
The Missed Acute Myocardial
Infarction in the ED: 

Strategies to Reduce the Risk for
Both the Patient and the Physician

We have all heard a story that starts with, “Remember that patient you saw and
discharged yesterday? Well, ….” This next series of EM Reports tackles one of the most
common subjects of such a story: missed heart attacks.

It seems to me that in the diagnosis and treatment of heart attacks, we physicians
have entered into a Faustian bargain. We have been given an impressive array of
assessment, diagnostic, and therapeutic modalities to use. But with them, we are
expected to be perfect—an obvious impossibility, but one that continues to be played
out in medical liability proceedings.  

Like many physicians, I have developed techniques to deal with the potential for
missing an MI. I am more attuned to atypical patients and atypical presentations. I
commonly obtain serial ECG and cardiac biomarkers measurements. I readily
observe patients. And I never discharge a patient with the phrase, “There is nothing
wrong, everything is fine.” That phrase has gotten me into more trouble than any
other.

I hope you find this series useful in your practice.
—J. Stephan Stapczynski, MD, FACEP, FAAEM, Editor 

Introduction
The following patients are seen in the emergency department (ED) on a busy

shift: an 84-year-old woman with altered mental status; a 32-year-old male dia-
betic with shortness of breath; a 25-year-old man with chest pain after using
cocaine; a 52-year-old woman with weakness and fatigue. What do they have in
common? They are all suffering from acute myocardial infarction (MI) – or are
they? Each of them could have multiple other diagnoses besides acute MI, but
missing this diagnosis will have significant consequences both for the patient and
the physician. Missed MI lawsuits consistently pay out the largest awards in med-
ical malpractice cases, accounting for nearly one-third of all dollars paid. The fact
that their short-term mortality is as high as 25% when the acute MI is inadver-
tently discharged from the ED1 certainly contributes to these awards.  

Thus, the task of the emergency physician is to accurately identify all patients
who present to the ED with acute MI. While this is the goal, it has not been pos-
sible to reach 100% accuracy. Anywhere from 2% to 6% of ED patients who pres-
ent with acute MI are mistakenly discharged without accurate diagnosis.1,2,3 This
number has remained relatively constant for several decades, despite advances in
enzyme testing and heightened awareness of the problem. Conversely, only 30%
of patients admitted for suspected acute coronary syndrome (ACS) are ultimately
diagnosed with MI or unstable angina. The 70% of patients not found to have
ACS after admission cost more than $5 billion annually in the United States
alone, and pressure is mounting to reduce the number of these admissions.4
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Patients who present in classic fash-
ion, with chest heaviness, shortness of
breath, diaphoresis, and dramatic ST
segment elevation are not among the
missed MIs. Several studies of missed
MI cases consistently have identified
similar reasons for these patients not
being diagnosed in the ED. Missed
MI patients tend to be younger, have
fewer risk factors, present atypically,
and have subtle or non-diagnostic
electrocardiogram (ECG) changes.2,5

Yet, in as many as 25% of cases, overt
misreading of the ECG by emergency
physicians also is cited as a contribut-
ing factor.3,6

This article will explore these iden-
tified reasons why MIs are missed in
the ED, review current data on the
limits of cardiac enzyme testing, dis-
cuss atypical presentations, as well as
review the ECG findings of acute
MI. ECG mimics of acute MI also
will be discussed to review useful
tools that identify these ECGs. New
diagnostic advances, such as coronary
computed tomography (CT) scans
and use of recent nuclear stress
test/catheterization results also will
be discussed. Given that more than 1
million patients are diagnosed with
acute MI each year in the United
States,7 the odds are high that prac-
ticing emergency physicians will
encounter these difficult-to-diagnose
patients on multiple occasions during
their careers. Only through com-
bined understanding of the issues,
appropriate use of new diagnostic
modalities, and vigilance can one
hope to reduce the risk of discharg-
ing the acute MI patient from the
ED. 

Defining Terms
Acute Coronary Syndrome.

Several terms describe the process of
myocardial ischemia and necrosis. The
terms accurately describe different
clinical entities in the continuum of
what is now referred to as acute coro-
nary syndrome (ACS). The contin-
uum of ACS includes unstable angina
and acute MI (both STEMI and non-
STEMI).  

Unstable Angina. Unstable angina
refers to a change in the typical pattern
of angina, or anginal-equivalent symp-
tom (e.g., shortness of breath). Any
one of the following three features
defines the change in angina: occurs at
rest or minimal exertion and often lasts
> 20 minutes without treatment by
nitroglycerin; is of new onset (< 1
month); or occurs with a crescendo
pattern of increasing severity and fre-
quency than previously experienced.8

Notably, as many as 50% of patients
admitted with unstable angina will
show evidence of mild myocardial
necrosis by rising cardiac biomarkers
and ultimately be diagnosed with non-
ST elevation MI (non-STEMI).9

Before sensitive cardiac troponin test-
ing became widely used, these patients
were all considered to have unstable
angina. However, elevated troponin
levels now are considered diagnostic
criteria for acute MI. Unstable angina
can be produced by a variety of patho-
logical conditions. The most common is
by atherosclerotic plaque rupture or
erosion causing non-occluding throm-
bus formation in a coronary artery. Slow
erosion leading to thrombosis of a coro-
nary artery may be more significant
than first thought. Up to 35% of sud-

den deaths from MI are caused by
plaque erosion rather that rupture.10

Unstable angina also can result from
coronary artery spasm (Prinzmetal
angina), progressive mechanical nar-
rowing of a coronary artery (for exam-
ple, from muscle hypertrophy), or by
increased myocardial oxygen demand
in the setting of limited oxygen supply
(for example in symptomatic anemia).
Lastly, the unstable angina patients are
roughly six times more common than
acute MI patients in ED populations
complaining of chest pain,11 and the
majority of these patients will have
negative cardiac biomarkers and non-
diagnostic ECGs.  

Acute MI. Acute MI is defined as
myocardial cell necrosis in the setting
of ischemic symptoms and ECG
changes indicative of ischemia (ST
segment elevation or depression,
development of Q waves) combined
with typical rise and fall of specific
cardiac biochemical markers.7 This
definition recently was updated in a
consensus statement from the
European and U.S. cardiology organi-
zations, by selecting rising cardiac tro-
ponins as the most specific markers of
myocardial necrosis.12

STEMI and Non-STEMI. ST ele-
vation MI (STEMI) results when one
of the primary coronary arteries (left
anterior descending, circumflex, or
right) is suddenly and completely
occluded, typically as the result of ath-
erosclerotic plaque rupture/erosion
and thrombus formation. Abrupt
occlusion of a coronary artery results
in acute ischemia of larger areas of the
heart and produces characteristic
injury patterns on the ECG (ST seg-
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● Sensitive cardiac biomarker testing has found that up to
50% of patients with the clinical syndrome of unstable
angina have myocardial necrosis.

● Nonstenotic and extraluminal coronary artery lesions are
responsible for the majority of acute infarctions.

● More than 80% of patients with AMI have at least one of
the major risk factors for coronary artery disease, but up
to one-third of these risk factors were not previously diag-
nosed and therefore unknown to the patient during the
initial medical interview.

● Atypical presentations currently account for about half of
acute myocardial infarctions that occur in the United
States.

● Cocaine and methamphetamine abuse are risk factors for
both coronary artery disease and ACS.

Executive Summary



ment elevation), and results in devel-
opment of Q-waves if blood flow is
not restored before significant cell
death occurs. Thus, the older term for
STEMI was Q-wave or transmural
infarction. Non-STEMI occurs when
rising cardiac biomarkers are detected
without ST segment elevation on the
ECG, and replaced the term non-Q
wave infarction.  

Missed MI. The term “missed MI”
is not clearly defined in the literature.
For the purposes of this article,
missed MI refers to the patient dis-
charged from the emergency depart-
ment and subsequently found to have
sustained an acute myocardial infarc-
tion during the next 48 to 72 hours.
Because myocardial ischemia is a
dynamic and unpredictable process, it
is problematic to ascribe infarctions
that occur more than a few days after
the ED visit as having been “missed.”
Such later-occurring infarctions are
more likely the natural progression of
a chronic disease process. The acute
MI can be either a STEMI or non-
STEMI, and is defined as above with
symptoms of ischemia, characteristic
ECG changes, and rising cardiac bio-
markers. This article will not include
discussion of patients who develop an
MI during their stay secondary to a
different primary diagnosis, such as
MI complicating sepsis. Patients with
silent or unrecognized MIs will not
be discussed.  

