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EVIDENCE-BASED APPROACH TO EMERGENCY MEDICINE

The Diagnosis And Treatment
Of STEMI In The Emergency
Department

A 66-year-old man is wheeled into a community hospital’s emergency depart-
ment by EMS on a Saturday morning. He appears anxious, with beads of
sweat on his forehead and pale skin. The paramedics indicate that the patient
called 9-1-1 and reported chest pain that lasted for 30 minutes. They arrived
on the scene 12 minutes after the call to find him doubled over. He described
his discomfort as a “worse version of the pains that I've been having over the
past few weeks,” adding “I'm scared that 1 might be having a heart attack.”
The patient was given 325 mg of aspirin to chew at the scene and 2 sub-
lingual nitroglycerin tablets that have not had any effect on his symptoms.
Upon arrival, he is 55 minutes into this episode of chest pain. You have IV
access, are providing him with supplemental oxygen, and have connected
him to a cardiac monitor. The only lead shown is V2, and you see what look
like depressions of the ST segment. You request a 12-lead ECG, and a clinical
assistant begins to connect the leads. The nurse draws up basic labs, troponin
I'and CK-MB, and asks, “What would you like to do, doctor?” just as the 12-
lead ECG prints out, showing 1.0- to 1.5-mm ST-segment elevations in leads
II, 111, and aVF. You are asking yourself the same question...

Acute myocardial infarction (MI) is the leading cause of death

in the United States' and in much of the developed world. It is
also a rising threat in developing countries.? Rapid diagnosis and
treatment of MI is one of the hallmark specializations of emergency
medicine (EM) because (1) emergency departments (EDs) are a com-
mon health care entry point for patients experiencing MI-associated
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symptoms, (2) Ml is a life-threatening condition, and
(3) the emergency medical system has developed
tools to manage it effectively. A patient whose MI

is missed on evaluation has a 25% likelihood of a
very poor outcome,’ which makes this a “can’t miss”
diagnosis for the EM clinician. It is worth noting that
missed MI has long been the most common justifica-
tion for monetary awards in EM litigation.?

Acute coronary syndrome (ACS) is one of many
causes of MI and describes cardiac ischemia that
results when a blood clot, or thrombus, acutely nar-
rows an artery supplying myocardial cells with blood.
Specifically, ACS is ischemia due to atherosclerotic
plaque rupture. Blood clotting factors interact with
the plaque’s contents and trigger the formation of
a superimposed blood clot that narrows or, in the
case of an ST-segment elevation myocardial infarc-
tion (STEMI), fully occludes the blood vessel lumen.
ACS includes unstable angina and non-ST segment
elevation myocardial infarction (UA/NSTEMI) as a
combined phenomenon, as well as STEMI, but it is
differentiated from other forms of cardiac ischemia
such as demand ischemia or coronary vasospasm.

In UA/NSTEM]I, a clot narrows the lumen
enough to limit blood flow and cause myocardial
ischemia. This ischemia often leads to chest pain or
chest pain-equivalent symptoms (see the History
section) of a different pattern from the patient’s
baseline experience. This can be chest pain of a

different quality or frequency for a patient with

a history of angina or new chest pain in a patient
who has never experienced these symptom before.
ECG changes may or may not be seen with ischemia
alone. Ischemia may lead to infarction that involves
the myocardial tissue but falls short of affecting the
full thickness of the myocardial wall as is the case
with STEMI. The infarction is evidenced by even-
tual elevation of cardiac enzymes (troponin and/or
creatine kinase isoenzyme MB [CK-MB]) and ECG
changes including ST-segment depressions, inverted
T waves, or (the most common finding) non-specific
ST-segment changes. (See Figure 1.)

In contrast, a STEMI typically occurs when this
same process leads to complete occlusion of a coro-
nary artery with transmural, or full thickness, myo-
cardial wall infarction. (See Figure 1.) The ECG will
show ST-segment elevations in the area of the heart
fed by the affected blood vessel. Any ST-segment
elevation is suggestive of a STEMI. However, ECG
changes must meet STEMI criteria (see the Emer-
gency Department Evaluation section) in order for
this diagnosis to be made. ¢

In all cases of cardiac ischemia, treatment objec-
tives are to increase the delivery of blood to myo-
cytes beyond the obstructive lesion and to limit the
myocytes’ demand for oxygen-carrying and metab-
olite-removing blood. What differentiates STEMI
therapy from treatment of other cardiac ischemic

Figure 1. Characteristics Of Myocardial Ischemia

Angina
(ischemia)

Myocardial Infarction
(cell death)

Partial
Occlusion

Complete
Occlusion

UA/NSTEMI
Chest pain?

Stable Angina

Chest pain?
(-) ECG changes
(-) Cardiac enzymes

Nonspecific ECG changes
(+/-) Cardiac enzymes

Demand
Ischemia

Coronary
Vasospasm

Coronary
Embolism

Other Ml

Chest pain?
ECG ST elevations®
(+/-) Cardiac enzymes

(+/-) Chest pain
(+/-) ECG changes
(+) Cardiac enzymes

Abbreviations: ACS, acute coronary syndromes; ECG, electrocardiogram; MI, myocardial infarction; STEMI, ST-segment elevation myocardial infarction;
UA/NSTEMI, unstable angina and non—-ST-segment elevation myocardial infarction; 2 It is possible to have angina or myocardial infarction without chest

pain. (See Common Pitfalls and Medico-Legal section.); ® ST elevations must meet STEMI criteria in order to be diagnostic. (See Diagnosis section.)

Note: To view full color versions of the figures in this article, visit www.ebmedicine.net/topics.
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conditions is the primary focus on immediate rep-
erfusion with percutaneous coronary intervention
(PCI) performed in a cardiac catheterization labora-
tory or with fibrinolytic agents given intravenously.”

Critical Appraisal Of The Literature

Ovid MEDLINE, the Cochrane Database of System-
atic Reviews, and the National Guideline Clearing-
house were searched for articles relating to STEMI,
with a focus on publications and consensus state-
ments published after January 1, 2000. The references
were then searched for related articles. Secondary
references that were used by committees to develop
consensus statements and guidelines were also
reviewed. After the primary draft of this article was
completed, focused follow-up literature reviews were
conducted in August 2008 and March 2009 to identify
articles published after the December 2007 release

of the American College of Cardiology (ACC) and
American Heart Association (AHA) Focused Update
for the Management of Patients with STEML®

Cardiac Anatomy And MI Pathophysiology

As noted above, STEMI occurs when a thrombus
forms in a coronary artery, completely occluding the
vessel and preventing blood from flowing effectively
to distal tissues. Under normal conditions, the de-
polarizing signal sent through the heart “zeros out”
at the ST segment, which corresponds with the time
between ventricular depolarization (the QRS com-
plex) and ventricular repolarization (the T wave).
As tissue dies, or infarcts, potassium leaks out of
the cells, altering the charge over this portion of

the heart. In the setting of ischemia, one may find a
range of abnormalities including T-wave inversions
and alterations of ST-segment levels and morphol-
ogy. The change that is most specific to STEMI is an
elevation of the ST segment on ECG results. This is
due to transmural tissue infarction, which causes
significant potassium leakage. The excess potassium
creates a positive local tissue charge, reflected by the
elevation of the ST segment.”!!

Blockage of particular coronary arteries leads
to predictable regions of infarction. The pacer (or
Purkinje) cells that run within these locations may
also be involved. Death of Purkinje cells can create
predictable rhythm disturbances.'?

Identification of the anatomic distribution of
ischemia and/or infarction is not an essential step in
the diagnosis of a STEML. It is important, however,
to recognize that specific areas of infarction increase
the likelihood of certain complications and that this
information should be factored into treatment and
monitoring decisions.'*

Table 1 shows ECG changes and the associated
major coronary artery branches, with the likely ana-

tomical areas of damage and potential complications
of each. Matching ECG changes with the anatomy is
helpful in mapping out the distribution of involved
tissue by the presence of strain patterns (T-wave in-
versions, ST depressions) or infarction (ST-segment
elevations with or without contiguous depressions).
Caution should be taken when applying this concept
in patients with severe coronary heart disease who
are likely to have significant collateral circulatory
flow. Rarely, congenital anatomical variations can
also make it difficult to infer the distribution of dam-
age and likely consequences.

Out-Of-Hospital Care

In the prehospital system, the management of
patients with a suspected STEMI is driven by three
goals: (1) delivering patients to an appropriate
health care facility as quickly as possible, (2) pre-
venting sudden death and controlling arrhythmias
by using acute cardiac life support (ACLS) protocol
when necessary, and (3) initiating or continuing
management of patients during interfacility trans-
port. Patients who arrive via an emergency medical
services (EMS) transport vehicle often have already
received some level of care. Basic life support ambu-
lance crews are likely to have administered aspirin
and oxygen, used an automated external defibril-
lator in the event of cardiac arrest, and obtained a
basic history from the scene. Advance life support
ambulances are additionally capable of providing
nitroglycerin and ACLS protocol medications if nec-
essary. Critical care transport vehicles have trained
paramedics and nurses who are capable of provid-
ing intensive care-level management en route. In
some EMS systems, 12-lead ECGs can be produced
en route and the results sent to the receiving facility
for evaluation before arrival. In regions where trans-
port times are long, EMS teams may be trained and
equipped to provide fibrinolytic therapy to STEMI
patients before arrival without apparent contraindi-
cations. In areas with tertiary care centers within a
reasonable distance, EMS teams may bypass small
hospitals and deliver patients to facilities with PCI
capability. (See Controversies and Cutting Edge
section.) In addition, patients may be transported to
or from a facility after fibrinolytic therapy for further
management or when reperfusion is unsuccessful.
In all cases, direct sign-out from the EMS team
to the treating emergency clinician is an important
time-saving practice. A helpful checklist to get from
the EMS team includes the following information.

