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ORIGINAL RESEARCH

National Trends in Emergency Department 
Care Processes for Acute Myocardial 
Infarction in the United States, 2005 to 2015
Akshay Pendyal , MD, MHS; Craig Rothenberg , MPH; Jean E. Scofi, MD; Harlan M. Krumholz , MD, SM; 
Basmah Safdar , MD, MSc; Rachel P. Dreyer, PhD; Arjun K. Venkatesh , MD, MBA, MHS

BACKGROUND: Despite investments to improve quality of emergency care for patients with acute myocardial infarction (AMI), 
few studies have described national, real-world trends in AMI care in the emergency department (ED). We aimed to describe 
trends in the epidemiology and quality of AMI care in US EDs over a recent 11-year period, from 2005 to 2015.

METHODS AND RESULTS: We conducted an observational study of ED visits for AMI using the National Hospital Ambulatory 
Medical Care Survey, a nationally representative probability sample of US EDs. AMI visits were classified as ST-segment–
elevation myocardial infarction (STEMI) and non-STEMI. Outcomes included annual incidence of AMI, median ED length of 
stay, ED disposition type, and ED administration of evidence-based medications. Annual ED visits for AMI decreased from 
1 493 145 in 2005 to 581 924 in 2015. Estimated yearly incidence of ED visits for STEMI decreased from 1 402 768 to 315 813. 
The proportion of STEMI sent for immediate, same-hospital catheterization increased from 12% to 37%. Among patients with 
STEMI sent directly for catheterization, median ED length of stay decreased from 62 to 37 minutes. ED administration of an-
tithrombotic and nonaspirin antiplatelet agents rose for STEMI (23%–31% and 10%–27%, respectively).

CONCLUSIONS: National, real-world trends in the epidemiology of AMI in the ED parallel those of clinical registries, with de-
creases in AMI incidence and STEMI proportion. ED care processes for STEMI mirror evolving guidelines that favor high-
intensity antiplatelet therapy, early invasive strategies, and regionalization of care.
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Care for acute myocardial infarction (AMI) has ad-
vanced considerably over the past 2 decades.1 
In particular, improvements in timeliness and ef-

ficiency of care2,3 have likely contributed to decreas-
ing AMI-related morbidity and mortality in the United 
States.4 Undergirding these improvements are efforts 
aimed at expediting emergency AMI care, including 
activation of the catheterization laboratory by emer-
gency physicians, data monitoring, and feedback to 
emergency department (ED) staff,5 as well as invest-
ments in regional systems of care.6 Prior studies have 
demonstrated positive trends in the quality of AMI care 

and associated outcomes, but many of these studies 
are based on restrictive samples or older data.7,8

Treatment for AMI, which includes ST-segment–el-
evation myocardial infarction (STEMI) and non–ST-
segment–elevation myocardial infarction (NSTEMI), is 
often initiated in the ED. Over 90% of people with AMI re-
ceive emergency care.9 While 60% of patients undergo 
same-hospital admission, a substantial portion are 
transferred between hospitals via the ED.10 But despite 
the ED’s role as a critical entry point to acute care in the 
US healthcare system, the most contemporary available 
data regarding the epidemiology of AMI in US EDs are, 
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by now, nearly a decade old.11 Beyond epidemiology, 
few studies have specifically examined quality of AMI 
care delivered in the ED.12–14 These gaps in knowledge, 
coupled with the fact that national quality measurement 
programs assessing the quality of emergency AMI care 
may exclude as many as 60% of patients,15 reflect the 
need for a contemporary, real-world assessment of AMI 
care in US EDs.

Accordingly, we examined trends in the epidemi-
ology and quality of care for the entire spectrum of 
STEMI and NSTEMI visits evaluated in the ED be-
tween 2005 and 2015. Specifically, we assessed 
trends in the timeliness and effectiveness of ED care 
for AMI based on existing quality measures and evi-
dence-based practices, including ED length of stay, 
ED disposition, and ED administration of guideline- 
directed pharmacotherapies. Rather than assessing 

the performance of specific metrics that may often 
be limited to narrow populations, the purpose of our 
study was to observe, in a holistic fashion, direc-
tional trends in ED AMI care based on a real-world 
population.