Silent and Unrecognized MI.
Silent MI strictly refers to patients
who undergo myocardial infarction

without any clinical symptoms recalled
by the patient. Unrecognized MI
occurs when the patient does not real-
ize he or she is having an MI and
does not present for care. This can be
either because it is truly silent or
because the patient has some symp-
toms associated with the MI but does
not recognize their significance. Thus,
the MI is unrecognized by the
patient, not by a physician. Therefore,
neither unrecognized nor silent MIs
are “missed MIs” as defined in this
paper. In both cases, these events are
detected incidentally at a later date by
discovery of new Q waves, echocar-
diographic evidence of wall motion
defects, or on autopsy. Confusion can
arise, as the term unrecognized MI is
used by some authors interchangeably
with silent MI,13 while most others
consider silent MIs to be a subcate-
gory of unrecognized MIs.7

The concept of truly silent ischemia
has been challenged recently. Perhaps
silent events are not truly silent. Even
though the patient may not recall any
symptoms does not necessarily mean
that subtle or atypical symptoms were
not present during the episode. One
study of patients undergoing exercise
stress testing with myocardial perfu-
sion imaging found that 12% of
women and 36% of men had evidence
of ischemia without pain.14 Instead of
pain, these patients reported vague
symptoms such as diaphoresis,
headache, tense muscles, or hot
flashes.14 Unfortunately, but perhaps
not surprisingly, the authors con-

cluded that while symptoms were
present with the patient’s ischemia,
they were too vague to be clinically
useful alone.  

The percentage of MIs that are
thought to be unrecognized is much
higher than one might first expect.
Approximately 35% of all MIs are
thought to be clinically
unrecognized.15 Although they are
undetected when acute intervention
could be used, they are no less deadly.
Overall, unrecognized MIs carry the
same prognosis as those that are clini-
cally evident.16

Scope of the Problem
Every emergency physician learns

early in training that missing the diag-
nosis of MI tops the list of highest
dollar awards in malpractice cases
every year in the United States,
accounting for nearly 30% of all dol-
lars paid out.17 While missed fracture
and infection cases are more common
malpractice lawsuits overall,18 missed
MI awards are so high because the
cases often end in death or severe dis-
ability of relatively young and seem-
ingly “healthy” patients. It is not
through lack of effort that these
patients slip through the cracks.
Emergency physicians do their best
every day to avoid such outcomes, yet
they still occur. Some surveys have
shown that the looming specter of
malpractice lawsuits prompts some
physicians to order tests or procedures
for defensive reasons when they are
not necessarily indicated.18 One recent
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• DDiiaabbeetteess
Risk for coronary disease in diabetics is equivalent to aging 15 years. 

• TToobbaaccccoo
Tobacco use lowers the age of onset of AMI by about 10 years.

• HHyyppeerrtteennssiioonn
Up to 33% of the 50 million people in the United States with hypertension are undiagnosed. 

• OObbeessiittyy
Mild obesity alone strongly correlates with increased risk of coronary disease even in the absence of other 

risk factors.
• FFaammiillyy  hhiissttoorryy

Risk for coronary disease is doubled in women whose first-degree relative has coronary disease compared 
to men.

Table 1: Risk Factors for Coronary Artery Disease



study attempted to determine the
effect that fear of a malpractice lawsuit
has on a group of emergency physi-
cians in the context of evaluation of
chest pain patients.17 They found that
physicians who had the highest level
of fear of malpractice lawsuit as esti-
mated by a questionnaire ordered
more chest radiographs and troponin
levels and admitted their patients
more frequently to telemetry or ICU
beds.17

These awards are against primary
care physicians as well as emergency
physicians, but emergency physicians
are at particularly high risk due to the
number of patients who come to the
ED for evaluation of chest pain. The
numbers are intimidating. According
to the National Center for Health
Statistics, there were 119.2 million
ED visits in 2006, or 40.5 visits per
100 people in the United States.20

Chest pain was the most common
chief complaint for all patients older
than 15 years of age, resulting in
more than 6 million visits in 2006 and
nearly 2 million admissions.20 Another
2.6 million patients presented for dys-
pnea or abdominal pain, both of
which can be the chief complaint in
acute MI. From these millions of
patients, the emergency physician is
charged with correctly identifying
those whose symptoms are caused by

acute MI from those with other
causes (i.e., GERD, pneumonia,
emphysema, CHF, etc).  

Not only is chest pain the most fre-
quent chief complaint for ED visits,
but cardiovascular disease is both
common and deadly. Cardiovascular
disease is the number one cause of
death for adults in developed coun-
tries, with nearly 700,000 deaths each
year in the United States. In 2008,
roughly 1.2 million patients presented
to EDs in the United States with
diagnosis of acute MI.21 Given the
published rates of missed MI (2-
6%),1,2,3 that translates to
24,000–72,000 missed MIs each year
in the United States. Another way to
put this in perspective is to think of
the number of MIs missed by the
average emergency physician per year.
If one sees roughly 2.5 patients per
hour and works 2000 hours/year,
5000 ED patients will be seen each
year. Around 250-400 patients (5-8%)
will have chest pain, 50 patients (1%)
will have MIs, and 1-3 patients (2-6%
of the 50 MIs) each year inadvertently
will be sent home having acute MIs.
If one’s career spans 25 years, then an
individual ED physician will have
missed roughly 25-75 MIs. For the
average ED seeing 60,000 patients
per year, this translates into 1-3
patients per month of acute MIs

being discharged from just one ED.  
Even with advances in diagnostics,

such as use of cardiac biomarkers, the
number of patients inadvertently dis-
charged with undiagnosed MI has
stayed relatively constant over the last
few decades—between 2-6%.1-3

Interestingly, the numbers for other
countries are similar: 3% for Canada22

and 6% for the U.K.23 Given the
highly variable clinical presentation of
MI patients (general fatigue, dyspnea
without pain, indigestion, etc), it is
not surprising that emergency physi-
cians cannot reach 100% accuracy.
Indeed, achieving up to a 98% success
rate in this context could be consid-
ered a notable accomplishment.
However, emergency physicians can-
not be content with a 98% capture, as
patients who are discharged from the
ED with a missed MI have an
increased risk of short-term mortality
from 10-26%.1 Given the highly suc-
cessful and time-sensitive treatments
of cardiac catheterization and medical
thrombolysis, it is essential to accu-
rately detect as many patients present-
ing to the ED with acute MI as
possible.  

One recent study helped identify
that MIs may be more likely to be
missed in lower-volume EDs than in
larger-volume ones.24 The percentage
of missed MIs in this large study was
consistent with lower number from
most recent estimates, and was 2.1%
of all MIs seen.24 However, significant
variability was seen in the number of
MIs missed compared to the overall
number of MI patients seen annually.
The study examined records of nearly
20,000 MIs seen in 171 EDs across
Ontario, Canada, and found that the
lower-volume EDs had roughly twice
the number of missed MIs.24 Exact
causes of the differences could not be
determined, but this may correlate
with similar lower complication rates
for surgeons who perform higher
numbers of a specific type of surgery.
Regardless of the cause, it serves as a
reminder for physicians who practice
in lower-volume EDs that they may
be practicing in higher-risk arenas. In
addition, the patients in the study
were identified when they returned to
the ED for a second visit in which
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Figure 1: Two Types of Coronary Lesions
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they were diagnosed correctly. This
reinforces the concept of expanding
the work-up when a patient returns to
the ED just a few days after being
seen.  

Pathophysiology of
Coronary Artery Disease 

Recent advances have improved
understanding of the nature of coro-
nary artery disease from that of a sim-
ple cholesterol storage disease to a
complex interaction between endothe-
lial cells and multiple other factors.
Coronary lesions that were once only
thought of in terms of the degree of
narrowing they produced are now
considered to be more intricate as
well. While emergency physicians are
not the ones making decisions about
which lesions require stenting, we
often are using patient’s previous
catheterization reports in our judg-
ment of whether to admit the patient.
A brief overview of recent advances in
the development of coronary lesions
can help with understanding when
patients are at higher risk.  

Coronary lesions are defined in
terms of size and generally are classed
as non-obstructive (< 50% stenosis) or
obstructive (> 50% stenosis).
Obstructive lesions are further subdi-
vided as moderate obstruction
(50–70% stenosis), significant obstruc-
tion (70-90% stenosis), and high-
grade lesions (90-99% stenosis).
Interestingly, cardiology texts consider
stenoses < 50% as “insignificant dis-
ease,”9 and some cardiology literature
classifies those with < 50% stenosis as
“normal” arteries.25

In general, the stable obstructive
lesions are responsible for angina. It is
thought that a lesion needs to be at
least 60% to produce exercise-induced
angina and > 95% to cause angina at
rest.26 When the surface of lesion rup-
tures or erodes, it triggers a clot to
form in and sometimes completely
block the artery lumen, thus causing
an MI. Although one may expect
these high-grade lesions to be respon-
sible for most acute MIs, in fact most
acute MIs are caused by lesions <
50%.26 Only 15% of acute MIs arise
from lesions > 60%.27 This is thought
to occur because smaller lesions have

a less stable covering and therefore
lead to plaque rupture/erosion and
vessel thrombosis more easily.27 It
remains true that, individually, high-
grade lesions are more likely to cause
an MI; it’s just that smaller lesions
vastly outnumber the high-grade
ones.28

One major recent finding that can
help the ED physician understand the
variability seen with coronary lesions
is that plaques do not just grow into
the artery lumen; they grow outward
as well.29 (See Figure 1.) Some authors
believe that the lesion begins to grow
outward at first, and only intrudes
into the vessel lumen after maximum
remodeling of the artery has
occurred. Recent use of intravascular
ultrasound and coronary CT has
shown that patients can have extensive
atherosclerosis but have a negative
catheterization since the lesions are
projecting outward rather than into
the artery lumen.30 Thus, cardiac
catheterization alone may be seeing
only the tip of the iceberg of the true
extent of coronary disease.27 The
catheterization can be thought of as a
“lumenogram,” and disease not
directly affecting the artery lumen can
be overlooked.  

