
In Part 1 of this two-part article, the authors discussed some
of the “sexy” aspects of acute
coronary syndrome (ACS)
patient management in the
emergency department: the
early use of antiplatelet and
antithrombotic agents to
enhance coronary artery perfu-
sion. In the right combination
with reperfusion therapy
(thrombolytics or primary coro-
nary intervention), these agents
have a significant benefit in the
right patient. The art of ACS
management is selecting a com-
bination that is the best possible
for a particular patient. The
“right” combination can have a
dramatic improvement in
patient outcome. The debates
regarding these decisions are at
the cutting edge of ACS management.

In Part 2, the authors discuss the “less sexy” aspects ACS

mangement, those agents and treatments that have either a long
history of use in ACS patients
or are still too new to judge, but
share the common feature that
their use in combination with
current antiplatelet, antithrom-
botic, and reperfusion therapy
has not been shown to add clin-
ically important benefit in
improving outcome. Before
being relegated to the scrap
heap, it is worth remembering
that some agents (oxygen, mor-
phine, nitroglycerin) can relieve
patient symptoms, and others
(angiotensin-converting enzyme
inhibitors, insulin) have benefit
in selected patients. Thus, it is
important for the emergency
physician to be knowledgeable
about these agents, their uses,

benefits, and contraindications.
—J. Stephan Stapczynski, MD, Editor

®

Volume 27, Number 26 December 11, 2006

EDITORS

Sandra M. Schneider, MD
Professor and Chair
Department of Emergency Medicine
University of Rochester School 

of Medicine
Rochester, New York

J. Stephan Stapczynski, MD
Chair
Emergency Medicine Department
Maricopa Medical Center
Phoenix, Arizona

EDITORIAL BOARD

Paul S. Auerbach, MD, MS, FACEP
Clinical Professor of Surgery
Division of Emergency Medicine
Department of Surgery
Stanford University School of Medicine
Stanford, California

Brooks F. Bock, MD, FACEP
Professor 
Department of Emergency Medicine
Detroit Receiving Hospital
Wayne State University
Detroit, Michigan

William J. Brady, MD, FACEP, FAAEM
Vice Chairman of Emergency Medicine and

Associate Professor,
Department of Emergency Medicine,
Associate Professor of Internal Medicine and

Program Director of Emergency Medicine
Residency,

Department of Internal Medicine
University of Virginia School of Medicine
Charlottesville, Virginia

Kenneth H. Butler, DO FACEP, FAAEM
Associate Professor, Associate Residency

Director
University of Maryland Emergency 

Medicine Residency Program
University of Maryland School 

of Medicine
Baltimore, Maryland

Michael L. Coates, MD, MS
Professor and Chair
Department of Family and Community

Medicine
Wake Forest University School

of Medicine
Winston-Salem, North Carolina

Alasdair K.T. Conn, MD
Chief of Emergency Services
Massachusetts General Hospital
Boston, Massachusetts

Charles L. Emerman, MD
Chairman
Department of Emergency Medicine
MetroHealth Medical Center
Cleveland Clinic Foundation
Cleveland, Ohio

James Hubler, MD, JD, FCLM, FAAEM,
FACEP

Clinical Assistant Professor of Surgery
Department of Emergency Medicine
University of Illinois College of Medicine

at Peoria;
OSF Saint Francis Hospital
Peoria, Illinois

Kurt Kleinschmidt, MD, FACEP
Assistant Professor
University of Texas Southwestern Medical

Center, Dallas
Associate Director
Department of Emergency Medicine
Parkland Memorial Hospital
Dallas, Texas

David A. Kramer, MD, FACEP, FAAEM
Program Director,
York Hospital Emergency Medicine 

Residency
Clinical Associate Professor
Department of Emergency Medicine
Penn State University
York, Pennsylvania

Larry B. Mellick, MD, MS, FAAP, FACEP
Professor, Department of Emergency

Medicine and Pediatrics
Residency Program Director
Department of Emergency MEdicine
Medical College of Georgia
Augusta, Georgia

Paul E. Pepe, MD, MPH, FACEP, FCCM
Professor and Chairman
Division of Emergency Medicine
University of Texas Southwestern Medical

Center
Dallas, Texas

Charles V. Pollack, MA, MD, FACEP
Chairman, Department of Emergency 

Medicine, Pennsylvania Hospital
Associate Professor of Emergency

Medicine
University of Pennsylvania School of 

Medicine
Philadelphia, Pennsylvania

Robert Powers, MD, MPH
Professor of Emergency Medicine
University of Connecticut
School of Medicine
Farmington, Connecticut