METHODS
Design
We conducted an observational analysis of the National 
Hospital Ambulatory Medical Care Survey (NHAMCS) 
between 2005 and 2015. We selected this period be-
cause it encompasses recent advances in AMI care, 
including the implementation of national quality meas-
ures assessing rapidity of diagnosis, ED management, 
and reperfusion.2

Source of Data
We utilized 11 annual data files of the NHAMCS, an 
annual survey of ambulatory and ED visits to US 
hospitals excluding federal, military, and Veterans 
Administration facilities. The data that support the find-
ings of this study are available from the correspond-
ing author upon reasonable request. The NHAMCS 
is administered by the National Center for Health 
Statistics of the Centers for Disease Control and 
Prevention. Designed to be nationally representative 
of hospital ambulatory and ED care delivery and use, 
the NHAMCS uses a 4-stage probability sampling de-
sign to enable weighted national estimates. The sur-
vey narrows from 112 primary geographic sampling 
units (selected from among those used in the National 
Health Interview Survey) to hospitals within these pri-
mary sampling units to EDs within these hospitals to 
specific patient encounters. The survey instrument is 
a patient record form, completed by trained staff for 
a random sample of ED visits during a randomly as-
signed reporting period. The patient record form in-
cludes patient demographic information, payor, chief 
complaint, ED diagnosis, medications prescribed and 
procedures performed, and disposition. Each individ-
ual patient encounter is weighted using the product 
of the corresponding sampling fractions at each of 
the 4 stages. To address survey nonresponses, the 
National Center for Health Statistics adjusts sampling 
weights. Detailed descriptions of the survey sample 
design and sampling methods have been previously 
well described by the Centers for Disease Control and 
Prevention.16 The institutional review board of Yale 
University exempted the study.

Study Population
The overall study population included all patients aged 
≥18 years diagnosed with AMI by an ED provider.

CLINICAL PERSPECTIVE

What Is New?
• The incidence of ST-segment–elevation myo-

cardial infarction in US emergency depart-
ments has continued to decrease, suggesting 
the overall success of systems-level efforts to 
enhance care for ST-segment–elevation myo-
cardial infarction and outpatient coronary heart 
disease.

• Quality of care of ST-segment–elevation myo-
cardial infarction in the emergency department 
setting has improved as well, though gaps likely 
remain.

What Are the Clinical Implications?
• Especially given known associations between 

emergency department crowding and adverse 
outcomes among patients with acute myocar-
dial infarction, our results indicate that the emer-
gency department may benefit from further 
resource allocation to streamline acute myocar-
dial infarction care processes.

• Cardiovascular health services researchers 
should expand their focus beyond registries to 
examine the full spectrum of patients receiv-
ing care for acute myocardial infarction, to bet-
ter understand real-world care delivery for this 
population.

Nonstandard Abbreviations and Acronyms

CMS Centers for Medicare and Medicaid 
Services

NHAMCS National Hospital Ambulatory Medical 
Care Survey
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The NHAMCS records include ED diagnoses 
(International Classification of Disease, Ninth Revision 
[ICD-9]) for each visit. We classified each AMI visit as 
STEMI or NSTEMI on the basis of prior work. We de-
fined STEMI as 410.00, 410.01, 410.10, 410.11, 410.20, 
410.21, 410.30, 410.31, 410.40, 410.41, 410.50, 
410.51, 410.60, 410.61, 410.80, 410.81, 410.90, and 
410.91. We defined NSTEMI as 410.70 and 410.71. 
These definitions have been previously validated 
and used in prior studies,17–22 as well as supported 
by billing guidance to coders from the Centers for 
Medicare and Medicaid Services (CMS).23 The ICD-9 
codes we used to define STEMI have previously been 
demonstrated to have a specificity of 93.4% after 
chart and ECG adjudication among ED patients.22 
Moreover, among patients presenting with ECG evi-
dence of STEMI, <10% are misclassified under code 
410.7x (NSTEMI).18

For each included visit, we also obtained pa-
tient-level data elements including age, sex, self-re-
ported race/ethnicity, and mode of ED arrival (ie, arrival 
via emergency medical services [EMS] or not). We ex-
cluded patients who were transferred from the ED to a 
psychiatric hospital. We also excluded those patients 
who died in the ED and left the ED without completing 
treatment.

Outcomes
We examined several primary epidemiologic and qual-
ity outcomes. Epidemiologic outcomes included esti-
mated annual incidence of AMI, NSTEMI, and STEMI. 
Quality outcomes included timeliness and effective-
ness of ED AMI care.

Outcomes relating to timeliness of ED AMI care 
included median ED length of stay and ED disposi-
tion (admit/transfer). Consistent with definitions pub-
lished by the Emergency Department Benchmarking 
Alliance and incorporated into national CMS quality 
measures,24 we defined ED length of stay as the 
time from ED arrival to the time of ED departure for 
procedure, admission, or interhospital transfer. We 
categorized ED disposition into general (overall) ad-
mission to the same hospital, admission to a critical 
care unit of the same hospital, direct admission to 
the cardiac catheterization laboratory, or transfer to 
another hospital. In 2005 and 2006, admission to the 
cardiac catheterization laboratory and admission to 
the operating room were grouped as a single variable 
in the NHAMCS. From 2007 onward, admission to 
the cardiac catheterization laboratory was captured 
as a distinct variable.