1. The person who initiated EMS involvement
(patient, family, bystander, transferring hospital)
and why

2. Complaints at the scene

3. Initial vital signs and physical examination
results, as well as notable changes

June 2009 + EBMedicine.net
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4. Therapies given prior to arrival and the patient’s
response

5. ECGs done at an outside hospital or en route,

noting the context in which notable ECGs were

printed

The patient’s code status (if known)

7. Family contacts for supplemental information
and family members who may be on their way
to the ED, as they may be helpful in completing
or verifying the history

S

Emergency Department Evaluation

Diagnosis

All patients with chest pain suggestive of ACS should
have an ECG completed within 10 minutes of arrival
at the ED and an early evaluation by an emergency
clinician. Unlike most medical conditions, STEMI

can be diagnosed with a single test before a patient’s
evaluation is complete.'® Criteria for the diagnosis

of STEMI have been proposed by the ACC/AHA
and are in agreement with those of the European
Society of Cardiology (ESC). The ACC/AHA and the
ESC concur that STEMI exists when the ECG of the
patient presenting with acute chest pain shows (1) >
1-mm ST-segment elevation in at least 2 anatomically
contiguous limb leads (aVL to III, including -aVR), (2)
= 1-mm ST-segment elevation in a precordial lead V4
through V6, (3) = 2-mm ST-segment elevation in V1
through V3, or (4) a new left bundle branch block.!?
(Figures 2 and 3.) Laboratory tests, such as troponin
and CK-MB measurements, are not a component of

a STEMI diagnosis. However, they are helpful in the
event that a STEMI is not diagnosed and other forms
of MI are still suspected. (See Figure 1, page 2.) Every
effort should be made to begin reperfusion imme-
diately when ECG changes that are diagnostic for a
STEMI are present.?’?!

History
The patient’s history should be taken while the ECG
is being performed and initial therapies are being ad-
ministered. Remember that time is myocardium. Ask
the patient if he or she is having chest pain, when it
started, what it feels like (stabbing, crushing, pressure,
aching), and if it radiates to other parts of the body.
Chest pain is the cardinal symptom of MI, but it is not
always present, so be sure to ask about jaw /shoulder/
neck/arm pain, dizziness, nausea, and shortness of
breath. It is also important to elicit whether or not the
patient has felt anything like this before, how it was
similar or different, if he or she did anything that made
it better or worse, or if he or she took anything at home
to help with the discomfort. Information about past
medical problems, past surgical procedures (when per-
formed), medications taken (if the patient remembers),
and any allergies is also helpful.

Historically, clinicians have been taught to
review with these patients the major risk factors
for cardiovascular disease: hypertension, known
coronary artery disease, diabetes, hyperlipidemia,
smoking, male sex, and an MI or early cardiac death
in a first-degree family member before age 45 in men
and 55 in women. Although colleagues in cardiol-

Table 1. Infarction Distribution With ST-Segment Elevation Myocardial Infarction And

Consequences*'517

ST Elevations

Affected Coronary Artery

Area of Damage

Complications

V, through V,

Left coronary artery: Left anterior
descending

Anterolateral hea
Septum

Left ventricle

His bundle
Bundle branches

rt wall Left ventricular dysfunction: Decreased carbon dioxide,
congestive heart failure

Left bundle-branch block

Right bundle-branch block

Left posterior fascicular block

Infranodal block (2°or 3°)

V; through Vg, |, aVL

Left coronary artery: Left circum-
flex branch

Left lateral heart wall

Left ventricular dysfunction: Decreased carbon dioxide,
congestive heart failure
Infranodal block (2°or 3°)

I, 11, avF, V,R

Right coronary artery: Posterior
descending branch

Inferior heart wall
Right ventricle

Hypotension (particularly with nitroglycerin and mor-
phine, which can decrease preload)

Supranodal 1° heart block

Atrial fibrillation/flutter, premature atrial contractions

Infranodal block (2°and 3°)

Papillary muscle rupture (murmur)

Vg and V,
(or ST depressions
inV,and V,)

90% Right coronary artery: Poste-
rior descending branch

10% Left coronary artery: Left
circumflex branch (will see eleva-
tions in V; through V)

Posterior heart wall

Hypotension

Supranodal 1° heart block

Infranodal block (2°and 3°)

Atrial fibrillation/flutter, premature atrial contractions
Papillary muscle rupture (murmur)

Emergency Medicine Practice © 2009
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ogy and internal medicine may be interested in these
details, they do not affect management in the ED.
Active chest pain syndrome or a diagnostic ECG
trump all other risk factors in a workup for MI. Time
is best spent administering initial therapies and/or
mobilizing resources for reperfusion.?’

If the patient’s ECG shows a STEMI, imme-
diately ask about contraindications to fibrinolytic
therapy, as this information will aid decisions about
the appropriate reperfusion therapy. (See Table 2.)

Physical Examination

Aside from the vital signs, which are a critical dash-
board in managing a STEMI or other ACS, a physical
examination has limited usefulness in the diagnosis
and initial treatment plan for patients with a STEMIL
However, a focused physical examination can be

Figure 2. STEMI Diagnostic Criteria'®?22

American College of Cardiology/ ST-Segment Elevation
American Heart Association ST- =

Segment Elevation Myocardial

Infarction (STEMI) Diagnosis

Guidelines

In a patient presenting with
active chest pain, a 12-lead
electrocardiogram showing:

1. ST-segment elevation = 1
mm (0.1 mV) in 2 or more
adjacent limb leads (from aVL
to Ill, including -aVR),

2. ST-segment elevation = 1 mm
(0.1 mV) in precordial leads
V4 through V6,

3. ST-segment elevation =2 mm
(0.2 mV) in precordial leads
V1 through V3, or

4. New left bundle-branch
block¥

Left Bundle-Branch Block

* Positive tests for cardiac
enzymes troponin and creatinine
kinase isoenzyme MB are help-
ful, but not essential. Therapy
should not be delayed while
awaiting results.

* Reciprocal depressions (ST
depressions in the leads cor-
responding to the opposite side
of the heart) make the diagnosis
of STEMI more specific.

¥ See the Special Circumstances section for details on diagnosing
STEMI in the setting of an old left bundle-branch block.

(ECG images from Brady W, Harrigan RA, Chan T. Section Ill: acute
coronary syndromes. In: Marx A, ed-in-chief. Hickberger RS, Walls
RM, senior eds. Rosen’s Emergency Medicine Concepts and Clinical
Practice. Part 3. 6th ed. St Louis, MO; CV Mosby; 2006:1165-1169.)

helpful in identifying causes or complications of MI.
If an ECG is diagnostic for a STEMI, the examina-
tion should be brief to evaluate for the signs listed in
Table 3 (page 8) while the focus remains on initiating
immediate reperfusion.

If the ECG is not diagnostic for a STEMI or other
ACS condition, the examination can be more exten-
sive. The information gathered can help emergency
clinicians to sort through and prioritize items on the
differential diagnosis.” However, it is important to
note that even with the most careful evaluation, 1% to
5% of patients with an MI will have completely nor-
mal ECG results upon presentation.?® In these cases,
cardiac biomarker laboratory testing is helpful in
identifying whether other forms of MI have occurred.

Differential Diagnosis

For patients presenting with acute chest pain, con-
sider the following diagnoses:

Aortic Dissection (AoD)

Pneumothorax

Pulmonary embolism

Arrhythmia

Myocarditis

Pericarditis with or without cardiac tamponade
Esophageal rupture or spasm

Hypertensive urgency or emergency
Gastroesophageal reflux disease

Intercostal muscle strain

Costochondritis

The predictive value of an ST-segment elevation
on ECG is highly dependent on the incidence of the
disease in the population into which the patient fits.
For example, ST-segment elevations in a young per-
son are less likely to be associated with MI because
there is a lower incidence of Mls in younger popula
tions. This fact, in and of itself, reduces the positive
predictive value of the ECG as a diagnostic tool in
this situation. For all patients, but particularly in the
young, other causes of ST-segment elevation should
be carefully investigated in the clinical context. (See
Table 4, page 8.)

Initial Therapies

Much of what is considered standard of care for
STEMI is based on the ACC/AHA guidelines, which
are developed from a combination of the available
evidence and consensus opinion amongst the guide-
line-writing group. In addition, the evidence for
many common and emerging practices are contro-
versial or under studied. For this reason, it is worth
exploring these “initial therapies” in some detail.

Oxygen
Supplemental oxygen is given because of the
theoretical benefit of maximizing oxygen delivery

June 2009 + EBMedicine.net
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Figure 3. Pathway For Diagnosis Of ST-Segment Elevation Myocardial Infarction

Patient presents with symptoms sug-
gestive of a STEMI

Perform ECG within 10 minutes

v

Initiate 1V access, monitor cardio-respi-
ratory status, and perform history and
focused physical examination.

v

A4

Meets STEMI diagnostic criteria?

