades [6–8], and it is 
considerably lower than earlier estimates of 3.8% in 6 U.S. 
hospitals [5] and of 7.7% in an Israeli hospital [24]. Differ-
ences could reflect progress in cardiac care over time or 
methodological differences in the studies. We used a con-
servative approach by including only a few symptoms as 
suspected misdiagnoses and leaving others (e.g., esopha-
geal disorders, abdominal pain) uncounted. Some of these 
uncounted patients may have had missed AMI diagnoses. 
Also, our study could only count patients who subse-
quently were hospitalized for AMI within 7 days. There-
fore, we would have missed patients who did not seek 

further medical care, sought care more than 7 days later, 
sought care in another state, or who died of AMI at home. 
Inpatient mortality was lower among those with missed 
diagnoses, which could imply that missed diagnoses pre-
sented with less extensive disease than those who were 
not missed. Although previous studies with prospective 
clinical data could track and identify AMIs in all patients, 
the total numbers of patients were limited relative to those 
included in the HCUP data. Thus, our findings are sub-
stantially more robust with regard to subgroup analyses 
of demographic and facility characteristics.

Younger patients and Black patients experienced 
higher odds of missed diagnoses than older and White 
patients, respectively. These findings are consistent with 
previous studies suggesting that patients’ demographic 
characteristics influence diagnosis [13] and treatment 
[25]. Black patients have a higher risk for coronary artery 
disease [26, 27], which should lead to a heightened aware-
ness of cardiac symptoms. However, these patients are 
more likely to present with atypical symptoms, which may 
increase the odds of missed diagnoses. Young patients 
may receive a missed diagnosis because they are viewed 
as unlikely to have AMI – similar to missed diagnosis in 
young patients who have a stroke [13]. These findings 
underscore the need for clinician education in care of 
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Figure 1 Temporal profile of initial emergency department treat-and-release visits for probable misdiagnosesa vs. control conditionsb in the 
7 days prior to an index acute myocardial infarction admission.
aProbable misdiagnosed cardiac conditions: non-specific chest pain, coronary atherosclerosis and other heart disease, non-hypertensive 
congestive heart failure, and cardiac dysrhythmias. bControl conditions: other lower respiratory disease, abdominal pain, esophageal 
disorders, syncope, other gastrointestinal disorders, essential hypertension, malaise and fatigue, conditions associated with dizziness or 
vertigo, and gastritis and duodenitis. Abbreviations: AMI, acute myocardial infarction; ED, emergency department; GI, gastrointestinal; IP, 
inpatient. Source: Agency for Healthcare Research and Quality, Healthcare Cost and Utilization Project (HCUP), State Inpatient Databases 
and State Emergency Department Databases, nine states combined (Arizona, Florida, Massachusetts, Missouri, New Hampshire, New York, 
South Carolina, Tennessee, and Utah), 2007.
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Table 2 Descriptive characteristics of patients with and without missed diagnoses before acute myocardial infarction admission and 
hospitals where they were treateda in 2007.

Data elements  
 

Had missed diagnoses
(n = 993)

 
 

Did not have missed 
diagnoses 

(n = 110,980)