Outcomes relating to effectiveness of ED AMI care 
included ED administration of guideline-based phar-
macologic therapy for AMI. We grouped medications 
administered in the ED into the following major drug 

classes: nonaspirin oral antiplatelet agents (clopi-
dogrel, ticagrelor, ticlopidine, and prasugrel), intra-
venous antithrombotic agents (heparin, bivalirudin, 
and argatroban), fibrinolytic agents (tenecteplase, 
alteplase, reteplase, streptokinase, urokinase, anis-
treplase, and tissue plasminogen activator), and gly-
coprotein IIb/IIIa inhibitors (eptifibatide, abciximab, 
and tirofiban). We specifically chose these drug 
classes because of their inclusion within current 
professional society guidelines for the treatment of 
STEMI and NSTEMI.25,26 Drugs were coded in terms 
of their generic components and therapeutic classes 
using Lexicon Plus (Cerner Multum).16 We calculated 
each outcome as the proportion of patients with 
AMI, STEMI, and NSTEMI receiving each class of 
pharmacotherapy.

Statistical Analysis
To characterize changes in AMI incidence over time, 
we calculated the yearly proportion of ED visits with an 
ED discharge diagnosis of AMI (STEMI and NSTEMI). 
To improve the stability of estimates and meet Centers 
for Disease Control and Prevention reliability criteria, 
we grouped data into 3-year increments and a final 
2-year increment, as other authors have done and 
as recommended by the National Center for Health 
Statistics.27–30

For each outcome measure, we report propor-
tions for categorical variables and means (SEs) for 
continuous variables. Outcomes are reported with 
95% CIs where appropriate. Race/ethnicity was de-
fined by the providers completing the survey. We di-
vided race into 4 categories: White, Black, Hispanic, 
and other, which included individuals of Asian, Native 
Hawaiian, Pacific Islander, American Indian, or multi-
ple races. Analyses were performed using R version 
3.3.3 (The R Foundation for Statistical Computing, 
Vienna, Austria).

RESULTS
Trends in the Epidemiology of AMI Across 
US EDs
Incidence of AMI, STEMI, and NSTEMI over time are dis-
played in Figure 1. From 2005 to 2015, there were an esti-
mated 4 398 762 ED visits for AMI, 3 605 165 ED visits for 
STEMI, and 793 597 ED visits for NSTEMI in the United 
States. These represent 0.33%, 0.27%, and 0.06% of all 
ED visits, respectively. Estimated yearly incidence of ED 
visits for AMI decreased from 1 493 145 in 2005 to 2007 
to 581 924 in 2014 to 2015 (Table S1). Estimated yearly in-
cidence of ED visits for STEMI decreased from 1 402 768 
in 2005 to 2007 (95% CI, 1 101 967–1 703 569) to 315 813 
in 2014 to 2015 (95% CI, 194 655–436 971) (Table). 
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Among patients with STEMI who arrived by EMS, esti-
mated yearly incidence decreased from 552 971 in 2005 
to 2007 to 165 960 in 2014 to 2015 (Table S2). Estimated 
yearly incidence of ED visits for NSTEMI increased 
from 90 377 in 2005 to 2007 (95% CI, 43 107–137 647) 
to 266 111 in 2014 to 2015 (95% CI, 142 184–390 038) 
(Table  S3). Over this 11-year period, the proportion 
of all ED visits for AMI declined from 0.05% to 0.02%. 
Concurrently, the proportion of ED AMI visits for STEMI 
decreased from 94% to 54%.

Trends in Timeliness of ED AMI Care
For patients with STEMI sent for cardiac catheteriza-
tion directly from the ED, median ED length of stay 
decreased from 62 to 37 minutes (Figure 2). Among 
patients with STEMI who arrived by EMS, median 
ED length of stay decreased from 195 to 94 minutes. 
Within this EMS cohort, the proportion of patients 
sent for cardiac catheterization directly from the ED 
increased from 12% to 56%, and median ED length 
of stay for patients sent for cardiac catheterization di-
rectly from the ED decreased from 47 to 37 minutes.
Overall, median ED length of stay decreased from 195 
to 148 minutes for STEMI and increased from 174 to 
235  minutes for NSTEMI. The proportion of STEMI 

sent for cardiac catheterization directly from the ED in-
creased from 12% to 37%. Interhospital transfer rates 
increased from 20% to 24% for STEMI. Interhospital 
transfer rates decreased from 17% to 12% for EMS-
arrival patients with STEMI.