Unfortunately, outward growing
lesions still are at risk of triggering an
acute MI, as these lesions still abut
the vessel endothelium and can rup-
ture into the artery producing
STEMIs (see Figure 1).26 Unlike in
patients with obstructing lesions,
these patients do not have any preced-
ing anginal symptoms and their MI
comes “out of nowhere.” Intravas-
cular ultrasound studies also have
confirmed autopsy data from young
soldiers in the Korean and Vietnam
wars by showing 17% of patients
younger than age 20 years who were
studied had evidence of coronary
plaques.31 Further, all lesions were
once thought to grow in a continuous
fashion over time, but it is now
believed that many grow in spurts
that likely correspond to mild rup-
tures and thrombosis that do not lead
to artery occlusion every time.28

Moreover, these minor ruptures are
thought to be commonplace events in
many patients with coronary disease.28

Thus a patient may have a “stable”
lesion on serial catheterizations that
suddenly becomes much larger, pro-
ducing new symptoms or an acute
MI.  

The location of the lesion in the
vessel also is important. Ostial and
bifurcation lesions are particularly
high risk, both in terms of risk of rup-
ture and risk of restenosis after inter-
vention.32 With more proximal
lesions, larger amounts of
myocardium will be at risk when the
plaque ruptures; hence the term
“widow maker” for proximal left ante-
rior descending (LAD) or left main
lesions. High-grade lesions in both
the proximal LAD and circumflex are
referred to as left main equivalent, as
they are the two branches of the left
main. Lesions of smaller arteries can
produce much smaller MIs in terms of
heart muscle damage, but they can
still trigger arrhythmias. Eccentric
lesions and very long lesions also are
more complicated to stent. The sever-
ity of longer, concentric lesions can be
underestimated, as they are harder to
visualize on catheterization. Likewise,
other coronary branches can be super-
imposed on the vessel being studied
and can hide lesions. In some
patients, significant collateral flow can
develop to compensate for high-grade
lesions, or even complete large vessel
occlusion. Thus, these lesions remain
clinically silent longer than one would
expect based on their appearance
alone.  

The bottom line for evaluating a
patient whose previous catheterization
results are available is for the ED
physician to realize that coronary
lesions are not simple static deposits
of cholesterol. Size matters, in that
high-grade lesions are dangerous, but
the smaller or even lesions not visible
with standard catheterization can
more often be the source of an acute
MI. 

Risk Factors for Coronary
Artery Disease

Five major risk factors for the devel-
opment of coronary artery disease
were identified more than 40 years
ago in the classic study of people in
Framingham, MA: smoking, hyper-
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tension, diabetes, increased choles-
terol, and family history.33 These risk
factors have been verified as predictive
of the patient’s risk of developing
coronary artery disease over his or her
lifetime. Since then, additional risk
factors of obesity, inactivity, male sex,
and age older than 65 years have been
identified.34 Others, such as chronic
inflammation, have been suggested.35

The declining mortality rate from
coronary artery disease, down since a
peak in the 1950s, has also led some
to suggest that a “prolonged infec-
tious epidemic” (Chlamydia pneumo-
niae) may play a role in coronary
disease as well.35

Do Risk Factors Matter in the
ED? Although these risk factors for
coronary artery disease are well
known, how much influence they
should have on ED evaluations of
patients with chest pain has been
harder to define. In the past, it was
purported that lack of any risk factors
for cardiac disease was seen in nearly
50% of patients treated for acute MI.36

Some of these data originated from
the Framingham studies as well.37

Indeed, multicenter studies done on
patients presenting with chest pain
have shown only existing diabetes and
family history conferred increased risk
of coronary disease, and even then the
increased risk was minimal.38 This led
to suggestions that risk factors, with
the exception of age, male sex, and
family history of premature disease,
are not considered relevant in evalua-
tion of ED patients with chest pain.
Likewise, their absence could falsely
reassure the physician that a particular
patient is less likely to have active
coronary disease.39 Thus traditional

risk factors were thought of as items
to target for reducing a patient’s life-
time risk of coronary artery disease,
and not as factors that correlate with a
given chest pain patient’s risk of MI
during any one ED visit.39

This advice seems counter-intuitive
to one’s experience as a practicing ED
physician. It still seems to be that
patients with tobacco use, hyperten-
sion, obesity, etc., are at higher risk
for ACS when they present to the ED
with chest pain. It also seems hard to
reconcile that if classic risk factors
increase patients’ lifetime risk of coro-
nary disease, shouldn’t the risk of pre-
senting to the ED with an acute MI
go up as they age as well? Further,
past use of nitrates for chest pain, pre-
sumably for a diagnosis of coronary
disease, does correlate with diagnosis
of ACS in the ED.40 This should be
distinguished from relief of chest pain
with nitroglycerin in the ED, which
does not.41 Fortunately a much larger
study has shown that classic risk fac-
tors are indeed associated with
increased risk of MI.42

This study, by Khot, et al, examined
76,716 STEMI cases and 35,527
non-STEMI/unstable angina cases
and evaluated them for the presence
of diabetes, hypertension, tobacco
use, and elevated cholesterol. They
found that overall, nearly 85% of
women and 81% of men did indeed
have at least one of these risk fac-
tors.42 In other words, only 15-20% of
patients with acute MI did not have
any risk factors; much less than the
50% level that had been reported in
the past. For younger patients with
MI (men < 55 years, women < 65
years), the results were even more

dramatic; only 10-15% lacked any risk
factors.42 Cigarette smoking in both
men and women, as well as diabetes
in women, correlated with the devel-
opment of premature coronary artery
disease. Tobacco use lowered the age
of onset by 10 years for every group.42

The authors may have identified an
explanation for the disparity of the
results in this and in past studies. A
significant number of patients who
presented with acute MI had undiag-
nosed disease. Fully 32% of the
patients had undiagnosed hyperten-
sion,43 and 30% had undiagnosed dia-
betes.44 Thus patients may not have
presented with documented risk fac-
tors at the time of their acute MI, but
the conditions were still present in
many cases. They were simply undiag-
nosed and therefore undocumented.
Even after this research, the relevance
of risk factors when evaluating chest
pain patients in the ED is still
debated.45 At this point, the best
assessment is to be careful and realize
that just because a patient does not
have risk factors for coronary artery
disease does not mean one should dis-
regard their chance of having an acute
MI. Ultimately, their description of
the symptoms and ECG findings are
more important than the presence or
absence of classic risk factors.46

Classic Risk Factors. Braunwald’s
text on cardiology identifies tobacco
use as the single most important risk
factor for development of coronary
artery disease.34 Nearly 50% of the
450,000 annual deaths in the United
States from tobacco use are due to
ischemic heart disease.34,47 Women
who smoke and use oral contracep-
tives or who also have diabetes are at
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• Chest pain is pleuritic, positional, or reproduced by palpation in 5% of acute MIs.
• Pain waking patient from sleep correlates with increased risk of MI.
• Location of pain does not correlate with presence of MI.
• Radiation of pain to both arms or shoulders correlates with increased risk of MI.
• Relief of chest pain with GI cocktail or nitroglycerin has not been shown to predict absence or presence of MI, 

respectively. 
• Levine sign sensitivity is 78–86%, but positive predictive value only 55%.

* References: 58, 65, 67

Table 2: Usefulness of History*



especially high risk. Hypertension is a
particular risk, as nearly 50 million
people in the U.S. have hypertension,
and it is often clinically silent. Up to
33% of patients with hypertension
remain undiagnosed, and 25% are not
effectively controlled.48 Further, as
more becomes known about hyper-
tension, even “normal” levels of 130-
139 mmHg systolic and 85-89
mmHg diastolic have been shown to

increase risk by a factor of two.49

Increased cholesterol levels also
have been shown to begin the process
of atherosclerosis in people as young
as teenagers.34 Thus elevated choles-
terol and triglyceride levels increase
risk of artery disease in general, not
just in the coronary bed. Family his-
tory of premature onset coronary
artery disease, defined as onset of dis-
ease < 50 years, and/or coronary

artery disease in first-degree relatives
also is associated with increased risk of
coronary disease. Family history alone
also has been shown to be an inde-
pendent risk factor for development
of disease.50 The effect seems to con-
fer higher risk for women with first-
degree relatives and nearly doubles
their risk compared to men.51

The risk of diabetes has been
equated with aging 15 years, an
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Atypical presentations of MI are seen in 52–67% of all 
MIs.