  p-Value

Mean, %  SD Mean, %  SD

Patient characteristics          
 Age, years   62.82  15.34  68.06  14.76   < 0.001
 Female   39.48  48.90  39.94  48.98  0.667
 Race/ethnicity          
  White (non-Hispanic)   75.53  43.01  76.85  42.18  0.162
  Black (non-Hispanic)   10.88  31.15  8.26  27.53   < 0.001
  Hispanic   4.33  20.36  6.53  24.71   < 0.001
  Other (non-Hispanic)   9.26  29.01  8.36  27.68  0.155
 Expected primary payer          
  Private insurance   33.13  47.09  27.41  44.61   < 0.001
  Medicare   46.02  49.87  58.48  49.28   < 0.001
  Medicaid   8.36  27.69  5.16  22.12   < 0.001
  Uninsured   9.47  29.29  6.27  24.24   < 0.001
  Other   3.02  17.13  2.67  16.13  0.355
 Median household income by Zip code          
  Highest ( > $61,000)   12.69  33.30  19.07  39.28   < 0.001
  Moderate ($46,000–$60,999)   18.63  38.95  21.97  41.41   < 0.001
  Low ($37,000–$45,999)   25.18  43.42  25.97  43.84  0.408
  Lowest ( < $36,999)   43.50  49.60  33.00  47.02   < 0.001
 Patient unrelated comorbidities          
  Paralysis   1.01  9.99  1.55  12.36  0.013
  Other neurological disorder   4.83  21.46  5.97  23.70  0.016
  Diabetes without chronic complications   24.57  43.07  27.07  44.43  0.008
  Diabetes with chronic complications   3.93  19.43  4.96  21.72  0.015
  Hypothyroidism   7.55  26.44  8.99  28.61  0.013
  Renal failure   12.39  32.96  16.08  36.73   < 0.001
  Liver failure   1.31  11.37  1.05  10.18  0.294
  AIDS   0.10  3.17  0.10  3.12  0.961
  Lymphoma   0.50  7.08  0.51  7.10  0.985
  Metastatic cancer   0.60  7.75  1.00  9.93  0.022
  Solid tumor without metastasis   1.31  11.37  1.49  12.11  0.473
  Rheumatoid arthritis   1.91  13.71  2.06  14.20  0.631
  Coagulopathy   3.12  17.40  4.00  19.60  0.022
  Obesity   11.08  31.40  8.94  28.54  0.002
  Weight loss   0.91  9.48  1.54  12.33  0.002
  Fluid and electrolyte disorder   12.79  33.41  18.29  38.66   < 0.001
  Chronic blood loss anemia   0.81  8.94  1.36  11.59  0.005
  Alcohol disorder   2.42  15.37  2.75  16.35  0.325
  Deficiency anemias   10.17  30.24  14.56  35.27   < 0.001
  Drug abuse   2.92  16.85  1.75  13.10  0.001
  Psychoses   1.31  11.37  1.86  13.52  0.028
  Depression   5.24  22.29  5.90  23.56  0.175
Facility characteristics          
 Hospital region          
  Northeast   26.99  44.41  33.95  47.36   < 0.001
  Midwest   16.82  37.42  9.89  29.85   < 0.001
  South   49.85  50.02  47.22  49.92  0.017
  West   6.34  24.39  8.93  28.52   < 0.001
 Population size          
  Large metropolitan area (residents   ≥  1 million)   33.84  47.34  56.13  49.62   < 0.001
  Small metropolitan area (50,000 < residents  < 1 million)   31.32  46.40  36.30  48.09   < 0.001
  Micropolitan area (10,000 < residents  < 50,000   20.24  40.20  6.28  24.25   < 0.001
  Non core-based area (residents  < 10,000)   14.60  35.33  1.30  11.34   < 0.001
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Data elements  
 

Had missed diagnoses
(n = 993)

 
 

Did not have missed 
diagnoses 

(n = 110,980)

  p-Value

Mean, %  SD Mean, %  SD

 Hospital ownership          
  Private, not-for-profit   62.03  48.55  69.24  46.15   < 0.001
  Government   18.93  39.20  13.15  33.79   < 0.001
  Private, for-profit   19.03  39.28  17.61  38.09  0.099
 Availability of catheterization lab          
  No   49.04  50.02  13.49  34.16   < 0.001
  Yes   35.05  47.74  71.24  45.26   < 0.001
  Missing   15.91  36.60  15.27  35.97  0.422
 Hospital teaching status          
  Teaching hospital   21.95  41.41  46.71  49.89   < 0.001
Facility volume characteristics          
 Emergency department volume          
  Low ( < 34,681 visits)   60.02  49.01  32.70  46.91   < 0.001
  Medium (34,681–60,921)   22.36  41.68  34.59  47.57   < 0.001
  High ( > 60,921)   17.62  38.12  32.71  46.92   < 0.001
 Proportion of admission from emergency department          
  Low ( < 19%)   71.60  45.12  32.45  46.82   < 0.001
  Medium (19%–26%)   19.54  39.67  34.01  47.38   < 0.001
  High ( > 26%)   8.86  28.43  33.54  47.21   < 0.001
 Hospital occupancy rate          
  Low ( < 50%)   19.94  39.97  3.44  18.22   < 0.001
  Medium (50%–70%)   52.97  49.94  53.01  49.91  0.971
  High ( > 70%)   27.09  44.46  43.55  49.58   < 0.001
Visit characteristics          
 ED crowding on day of visit          
  Low ( < 71%)   50.55  50.02  32.76  46.93   < 0.001
  Medium (71%–80%)   28.20  45.02  34.08  47.40   < 0.001
  High ( > 80%)   21.25  40.93  33.17  47.08   < 0.001
 Weekend/weekday visit          
  Visit during weekend   27.69  44.77  25.74  43.72  0.047
 Month of visit          
  January–June   48.24  49.99  53.08  49.91   < 0.001
Hospital disposition          
 Mortality rate   4.23  0.64  6.68  0.08   < 0.001