Trends in Effectiveness of ED AMI Care
Trends in ED administration of pharmacotherapies for 
STEMI are shown in Figure  3. ED administration of 
nonaspirin antiplatelet agents for patients with STEMI 
increased from 10% to 27%. ED administration of non-
aspirin antiplatelet agents for patients with NSTEMI 
increased from 0% to 9%. ED administration of an-
tithrombotic agents increased for STEMI (23%–31%) 
and remained stable for NSTEMI (22% to 20%). ED 
administration of fibrinolytic agents for STEMI ranged 
from 2% to 5%. ED administration of glycoprotein IIb/
IIIa inhibitors ranged from 5% to 6% for STEMI and 
from 3% to 0% for NSTEMI.

DISCUSSION
We found several notable trends in the epidemiology 
and quality of ED care for AMI over the past decade. 

Figure 1. Estimated yearly incidence of acute myocardial infarction (AMI), non–ST-segment–
elevation myocardial infarction (NSTEMI), and ST-segment–elevation myocardial infarction (STEMI).
Our findings corroborate those of prior epidemiologic studies, demonstrating that the overall incidence of 
emergency department (ED) visits for AMI and STEMI have declined, while ED NSTEMI diagnoses have 
increased, albeit to a lesser degree.
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Specifically, we observed a decline in the incidence of 
STEMI and improvements in the timeliness and effec-
tiveness of STEMI care. To our knowledge, this work 
represents the most contemporary assessment of 
real-world patterns of emergency care for AMI in a na-
tionally representative sample.

Our work encompasses the timeline of national initia-
tives aimed at improving the care of AMI, STEMI in par-
ticular: 2005, when the CMS began to report publicly the 
proportion of patients with STEMI receiving timely treat-
ment; 2006, when the American College of Cardiology 
launched the D2B Alliance5; 2007, when the American 
Heart Association launched Mission: Lifeline and the 
CMS began publicly reporting hospital-specific mortality 
rates for AMI6,31; and 2012, when the CMS began to in-
clude certain outcomes related to emergency AMI care 
in its Value-Based Purchasing Program.32

Similar to prior epidemiologic studies, we found that 
the overall incidence of ED visits for AMI and STEMI have 
declined, while ED NSTEMI diagnoses have increased, 
albeit to a lesser degree. The observed decline in STEMI 
incidence in US EDs, especially, builds on prior studies 
reporting declining rates of STEMI hospitalizations in 
two different regions of the United States.33,34 A host of 
interrelated factors may be responsible for this contin-
ued decline, including improvements in preventive care 
and outpatient management of chronic coronary heart 
disease,35 as well as successful system-wide efforts to 
enhance regional STEMI care.

There are several possible explanations for the high 
initial proportion of ED AMI visits for STEMI that we 

observe. The NHAMCS captures ED diagnoses as 
opposed to hospital discharge diagnoses, which may 
inflate the observed STEMI proportion. As other au-
thors have noted, nearly one-third of patients who are 
admitted to the hospital with a diagnosis of an acute 
coronary syndrome carry a different diagnosis at hos-
pital discharge.36 This, coupled with ambiguous clinical 
documentation in the ED and deficiencies in the cod-
ing system itself, may have contributed to an observed 
high proportion of patients with STEMI who, in reality, 
likely contained a mix of AMI scenarios. In 2005, the 
beginning of our study period, the ICD-9 coding sys-
tem was changed to recognize NSTEMI as a separate 
pathologic entity, distinct from STEMI. Before 2005, 
the ICD-9 coding system, despite its widespread use 
in the evaluation of healthcare outcomes, did not draw 
this distinction. Previous work has demonstrated that 
even after the aforementioned change to the ICD-9 
coding schema, patients with NSTEMI are more likely 
to be misclassified as having STEMI than vice versa.18

An increase in the incidence of ED visits for NSTEMI 
may be explained by a number of factors as well. The 
study period saw widespread adoption of rapid tropo-
nin testing in the ED, in keeping with evolving definitions 
of AMI relying on ischemic symptoms, ECG findings, 
and troponin measurement.37,38 Increasing use of tro-
ponin testing may have led to an increase in the num-
ber of cases qualifying as an NSTEMI diagnosis, even 
though elevations in serum troponin may arise from a 
variety of clinical conditions other than AMI. Indeed, 
prior work prospectively evaluating definitions of AMI 