18% present without any chest pain. 
DDiiaabbeetteess
• 40% of diabetics with acute MI do not present with 

chest pain, but instead complain of: 
Dyspnea – the most common complaint 
Nausea or vomiting 
Weakness or fatigue

EEllddeerrllyy  
• 51% of patients > 65 years of age present atypically 
• Dyspnea – the most common complaint (69%)
• Nausea – 37%
• Vomiting – 11%
• Weakness or fatigue
• Have non-STEMI more often than STEMI
• Patients > 85 years of age have the most atypical 

presentations.
• Symptoms include: syncope, stroke, weakness, 

confusion, and delirium. 
YYoouunngg  PPaattiieennttss  ((<<  4455  yyeeaarrss))
• Typical patient is male, non-white, history of hyper-

tension, tobacco smoker, obese, dyslipidemic
• Tobacco use is equivalent to risk of previous MI in 

older patient.
• Obesity doubles risk of MI.
• More often have STEMI than non-STEMI
• Chest pain in a 20-year-old could be from Kawasaki 

disease. 
WWoommeenn
• Women account for ~ 50% of all MIs
• On average present 10 years older than men with MI
• Are higher risk for missed MI, especially if < 55 years
• Present atypically more often, with only 29% having 

chest pain
• Dyspnea – the most common complaint (58%)
• Nausea – 37%
• Vomiting – 11%
• Weakness - 54%
• Fatigue - 43% 

CCooccaaiinnee  CChheesstt  PPaaiinn
• Typical patient is male, non-white, tobacco user with 

few classic cardiac risk factors
• Cocaine is responsible for 25% of MIs in patients 

18-45 years.
• 6% of cocaine chest pain patients have MI, but 

another 15% have ACS. 
• 33% of patients describe pleuritic pain.
• Risk of MI is highest in first 24 hours after use.
• Silent transient ST elevation has been documented 

2 weeks after use.
• Cocaine users can be high risk for aortic dissection.
• ECGs in this population are much less sensitive for 

acute MI.
• Sensitivity only 36%
• One study found 15% of cocaine-MIs were incorrectly 

discharged based on their ECG reading (Hollander 
prospective 1994). 

• Higher incidence of false-positive cardiac biomarkers 
in this group

• No clinical criteria to identify which patients are safe 
for discharge 

MMiinnoorriittiieess  
• Develop coronary disease at ages 8–10 years 

younger than whites
• Likely due to their increased incidence of hyper-

tension, diabetes, elevated cholesterol
• Missed MI rate in one study was 5.8% for blacks 

compared to 1.2% for whites
• The typical minority with missed MI: 

Black
History of CHF
Presents with elevated blood pressure/pulmonary 

edema 
• South Asians presented with atypical features more 

often than whites also.

*References: 1, 72, 73, 81, 94, 105, 114, 129, 132,
135, 151. 

Table 3: Atypical Presentations of MI*



impact even higher than smoking.52

Lastly, obesity, defined as a BMI > 30,
is now present in 30% of the U.S.
population.34 Even mild obesity has
been shown to correlate strongly with
coronary artery disease, even in the
absence of other risk factors.53

The History and Physical:
Utility of “Classic”
Symptoms and Signs

Angina was first described by
Heberden in 1768,54 and physicians
are very familiar with the current clas-
sic description of angina: crushing
substernal pain that feels like an ele-
phant on your chest. Angina often is
described as pressure, tightness, heavi-
ness, or burning instead of pain by
the patient. The pain is made worse
by exertion, relieved by rest; radiates
to the left arm, shoulder, neck, or jaw;
and is associated with shortness of
breath, nausea, vomiting, and
diaphoresis. It is unlikely that patients
presenting with these classic symp-
toms will be among the missed MIs.
However, it is important to take the
time to elicit the proper history and
ask about onset, location, severity,
duration, radiation, precipitating/alle-
viating factors, and associated symp-
toms. Often classic symptoms can be
present, but patients not used to giv-
ing medical histories may not provide
them unless specifically prompted.
Also be aware that “sharp” pain can
mean different things to different cul-
tures; some define it as knife-like,
while in others it simply may mean
severe.  

This section will review data on the
usefulness of symptom descriptions. It
is important to remember that no sin-
gle type of data, be it physical exami-
nation, ECG, or enzymes alone can
rule out presence of an MI, and his-
tory alone is no exception.55 While
history itself cannot rule out the pres-
ence of coronary disease, it is useful
to classify patients into low-, medium-
, and high-risk groups.56 Beware that
atypical presentations are especially
common in certain groups (elderly,
women, younger patients), and these
will be reviewed in the next section.  

Chest Pain. Several studies have
shown that the description of pressure-

type pain only weakly correlates with
presence of MI.57 Sharp, pleuritic, or
positional pain is less likely to be car-
diac but is still seen in 5% of MIs.58

Only a few studies examined useful-
ness of the actual location of the chest
pain and found none.59 Right-sided
pain can be just as dangerous as left-
sided or central pain.46 Likewise, the
area of the heart infarcting (anterior,
posterior, inferior) in general does not
correlate with a certain location on
the chest, but inferior MIs are seen
with upper abdominal pain more
often then anterior ones.60 In addi-
tion, nausea and/or vomiting is seen
more often with inferior compared to
anterior MIs.7 Radiation of pain to
the shoulders or arms has been shown
to correlate with increased risk for MI
in multiple studies.55,61

Pain precipitated by exertion is
associated with increased risk of MI.61

Besides exertional pain, pain that
wakes the patient in the morning does
correlate with acute MI.46 Chest pain
that reaches maximum intensity at
onset is more suggestive of aortic dis-
section, whereas pain that follows a
crescendo pattern is more indicative
of angina. Pain that lasts for hours or
days with each episode or pain that
lasts only seconds is considered
unlikely to be ischemic, but this has
not been formally studied.62 Angina
typically resolves in 15-20 minutes,
whereas MI pain persists after 30 min-
utes. Pain reproduced by palpation
also is associated with non-cardiac
pain,61 but remember it is still seen in
5% of MIs.58 However, one older
study found that risk was even less in
patients with a combination of atypi-
cal features. No patients had an MI
and only 3% had unstable angina who
presented with sharp/stabbing chest
pain that was pleuritic, positional, or
reproduced by palpation.63

Relief of chest pain with nitroglyc-
erin or a GI cocktail has be widely
used in the past to confirm or exclude
a patient’s chest pain as likely cardiac
or non-cardiac, respectively.55 While
nitroglycerin does relax coronary ves-
sel smooth muscle, it also relaxes
esophageal smooth muscle as well and
can provide relief from esophageal-
based chest pain. At least two recent

studies have shown a lack of associa-
tion between relief from nitroglycerin
and MI.41,64 Likewise, studies have
shown that relief of chest pain with
GI cocktail does not predict absence
of MI.65 Lastly, the Levine sign
(closed fist over chest) also has been
classically associated with angina, but
when tested is less clinically signifi-
cant. One study found that it had rea-
sonable specificity (78-86%), but the
positive predictive value was only
55%.66

Associated Symptoms. Few studies
have looked specifically at associated
symptoms for acute MI, which typi-
cally include nausea, vomiting, short-
ness of breath, or diaphoresis. These
features often are highlighted in cer-
tain patient populations, such as the
elderly patients with shortness of
breath, and will be discussed in a later
section on atypical presentations.
Results available on this topic are
mixed. One study of clinical features
in patients with chest pain showed no
correlation with nausea, vomiting, or
diaphoresis and acute MI,61 while two
meta-analyses did show a correlation
with nausea and diaphoresis with
MI.57,67 However, the data were var-
ied; nausea was 24-56% sensitive and
70-84% specific, while diaphoresis was
24-61% sensitive and 73-84% spe-
cific.67 Another study evaluated these
symptoms as presenting complaints in
patients with MI but no pain.68 In
these patients, dyspnea was twice as
common as other associated symp-
toms (seen in 49%); diaphoresis was
seen in 25%, and nausea and vomiting
in 24%.68

Physical Examination. Physical
examination findings generally are
absent in stable patients with acute
MI. One study found no correlation
with physical findings in this patient
population.67 One thing that can be
helpful is to examine the patient’s skin
in the area of pain, especially when
pain has been present for more than 1
day. In a few cases, early signs of shin-
gles will be seen, thus solving the
dilemma of the chest pain’s origin.
When physical signs are present in
acute MI, more often they identify
severely ill patients. Signs of acute
CHF (such as jugular venous disten-
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sion, rales, peripheral edema, and a
third heart sound) resulting from
acute MI indicate abrupt pump fail-
ure. Likewise, hypotension or shock
with pallor, cool skin, and mottled
extremities may be signs of impending
arrest and should be treated aggres-
sively. As mentioned above, repro-
ducibility of chest pain by palpation
does lessen the risk of MI but is still
seen in 5% of acute MIs.58