aFor missed diagnoses, the hospital characteristics relate to the ED where the patient was treated, whether or not the patient was admit-
ted to the same or a different hospital. Source: Agency for Healthcare Research and Quality, Healthcare Cost and Utilization Project (HCUP), 
State Inpatient Databases and State Emergency Department Databases, nine states combined (Arizona, Florida, Massachusetts, Missouri, 
New Hampshire, New York, South Carolina, Tennessee, and Utah), 2007.
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patients with lower baseline prevalence of AMI and atypi-
cal presentations.

Hospitals in locales of fewer than 50,000 residents 
demonstrated higher odds of missed diagnoses than hos-
pitals in larger population centers. Resources, including 
medical staff and modern technologies, are more limited 
in smaller areas [28], which could affect diagnostic accu-
racy. For example, hospitals with cardiac catheterization 
facilities demonstrated lower odds of missed diagnoses. 
In addition, missed diagnoses were less likely to occur 

in teaching hospitals. Teaching hospitals may have more 
ready access to cardiologists and diagnostic tests that 
support the accurate detection of AMI, and medical stu-
dents and residents may encourage the application of 
evidence-based algorithms and clinical decision support 
software. It should also be noted that missed diagnoses 
happened less often from January through June (which 
corresponds with the second half of the traditional resi-
dency training year) than from July through December. 
Further investigation of the interaction between the 
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Table 3 Odds ratios of factors associated with missed diagnoses before acute myocardial infarction admission in 2007.

Variables   Estimates   Odds ratio   p-Value

Patient characteristics      
 Age group, years (reference = 18–44 years)      
  45–64   –0.356   0.700   0.0013
  65–74   –0.501   0.606   0.0007
  75 and over   –0.710   0.492    < 0.0001
 Sex (reference = female)      
  Male   –0.013   0.988   0.8634
 Race/ethnicity (reference = White)      
  Black   0.273   1.314   0.0245
  Hispanic   0.177   1.193   0.3181
  Other   0.373   1.452   0.0048
 Expected primary payer (reference = private)      
  Medicare   –0.222   0.801   0.0389
  Medicaid   0.117   1.124   0.3938
  Uninsured   –0.138   0.871   0.2798
  Other   –0.244   0.784   0.2294
 Median household income by ZIP Code (reference = highest)      
  Moderate   0.065   1.067   0.6111
  Low   0.006   1.006   0.9606
  Lowest   –0.099   0.906   0.4550
  Patient unrelated comorbidities (reference = absence of 

specific comorbidities)
     

  Paralysis   –0.493   0.611   0.1388
  Other neurological disorder   –0.155   0.856   0.3247
  Diabetes without chronic complications   –0.200   0.819   0.0123
  Diabetes with chronic complications   –0.355   0.701   0.0469
  Hypothyroidism   0.001   1.001   0.9956
  Renal failure   –0.090   0.914   0.4083
  Liver failure   0.414   1.512   0.1607
  AIDS   –0.668   0.513   0.5257
  Lymphoma   0.401   1.493   0.3874
  Metastatic cancer   –0.465   0.628   0.2767
  Solid tumor without metastasis   0.032   1.032   0.9142
  Rheumatoid arthritis   –0.056   0.945   0.8179
  Coagulopathy   0.026   1.026   0.8942
  Obesity   0.113   1.120   0.3113
  Weight loss   –0.426   0.653   0.2229
  Fluid and electrolyte disorder   –0.277   0.758   0.0069
  Chronic blood loss anemia   –0.292   0.747   0.4250
  Alcohol disorder   –0.396   0.673   0.0750
  Deficiency anemias   –0.235   0.790   0.0411
  Drug abuse   0.093   1.097   0.6616
  Psychoses   –0.527   0.590   0.0713
  Depression   –0.202   0.817   0.1795
Facility characteristics      
 Hospital region (reference = Northeast)      
  Midwest   0.774   2.169   0.0003
  South   0.010   1.010   0.9534
  West   –0.410   0.664   0.1074
  Hospital location (reference = large metropolitan area with at 