Table. Patient Characteristics and Outcomes, STEMI

2005–2007 2008–2010 2011–2013 2014–2015

Estimated number of visits 1 402 768 1 192 090 694 494 315 813

Demographic characteristics, N (%)

Age, y, mean (SE) 64.9 (1.2) 63.5 (1.1) 65.1 (1.7) 68.2 (2.4)

Male 797 965 (56.9) 681 363 (57.2) 436 145 (62.8) 149 949 (47.5)

White 1 121 066 (79.9) 890 081 (74.7) 523 509 (75.4) 279 486 (88.5)

Black 164 334 (11.7) 116 696 (9.8) 99 578 (14.3) 20 819 (6.6)

Hispanic 84 801 (6.1) 135 981 (11.4) 61 149 (8.8) 15 508 (4.9)

Other race 32 567 (2.3) 49 332 (4.1) 10 258 (1.5) 0 (0.0)

Outcomes, % (SE)

ED LOS, median (IQR), min 195 (121, 315) 211 (83, 325) 158 (70, 296) 148 (59, 220)

Admitted 66.3 (3.3) 72.2 (3.9) 68.9 (4.9) 57.6 (8.1)

Admission to critical care unit 34.0 (4.1) 33.6 (4.5) 31.9 (5.9) 39.6 (9.8)

Admission to cardiac catheterization lab 11.8 (2.7) 23.4 (4.5) 36.7 (7.1) 37.3 (8.5)

Transferred 19.7 (3.0) 14.9 (3.1) 20.9 (4.4) 24.4 (6.8)

Nonaspirin antiplatelet agents 10.5 (2.0) 13.6 (2.7) 13.1 (2.9) 26.6 (8.3)

Intravenous antithrombotic agents 23.0 (2.5) 28.7 (3.8) 30.2 (4.8) 30.7 (7.6)

Fibrinolytic agents 2.2 (1.1) 1.8 (1.4) 3.8 (1.7) 5.0 (3.0)

Glycoprotein IIb/IIIa inhibitors 5.0 (1.2) 3.6 (1.5) 3.3 (1.9) 5.8 (3.4)

ED indicates emergency department; IQR, interquartile range; LOS, length of stay; and STEMI, ST-segment–elevation myocardial infarction.
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that rely on troponin measurement demonstrated that 
the application of these criteria results in large increases 
in observed rates of myocardial infarction.39 The ob-
served increase in incidence of ED visits for NSTEMI 
could also reflect a true epidemiologic trend, as recent 
data has indicated a shift toward AMI occurring among 
younger demographic groups.40 Finally, from a clinical 
diagnosis perspective, the diagnosis of NSTEMI often 
relies on serial biomarker measurements conducted 
during hospitalization—data that the NHAMCS, which 
only addresses ED care delivery, does not contain, 
and which may actually have led to undercounting of 
NSTEMI cases.

Our study also provides real-world insights into the 
timeliness of ED AMI care. Recent work in a clinical 
registry has demonstrated that efforts aimed at re-
gionalizing STEMI care—efforts that involve EMS, ED 
providers, and hospital systems—have resulted in 
a nationwide decrease in median first medical con-
tact-to-device time.7 In focusing on a longer and more 
recent time period, our study expands upon these 
findings, demonstrating decreases in ED length of stay 
for patients with STEMI as well. Among the subset of 
patients with STEMI sent for cardiac catheterization di-
rectly from the ED, median ED length of stay decreased 

dramatically, likely indicating the success of efforts to 
streamline ED STEMI care processes. Importantly, we 
observe these trends among the cohort of patients 
with STEMI who arrived by EMS as well those who did 
not.

We also note an increase in ED length of stay for 
patients with NSTEMI. Whereas improvements in the 
timeliness of STEMI care may reflect the implemen-
tation of STEMI protocols and enhanced system-
wide performance, increases in ED length of stay for 
patients with NSTEMI may relate to the growing and 
linked problems of hospital bed shortages and ED 
boarding and crowding.41 Moreover, owing to their lack 
of uniform ECG findings and heterogeneity in clinical 
presentation, patients with NSTEMI may be triaged 
to lower-acuity ED beds, facing longer ED lengths of 
stay. This carries important clinical ramifications, as 
patients with NSTEMI experiencing longer ED lengths 
of stay are less likely to receive guideline-concordant 
care,42 and ED crowding has been linked to adverse 
outcomes among patients with AMI.43

We identified trends in ED administration of phar-
macotherapies for AMI consistent with evolving 
clinical practice guidelines. During the study pe-
riod, several landmark clinical trials of traditional and 