David J. Robinson, MD, MS, FACEP
Assistant Professor, Vice-Chairman,

Research Director
Department of Emergency Medicine
The University of Texas – Health Science

Center at Houston
Director, Diagnostic Observation Center
Memorial Hermann Hospital
Houston, Texas

Barry H. Rumack, MD
Director, Emeritus
Rocky Mountain Poison and Drug Center
Clinical Professor of Pediatrics
University of Colorado Health Sciences

Center
Denver, Colorado

Richard Salluzzo, MD, FACEP
Chief Executive Officer 
Wellmont Health System
Kingsport, Tennessee

John A. Schriver, MD
Chief, Department of Emergency Services
Rochester General Hospital
Rochester, New York

David Sklar, MD, FACEP
Professor and Chair
Department of Emergency Medicine
University of New Mexico School of Medicine
Albuquerque, New Mexico

Charles E. Stewart, MD, FACEP
Emergency Physician
Colorado Springs, Colorado

Gregory A. Volturo, MD, FACEP
Professor of Emergency Medicine 

and Medicine
Vice Chair, Department of Emergency

Medicine
University of Massachusetts Medical

School
Worcester, Massachusetts

Albert C. Weihl, MD
Retired Faculty
Yale University School of Medicine
Section of Emergency Medicine
New Haven, Connecticut

Steven M. Winograd, MD, FACEP
Attending Physician
Emergency Department
Good Samaritan Hospital
Suffern, New York

Allan B. Wolfson, MD, FACEP, FACP
Program Director,
Affiliated Residency in Emergency Medicine
Professor of Emergency Medicine 
University of Pittsburgh
Pittsburgh, Pennsylvania

CME QUESTION REVIEWER
Roger Farel, MD
Retired
Newport Beach, CA

© 2006 AHC Media LLC. All rights
reserved. 

Cardioprotection in the Emergency
Department: Part II

Authors: Michael C. Plewa, MD, FAAEM, FACEP, Research Director, St. 

Vincent Mercy Medical Center, Toledo, OH; Kevin M. Casey, DO, FACEP,

FAAEM, Assistant Director, Emergency Department, St. Vincent Mercy 

Medical Center, Toledo, OH; and Randall W. King, MD, FACEP, Director,

Emergency Medicine Residency, St. Vincent Mercy Medical Center, Toledo,

OH; Assistant Clinical Professor, University of Toledo College of Medicine.

Peer Reviewers: Brian Tiffany, MD, PhD, Chairman, Department of Emergency

Medicine, Chandler Regional Hospital, Scottsdale, AZ; and Gregory A. 

Volturo, MD, FACEP, Professor of Emergency Medicine and Medicine,

Vice-Chair, Department of Emergency Medicine, University of 

Massachusetts Medical School, Worcester.

Rapid Reference Card
Enclosed

CME Evaluation 

enclosed with this issue.

Statement of Financial Disclosure

To reveal any potential bias in this publication, and in accordance with Accreditation Council for Continuing Medical Education guidelines, we disclose that Dr. Plewa (author), Dr. Casey (author), Dr. King (author), Dr.Tiffany (peer reviewer), Dr.Volturo (peer reviewer), and Dr.

Schneider (editor) report no relationships with companies related to the field of study covered by this CME activity. Dr. Stapczynski (editor) served as a consultant to Pfizer on the drugs linezolid and dalbavancin. Dr. Farel (CME question reviewer) owns stock in

Johnson & Johnson.



Anti-ischemic Therapy 
Oxygen. Since myocardial ischemia of acute coronary syn-

dromes (ACS) involves an imbalance between oxygen supply
and demand, it is intuitively obvious that increasing oxygen
content could salvage myocardium. However, the 2004
ACC/AHA ST elevation myocardial infarction (STEMI)
guidelines recommend oxygen primarily to those with oxygen
saturations less than 90%, and to all uncomplicated STEMI
patients during the first 6 hours. Although supplemental oxy-
gen may limit myocardial ischemia1 and ST segment
elevation,2 there is evidence to suggest that high-flow oxygen
treatment can decrease cardiac output, increase oxidative
stress,3 and increase systemic4 and coronary vascular resist-
ance,5 although the clinical implications of these detrimental
effects remain to be determined.  

Authors’ Bottom Line Recommendations: Use oxygen,
perhaps the least amount necessary, for ACS patients with per-
sistent pain, dyspnea, arrhythmias, and STEMI, and discontinue
oxygen within hours of symptom resolution.