ST-segment elevation?

!

Repeat the ECG;
send cardiac biomarkers.

NO

}

Any ECG changes?

STEMI!

|

NO

NO

Start Initial Therapies

Oxygen

Aspirin

Nitroglycerin

Morphine

Give to patients with oxygen saturation < 90%; use with
caution in patients with congestive heart failure or COPD.

325 mg chewed, before or within 30 min of arrival

0.4-mg SL tablets every 3-5 min up to 3 times; if effect is not
sustained, can continue with an 1V drip of 50 mg in 250-mL
D5W, run at 10-20 mcg/min, then titrated to effect

Still recommended by the ACC/AHA as an initial therapy;
however, a notable 2005 trial found its use associated with
increased mortality.?* Give in multiple 2-mg doses and titrate
upward, along with nitroglycerin, until patient is pain free.

+  Consider other ACS and non-ACS conditions.

. Repeat ECGs and reevaluate.

. Send and monitor cardiac enzymes.

+  Conduct more extensive patient history and physical
examination.

v

Provide fibrinolytics within 30 minutes or
perform PCI within 90 minutes.

ACC/AHA, American College of Cardiology/American Heart Association; ACS, acute coronary syndromes; ECG, electrocardiogram; 1V, intravenous; O,,
oxygen; PCI, percutaneous coronary intervention; SL, sublingual; STEMI, ST-segment elevation myocardial infarction.
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in a patient with an ischemic condition. This was
first recommended for myocardial infarction over
100 years ago.'"” However, there have been several
studies dating back to the 1950s demonstrating con-
cerning harmful effects.'®1?° Specifically, they have
shown that when supplemental oxygen is given to
non-hypoxic patients, it produces increased systemic
vascular resistance and decreases cardiac output. In
hypoxic patients, the data have varied between no
effect to improvement.'?!

Our current practice is based on the first ran-
domized controlled clinical trial done on the effects
of oxygen therapy for MI patients.'? It showed a
reduction in Ml-associated enzyme elevation, but
these results did not achieve statistical significance
(p=0.08). Given the small numbers involved in this
study (n=151), it may have been underpowered to
detect an actual clinical and/or statistical effect (type
II error), but the results are not sufficient enough
to support the routine administration of oxygen
to all MI patients. In line with this evidence, the
ACC/AHA’s STEMI guidelines®® only recommend
supplemental oxygen for hypoxic patients. It is
worth noting that all but one'? of these studies were
done before the advent of the pharmacologic agents,
fibrinolytics, or PCI. In conclusion, the evidence is
thin, and this highlights the need to re-consider the
risks and benefits of oxygen therapy in both hypoxic
and non-hypoxic patients, in the context of modern
medical management of STEML.'?*

Aspirin

Chewing an aspirin soon after the onset of symp-

toms has been shown to reduce mortality by 23%, as
measured at 1 month after M1.>° Aspirin is rapidly
and maximally absorbed when chewed, and it takes
effect in 60 minutes.?' However, the benefits dimin-
ish greatly when aspirin is taken 4 hours after the
onset of symptoms.* Over the years, dose recom-
mendations have varied from 162 to 325 mg. Many
studies have shown that the added bleeding risk
associated with more than 162 mg of aspirin is
minimal compared with the likely benefit, but a 2008
retrospective comparative study challenged this in
the case of STEMI patients treated with fibrinoly-
sis.* The authors concluded that the benefit of larger
doses was outweighed by the proportionally in-
creased bleeding risk in this subpopulation. If a pa-
tient is vomiting, aspirin can be given rectally with
similar effect. A recent small study suggests that

a 600-mg rectal suppository provides a sufficient
level of salicylic acid within 90 minutes that meets
or exceeds the level provided by standard doses of
chewed oral aspirin.* If a patient has an aspirin al-
lergy or significant active bleeding, a 300- or 600-mg
bolus of clopidogrel can be given.* (See the Special
Circumstances section for more details.)

Nitroglycerin

The vasodilatory effects of nitroglycerin increase
blood flow to coronary arteries and help to alleviate
spasmodic and ischemic pain.*® In the pre-reperfu-
sion era, early use was shown to limit infarct size
and preserve ventricular function.* Nitroglycerin
continues to be recommended for patients with a
STEMI and active chest pain. However, the poten-

Table 2. Fibrinolytic Reperfusion Contraindications

A. Absolute Contraindications

Known structural central nervous system lesion (eg, arteriovenous malformation, primary or metastatic tumor)

Any prior intracerebral hemorrhage

Ischemic stroke within the last 3 months (excluding acute ischemic stroke within the last 3 hours)

Significant closed head or facial injury within the last 3 months
Suspicion of aortic dissection
Active bleeding (excluding menses) or bleeding disorders

B. Relative Contraindications

History of chronic, severe, and poorly controlled hypertension or severe hypertension (systolic blood pressure > 180 mm Hg or diastolic blood

pressure > 100 mm Hg) on admission
History of ischemic stroke within the prior 3 months

Dementia or other known intracranial pathology not noted above

Traumatic or prolonged (> 10 minutes) cardiopulmonary resuscitation or noncompressible vascular punctures within the last 3 weeks

Major surgery within the last 3 weeks
Internal bleeding within the last 3 to 4 weeks
Pregnancy

Active peptic ulcer disease

Current use of anticoagulants (the higher the international normalized ratio, the greater the risk of bleeding)
Prior exposure (> 5 days) or prior allergic reaction to streptokinase or anistreplase (if taking these agents)

(Adapted from 2007 ACC/AHA STEMI Treatment Guidelines.)
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tial benefits have to be balanced with the risks of
hypotension and reflex tachycardia.

Morphine

Morphine blocks pain receptors and provides some
anxiolysis, which is believed to reduce sympathetic
tone and decrease myocardial metabolic demand.
Its use has been a mainstay in the initial manage-
ment of acute MI for decades. However, CRUSADE
Initiative data, published as a 2005 case control study
involving more than 17,000 patients, raised concerns
that the use of morphine in patients with MI was
associated with higher mortality. This excess mortal-
ity is believed to be attributed to morphine masking
the symptoms of continued ischemia.” Despite the
study’s findings, morphine is still recommended as
an initial therapy for STEMI by the ACC/AHA and
the ESC, albeit with caution that the evidence for its
use is less robust.®

Beta-Blockers

Beta-blockers reduce myocardial metabolic demand
by decreasing heart rate and, to a lesser degree,
myocardial contractility. Evidence supporting the
use of beta-blockers in patients with acute MI arose
from research demonstrating reduced rates of rein-
farction and recurrent ischemia in those who re-
ceived reperfusion therapy (fibrinolysis or PCI).3%3
More recent evidence has shown that giving beta-
blockers to all STEMI patients may lead to increased
incidence of cardiogenic shock, which may outweigh
the benefits.*’ In addition, a retrospective analysis of
some older trial data failed to reproduce the previ-
ously reported benefits.*!

The ACC/AHA currently recommends that an
oral beta-blocker be given within 24 hours and that
an IV beta-blocker is reasonable for patients who
are hypertensive in the absence of (1) signs of heart
failure; (2) evidence of a low cardiac output state;
(3) post beta-blocker cardiogenic shock risk fac-
tors (age > 70 years, systolic blood pressure < 120
mm Hg, sinus tachycardia > 110 bpm or heart rate
< 60 bpm, increased time since onset of symptoms
of STEMI); or (4) other relative contraindications
to beta blockade (PR interval > 0.24 s, second- or
third-degree heart block, active asthma, or reactive
airway disease). These recommendations are based
on the results of COMMIT/CCS-2, a large random-
ized controlled trial that involved more than 45,000
patients.> *° Oral beta-blockers do not need to be
started in the ED, and the more selective use of IV
beta-blockers is a change from prior recommenda-
tions and common practice, which categorize their
use as an initial therapy for patients with acute MI.

Once a diagnosis of STEMI is made, these initial
therapies should not delay the primary goal: to initi-
ate definitive treatment with either fibrinolytic thera-
py within 30 minutes or PCI within 90 minutes. If the
ECG does not meet the STEMI diagnostic criteria and
the patient has ongoing ischemic symptoms, the test
should be repeated at reasonable intervals along with
continuous cardiac monitoring. These patients may
develop a STEMI later in the symptom course.’”

Definitive Treatment

Once a STEMLI is diagnosed, the next immediate de-
cision is whether to rapidly reperfuse the infarcting

Table 3. Signs To Look For During Physical Examination Of A Patient With Chest Pain

Sign

Concern

New murmur?

Papillary muscle rupture or acute valvular insufficiency

Jugular venous pulsation elevation?

Right-sided heart failure

Slowed capillary refill? Weak pulse?

Cardiogenic shock

Crackles or wheezes? Decreased breath sounds?

Congestive heart failure

Hemiparesis? Pulse differential between upper vs lower extremities
or left vs right extremities?

Aortic dissection

Table 4. Alternative Causes of ST-Segment Elevations

Alternative Diagnosis

Clinical Context

Pericarditis/myocarditis

Fevers, recent radiation therapy

Benign early repolarization

Young, male

Left ventricular hypertrophy

Hypertension

Paced rhythm?”