In practice, one often encounters a
patient complaining of chest pain
whose blood pressure is elevated. It is
not uncommon for patients who can
detect when their blood pressure is
elevated to notice chest pain, short-
ness of breath, headache, or blurred
vision with elevated blood pressure.
Several authors have stressed the
importance of not over-treating blood
pressure numbers alone due to the
risks of rapidly lowering the patient’s
blood pressure.69 Realize that hyper-
tensive emergency requires both ele-
vated blood pressure, typically greater
than 180/110 mmHg, and evidence
of end-organ damage. In the context
of this article, acute MI, unstable
angina, and pulmonary edema from
left ventricular failure are recognized
as evidence of end-organ damage —
not simply the presence of chest
pain.70 While pulmonary edema may
be easy to rule out in the ED, the
presence of MI or unstable angina
may require admission to the hospital
or a chest pain unit. While not every
patient will require admission of any
kind, correlation with the history for
the event and patient’s past medical
history will be needed to determine
safety and timing of discharge. It is
useful to note that the most recent
study of missed MI patients did not
find any correlation with blood pres-
sure elevation between patients who
were missed and those diagnosed.1

Atypical Presentations 
It is not surprising that in studies of

missed MI patients, atypical presenta-
tion is one of the common reasons
cited as an explanation for why the
MI was not detected. Atypical presen-
tations can include a lack of chest pain
with emphasis on associated symp-
toms (dyspnea, diaphoresis,

nausea/vomiting), new-onset heart
failure, apparent stable angina, odd
locations of pain (back, abdomen, iso-
lated jaw pain, etc.), or vague symp-
toms such as general weakness.7

Besides atypical presentation, studies
of missed MI patients also found that
these patients lack typical risk factors,
are relatively young or elderly, more
often are women, and have non-diag-
nostic or subtle ECG findings.2,5,68 It
is important to note that more than
one of these “risk factors” for missed
MI often occurs in the same patients,
probably increasing their risk of being
missed. One recent study of MI
patients with normal or non-diagnos-
tic ECGs found they presented with-
out chest pain (11-14%) more often
than those with diagnostic ECGs
(24%).71 These patients are nearly 8
times more likely to be discharged
from the ED with acute MI than
those with diagnostic ECGs.1

The prevalence of MI patients with
atypical presentations is higher than
one might suspect. Several studies
have found that atypical presentations
are seen in 52-67% of all patients with
acute MI.72,73 In a large study of
10,689 patients with suspected acute
coronary syndrome, 18% presented
without chest pain.74 Certain patient
groups (diabetics, elderly, young, etc.)
appear to be at higher risk for atypical
presentations and will be discussed
individually. The results of one recent
report suggest that patients with
chronic kidney disease also may be
added to the list of those at higher
risk for presenting with dyspnea
instead of chest pain.75 One must
maintain suspicion for these presenta-
tions because, as expected, these
patients are at much higher risk for
less aggressive care and experience
increased mortality. One study found
the mortality rate for patients present-
ing without chest pain was 23% com-
pared to 9% for MIs with chest pain.76

Diabetics. Diabetes is an epidemic
problem both in the United States
and globally. According to the CDC,
24 million people, or 8% of the U.S.
population, have diabetes. Nearly 95%
of these are type II diabetics, and 25%
of them are undiagnosed.77 While
these are large numbers, they are

likely to grow in the near future.
Obesity and inactivity are increasingly
common in young people, and it is
currently estimated that another 57
million people in the United States
are pre-diabetic.  

Diabetes is one of the most signifi-
cant risk factors for development of
coronary disease. It is estimated to
increase the risk of coronary disease
equivalent to aging 15 years, which is
even more of an impact that
smoking.52 One study found 57% of
patients admitted for ACS were undi-
agnosed diabetics.78 By 55 years of
age, 35% of people with type I dia-
betes have died of coronary disease,
and coronary disease is the number
one cause of death for type II diabet-
ics regardless of how long they have
had diabetes.79 Further, in-hospital
mortality for diabetics with MI is
nearly twice that of non-diabetics,
which has remained constant despite
the development of thrombolytics or
use of stents.80

It is well established that diabetics
also are at high risk for atypical pre-
sentations of acute MI, especially
silent MI or painless MI.7 Diabetics
with MI often have associated symp-
toms (dyspnea, nausea/vomiting) as
well as vague complaints of weakness
or fatigue as their primary complaint.
One study found these associated
symptoms were the presenting com-
plaint in 40% of diabetics with MI.81

The reasons for this are unclear, but it
is suspected that they may have a
“defective anginal warning system”
from autonomic neuropathy.82 Acute
dyspnea is one of the most common
presenting complaints in these
patients and is seen in 15-30% of
painless MI cases.83 Often, dyspnea in
these cases is due to acute pulmonary
edema resulting from depressed car-
diac function.  

Elderly Patients. A host of factors
make an acute MI more difficult to
detect and more deadly in elderly
patients. To start, elderly patients are
at higher risk in general because their
increased age translates to an
increased incidence of coronary dis-
ease. Autopsy studies have shown 50%
of elderly women and up to 80% of
elderly men have obstructive coronary
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disease.84 In addition, their lesions are
more severe and diffuse compared to
those of younger patients.84 As
expected, then, they also are at higher
risk of death compared to younger
patients. Patients older than 65 years
account for 65% of the MIs and 80%
of the deaths from MI each year.85

Data show the in-hospital mortality
for patients younger than 60 years
with MI was only 2.8% compared to
19% for patients older than 70 years.86

Another study found a higher rate of
32% for patients older than 75 years
with MI.87

Secondly, the elderly are more likely
to present with atypical symptoms. A
study of more than 4100 elderly
patients with unstable angina found
that 51% of those older than 65 years
had atypical presentations.73 Atypical
presentations were defined as those
lacking chest tightness/pressure with
arm pain worsened by exercise or
relieved by nitroglycerin. In that
study, dyspnea was by far the most
common chief complaint and was
seen in 69% of cases. Only 14% of
patients even had any chest pain,73 but
arm or shoulder pain was seen in 11%
and 7%, respectively. Upper abdomi-
nal pain was found in 8%, and 6%
complained of neck pain. Nausea was
found in 37%, but vomiting was
found in only 11%, and diaphoresis
occurred in 25% of cases. The most
elderly patients (older than 85 years)
have the most atypical presentations
of all. Syncope, stroke symptoms,
weakness, confusion, and delirium
increase as presenting symptoms in
this group.88

The elderly often present later in
their course of illness. In some cases
this can be because older patients can
be more stoic. This may be due in
part to reduced pain sensation. One
study found that in patients with doc-
umented angina, older patients (62-
70 years) had a significant delay in
their perception of angina compared
to younger patients (53-63 years).89

Other factors also contribute to their
delayed presentations. Communi-
cation can be impaired from baseline
dementia, making reliable histories
extremely difficult to obtain, and they
can be dependent on others for trans-

portation. Comorbid conditions are
more frequent in elderly patients with
acute MI as well. Besides dementia
preventing a clear history, studies on
elderly patients with angina or MI
show risk of atypical presentation is
increased in older patients with his-
tory of CHF and diabetes, and in
women.90 Risk for other diagnoses
being confused with acute MI, such as
aortic dissection, also goes up with
age. The classic patient with an acute
thoracic dissection is a man in his sev-
enth decade.  

Lastly, when the elderly do have
MIs, they are more often non-
STEMIs with non-diagnostic ECG
findings rather than classic STEMIs.
Elderly patients’ ECGs often are
abnormal at baseline as well, with
bundle branch blocks, changes from
hypertension, and rhythm abnormali-
ties such as atrial fibrillation that com-
plicate ECG interpretation. Thus,
elevated enzyme markers are more
often the path to diagnosis of elderly
patients with MI. However, using tro-
ponin primarily to diagnose MI can
be problematic as they are not 100%
sensitive or specific. Elevated troponin
also can be seen in renal failure91 and
sepsis.92

Younger Patients. Younger
patients, defined as those younger
than 45 years of age, account for
about 10% of acute MIs annually.93

Classic cardiac risk factors of diabetes,
obesity, metabolic syndrome, and
tobacco use appear to play a signifi-
cant role in development of coronary
disease in these patients. One study of
800 patients 18-45 years old with MI
found that these patients were more
often male, nonwhite, had history of
hypertension, were current smokers,
obese, and dyslipidemic compared to
older patients with MI.94 Family his-
tory of MI was not addressed in that
study but was confirmed to be a sig-
nificant factor in other studies.95 It is
important to note that another study
still found the majority of younger
patients were males, but 25% were
female compared to only 10% in other
series.96 In this same study diabetes
and hypertension were actually less
likely to be present in younger
patients with MI. The risk from

smoking is impressive and is equiva-
lent to the risk of previous MI in
older patients.94 Likewise, obesity has
been noted to double the prevalence
of heart disease in both men and
women < 50 years.97 Cocaine abuse is
also a major risk factor for MI in
younger patients but is discussed in a
separate section. Younger patients are
also less likely to have angina episodes
prior to their MI.93