Figure 2. Median ED length of stay for ST-elevation myocardial infarction (STEMI), by disposition 
type, presented with 95% CIs.
For patients with STEMI sent for cardiac catheterization directly from the emergency department (ED), 
median ED length of stay decreased from 62 to 37 minutes over the study period, likely attributable to 
ongoing efforts to streamline ED STEMI care processes.
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novel pharmacotherapies were published, includ-
ing TRITON-TIMI 38 (Trial to Assess Improvement 
in Therapeutic Outcomes by Optimizing Platelet 
Inhibition With Prasugrel–Thrombolysis in Myocardial 
Infarction 38), ACUITY (Acute Catheterization and 
Urgent Intervention Triage Strategy), HORIZONS-AMI 
(Harmonizing Outcomes With Revascularization and 
Stents in Acute Myocardial Infarction), and EARLY-
ACS (Early Glycoprotein IIb/IIIa Inhibition in Non–ST-
Segment Elevation Acute Coronary Syndrome),44–47 
as well as major clinical practice guidelines and per-
formance measures for the treatment of STEMI and 
NSTEMI.

Particularly in the case of STEMI, our results mirror 
the results of these trials and guidelines, as demon-
strated by steady increases in the administration of 
nonaspirin antiplatelet agents and antithrombotic 
agents. These trends suggest the ongoing adoption 
by ED providers of clinical practice guidelines em-
phasizing dual antiplatelet therapy and antithrombotic 
therapy as cornerstones of STEMI management. Rates 
of administration of glycoprotein IIb/IIIa inhibitors for 
STEMI remained low and decreased for most of the 
study period. This trend may also reflect an evolution 

in evidence. Trial results initially favored early up-
stream administration of these agents, but their routine 
use has been declining in favor of newer antiplatelet 
agents, which demonstrate similar ischemic end points 
and lower bleeding rates.48

Consistently low rates of fibrinolytic use may also 
be explained by several trends. First, given the estab-
lished superiority of timely primary percutaneous cor-
onary intervention (PCI) over fibrinolysis, increases in 
the proportion of patients with STEMI transferred or 
directly admitted from the ED for PCI may reflect re-
duced motivation on the part of emergency physicians 
to administer on-site fibrinolysis. Second, as other au-
thors have noted, both fibrinolysis and PCI remain un-
derused nationwide,49 with use of fibrinolysis for STEMI 
decreasing and concurrent worsening of door-to-nee-
dle times.50 Only one-third of acute care hospitals in 
the United States have full-time PCI capability,51 and 
long transfer times often result in patients with STEMI 
failing to achieve timely PCI.52 Though we observe re-
ductions in ED length of stay in the subset of patients 
with STEMI who underwent transfer (among both 
EMS- and non–EMS-arrival patients), overall, lengths 
of stay in this group far exceeded the recommended 

Figure 3. Trends in evidence-based pharmacotherapies for ST-segment–elevation myocardial 
infarction (STEMI), presented with 95% CIs.
During the study period, several landmark clinical trials of traditional and novel pharmacotherapies were 
published, along with major clinical practice guidelines and performance measures for the treatment 
of STEMI. We demonstrate steady increases in the administration of nonaspirin antiplatelet agents and 
antithrombotic agents in the emergency department.
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30-minute door-in–door-out time frame specified in 
current guidelines.26 Our findings thus echo renewed 
calls to examine the role that early on-site fibrinolysis 
may play in the treatment of STEMI among patients 
unable to undergo timely primary PCI.53

Though rates of guideline-directed pharmacother-
apies for STEMI increased over our study period, we 
observe that overall, use of these medications remains 
low. This is likely attributable to clinical contraindica-
tions to certain therapies or undercounting, as the 
NHAMCS, similar to many data sets, lacks the ability 
to capture upstream (eg, via EMS) or downstream (eg, 
in the cardiac catheterization laboratory) medication 
administration. Low rates of pharmacotherapy admin-
istration may also be attributable to the fact that many 
ED STEMI protocols limit the number of medications 
given in the ED to ensure timely reperfusion. Indeed, 
bypassing traditional ED processes has been shown 
to reduce door-to-balloon time in STEMI.54 Our find-
ings do suggest, however, an opportunity for further 
research into real-world practice patterns in the ED 
setting, specifically as they relate to evidence-based 
pharmacotherapies given in the hyperacute phase of 
AMI.