Pacemaker implanted

Significant hyperkalemia®

Renal failure

Coronary vasospasm

Cocaine or other stimulant use

Ventricular aneurysm

Prior infarction (usually associated with Q waves)

Spontaneous coronary artery dissection

Marfan or Ehlers-Danlos syndrome

Acute, severe emotional stressor

Takasubo cardiomyopathy
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myocardium with fibrinolytic medications or with
PClI via balloon angioplasty.

Fibrinolysis

Fibrinolytics are now widely available and easily
accessible in most hospitals. The greatest benefit

is derived when they are given within 1 to 3 hours
after the onset of symptoms. Successful reperfusion
rates range from 60% to 80%, but the chance of rep-
erfusion success diminishes with time, even within
this window.

The primary complications of fibrinolytics relate
to excessive bleeding. Depending on where the
bleeding occurs, it can also cause life-threatening
problems such as large gastrointestinal tract bleeds,
hemorrhagic stroke, and surgical wound dehiscence.
As a result, a formal list of contraindications associ-
ated with an increased risk of hemorrhage has been
compiled.* (See Table 2, page 7.) A patient with a
yes response to any of the absolute contraindications
in Table 2A is not a candidate for fibrinolysis. A yes
response to any of the questions in Table 2B does
not prohibit a patient from receiving fibrinolytic
therapy, but it should raise significant caution in the
mind of the deciding emergency clinician and weigh
in favor of an alternative reperfusion plan.

The ACC/AHA guidelines recommend the
initiation of fibrinolytic therapy within 30 minutes of
a STEMI patient’s contact with the medical system.?
Reperfusion outcomes with this therapy, at 30 days
post-intervention, are comparable to those with PCI
when a patient has symptoms that are of short dura-
tion or when there is a low risk of bleeding or when
achieving a door-to-balloon time of less than 90 min-
utes is not possible.*? (See Table 6, page 11.) Most
institutions have limited fibrinolytic options on their
drug formulary. Emergency clinicians should know
what options are available in advance and should be
familiar with their specific characteristics and side
effect profiles. (See Table 5, page 10.)

As noted earlier, once a fibrinolytic is adminis-
tered, the complication of greatest concern is bleed-
ing. The highest risk of bleeding occurs within the
first 24 hours. Intracranial hemorrhage (ICH) is the
most devastating complication. It occurs in less than
1% of patients® but carries a 55% to 65% mortality
rate.* As a result, a computed tomographic (CT)
scan of the head should be ordered for any post-fi-
brinolytic neurologic findings to rule out ICH. Also,
all anticoagulants, antithrombotics, and antiplatelet
agents should be held until ICH is ruled out.

Percutaneous Coronary Intervention

When available, prompt primary PCI in a cardiac
catheterization laboratory is the preferred reperfu-
sion option. If a facility has PCI capability, the STEMI
should be reported as soon as the diagnosis is made,
with a request to activate the catheterization labora-

tory emergently. (See the Controversies and Cutting
Edge section for more on this topic.) When a facility
lacks PCI capability, it may be feasible to coordi-
nate a transfer (ambulance or helicopter transport)
to another facility. In the process of identifying an
accepting clinician for the transfer, a request should
be made to activate the catheterization laboratory
before the patient arrives. The goal is to have the
patient achieve a door-to-balloon time of less than

90 minutes. The ability to achieve this goal should
be incorporated into the decision of whether to use a
fibrinolytic or a PCL.*>"

Fibrinolytics Versus PCI

The choice between fibrinolysis and PCI depends on
the patient, the place, and the timing. Research on the
relative effectiveness of fibrinolysis vs PCI has shown
that the two modalities have comparable outcomes
when PCl is not available within 1 to 2 hours and
when contraindications to fibrinolysis are taken into
consideration. Multiple clinical trials have shown
that PCI, when available, has a higher rate of reperfu-
sion and better short- and long-term outcomes than
fibrinolysis.”"*® A more recent study has shown that
despite the ACC/AHA-endorsed time-to goal of 90
minutes, PCI may maintain superior outcomes for up
to 150 minutes* For each patient, the decision should
also take into account the duration of symptoms,

the availability of the catheterization laboratory, the
patient’s mortality risk, any concerns that the STEMI
might be of non-ACS origin, and the contraindica-
tions to fibrinolysis. (See Table 6, page 11.)

PCI And Fibrinolysis In Combination

One might think that following up the use of fibrin-
olytics with PCI would be a thoughtful choice for all
STEMI patients. However, multiple randomized pro-
spective trials have been unable to show a benefit of
this approach.>*® Nevertheless, in select patients it

is reasonable to consider PCI after fibrinolysis, in the
form of facilitated PCI, rescue PCI, or follow-up PCL
The distinction between these therapies is subtle, but
important.

Facilitated PCI

Generally speaking, PCI is the preferred method of
reperfusion (especially for those who are in cardio-
genic shock or are hemodynamically compromised)
if it can be performed within 90 minutes of contact
with the medical system. However, this “time-to”
goal is not always achievable, particularly in fa-
cilities without PCI capability. As a result of this
dilemma, researchers have sought to determine if
administering fibrinolytics to initiate fibrinolysis
during transport can facilitate reperfusion via PCI
prior to arrival in the catheterization laboratory.
However, a well-designed prospective multicenter
study showed that when full-dose fibrinolytics were
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given to all STEMI patients before PCI, the combina-
tion resulted in worse outcomes including increases
in mortality, incidence of shock, reinfarction, need
for urgent revascularization, and congestive heart
failure.”” The search is still on to see if facilitated
PCI with less than full-dose fibrinolytics and some
combination of antithrombotics will tip the balance
toward favorable outcomes.

Given the limited evidence, the ACC/AHA 2007
updated guidelines do not recommend the use of
full-dose fibrinolytics for facilitated PCIL.® On the
basis of data from the 2006 ASSENT trial (a random-
ized, controlled, prospective study involving 1667
patients),’® the guidelines do advise that facilitated
PCI with less than full-dose fibrinolytics can be con-
sidered in patients with a high mortality risk when
PClI is unavailable within 90 minutes and in those
who have a low bleeding risk (young age, controlled
hypertension, and normal body weight).® A 2009
randomized controlled trial involving 1553 patients
suggests that a patient whose door-to-balloon time
is greater than 90 minutes but less than or equal to
150 minutes can be safely pretreated with glycopro-
tein IIb/Illa complex (GPIIB/Illa) platelet inhibitor
and/or IV fibrinolytic therapy to achieve outcomes
similar to those with primary PCI.*

Rescue PCI

Because reperfusion is not always achieved in
patients who receive fibrinolysis, it is important to

follow their response clinically and be prepared with
an alternative plan in case of reperfusion failure.*’
Rescue, or salvage, PCI should be considered as a
second attempt to achieve reperfusion in patients
with (1) less than 50% resolution of ST-segment ele-
vation in the most prominently elevated lead within
90 minutes, (2) persistent hemodynamically unstable
arrhythmias, (3) persistent ischemic symptoms, or

4) developing or worsening cardiogenic shock after
fibrinolytics. This can be done up to 24 hours after
fibrinolysis, but it is not recommended for patients
older than 75 years.®

Follow-up PCI

Follow-up PCl is done after primary fibrinolysis,
when angiography identifies persistently narrowed
coronary arteries that would benefit from angio-
plasty. The decision to perform follow-up PCI is
rarely made within the ED. However, it is worth
distinguishing this from primary PCI (door-to-bal-
loon time < 90 minutes), facilitated PCI (a half dose
of fibrinolysis with a GPIIB/Illa agent), and rescue
PCI (initiation of PCI after failed reperfusion from
primary fibrinolysis).®!

Adjuncts To Therapy

Important adjuncts to the treatment of STEMI in-
clude agents that prevent regeneration of coronary
thrombi after patency has been established. The

Table 5. Characteristics Of Common Fibrinolytics For ST-Segment Elevation Myocardial

Infarction?42
Property Alteplase (tPA) Reteplase Tenecteplase
(Activase®) (Retavase®) (TNKase™)
IV Dosage 15-mg bolus, then 10-U bolus over 2 min, then another | Weight-adjusted single bolus over 5 s
0.75 mg/kg over next 30 min 10-U bolus also over 2 min (30 <60 kg: 30 mg

(max of 50 mg), followed by min later) 60-69 kg:35 mg

0.5 mg/kg over 60 min (max 70-79 kg:40 mg

of 35 mg), for total dose of 80-89 kg:45 mg

100 mg =90 kg: 50 mg
Circulating 6 min 13-16 min Initial half-life = 20-24 min
Half-life

Terminal half-life = 90-130 min

Route of Liver Liver and kidney Liver
Clearance
Antibody Formation No No Yes, but rare (< 1%)
Risk of 0.6% 0.8% 0.5%-0.7%
Intracerebral Hem-
orrhage
Reperfusion Rate by | 79% 80% 80%
90 min
Lives saved 3.5 3.0 3.5
per 100 persons
treated

Abbreviations: 1V, intravenous; tPA, tissue plasminogen activator.
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2-pronged approach involves preventing thrombin
generation and inhibiting platelet function.