Younger patients tend to have a
higher frequency of anterior MIs than
older patients, are more likely to have
a STEMI than non-STEMI, and more
often had single vessel disease.94 Up
to 20% of young MI patients have no
coronary lesions, and coronary spasm
can be a factor in producing infarc-
tion. However, it should be noted
that in several previous reviews, “nor-
mal” arteries were defined as those
with less than 50% stenosis; thus the
presence of non-obstructing lesions
was ignored.25 When they included all
coronary lesions, they found that 60%
of young patients had single vessel,
but 29% had two-vessel disease, and
11% had triple-vessel disease.25 Even
so, younger patients with MI con-
tinue to experience lower morbidity
and mortality than older patients with
MI. However, youth alone did not
provide longer-term protection when
patients suffered from large MIs. Risk
of poor outcome (death, repeat MI,
CHF) was as high as 64% over 5 years
in patients with ejection fractions <
45% after their first MI.95

Anomalous Coronary Artery.
Although rare, anomalous coronary
arteries also can be a source of MI in
young patients. In some cases the
defect is severe enough to produce
symptoms in infancy (i.e., left main
arising from pulmonary artery), but
otherwise, they can produce sudden
and profound ischemia during intense
exercise in adolescents and young
adults. An example is the single coro-
nary artery where only one artery
arises from the aorta to supply the
entire heart. While the incidence from
autopsy studies is only 1% in the gen-
eral population, they are thought to
cause 12-19% of the sudden deaths
seen in high school and college ath-
letes in the United States.98 Obviously



we can be of little help to the young
patient who dies on the field, but this
can be considered when young ath-
letes suffer chest pain and syncope
during exertion. These patients
should be referred to a cardiologist
before being cleared to return to
sports.  

Kawasaki Disease. At times
patients in their twenties can present
with acute MI as a complication of
previous infection with Kawasaki dis-
ease. Kawasaki disease is a relatively
rare autoimmune disease that pro-
duces a systemic vasculitis in young
children. Children younger than age 5
years account for 80% of cases, and it
remains a clinical diagnosis.99 Most
recent data show that Kawasaki dis-
ease is most common in Asian and
Pacific Island Americans, followed by
African Americans and Hispanics; the
incidence is lowest in Caucasians.100

Coronary artery aneurysms can result
and are seen in 20-25% of untreated
patients, but use of intravenous
immune globulin reduces the inci-
dence to less than 10%.99 In most sit-
uations, development of new
aneurysms after 6 weeks is rare and
risk of MI is highest in the first year
after illness. Small or medium size
aneurysms (< 4-8 mm) typically spon-
taneously regress within 5 years,101

whereas giant ones (> 8 mm) may
require bypass surgery. Recent data
show that even though the aneurysms
have regressed, intimal thickening and
abnormal dilation may persist at that
site. Unfortunately, cases exist of
acute MI in 20-year-old patients as a
result of known or previously
unknown Kawasaki disease,102,103 with
some even requiring bypass for exten-
sive lesions.104 These patients have no
other risk factor for coronary disease,
and in some cases previous
angiograms had shown regression of
known aneurysms.102 Thus even
apparently healthy, drug-free young
people can present with acute MI,
although this is rare. A screening
ECG should be sufficient to detect
STEMI from Kawasaki disease, as
most aneurysms develop in proximal
locations.  

Women. Heart disease is the num-
ber one cause of death for women in

the United States, and women
account for about 50% of all MIs.83,105

Women do seem to have a higher
incidence of unrecognized MI than
men (54% vs. 33%) in at least one
study.13 They also tend to be about a
decade older than men when present-
ing with MI and therefore have
higher incidence of comorbid condi-
tions. When they do seek medical care
for an MI, women tend to wait longer
before coming in, especially those >
65 years of age.l06 Once diagnosed,
several studies have found that
women also fare worse that men when
admitted for MI. A study of 2800
MIs in the 1990s found that the 30-
day mortality for women with MI was
17% compared to 9% for men, but the
30-day to 1-year mortality differed
less dramatically (9% for women vs.
5% for men).107

Some of these differences may be
explained by the fact that women
tended to be older and had more
comorbidity. Another more recent
work that matched subjects closely
found that women overall did survive
as well as men, but that women with
STEMIs did not.108 Women had an
in-hospital mortality double that of
men (10% vs. 5%). In this study, less
aggressive care for women with MI
was suggested to explain the differ-
ences in survival rates.108 Women were
less likely to receive aspirin, early beta-
blocker treatment, and had delayed
reperfusion therapies more often than
men. In one series, women with typi-
cal chest pain were 32% less likely to
undergo catheterization than men.109

Other studies have confirmed but not
explained why women tend to receive
less aggressive and invasive care com-
pared to men.110

Women also are at higher risk for
missed MI in the ED, especially if
younger than 55 years of age.1 Some
studies suggest that when women do
have chest pain, they may not associ-
ate it with cardiac causes as often as
men.111 Women also present with
atypical features of MI more often
than men, such as dyspnea, nausea,
abdominal pain instead of chest/
neck/back/jaw pain.112 This was con-
firmed in a meta-analysis that found
that ACS and no chest pain occurred

in 30-37% of women compared to 17-
27% of men.113 These authors sug-
gested, though, that many of these
atypical features also are common in
elderly patients, and since women
tend to present 10 years later than
men, increased age at presentation
may be more important than sex to
explain these results.  

Another study looked at prodromal
symptoms experienced by women and
found atypical symptoms were fre-
quent then as well. Of the 515
women in the study, 95% noted pro-
dromal symptoms, but the most com-
mon were unusual fatigue (70%) and
sleep disturbance (48%).114 Only 29%
reported any chest pain preceding
their MI. Likewise, the most frequent
symptoms associated with their MI
were: dyspnea (58%), weakness (54%),
and fatigue (43%). When women
noted pain, it was most commonly in
the back (37%). Left arm or shoulder
pain (22%) was almost as common as
chest pain (28%). These atypical pre-
sentations appear not to develop
because women are having smaller
MIs. At least one study found that
ECG findings and peak enzyme levels
were similar between women with
atypical symptoms and men with clas-
sic presentations.83 Women also tend
to have more frequent non-obstruct-
ing mechanisms for chest pain (mitral
valve prolapse, syndrome X, or
Prinzmetal angina), thus giving them
a broader differential to work
through. Lastly, detecting coronary
disease in women with screening tests
can be problematic, as women experi-
ence false positive stress tests more
often than men.105 Ironically, when
women do under angiography, they
are much more likely than men to
have normal coronary vessels. One
study of 32,856 patients found 23%
of women had normal vessels com-
pared to 7% of the men, and the
women were still more than 4 times
more likely than the men to be re-
admitted after their catheterization for
continued chest pain.115

Not all authors think that coronary
disease in women is that different,
though. There also have been studies
to suggest that women and men do
not have significantly different presen-
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tations of MI. One study of chest pain
in men and women during balloon
inflation found no differences
between the sexes.116 Further, chest
pain in general was a poor indicator of
ischemia, as 33% of men and 25% of
women did not have pain during bal-
loon inflation producing ST segment
elevation.116 One also should be aware
that the American College of
Cardiology stated in the 2004 update
on STEMI treatment that “symptom
profiles for STEMI by sex generally
appear more similar than different.”117

Takotsubo Syndrome (Apical
Ballooning Syndrome). The
Takotsubo syndrome is a variation of
STEMI presentation in women. This
syndrome was first described in early
2000 in Japan118 and consists of
patients with a characteristic “balloon-
ing” of the apex of the heart. While
first described in Japan, where it is
believed to be responsible for about
1% of all admissions for suspected
MI,119 it is being reported with
increasing frequency in Caucasians in
the United States.120 It is believed by
some to be responsible for 1-2% of
patients presenting with acute MI.121

The name comes from the Japanese
word for a round-bottomed ceramic
pot to catch octopus that is thought
to resemble the shape of the left ven-
tricle lumen seen on ventriculogram.
These patients present with acute MI
patterns on ECG but typically have
no coronary lesions on angiography.
In some cases they can develop eleva-
tion in their cardiac biomarkers, per-
haps due to coronary spasm, but these
elevations are mild in comparison to
the large areas of akinetic regions seen
on echocardiography.122 Most patients
with this syndrome can become quite
ill for a short time with complications
from their apparent MI, and it can
lead to cardiac arrest.123

This syndrome has several unique
features. It is primarily seen in post-
menopausal women (90% of cases), is
reversible over a period of days to
weeks, and seems to be triggered by
emotional distress such as the loss of a
loved one (hence the name “broken
heart syndrome”). The majority of
patients survive the episode, but many
require aggressive care with vasopres-

sor support and intra-aortic balloon
pumps required in 40% of cases.119

The current theory is that the
patient’s stress condition triggers an
excessive release of catecholamines,
which leads to the cardiac effects.123

Although the mechanism behind
these dramatic changes appears not to
be due to coronary disease, the
patients’ ECGs undergo similar
changes to standard STEMI. They
present with chest pain and ST eleva-
tion in anatomic distributions, and the
ECG changes evolve with return of
ST elevation followed by deep T wave
inversion similar to the natural evolu-
tion in acute MI.119 Even though
these patients have dramatic ECG
changes, their cardiac biomarkers ele-
vate only modestly, and the wall
motion defects seen on catheteriza-
tion often cover the territory of all
three coronary vessels in 90% of these
women.119 The bottom line here is
that these patients are clinically indis-
tinguishable from standard acute MI.
Although thought of as a mimic of
acute MI, these patients present as a
STEMI and must be treated as one, as
it is only after catheterization that the
true diagnosis is revealed.  