least 1 million residents)
     

  Small metropolitan area with  < 1 million residents   –0.155   0.856   0.2488
  Micropolitan area   0.677   1.968    < 0.0001
  Not metropolitan or micropolitan areas   0.619   1.858   0.0002
 Hospital ownership (reference = private, not-for-profit)      
  Government   –0.010   0.990   0.9371
  Private, for-profit   –0.058   0.944   0.6354
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Variables   Estimates   Odds ratio   p-Value

 Availability of cardiac catheterization lab (reference = not 
available)

     

  Yes   –1.680   0.186    < 0.0001
  Unknown   –0.252   0.777   0.0538
 Hospital teaching status (reference = non-teaching)      
  Teaching   –0.506   0.603   0.0002
Facility volume characteristics      
 Emergency department volume (reference = low)      
  Medium   –0.050   0.951   0.6801
  High   0.077   1.080   0.6451
 Percent admitted from ED (reference = low)      
  Medium   –0.698   0.497    < 0.0001
  High   –1.899   0.150    < 0.0001
 Occupancy rate (reference = low)      
  Medium   –0.553   0.576    < 0.0001
  High   –0.470   0.625   0.0018
Visit characteristics      
 ED crowding on day of visit (reference = low)      
  Medium   –0.094   0.910   0.2590
  High   –0.247   0.781   0.0085
 Day of week (reference = weekend)      
  Weekday   –0.006   0.994   0.9407
 Month of visit (reference = July–December)      
  January–June   –0.367   0.693    < 0.0001

Source: Agency for Healthcare Research and Quality, Healthcare Cost and Utilization Project (HCUP), State Inpatient Databases and State 
Emergency Department Databases, nine states combined (Arizona, Florida, Massachusetts, Missouri, New Hampshire, New York, South 
Carolina, Tennessee, and Utah), 2007.
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timing of ED rotations for residents and missed diagnoses 
is warranted. Another explanation may be the preponder-
ance of summer and winter holidays during July through 
December, which may attenuate ED effectiveness.

In our analyses, we did not find that EDs with high 
volumes missed fewer diagnoses, as previously reported 
[9]. However, hospitals with higher proportions of admis-
sions from the ED and higher occupancy were less likely 
to miss diagnoses. These findings may be tautological – 
fewer diagnoses are missed because more patients with 
chest pain are admitted from the ED to the inpatient 
setting. Alternatively, this may suggest that busy hospitals 
that are oriented toward emergency care, rather than elec-
tive and direct admissions from physician offices, are less 
likely to miss diagnoses in the ED.

Implications

Although diagnostic errors – including missed, incorrect, 
or delayed diagnoses – are common [12] and can be dev-
astating and costly for patients [13], they have received 
relatively little attention and study from the patient safety 

community [15, 29–31]. The rapid pace and short dura-
tion of observation may make patients in EDs particularly 
vulnerable to diagnostic error. Missed diagnoses in the 
ED often result in additional acute care services along 
with repeated testing, delays in appropriate treatment, 
increased mortality [32, 33], and more dollars recovered 
in malpractice suits than any other medical error [34–37].

Extensive previous research on missed diagnoses has 
focused on clinical reasoning and provider-related causal 
factors. Contributors to diagnostic error include gaps in 
provider knowledge or memory (e.g., the ability to recall a 
similar case), mistakes in judgment, fatigue, poor referral 
choices, incomplete history-taking, misinterpretation of 
laboratory tests, and provider overconfidence [36, 38–42]. 
Cognitive [43] and system-related interventions [44] to 
reduce the likelihood of diagnostic errors have also been 
examined.