Anticoagulants

The ACC/AHA guidelines recommend giving an
anticoagulant to all STEMI patients for a minimum
of 48 hours.®? Unfractionated heparin (UFH), the
traditional anticoagulant for acute M, is given as

a bolus of 60 U/kg (maximum of 4000 U) with a
follow-up infusion of 12 U/kg per hour (maximum
of 1000 U /hr) titrated to a targeted partial throm-
boplastin time (PTT) of 50 to 70 seconds. Enox-
aparin (low-molecular-weight heparin [LMWH])
and fondaparinux are acceptable alternatives, with
specific dosing regimens based on age and renal
function. LMWH has the advantages of achieving a
more consistent anticoagulation effect (so monitor-
ing is usually unnecessary), a lower rate of heparin-
induced thrombocytopenia (HIT) vs UFH, and
convenience of administration. But LMWH is not
without risks. Data from EXTRACT-TIMI 25, an in-
ternational double-blind comparison of enoxaparin
vs UFH in 20,506 patients enrolled in 48 countries,
indicated that enoxaparin carries a slightly increased
risk of bleeding.® It is also more difficult to reverse
than heparin because it is not an infusion and has a
longer half-life.

OASIS-6, an international randomized double-
blind study comparing fondaparinux with control
therapy (either placebo or UFH) in 12,092 patients
enrolled in 41 countries, found that the bleeding risk
with fondaparinux was lower than that for all of the
other anticoagulants.® It is often the first-line antico-
agulant in patients with HIT from prior heparin ex-
posure, and administration is simplified with a fixed
dose for all patients. The anticoagulant response is
more predictable with fondaparinux than with hepa-
rin, allowing for less anticoagulation-level monitor-
ing. However, this monitoring is done via anti-Xa
levels, which are not performed in many hospital
laboratories.®® In addition, fondaparinux is not ap-

proved by the US Food and Drug Administration for
this indication, and there is some literature show-
ing an increased incidence of catheter tip thrombus
when it is used in patients undergoing PCL® For the
dosages, advantages, and disadvantages of each of
these agents, see Table 7.

Bivalirudin

Bivalirudin (Hirulog®, Angiomax®, Refludan®,
hirudin-derived synthetic peptide) is a direct throm-
bin inhibitor that is available as an alternative to
heparin therapy. It reversibly binds to the catalytic
and substrate recognition sites on thrombin, which
blocks circulating and fibrin-bound thrombin. Much
like heparin, its full anticoagulation effect starts
within minutes of administration, and once an infu-
sion is stopped, it quickly diminishes with a half-
life of 25 minutes.® Many studies done during the
past 15 years have demonstrated greater reductions
in ischemic outcomes with bivalirudin than with
heparin, with a reduced risk of bleeding and other
complications.®”!

The most recent ACC/AHA guidelines were
published before the release of these data and offer
bivalirudin as an option for use after initial heparin
administration, but with class C level of evidence
(consensus opinion or case study reports).® Results
of the HORIZONES trial, a randomized multicenter
comparative study of bivalirudin vs heparin with a
GPIIB/1Ila agent, published in 2008, supported bi-
valirudin’s lower rate of hemorrhagic complications,
but noted an increased rate of in-stent thrombosis.”?
All of the patients were seen by an initial care team
who diagnosed the patient’s STEMI, started heparin,
and requested urgent catheterization. Before cath-
eterization was started, half of the patients had their
heparin drip stopped and replaced with a bivaliru-
din drip/infusion. This study looked at bivalirudin
use in the catheterization laboratory in a population
who had received heparin prior to arrival. It was
not designed to evaluate bivalirudin as an initial

Table 6. Choosing A Reperfusion Option For ST-Segment Elevation Myocardial Infarction

Fibrinolysis Favored

PCI Favored

Catheterization laboratory not available

Inability to obtain central vascular access
Catheterization laboratory available, but without surgical
backup

Inability to meet door-to-balloon time < 90 minutes
Door-to-balloon — Door-to-needle time > 1 hour

Presentation > 3 hours after symptom onset

Catheterization laboratory available in-house

Patient with high mortality risk

Evidence of cardiogenic shock or significant hemodynamic compromise
Existence of significant relative contraindications to fibrinolysis
Uncertain STEMI diagnosis (inability to rule out other causes of ST-seg-
ment elevation or a left bundle-branch block with no prior electrocardio-
gram for comparison)

Abbreviations: PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction.

(Adapted from data in Antman EM, Hand M, Armstrong PW, et al. 2007 Focused Update of the ACC/AHA 2004 Guidelines for the Management of
Patients With ST-Elevation Myocardial Infarction: a report of the American College of Cardiology/American Heart Association Task Force on Practice

Guidelines. Circulation. 2008;117(2):302-304.)
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Table 7. Anticoagulants For ST-Segment Elevation Myocardial Infarction?6¢

Drug

Dosage

Advantages

Disadvantages

Bleeding Risk

Heparin (UFH)

60-U/kg bolus (max, 4000

Immediate anticoagulation

Prevents free thrombin from activating,

Dependent on

U), followed by 12-U/kg but does not inhibit clot-bound thrombin PTT level
per hr infusion (max, 1000 | Affects multiple sites in the
Uthr) coagulation cascade Nonspecific binding, so it has a variable
anticoagulation effect requiring contin-
Long history of clinical use ued monitoring (PTT 50-70 s)
Its effect is easy to monitor Risk of HIT
via PTT
Easy to stop anticoagulation
by discontinuing the infusion
(t;, = 10 min)
Enoxaparin Patients < 75 y with serum More effective thrombin inhibi- Prevents free thrombin from activating, Highest
(LMWH) Cr < 2.5 mg/dL (men) or < tor than with UFH but does not inhibit clot-bound thrombin
2.0 mg/dL (women): - 30-
mg IV bolus, followed by More consistent anticoagula- Less reversible than UFH
- 1.0-mg/kg SC injection tion effect, so it does not
q12h need to be monitored Difficult to monitor
Patients = 75 y:- 0.75-mg/ Lower risk of HIT than with Renally cleared
kg SC injection q12h UFH
Long half-life
Patients with serum CrCl Long history of clinical use
< 30 mL/min: - 1.0-mg/kg Risk of HIT
SC injection every day
Fondaparinux Patients with serum Cr SC administration Difficult to monitor (few laboratories can Lower
< 3.0 mg/dL: 2.5-mg IV run anti-Xa levels)
bolus for initial dose, then Once daily dosing
2.5-mg SC injection every Long half-life
day, started 24 hr after Most consistent anticoagula-
tion effect, so it does not Not approved by the US Food and Drug
need to be monitored Administration
Fixed dose for all patients Concerns about increased catheter tip
thrombi in PCI patients
No risk of HIT
Does not cross the placenta
Lower bleeding risk than with
UFH or LMWH
Bivalirudin 0.75-mg/kg IV bolus, Reduced risk of bleeding Limited experience with its use Lowest

followed by 1.75 mg/kg
per hr

Patients with CrCl < 30 mL/
min: 0.75-mg/kg IV bolus,
followed by 1.0 mg/kg
per hr

No risk of HIT
Immediate anticoagulation
Easy to stop anticoagulation

by discontinuing the infusion
(t, =25 min)

No studies observing bivalirudin use
without another anticoagulant either
coadministered or used just beforehand

Increased risk of in-stent thrombosis

Abbreviations: Cr, creatinine; CrCl, creatinine clearance; HIT, heparin-induced thrombocytopenia; 1V, intravenous; LMWH, low-molecular-weight heparin;
PCI, percutaneous coronary intervention; PTT, partial thromboplastin time; SC, subcutaneous; t,,, half-life; UFH, unfractionated heparin.
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anticoagulant, and prior heparin use in the experi-
mental arm may be a confounding factor. As a result,
this study’s findings should not change emergency
medicine practice. However, it is reasonable to
discuss a transition to bivalirudin with the receiving
cardiology team.

Antiplatelet Therapy

In addition to aspirin, which has been standard
therapy for STEMI for 2 decades,®*?!” other anti-
platelet agents have been used to further inhibit the
formation of coronary thrombi.

GPIIB/llla Inhibitors: Abciximab (ReoPro®),
Eptifibatide (Integrilin®), Tirofiban (Aggrastat®)
GPIIB/1Ila inhibitors are monoclonal antibodies or
small polypeptides that bind to or compete with the
platelet’s GPIIB/Illa receptor. This action inhibits
cross-links with fibrinogen and further platelet ag-
gregation. For STEMI patients who will be undergo-
ing PCI, it is common practice to give a GPIIB/Illa
inhibitor (abciximab, eptifibatide, tirofiban) before
or upon arrival in the catheterization laboratory to
reduce the potential for clot formation.®> However,
the actual effect of GPIIB/Illa inhibitors is not yet
clear. Three major studies that examined their use in
acute MI have shown improved coronary blood flow
in the short term.”®”® However, these and additional
studies”’® have not shown long-term benefits and
have demonstrated an increased risk of bleeding in
patients older than 75 years. The risk vs benefit of
using these agents in any particular patient should
be discussed with the accepting cardiology team.