Cocaine and
Methamphetamine 

Cocaine. Cocaine use, especially
habitual use, adversely affects the
heart in multiple ways. Besides MI,
cardiovascular complications of
cocaine include dilated cardiomyopa-
thy, aortic dissection, and sudden
death. On a cellular level, cocaine acts
by releasing norepinephrine,
dopamine, epinephrine, and sero-
tonin. Norepinephrine induces
ischemia by contraction of vascular
smooth muscle, and epinephrine
increases oxygen demand by increased
contractility and heart rate. Cocaine
also increases platelet activation and
aggregation promoting thrombus for-
mation. These changes can produce
MIs in patients with normal coronary
vessels, and those with pre-existing
disease are at even higher risk.
Vasospasm has been shown to be
more severe in diseased vessels com-
pared to normal vessels.124 Autopsy
studies also suggest the rate of athero-

sclerosis is accelerated in habitual
users.125 The frequency of coronary
disease was much higher than in non-
users and also much more advanced
than expected for their age. One
study of people who died with
cocaine in their bloodstream found
that 36% had at least 75% obstruction
in one or more major coronary vessel;
their average age was only 32 years.125

Cocaine also blocks sodium channels
in cardiac myocytes, producing occa-
sional wide complex tachycardias.
Thus it is not surprising that cocaine
use is the most frequent cause of
drug-related deaths reported by med-
ical examiners.126

Obtaining accurate history in
cocaine-induced chest pain patients
has unique problems. Many times,
patients will not volunteer the fact
that they have used cocaine, and may
adamantly deny it when asked. They
may be worried about legal issues
such as parole violations, that their
family may discover, or their job may
be in jeopardy if use is confirmed. In
most cases the urine drug screen is
positive for 1-2 days after single use,
but in cases of heavy abuse (> 5
g/day) urine tests may remain posi-
tive for 2-3 weeks after last use.127,128

Several large studies have confirmed
that only about 6% of patients seen in
the ED for cocaine chest pain will
have an MI, and another 15% will
have ACS.129,130 The typical patient
with cocaine MI is a young man, non-
white tobacco user, with repetitive
cocaine use but few classic cardiac risk
factors.129 The location, duration, and
quality of chest pain ultimately are not
useful alone to allow one to detect
patients with higher risk of MI from
those with only chest pain.131 Up to
33% of patients describe pleuritic
pain.132

However, one study of 246 patients
with cocaine chest pain found more
classic angina symptoms were rela-
tively common. Pain was substernal in
71% and pressure-like in 46%, while
dyspnea was seen in 59% and
diaphoresis in 38%.131

The risk of MI is independent of
amount used, route of ingestion, and
frequency of past use. Both casual
users and habitual users are at risk,124
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and MI has occurred in first-time
users.133 Even in otherwise low-risk
patients, the risk of MI is increased
about 24-fold in the first 60 minutes
after use.134 Infarction within the first
hour is from direct cocaine toxicity,
with events that occur after again sev-
eral hours after use from the effects of
cocaine metabolites. The incidence of
MI is highest in the first 24 hours
after use.129 In one study where
cocaine users in drug treatment wore
Holter monitors, silent episodic ST
segment elevation was seen in 38% of
patients up to two weeks after last
use.135 Thus vasospasm can occur even
when blood levels of cocaine are
undetectable.133

Diagnosis of cocaine-induced MI
can be problematic at best. First, one
should remember several other diag-
noses that can go along with cocaine
chest pain. Pneumomediastinum
occurs from forceful breath holding
associated with smoking crack and can
be a subtle fining on chest radiogra-
phy. Acute aortic dissection also is
associated with cocaine abuse. The
incidence of cocaine-related dissection
is thought to be rare, but one study
of 38 cases of aortic dissection found
that 37% were cocaine related.136

Most of these patients had other risk
factors for dissection, such as hyper-
tension and tobacco use. Cocaine
users with aortic dissections tended to
be younger (mean age 38 vs. 63 years
for non-users), tobacco smokers, had
higher blood pressures on presenta-
tion (210/130 mmHg on average),
and had a higher incidence of type B
(descending aorta) dissections (69%
vs. 3%).137

ECG findings in cocaine MI are
variable and may be misleading as
often as helpful. The ECG can be
non-diagnostic when the patient is
having an MI and suggestive of
ischemia when the patient is not.138

One study found patients having
cocaine-related MI were just as likely
to have normal or non-diagnostic
ECGs as ones showing ischemia.132 In
this study, 15% of patients with MI
were missed in the ED based on their
ECG readings, and patients were
inadvertently discharged. Up to 84%
of patients with cocaine chest pain can

have abnormal ECGs.132 Early repo-
larization from left ventricular hyper-
trophy and J-point elevation can make
the ECG more difficult to interpret
and can obscure ischemic changes.
Another review of cocaine-MIs found
that 43% of patients had ECGs that
met criteria for reperfusion but did
not have MI.139 It is likely that tran-
sient vasospasm produced many of
these findings. Ultimately the sensitiv-
ity of the ECG for MI with cocaine
chest pain has been shown to be only
36%.132 Thus the ECG has a much
higher false-negative rate in this popu-
lation than in most chest pain
patients.  

Cardiac biomarkers are the ultimate
tool for diagnosis of MI in the ED
when ECG findings are nonconclu-
sive, but they, too, can be tricky in
setting of cocaine chest pain. General
elevation of creatine kinase (CK) is
common from skeletal muscle damage
in cocaine abuse, and this can produce
false positive CK-MB levels as well.140

Perhaps the most useful aspect of
measuring CK-MB levels is to follow
serial levels; those with elevated
enzymes from skeletal muscle damage
are likely to decline with time,
whereas patients with actual MI
should continue to rise over the next
6-12 hours.140 Troponin levels are
more accurate than CK-MB for diag-
nosis of acute MI, and this is true in
the setting of cocaine chest pain as
well.141 Troponin-I and -T levels are
specific for cardiac muscle and are less
likely to be altered by rhabdomyolysis.
In the end, most MIs will be diag-
nosed with enzymes rather than ECG
findings.

Disposition of cocaine chest pain
patients can be challenging as well.
There are no clinical criteria alone to
determine who is safe for discharge.131

Short-term observation, such as in a
chest pain unit, is the best choice in
most settings. Weber and colleagues
studied 344 cocaine chest pain
patients and found that most compli-
cations occurred within 12 hours of
hospital presentation.142 Patients were
observed for a 9-hour period with
continuous ST segment monitoring
and cardiac biomarker sampling every
three hours. If no abnormal results

were obtained, a cardiology consult
followed with a Bruce protocol stress
test. When not available in the ED,
this could be arranged on a outpatient
basis. The patients with negative stress
tests were followed for 30 days after-
ward. No deaths were recorded, and
there was only a 1.6% rate of sub-
sequent MI, all of which occurred in
those who continued to use and had
additional coronary risk factors.142 On
average 60% will continue to use
cocaine after discharge from the ED,
and 75% will have recurrent chest
pain.129

Methamphetamine. Crystal
methamphetamine is similar to crack
cocaine in that both are smoked, pro-
ducing a rush of euphoria. However
effects of methamphetamine last for
up to 12 hours, compared to only 15
minutes for crack cocaine. Those who
binge with methamphetamine can
stay awake for as long as 10 days with
little food or drink.143 Cardiovascular
complications of methamphetamine
abuse also appear similar to cocaine
but are less frequently documented in
the literature. 