Prior studies examining trends in the epidemiology 
and quality of AMI care have been conducted in clini-
cal cardiovascular disease registries. The limitations of 
such registries have been documented previously.55 
Perhaps most notably, such data sets may exclude 
large swaths of patients with AMI from publicly reported 
measures of timely reperfusion,56 thereby limiting the 
conclusions one can draw regarding broader trends in 
timeliness of emergency AMI care. Other data sources, 
such as the Nationwide Inpatient Sample (NIS), have 
also yielded similar observations regarding longitudinal 
trends in NSTEMI and STEMI.57,58 As an inpatient care 
database, however, the Nationwide Inpatient Sample 
cannot differentiate between diagnoses that were 
present on admission versus those that arose during 
hospitalization59 and thus is not well suited to investi-
gate contemporary patterns of emergency AMI care, 
such as those we describe here. Similar to recent work 
in a cohort of Medicare beneficiaries showing reduc-
tions in hospitalization rates for AMI and improvements 
in short-term mortality,1 our findings underscore the 
fact that system-wide efforts to enhance STEMI care 
represent one of the major public health achievements 
of the past few decades. Our study is unique in that we 
demonstrate similar trends in an expansive, heteroge-
neous, and real-world data set of ED patients with AMI, 
one that is substantially different from the narrower co-
horts included in clinical cardiovascular registries and 
quality measurement programs.

Our study has certain limitations. Because we focus 
exclusively on ED patients, our study cannot describe 
overall patterns of NSTEMI and STEMI treated outside 

the emergency setting. Other studies documenting 
longitudinal trends in AMI care in US EDs also pos-
sess this same limitation.11 Second, our study relies on 
administrative diagnosis codes to distinguish NSTEMI 
from STEMI. We base our coding schema on prior liter-
ature and billing guidance, but not an adjudicated case 
definition. The NHAMCS does not contain variables 
that might capture additional types of emergency care 
(eg, aspirin administered via EMS or at other presenting 
EDs, or in the cardiac catheterization laboratory), nor 
does it distinguish between primary versus nonprimary 
PCI hospitals. Finally, because of the method in which 
admission destination is coded in the NHAMCS, it is 
possible that patients with noncardiac catheterization 
laboratory destinations (eg, critical care unit, stepdown 
unit) also underwent urgent catheterization, depending 
on ED coding practices.

Despite these limitations, however, and unlike many 
data sets, the NHAMCS does provide richer insight 
into care administered in the ED, which is unavailable 
in traditional claims-based data sets that lack clinical 
data.

CONCLUSIONS
In a national, real-world sample of US EDs, trends in the 
epidemiology of AMI demonstrate substantial reductions 
in the annual incidence of STEMI, with commensurate 
increases in NSTEMI. Across a range of measures, the 
timeliness and effectiveness of emergency care for AMI 
has improved, likely reflecting the ongoing adoption of 
evidence-based processes for AMI care. Nevertheless, 
gaps remain between guidelines and management of 
patients with AMI in the ED setting.
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Table S1. Patient characteristics and outcomes, all AMI. 

2005-2007 2008-2010 2011-2013 2014-2015 

Estimated # of visits 1493145 1404238 919455 581924 

Demographic characteristics, No. (%) 

     Age, mean (SE), y 65 (1.1) 63.8 (1.0) 66.2 (1.5) 70.4 (1.9) 

     Male  849676 (56.9) 802190 (57.1) 535825 (58.3) 319523 (54.9) 

     White 1198741 (80.3) 1008614 (71.8) 665520 (72.4) 438026 (75.3) 

     Black 172776 (11.6) 172558 (12.3) 143107 (15.6) 92579 (15.9) 

     Hispanic 89061 (6.0) 147346 (10.5) 89594 (9.7) 51319 (8.8) 

     Other race 32567 (2.2) 75720 (5.4) 21234 (2.3) 0 (0.0) 

Outcomes, % (SE) 

     ED LOS, median (IQR), min 195 (122, 314) 222 (110, 346) 172 (83, 304) 196 (138, 280) 

     Admitted 67.6 (3.2) 74.1 (3.5) 70.3 (4.4) 71.2 (5.8) 

        Admission to critical care unit 34.2 (4.1) 31.9 (3.8) 33.0 (5.3) 31.2 (7.8) 

        Admission to cardiac catheterization lab 13.5 (2.9) 20.6 (3.8) 28.1 (5.5) 28.4 (6.0) 

     Transferred 19.0 (3.0) 15.3 (3.0) 22.1 (4.3) 15.5 (4.3) 

     Non-aspirin antiplatelet agents 9.9 (1.9) 15.1 (3.0) 13.5 (2.7) 18.4 (5.4) 

     Intravenous antithrombotic agents 23.0 (2.5) 29.5 (3.8) 27.9 (4.0) 25.7 (5.4) 

     Fibrinolytic agents 2.0 (1.0) 1.6 (1.2) 2.8 (1.3) 2.7 (1.6) 

     Glycoprotein IIb/IIIa inhibitors 4.9 (1.1) 4.1 (1.4) 4.3 (2.1) 3.1 (1.9) 



      

      
Table S2. Patient characteristics and outcomes, STEMI patients who arrived by EMS. 