Thienopyridines: Clopidogrel (Plavix®)
Thienopyridines bind to the platelet adenosine
diphosphate (ADP) P2Y, receptor to irreversibly
inhibit activation and aggregation for the life of the
platelet. An oral clopidogrel loading dose of 300 mg
produces significant inhibition of ADP-induced
platelet aggregation within 2 hours, with the maxi-
mal effect achieved in 6 to 15 hours, and is recom-
mended in the ACC/AHA guidelines.®! However,
this practice does not provide a sufficient precath-
eterization antiplatelet effect for patients receiving
primary PCI. Although it is not yet supported by
clinical studies of STEMI, the pharmacodynamic
profile of clopidogrel suggests that the antiplate-
let effect begins earlier with larger loading doses
(600 mg) than with the 300-mg dose and that this
is a reasonable consideration for patients receiving
primary PCL3"# In situations where patients have
a true aspirin allergy, clopidogrel can be used as a
substitute. (See the Special Circumstances section
for more details.)

However, many physicians hesitate to admin-
ister clopidogrel to STEMI patients who are under-
going primary PCI because clopidogrel can cause
increased bleeding if coronary artery bypass grafting

is needed. Two randomized studies, the COMMIT /
CCS-2 and the CLARITY-TIMI 28 trial (involving
45,852 and 3491 patients, respectively), examined
the effects of clopidogrel use in STEMI patients and
demonstrated that the drug has added value in those
who are younger than 75 years and receive fibrin-
olysis with subsequent PCI or are unable to receive
any form of reperfusion therapy.®* As a result,

the current ACC/AHA STEMI guidelines support
the use of clopidogrel as a reasonable therapy in
STEMI patients in these 2 subpopulations, but they
do not comment on those undergoing primary PCL®
The 2007 ACC/AHA PCI guidelines more broadly
support the use of clopidogrel before or during PCI
in all STEMI patients despite the lack of studies
showing a benefit in patients undergoing primary
PCI.%® With respect to bleeding risks, the need for
an “emergent” CABG is a very rare phenomenon,
and the increased bleeding risk can be averted by
stopping clopidogrel 5 to 7 days before the surgical
procedure.?” As a result, it is not unreasonable to
give a loading dose of 600 mg of clopidogrel before
a STEMI patient is transported to a catheterization
laboratory, as long as the evidence-based limitations
of this therapy are understood.

Glucose Control

Clinical trials conducted in the early 1960s showed

a significant reduction in mortality with the use of
glucose-insulin-potassium (GIK) infusion in STEMI
patients. This therapy was introduced in the 1960s to
maximize potassium flux within ischemic myocar-
dium as a means of reducing the incidence of arrhyth-
mia, resolving ECG changes, and improving hemody-
namics.?%° A large 2005 randomized controlled trial
involving 20,201 patients across 3 centers evaluated
the impact of GIK therapy in MI but did not repro-
duce these results. The study indicated that GIK infu-
sions had no effect on mortality, cardiogenic shock, or
cardiac arrest when given to all STEMI patients as a
standard.” For this reason, routinely giving GIK infu-
sions to STEMI patients is not advised. However, for
patients with diabetes, early and tight glucose control
with either an insulin sliding scale or an insulin drip
is recommended by the ACC/AHA.*?

Magnesium Repletion

Despite early interest, the routine administration

of magnesium to patients with a STEMI does not
appear to be indicated. Early trials noted improved
outcomes when magnesium was routinely repleted
in STEMI patients.93 However, a later randomized,
double-blind, controlled trial involving more than
6000 patients was unable to reproduce this effect in
the broader study population or in any of the sub-
groups.”® Nevertheless, magnesium was not found
to be harmful and can be considered in patients with
documented magnesium deficits who are on diuretic
medications or are experiencing arrhythmias.”*
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Disposition

For STEMI patients undergoing PCI, a system
should be in place to ensure catheterization labora-
tory activation as quickly as possible after diagnosis.
When the laboratory is at another facility, activation
should be coordinated as the patient is prepared

for transfer. (See the Controversies And Cutting
Edge: Strategies To Improve Door-to-Balloon Time
section.) All STEMI patients who are not taken
elsewhere for primary PCI should be admitted to a
setting with a cardiac intensive care unit (ICU) as the
destination of choice.

Special Circumstances

Old Left Bundle-Branch Block: Sgarbossa
Criteria

A new left bundle-branch block (LBBB) in the setting
of chest pain is a diagnostic criterion for STEMI.
(See Figure 2, page 5.) It is indicative of a proximal
left anterior descending artery, with the potential

to damage a large section of the myocardium. The
resistance of the left bundle branch becomes slow or
does not occur at all, so the signal traveling down
the right bundle branch ends up depolarizing the
left bundle after it depolarizes the right ventricle.
This delay and change in the electrical axis cre-

ates the characteristic ECG pattern. When there is a
preexisting LBBB in a patient with chest pain, it can
mask the ECG changes of a STEMI and delay diag-
nosis and treatment.

Decades of work have gone into determining
how to diagnose a STEMI through an LBBB. One
diagnostic tool that has gained widespread use be-
cause of its high specificity is the Sgarbossa Criteria.
Identified and later validated in 1996, the Sgarbossa
Criteria” contain 3 questions that can be used to
identify a STEMI through an old LBBB. (See Figure
4.) To help in assessing the likelihood that a given
patient with chest pain and a baseline LBBB is hav-
ing a STEM]I, a scoring system was developed that
takes into account the probability of a STEMI with
each criterion.

1. ST-segment elevation =1 mm in a lead with an
upward QRS complex (5 points)
2. ST-segment depression =1 mm in V1, V2, or V3

(3 points)

3. ST-segment elevation =5 mm in a lead with a
downward QRS complex (2 points)

Unlike the general STEMI criteria, the Sgarbossa
Criteria do not need to be found in contiguous leads.
Criterion 1 is more indicative of a STEMI than
is criterion 3, and the more criteria that are met, the
more likely that a STEMI has occurred. According to
the scoring system, a yes to question one is equal to

5 points, a yes to question two is equal to 3 points,
and a yes to the third question is equal to 2 points.
It is important to note that these criteria are not very
sensitive, but they are highly specific. A score of 5 to
10 indicates an 88% to 100% probability of acute MI.
With 0 points, there is still a 16% chance of a STEML

Aspirin Allergy Or Sensitivity

A 162- to 325-mg dose of aspirin taken early in the
course of MI has been shown to produce a 23% reduc-
tion in mortality, measured at 1 month after the MI.%
Patients with an aspirin allergy are at risk of losing
this benefit. As a result, it is important to identify

the allergic reactions of STEMI patients and deter-
mine whether the benefits of an aspirin outweigh
the consequences of the reaction. For those in whom
gastrointestinal tract bleeding is a concern, the cau-
tious use of aspirin may be the better option. A 2005
randomized study involving 320 patients found the
combination of a proton pump inhibitor and aspirin
was a safer alternative than clopidogrel in patients
who are at risk for gastrointestinal bleeding.”® How-
ever, the CAPRIE trial, a randomized study involv-
ing 19,185 patients, demonstrated that substituting
clopidogrel for aspirin was a sufficient antiplatelet
inhibitor when compared with aspirin.””® Thus, in

Figure 4. Flowchart For The Prediction of
Acute Myocardial Infarction In The Presence
Of Left Bundle-Branch Block®

I Patient with chest pain and LEBB]

l

Is there ST-segment elevation =1 mm that
is concordant with the QRS complex?

[Yos| [ Mo

Is there ST-segment depression =1 mm in
lead V,, V,, or V,?

Is there ST-segment elevation =5 mm that
is discordant with the QRS complex?

222 22 436 o 83  om

No. of 4/0

20109
patients/
conirols
Probabllity 100 92 a3 a8 100 i3] 50 18
of M (%,
Total score 10 8 7 5 5 3 2 0

Abbreviations: LBBB, left bundle-branch block; MI, myocardial infarc-
tion. (Reprinted with permission. Copyright © 1996 Massachusetts
Medical Society. All rights reserved.)
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those patients with a definitive contraindication to
aspirin (like angioedema or anaphylaxis), clopidogrel
can be given as an alternative. In patients with other
aspirin sensitivities, the reaction should be weighed
against the cost of withholding therapy, and clopi-
dogrel should be considered as a potent alternative.
The current ACC/AHA guidelines do not comment
on dosages, but keep in mind that in the acute care
setting, higher loading doses of clopidogrel will be
needed to approximate the platelet inhibition time-
of-onset of aspirin for acute MI. As a result, a larger
loading dose (600 mg or two 600-mg boluses 2 hours
apart) may be most appropriate when clopidogrel is
used as an aspirin substitute.>*

MI With Aortic Dissection

The traditional teaching is that all acute MI patients
should have a chest radiograph to screen for a wide
mediastinum as an indication of possible AoD.
Identifying AoD that presents at STEMI is important
because fibrinolysis in these patients is associated
with a mortality rate of 69% to 100%, often from
cardiac tamponade or aortic rupture.”'% In general,
33% of patients whose AoDs are not diagnosed will
die within the first 24 hours, 50% will die within 48
hours, and 75% within 2 weeks. Despite the high
mortality, the case prevalence of AoD in the United
States per year numbers in the thousands.

Ascending AoDs comprise about 50% of all
dissections and are associated with a 7% to 13%
incidence of retrograde dissection into a coronary
ostium.'"1% About 4% to 12% of this subpopula-
tion of AoD patients will develop clinical and ECG
findings compatible with acute ML.!® However,
STEMIs that are uncomplicated by AoD are orders
of magnitude more common. In the career of any
given EM clinician, far more patients with chest pain
will be harmed by the delay in reperfusion than will
be helped by early screening for AoD. As a result,
routinely delaying reperfusion in STEMI patients in
order to obtain a chest radiograph may not be ap-
propriate general practice.