Methamphetamine can cause acute
MI by coronary vasoconstriction with
or without thrombus formation, and
chronic users can develop a dilated
cardiomyopathy.133 Methamphetamine
also may accelerate development of
atherosclerosis like cocaine, as one
autopsy study of methamphetamine
users found a 19% incidence of coro-
nary disease compared to only 5% of
controls.144 Another study found a rel-
atively high rate of coronary disease
(17%) in patients with positive drug
screens observed in a CPU setting.145

In 2004, methamphetamine-related
MIs were noticed in Hawaii and since
have been reported in areas where
methamphetamine abuse is epi-
demic.146,147 Methamphetamine abuse
is also a risk factor for acute aortic dis-
section and may be more dangerous
than cocaine. An autopsy series found
that 20% of patients who died from
acute dissection were positive for
methamphetamine, which made it the
second most important risk factor
behind hypertension.148 Ultimately,
methamphetamine users with chest
pain likely can be cared for in a similar
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fashion to cocaine users.  
Minorities. Minorities generally

have a higher incidence of coronary
disease risk factors and, therefore, also
have a higher rate of MI compared to
whites. Hypertension occurs in 30%
of African-American men and 27% of
women compared to 25% of white
men and 24% of white women.149

Cholesterol levels tend to be higher in
African Americans compared to whites
as well. Likewise, diabetes is more
common in Hispanic people com-
pared to whites (20% compared to
11%, respectively). Thus, as expected,
minorities tend to develop coronary
disease at higher rates than whites.
The prevalence of coronary disease in
African Americans is 9% for women
compared to 5% for white women,
although the rates for men are both
7%.149 For Hispanic women, the rate
is also higher than for white women
(7% vs. 5%), and again men are similar
at 7%. One study found these differ-
ences translated into black patients
with MIs presenting an average of
8–10 years younger than whites.150

Since minorities develop coronary
disease more often, it may not be sur-
prising that they tend to be dis-
charged with a missed MI more often.
Pope, et al. found in 2000 that the
missed MI rate for black patients was
5.8% compared to only 1.2% for
whites in the same study.1 They sug-
gested the fact that black patients
were 8-10 years younger and that a
high percentage were women as possi-
ble explanations for this. Another
study of inner-city ED MI patients
presenting without chest pain found
that black patients presented this way
2.5 times more often than Hispanics
and 4.6 times more often than
whites.151 The typical non-chest pain
MI patient in that study was black
with a history of CHF and presented
with elevated blood pressure/pul-
monary edema.151

Other studies also have found that
African Americans unfortunately have
worse outcomes from MI compared
to other racial groups. The mortality
rate for African Americans is 1.8
times that of whites.149 Interestingly,
the rate for whites is roughly 1.5
times that of Hispanics, but Hispanics

die from diabetes complications twice
as often as whites.149 As with women,
studies have found that minorities
tend to have less aggressive care for
coronary disease. One study of
Hispanics found that they received
PTCA only 13% of the time com-
pared to 23% for whites.152 Likewise,
African Americans received throm-
bolytic treatment less often in the
1990s (19% compared to 29% for
whites),152 and recent articles show
the same for coronary catheterization
rates for acute MI (38% for African
Americans, 45% for whites).153

Multiple reasons for these findings
have been suggested, including later
presentation of African Americans,
more frequent atypical presentations,
and less willingness to undergo inva-
sive procedures.152,153

A recent study found that Asians are
another minority that may be at
higher risk. In a study of 2189 South
Asians with angina, the authors found
that they presented with atypical
symptoms more often than white
patients (60% vs. 52%).154 Further,
South Asians were 42% less likely to
undergo catheterization than
whites,154 which could not be
explained completely by atypical pre-
sentations. Other studies have shown
that Asians tend to have higher mor-
tality rates from coronary disease.155

One also should be aware that lan-
guage barriers can confound history
taking and that people from different
cultures can present in overly stoic or
hypervigilant form. Extra time should
be taken with these patients when
they present with chest pain or possi-
ble ACS symptoms to ensure the his-
tory is as accurate as possible, as it can
be the key to diagnosis in some cases.  
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Physician CME Questions
101. Lawsuits for missed diagnosis of MI in the

ED: 
A. are the most common suit against ED

physicians 
B. are the highest dollar pay-outs of all

malpractice suits
C. are uncommon because < 1% of MIs are

missed in the ED
D. none of the above 

102. Concerning coronary disease, which of the
following is true? 
A. It is defined as a lesion with at least 40%

vessel narrowing.
B. It is seen on catheterization if present

because all lesions grow into the vessel
lumen.

C. Most acute MIs are caused by lesions <
60%. 

D. None of the above

103. The most common chief complaint in 
atypical presentation of acute MI is: 
A. nausea
B. diaphoresis
C. neck pain
D. weakness
E. dyspnea

104. Atypical presentation of acute MI: 
A. is seen in only 10% of MI cases
B. is uncommon in elderly patients
C. is more commonly non-STEMI than

STEMI in younger patients with MI
D. may be common in women because they

present on average older than males

105. Which of the following statements is true
regarding cocaine chest pain?
A. It is the most common chief complaint

related to cocaine.
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B. It results in MI in only 6% of these
patients.

C. It is associated with ST elevation MI up
to 2 weeks after last use.

D. The risk of infarction is greatest within
the first hour after use.

E. All of the above

106. Which statement regarding AMI in
younger patients (< 45 years old) is true?
A. There is a higher incidence of inferior

MI than in older patients.
B. STEMI are more common than 

non-STEMI. 
C. Preceding anginal episodes are common.
D. Obesity is not a major risk factor for

coronary artery disease in younger
patients.

107. Common misdiagnoses of acute MI are:
A. non-cardiac chest pain
B. stable angina
C. musculoskeletal chest pain
D. gastroenteritis
E. all of the above

108. Concerning acute thoracic aortic dissec-
tion, which of the following is true?:
A. ECGs are abnormal in at least 60% of

cases.
B. Elevated troponin levels are seen in 23%

of cases.
C. Pulse deficits are not the most useful

physical finding.
D. None of the above

109. The most common historical features of
aortic dissection include: 
A. sudden onset of pain
B. maximal intensity reached over an hour
C. ripping and tearing pain
D. migratory pain

110. Silent MIs are thought to represent which
percentage of all MIs?
A. 10%
B. 20%
C. 30%
D. 40%
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The Missed Acute
MI in the ED

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Atypical Presentations of MI

Atypical presentations of MI are seen in 52–67% of all 
MIs.

18% present without any chest pain. 
Diabetes
• 40% of diabetics with acute MI do not present with 

chest pain, but instead complain of: 
Dyspnea – the most common complaint 
Nausea or vomiting 
Weakness or fatigue

Elderly  
• 51% of patients > 65 years of age present atypically 
• Dyspnea – the most common complaint (69%)
• Nausea – 37%
• Vomiting – 11%
• Weakness or fatigue
• Have non-STEMI more often than STEMI
• Patients > 85 years of age have the most atypical 

presentations.
• Symptoms include: syncope, stroke, weakness, 

confusion, and delirium. 
Young  Patients  (<  45  years)
• Typical patient is male, non-white, history of hyper-

tension, tobacco smoker, obese, dyslipidemic
• Tobacco use is equivalent to risk of previous MI in 

older patient.
• Obesity doubles risk of MI.
• More often have STEMI than non-STEMI
• Chest pain in a 20-year-old could be from Kawasaki 

disease. 
Women
• Women account for ~ 50% of all MIs
• On average present 10 years older than men with MI
• Are higher risk for missed MI, especially if < 55 years
• Present atypically more often, with only 29% having 

chest pain
• Dyspnea – the most common complaint (58%)
• Nausea – 37%
• Vomiting – 11%
• Weakness - 54%
• Fatigue - 43% 

Cocaine  Chest  Pain
• Typical patient is male, non-white, tobacco user with 

few classic cardiac risk factors
• Cocaine is responsible for 25% of MIs in patients 

18-45 years.
• 6% of cocaine chest pain patients have MI, but 

another 15% have ACS. 
• 33% of patients describe pleuritic pain.
• Risk of MI is highest in first 24 hours after use.
• Silent transient ST elevation has been documented 

2 weeks after use.
• Cocaine users can be high risk for aortic dissection.
• ECGs in this population are much less sensitive for 

acute MI.
• Sensitivity only 36%
• One study found 15% of cocaine-MIs were incorrectly 

discharged based on their ECG reading (Hollander 
prospective 1994). 

• Higher incidence of false-positive cardiac biomarkers 
in this group

• No clinical criteria to identify which patients are safe 
for discharge 

Minorities  
• Develop coronary disease at ages 8–10 years 

younger than whites
• Likely due to their increased incidence of hyper-

tension, diabetes, elevated cholesterol
• Missed MI rate in one study was 5.8% for blacks 

compared to 1.2% for whites
• The typical minority with missed MI: 

Black
History of CHF
Presents with elevated blood pressure/pulmonary 

edema 
• South Asians presented with atypical features more 

often than whites also.

Two Types of Coronary Lesions

Classic Inward 
Growing Lesion

Outward Growing
Lesion

Longitudinal LongitudinalCross section Cross section

Thick covering
Few

Thin covering
Numerous

Limits flow
Causes angina

Normal flow
No angina
Easy rupture

Risk Factors for Coronary Artery Disease

• Diabetes
Risk for coronary disease in diabetics is equivalent to aging 15 years. 

• Tobacco
Tobacco use lowers the age of onset of AMI by about 10 years.

• Hypertension
Up to 33% of the 50 million people in the United States with hypertension are undiagnosed. 

• Obesity
Mild obesity alone strongly correlates with increased risk of coronary disease even in the absence of other 

risk factors.
• Family  history

Risk for coronary disease is doubled in women whose first-degree relative has coronary disease compared 
to men.
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Usefulness of History

• Chest pain is pleuritic, positional, or reproduced by palpation in 5% of acute MIs.
• Pain waking patient from sleep correlates with increased risk of MI.
• Location of pain does not correlate with presence of MI.
• Radiation of pain to both arms or shoulders correlates with increased risk of MI.
• Relief of chest pain with GI cocktail or nitroglycerin has not been shown to predict absence or presence of MI, 

respectively. 
• Levine sign sensitivity is 78–86%, but positive predictive value only 55%.
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