 

 2005-2007 2008-2010 2011-2013 2014-2015 

Estimated # of visits 552971 469944 318506 165960 

Demographic characteristics, No. (%) 

     Age, mean (SE), y 68.9 (1.5) 66.8 (1.6) 69.1 (2.8) 70.5 (3.0) 

     Male  305885 (55.3) 267593 (56.9) 198221 (62.23) 89778 (54.1) 

     White 449260 (81.2) 308511 (65.7) 254681 (80.0) 145805 (87.9) 

     Black 63438 (11.47) 44264 (9.42) 23515 (7.4) 12428 (7.5) 

     Hispanic 33869 (6.1) 89722 (19.1) 37403 (11.74) 7727 (4.66) 

     Other race 6404 (1.2) 27447 (5.8) 2907 (0.9) 0.0 (0.0) 

Outcomes, % (SE) 

     ED LOS, median (IQR), min 195 (106, 317) 183 (71, 302) 185 (71, 339) 94 (40, 260) 

     Admitted 74.5 (5.0) 79.2 (5.0) 88.1 (4.1) 72.6 (9.8) 

        Admission to critical care unit 39.4 (6.0) 38.2 (6.4) 28.7 (7.7) 29.0 (8.5) 

        Admission to cardiac catheterization lab 12.4 (4.0) 22.2 (6.1) 43.7 (9.4) 56.3 (9.4) 

     Transferred 16.8 (4.3) 11.8 (3.6) 8.4 (3.6) 12.2 (7.6) 

     Non-aspirin antiplatelet agents 12.5 (3.2) 17.3 (4.6) 18.3 (5.5) 22.8 (9.5) 

     Intravenous antithrombotic agents 29.0 (4.7) 29.0 (5.0) 28.7 (6.3) 29.7 (10.3) 

     Fibrinolytic agents 2.9 (2) 1.3 (1.1) 3.5 (2.8) 0.0 (0.0) 

     Glycoprotein IIb/IIIa inhibitors  6.8 (2.5) 4.4 (3.4) 5.7 (4) 5.9 (4.5) 

 

  



Table S3. Patient characteristics and outcomes, NSTEMI. 

 

 2005-2007 2008-2010 2011-2013 2014-2015 

Estimated # of visits 90377 212148 224961 266111 

Demographic characteristics, No. (%) 

     Age, mean (SE), y 66.7 (6.0) 65.5 (1.6) 69.4 (2.4) 73 (3.0) 

     Male  51711 (57.2) 120827 (57.0) 99680 (44.3) 169574 (63.7) 

     White 77675 (86.0) 118533 (55.9) 142011 (63.1) 158540 (59.6) 

     Black 8442 (9.3) 55862 (26.3) 43529 (19.4) 71760 (27.0) 

     Hispanic 4260 (4.7) 11365 (5.4) 28445 (12.6) 35811 (13.5) 

     Other race 0 (0.0) 26388 (12.4) 10976 (4.9) 0 (0.0) 

Outcomes, % (SE) 

     ED LOS, median (IQR), min 174 (125, 297) 270 (193, 397) 225 (134, 333) 235 (192, 367) 

     Admitted 87.8 (6.8) 83.7 (6.7) 74.3 (10.1) 89.3 (4.8) 

        Admission to critical care unit 35.8 (14.0) 24.1 (7.8) 36.1 (10.4) 24.0 (11.2) 

        Admission to cardiac catheterization lab 33.7 (16.2) 8.2 (5.5) 4.7 (3.1) 20.8 (8.1) 

     Transferred 7.5 (5.4) 17.8 (6.7) 25.7 (10.0) 4.9 (3.4) 

     Non-aspirin antiplatelet agents 0.0 (0.0) 23.6 (9.7) 14.8 (6.7) 8.6 (5.0) 

     Intravenous antithrombotic agents 21.6 (13.9) 33.5 (9.6) 20.8 (6.2) 19.9 (6.9) 

     Fibrinolytic agents 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 

     Glycoprotein IIb/IIIa inhibitors  2.7 (2.7) 7.1 (4.3) 7.5 (6.1) 0.0 (0.0) 
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