Decades of research have shown that a history of
sudden onset of chest or back pain with or without
syncope is the most sensitive tool in scaling the sus-
picion of AoD. Historical studies have shown that the
sudden onset of chest pain alone has a sensitivity of
85%.1% A study published in 2002 that used data from
the International Registry of Acute Aortic Dissection
and included 464 patients with confirmed AoD found
that 95% reported pain in their chest, back, or abdo-
men; 90% reported it as severe or the worst pain they
had ever experienced, and 64% described it as sharp.
In addition, 72% of the patients had a history of
hypertension.'® Other data show that 75% of dissec-
tions occur in individuals 40 to 70 years of age, with
the majority occurring in those 50 to 75 years old.
There is a male to female predominance of 2:1 and

increased incidence with cocaine use. Forty percent
of dissections in women younger than 40 years occur
during pregnancy.'® A pulse deficit, blood pressure
differential (between right and left or upper and
lower extremities), or focal neurologic defects may
be concerning signs on physical examination. These
characteristics are helpful when determining when
to consider AoD as a complicating factor in STEMI
patients.

In addition, chest radiography is unlikely to
be the ideal method of screening. Although chest
radiographs are easy to obtain, not all mediastinal
widening observed on the radiograph is caused by
dissection, and not all dissections will show a wide
mediastinum on an x-ray. Other associated findings
are often absent, and few are specific for dissection.
More sensitive screening tests include a chest CT en-
hanced with IV contrast, magnetic resonance imag-
ing, transesophageal echocardiography, transthoracic
echocardiography, and angiography (the former gold
standard), which has a sensitivity of 80% to 95%.'%®
For experienced EM operators, a bedside EM cardiac
ultrasound can be used as an extension of the physi-
cal examination. Transthoracic and transabdominal
echos are not sensitive screening studies for AoD, but
when an intraluminal flap is found, it can significant-
ly raise the level of suspicion.

The investigation of dissection in the ED should
be balanced with an awareness of the rarity of its
occurrence, sensitivity to the historical and demo-
graphic factors that make it more likely, and consid-
eration of how the delay to reperfusion can affect
outcomes for STEMI patients.

Controversies And Cutting Edge

EMS Bypassing Smaller Hospitals For Those
With PCI Capability

Primary PCl is preferred over fibrinolytic therapy in
most STEMI patients, provided they make to it the
catheterization laboratory of a PCI-capable facil-

ity within 90 minutes. Historically, individual EMS
providers have chosen to bypass non-PCI facilities
in favor of hospitals with PCI capability, but there
have been concerns that this may lead to extended
prehospital travel times that diminish the benefits
of primary PCI over fibrinolysis. A 2006 study of

US census data revealed that about 80% of Ameri-
can adults lived within 60 minutes of a PCI-capable
hospital. Even more notable, for those whose closest
hospital did not have PCI capability, 75% would
have had less than an additional 30 minutes added
to their transport time if taken to a PCl-capable hos-
pital. There were notable geographic variations, but
in most parts of the country, direct EMS transport
can provide access to PCLY Nevertheless, many
centers are still struggling to meet door-to-balloon
times for patients with far shorter EMS transports.
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So until internal efficiency improves, allowing
longer out-of-hospital times may lead to worse
outcomes. In addition, a recent study compared
facilitated PCI (with clopidogrel before catheteriza-
tion laboratory intervention) occurring within 150
minutes to primary PCI and suggested similar out-
comes.”® This finding makes it more reasonable for
EMS providers to stop at non-PClI centers for early
evaluation and facilitating therapy before transport-
ing a confirmed-STEMI patient to a PCI-capable
center.

Facilitated PCI: Variable Definitions

The concept of facilitated PCI is difficult to under-
stand because the term is used inconsistently in the
literature. Most commonly;, it refers to a number of
antiplatelet agents and/or fibrinolytic combinations
given before PCI. Most major studies have evaluated
GPIIB/Illa agents abciximab and eptifibatide inde-
pendently and in combination with the fibrinolytics
reteplase (Retavase®) and tenecteplase (TNKase™),

respectively. However, in one study the term fa-
cilitated PCI was used to describe the role of clopi-
dogrel in situations better described as follow-up
PCI, where PCI was done 2 to 8 days after primary
fibrinolysis.®" A more recent 2009 study used the
term to refer to pretreatment with clopidogrel when
door-to-balloon times for primary PCI were greater
than the targeted 90 minutes but less than or equal
to 150 minutes.”® Awareness of the different defini-
tions and the ability to characterize the definition
used for any given study are important in appropri-
ately interpreting the literature.

Improving The Sensitivity Of Occlusive
Thrombi Diagnoses

The STEMI ECG diagnostic criteria were derived
from data with the aim of developing a fast and
highly specific test. However, studies have shown
that despite a specificity of 97%, the criteria en-
dorsed by the ACC/AHA pick up only 40% of ACS
patients with completely occlusive thrombi.'#108:109

Common Pitfalls And Medicolegal Issues For STEMI I

Missed Ml is the leading reason for dollars awarded
in closed malpractice settlements against EM practi-
tioners. In addition, patients with a missed MI have
a significant burden of morbidity and high mortality
rates, which make this a major public health con-
cern. The following pitfalls often lead to a missed
STEML

¢ Prolonged Time To Initial ECG
All patients presenting with chest pain should
receive an ECG within 10 minutes of arrival. A
STEMI cannot be diagnosed if a timely ECG is
not performed.

* Missed Atypical Symptoms
Failure to suspect STEMI in patients with atypi-
cal symptoms and chest pain equivalents (eg,
shortness of breath, dizziness, nausea with
or without epigastric discomfort) can lead to
delayed diagnosis. Particular caution should be
taken with women, the elderly, patients with
diabetes, African Americans, and Hispanics, as
these groups are known to present with atypical
symptoms more often than others.

e Improper ECG Interpretation
Memorizing the STEMI criteria is a first-line
diagnostic tool for all EM practitioners.

¢ Failure To Conduct Serial ECGs On Patients
With Persistent Chest Pain
Because ECGs are snapshots in time, a single

tracing does not preclude the possibility that a
STEMI occurred prior to presentation and has
since resolved, nor does it catch those patients
whose symptoms will evolve into a STEMI pat-
tern over time. Although serial ECGs are recom-
mended, along with continuous monitoring, as
a way to gain a longitudinal view of a patient’s
condition (particularly patients with ongoing
chest pain), it is a less-than-perfect strategy.

e Delayed Care
Once a STEMLI is diagnosed, rapid reperfusion
is the primary treatment goal. The door-to goal
can help set the pace while staff is mobilized to
implement the initial therapies and start either
fibrinolysis or transport to a catheterization
laboratory for PCI. Outcomes are directly related
to the amount of time that elapses between pre-
sentation and reperfusion.

¢ Imbalanced Consideration Of AoD
Retrograde dissection of AoD into coronary
artery ostia can cause a STEMI, but this is rare.
The benefits of screening for AoD as the cause of
MI should be balanced with the consequences of
prolonged ischemic time from delayed reper-
fusion. Universally screening for AoD is not
recommended, given that more patients will be
hurt than helped by delayed reperfusion. The
sudden onset of chest or back pain is 85% sensi-
tive for identifying those at high risk of AoD as
the cause of acute MI.
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Even more concerning, the sensitivity of the 12-lead
ECG is lower than 40% for complete vessel occlusion
affecting the right ventricle or posterior myocardium
or for a STEMI in the presence of an old LBBB.''?
Even with right-sided and posterior leads, the sensi-
tivity of a 12-lead ECG is only moderately improved.
As a result of misclassification or the time lapse until
the ECG reflects the diagnostic pattern, lost myocar-
dial tissue leads to worse outcomes.'! Despite the
limitations of the 12-lead ECG’s sensitivity, its high
specificity makes it an excellent tool for identifying
patients who should receive immediate reperfusion
therapy in the form of PCI or fibrinolysis.

Body surface mapping (BSM), or 80-lead ECG
tracing, is a technique that uses multiple anterior
and posterior chest leads to obtain a more complete
picture of cardiac electrical activity. Multiple stud-
ies have demonstrated its effectiveness as a more
sensitive and equally specific tool for distinguishing
acute MI from ACS. A 2002 multicenter randomized
clinical trial in 4 ED sites that evaluated patients
with chest pain suggestive of ACS found the sensi-
tivity of BSM for STEMI (90%-100%) to be far greater
than the sensitivity of clinical suspicion for STEMI
along with a 12-lead ECG (76%), an eventual tro-
ponin level elevation (57.1%), or an elevated CK-MB
ratio (73%), while providing comparable specificity
(95%-97%)."'? Efforts to develop this and other tech-
nologies in order to increase the detection rate and
translation into clinical practice are continuing.

Strategies To Improve Door-To-Balloon Time

The importance of achieving prompt reperfusion for
STEMI patients cannot be overemphasized. Achiev-
ing door-to-needle times is within the control of flow
dynamics in an ED. However, achieving optimal
door-to-balloon time requires coordination with

Table 8. Measures To Improve Door-To-
Balloon Times''®

Strategy Time Saved
(min)

Emergency medicine clinician activates the cath- 8.2

eterization laboratory.