Because of the complexity of recognizing and analyz-
ing missed diagnoses, they are not monitored regularly, 
and new methods are needed to detect and track these 
events [15, 45]. It is probably not possible to eliminate all 
missed diagnoses [46]; however, measuring and monitor-
ing their incidence across EDs could help administrators 
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identify ranges of acceptable missed diagnosis rates and 
target training for facilities with extreme rates. Knowledge 
about variation in missed diagnoses across populations 
should help health care teams identify patients who are 
most vulnerable to these events. Previous work showed 
that hospital administrative data can be used to iden-
tify missed diagnoses of stroke in EDs [13]. The present 
study demonstrates that rates of missed diagnoses in the 
ED before an AMI may also be calculated using hospital 
data. This approach may prove to be generalizable across 
symptoms (at least for acute diseases), which could lead 
to missed diagnosis dashboards and prioritization of clini-
cal symptoms, conditions, or populations at greatest risk.

Based on our findings, non-teaching hospitals without 
cardiac catheterization facilities that are in less-populated 
locales might benefit from tracking rates of missed diag-
noses before AMI. If the results are high, these hospitals 
may want to review their diagnostic protocols, including 
standardized triage, serial electrocardiogram (ECG), and 
troponin testing [47]. Tools to aid in ECG interpretation are 
known to be effective in improving evaluation and poten-
tially reducing errors [48]. Facilities without cardiologists 
may consider access to specialists through telemedicine 
links for help with diagnosis and treatment [49]. In addi-
tion, efforts to reduce the number of patients leaving 
emergency departments against medical advice when pre-
senting with cardiac symptoms may help improve diagno-
sis of AMI.

This study has limitations. First, we used a cross-
sectional analysis, which determines associations but not 
causality. We also lacked granular clinical data, so some 
of our missed cases were likely coincidental. Second, 
administrative data cannot reveal clinical detail. We 
used ICD codes as a surrogate for presenting symptoms, 
which might lead to some miscoding or misclassification, 
although two thirds of the missed cases were coded as 
non-specific chest pain at the initial visit. Furthermore, 
potentially useful data such as ED triage level were not 
available in the study data, and the reporting of second-
ary diagnoses on ED records is limited. Third, a retrospec-
tive approach cannot account for patients who are lost to 
follow-up (including those who died after discharge from 
the ED), which would underestimate the number of poten-
tially missed diagnoses. In addition, a hospital admission 
does not necessarily indicate that a correct diagnosis 
was made. Some patients who had AMI diagnoses that 
were missed in the ED might have been admitted for a 
wrong diagnosis, which would underestimate our rate 
of misses in the ED. Conversely, planned admissions for 
patients returning to the hospital in the event of intensi-
fying symptoms would overestimate missed diagnoses in 

this study. Fourth, we focus on available hospital and ED 
measures; staffing and workflow measures would provide 
a more complete analysis. Nevertheless, the fixed effects 
employed in this model adjust for unobservable factors 
related to hospital environment, culture, and personnel. 
Finally, this work is based on data from 9 states and is not 
generalizable to all states. Despite these limitations, this 
study remains the largest on missed diagnoses associated 
with AMI to date, including nearly 112,000 patients and 
797 hospitals.

Conclusions
Missed diagnoses are complex, costly, underemphasized, 
and difficult to detect. There is a need to increase recogni-
tion of these events. Our results reinforce previous find-
ings that AMI diagnosis is missed in a small percentage 
of visits to EDs when the patient has cardiac symptoms. 
The results suggest that the likelihood of missed diagno-
ses is related to both patient and ED factors, especially 
the patient’s age and race and the facility’s resources for 
detecting AMI.

We also demonstrate that it is feasible to assess missed 
diagnoses using linked ED and inpatient administrative 
data. This method allows examination of missed diagno-
ses across a broader spectrum of facilities and geographic 
areas than previous methods, which rely on more costly 
methods to abstract clinical information. Findings from 
this study support a systemic approach across inpatient 
and ED settings to understand where missed diagnoses 
occur. Future work should examine the roles of staffing 
and workflow on missed diagnoses in the ED and study 
trends in missed diagnoses over time as new diagnostic 
technologies are developed and adopted.
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