Single call to a central page operator activates the | 13.8

laboratory.

Emergency department staff activates the cath- 15.4

eterization laboratory while the patient is en route

to the hospital.

Staff members are expected to be in the catheter- 19.3

ization laboratory within 20 minutes after being

paged (vs 30 minutes).

An attending cardiologist is on-site at all times. 14.6

The hospital gives real-time feedback on the door- 8.6

to-balloon times to the emergency department and

catheterization laboratory staffs.

individuals and services outside the department,
any one of which can delay a patient from receiving
prompt reperfusion.'® The Centers for Medicare and
Medicaid Services is aware of how minutes matter
with STEMI. The agency tracks hospitals” achieve-
ment of door-to goals and considers a hospital’s
performance when evaluating it for reaccreditation.
Several studies have examined communication and
coordination links in the STEMI reperfusion chain
to see which have made the biggest differences

in reducing the time to reperfusion.*!1° A study
published in 2006 noted the most effective, but least
used, strategies and observed that hospitals that
used the greatest number of interventions had the
shortest door-to-balloon times.!® (See Table 8.)

Summary

STEMlI is a “can’t miss” diagnosis in EM. A method-
ological approach to patients with chest pain who
are at high risk of infarction is the best tool in identi-
tying this diagnosis.

Case Conclusion

In response to the nurse who asked what you’d like to

do for your patient with chest pain and 1.0- to 1.5-mm
ST-segment elevations in leads 11, 111, and aVF, you reply,
“This patient is having a STEMI, so we need to focus on
immediate reperfusion.” EMS already gave a full aspirin,
and the 3 doses of nitroglycerin the patient received en
route had minimal effect on his pain. The physical exami-
nation is negative for crackles or rales, jugular venous
pulsation elevation, or a heart murmur. The patient’s
pulses are bilaterally symmetric in his upper and lower
extremities, and he has no evidence of extremity edema or
neurologic deficit. The patient is scared but awake, alert,
and oriented to person, place, and time. Your hospital
does not have a catheterization laboratory on-site, and
the nearest PCI-capable facility is 60 minutes away. Your
nurse runs through a “fibrinolytic checklist.” The patient
has no absolute or relative contra-indications. You write
an order for a heparin bolus, followed by a continuous in-
fusion as well as tPA, and communicate this to the nurse,
who has called a colleague into the room to help start the
medications.

You then call the PCl-capable facility and speak with
the EM clinician there about the patient. She explains
that she can activate the catheterization laboratory while
the patient is en route, but she calculates that “given the
60-minute lead time, the patient will not likely make a
door-to-balloon time within 90 minutes.” You note that
the patient has no contraindications for lysis and that
the heparin and tPA have just arrived in the room. You
discuss the situation with the patient and his wife, who
is now at his bedside. They express understanding of the
risks and the benefits of rapid reperfusion via fibrinolysis
vs tPA and consent to fibrinolysis, which is immediately
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pushed. You watch as the ST-segment elevation on the
monitor resolves. The patient’s pain resolves in synch.
The nurse prints out a 12-lead ECG to confirm. You call
the PCl-capable facility to coordinate transfer for contin-
ued care in their cardiac ICU and possible follow-up PCI.

Note

Full color versions of the figures in this article
are available at no charge to subscribers at
www.ebmedicine.net/topics.
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CME Questions

1.

ACS:

a. Isaterm for all MIs

b. Describes MI caused by clots that travel to
the heart and block coronary arteries

c. Characterizes a specific pathophysiological
cause for MI involving atherosclerotic
plaque rupture with the formation of a
superimposed clot within a coronary artery

d. Isaterm thatis no longer used when
discussing STEMI

A STEMI diagnosis can be made with:

a. An ECG and cardiac enzymes

b. Ahistory and physical examination with
cardiac enzymes

c. Cardiac enzymes alone
d. AnECG alone

STEMI diagnostic criteria require that a patient

have chest pain or a chest pain equivalent and

a qualifying ECG pattern. Which of the follow-

ing is not a qualifying pattern?

a. =1mm (0.1 mV) in 2 or more adjacent limb
leads (from aVL to III, including —aVR)

. T-wave inversions

c¢. 22mm (0.2 mV) in precordial leads V1
through V3

d. =1mm (0.1 mV) in precordial leads V4
through V6

When treating patients with chest pain and an

ECG showing a STEMI, which of the following

sets of questions is least important to ask?

a. Questions about the nature of their chest
pain

b. Questions about risk factors that increase
the chance of an acute MI

c.  Questions about when and how their chest
pain started

d. Questions about potential contraindications
to fibrinolytic therapy
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5. Other causes of ECG ST-segment elevation in
patients complaining of chest pain include all
of the following EXCEPT:

Pericarditis/Myocarditis

Benign early repolarization

Left ventricular hypertrophy

Paced rhythm

All of the above can cause ST-segment

elevations

oo o

6. In STEMI patients with documented or report-

ed aspirin allergies:

a. The risks outweigh the benefits, so aspirin
should be avoided

b. The mortality benefits outweigh the risks, so
aspirin should always be given

c. Clopidogrel can be considered as an
alternative

d. Acetaminophen can be given as an
alternative

7. In patients with a preexisting LBBB and chest

pain:
a. Itisimpossible to diagnose a STEMI with
confidence.

b. If a STEMl is present, it will be masked;
therefore, all patients should be taken to
the catheterization laboratory for coronary

evaluation.

c. The Sgarbossa Criteria have high sensitivity
in identifying a STEMI.

d. The Sgarbossa Criteria have high specificity
in identifying a STEMI.

8. The term facilitated PCI has been used to refer
to:
a. Antiplatelet agents given before PCI
b. Fibrinolytics given in combination with
antiplatelet agents
c. Fibrinolytics given before PCI
d. All of the above
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EVIDENCE-BASED PRACTICE RECOMMENDATIONS

The Diagnosis And Treatment Of STEMI In The Emergency Department
Kosowsky, J, Yiadom, M. June 2009; Volume 11, Number 6

This issue of Emergency Medicine Practice focuses on managing STEMI in the ED setting using evidence-based practices. For a
more detailed discussion of this topic, including figures and tables, clinical pathways, and other considerations not noted here,

please see the complete issue at www.ebmedicine.net/topics.

Key Points

Comments

In all cases of cardiac ischemia, the treatment objectives are to
increase the delivery of blood to myocytes beyond the obstructive
lesion and to limit the myocytes’ demand for oxygen-carrying and
metabolite-removing blood.”

What differentiates STEMI therapy from treatment of other cardiac
ischemic conditions is the primary therapeutic focus on immediate
reperfusion with PCI in a cardiac catheterization laboratory or with
fibrinolytic agents given intravenously.’

Unlike most medical conditions, STEMI is diagnosed with an ECG
before a patient’s evaluation is complete. The patient’s history
should be taken while the ECG is being performed and initial thera-
pies are being administered.”

Remember that time is myocardium.

Diagnosing a STEMI requires a 12-lead ECG showing:'*-*>%
1) ST-segment elevation:

> 1 mm (0.1 mV) in 2 or more adjacent limb leads (from aVL to III,
including —aVR), or

>1 mm (0.1 mV) in precordial leads V4 through V6, or
>2 mm (0.2 mV) in precordial leads V1 through V3, or

2) A new left bundle-branch block

Positive tests for cardiac enzymes troponin and creatinine kinase
isoenzyme MB are helpful but are not essential. Therapy should
not be delayed while awaiting results. Reciprocal depressions (ST
depressions in the leads corresponding to the opposite side of the
heart) make the diagnosis of STEMI more specific.!*-*>

Upon arrival, initial therapies for a STEMI patient include aspirin,
supplemental oxygen if oxygen saturation is < 90%, morphine, and/
or nitroglycerin. In those patients with a confirmed STEMI, heparin
should be added if there are no contra-indications.*3*

Caution should be used with morphine because of emerging evi-
dence that its use increases mortality, as well as with nitroglycerin
because of the risk of hypotension and reflex tachycardia.®3>>

Initiation of reperfusion therapy is the primary focus when treating
STEMI patients. This can be done via fibrinolysis (with a targeted
door-to-needle time of 30 minutes) or with PCI (with a door-to-
needle balloon time of 90 minutes).®4%%

Reperfusion outcomes with fibrinolytic therapy, at 30 days post-
intervention, are comparable to those with PCIL.*> The most appropri-
ate intervention for any given patient is dependent on any contrain-
dications to fibrinolysis, the ability to meet the door-to goals, the
duration of symptoms, the presence of cardiogenic shock, and the
patient’s demographic risk of mortality.

The Sgarbossa Criteria takes into account the probability of a
STEMI in patients with an old left bundle-branch block with each of
the criterion:*

1) ST-segment -elevation > 1 mm in a lead with an upward QRS
complex (5 points)

2) ST-segment depression > 1 mm in V1, V2, or V3 (3 points)

3) ST-segment -elevation > 5 mm in a lead with a downward QRS
complex (2 points)

Criterion 1 is more indicative of a STEMI than is criterion 3, and
the more criteria that are met, the more likely that a STEMI has
occurred. The Sgarbossa Criteria is highly specific but has low sensi-
tivity; with 0 points, there is still a 16% chance of a STEMI.*

* See reverse side for reference citations.
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