Morphine Sulfate. Morphine sulfate has been used for years
as an analgesic, anxiolytic, and vasodilator for ACS. Theoretical-
ly, the relief of pain may diminish the hyperadrenergic state and
decrease heart rate and blood pressure, with subsequent reduc-

tions in myocardial oxygen demand. Contraindications to mor-
phine use are true allergy, active bronchospasm, hypotension,
and respiratory depression. Complications can include hypoten-
sion, nausea, and vomiting in as many as 20% of cases, and
rarely respiratory depression.  

Although there are no randomized clinical trials supporting
the use of morphine, or comparison trials with other opioid anal-
gesics, the ACC/AHA guidelines recommend IV morphine for
both ACS and STEMI.6,7 In contrast, however, the ongoing CRU-
SADE initiative8 has detected an increased risk of death (odds
ratio 1.48 (95% CI 1.33-1.64)) in those receiving any morphine.
It remains to be seen whether this increased mortality is related
to morphine itself, or simply that morphine use is a marker for
persistent or severe pain.  

Authors’ Bottom Line Recommendations: Use small incre-
ments (2-4 mg) of IV morphine to any ACS patient with refracto-
ry pain, carefully avoiding hypotension and respiratory depres-
sion.

Nitrates. Nitroglycerin is a nitric oxide donor, has anti-aggre-
gatory effects on platelets,9 and functions predominantly as a
vasodilator, with reductions in preload and afterload, and thereby
myocardial wall tension and oxygen demand, and improvements
in collateral circulation and relief of coronary spasm. 

Nitroglycerin is contraindicated in hypotension (systolic
blood pressure < 90 mmHg or > 30 mmHg below baseline),
severe bradycardia (< 50 bpm) or tachycardia (> 100 bpm), right
ventricular infarction, hypertrophic cardiomyopathy (worsening
the outflow tract obstruction), and severe aortic stenosis. Patients
using phosphodiesterase-5 inhibitors for erectile dysfunction,
such as sildenafil (Viagra) or vardenafil (Levitra) within the pre-
vious 24 hours, or tadalafil (Cialis) within the previous 36 hours,
should not receive nitroglycerin (or other nitrates) because of the
risk of severe hypotension (or death) mediated by nitric oxide
vasodilation.10

Adverse effects of nitroglycerin include headache, hypoten-
sion, reflex tachycardia, and increased contractility (which can
be offset by beta-blocker), tolerance beyond 24 hours, and
methemoglobinemia with prolonged infusion. Intravenous nitro-
glycerin can also result in heparin11 and alteplase (TPA) resist-
ance12 by decreasing the serum levels of these agents. 

Despite routine use in patients with chest pain, outcomes-
based evidence supporting its benefit in conjunction with the cur-
rent approach to ACS and acute myocardial infarction (AMI) are
not strong. In unstable angina (UA), nitroglycerin improves
ischemic symptoms,13-15 but long-term improvements have been
difficult to demonstrate. Prior to the use of thrombolytics, nitro-
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glycerin use in AMI may have decreased mortality by as much as
35%.16 With the use of thrombolytics, the ISIS-417 trial with
58,050 patients and the GISSI-318 trial, with 19,394 patients,
failed to demonstrate benefit of nitroglycerin in AMI in terms of
5-week or 6-week mortality, respectively, although these studies
were confounded by the frequent use of nitroglycerin in the con-
trol groups.  

In the setting of myocardial ischemia, nitroglycerin is initially
administered sublingually. If the pain and/or ischemia persist, IV
nitroglycerin is given at a dose of 10 micrograms/min and
increased by 10-20 micrograms/min approximately every 5-10
minutes until symptoms and/or ischemia improve or the mean
arterial pressure diminishes by 10% of previous values (but not
less than 90 mmHg, or less than 30 mmHg of baseline). It is
speculated that low-dose nitrates may diminish infarct size when
dosed to decrease blood pressure by 10%,19 yet when blood pres-
sure drops below mean arterial pressure of 80 mmHg, nitroglyc-
erin may potentially increase infarct size. Rapid discontinuation
of nitroglycerin therapy can result in ischemia.20 Topical and oral
nitrates may be as effective as IV nitroglycerin, but are not as
easily titrated on or off.  

Authors’ Bottom Line Recommendations: In the absence of
strong data to suggest nitroglycerin is harmful, and may be of
some benefit, nitroglycerin still is recommended for patients with
ongoing ischemic symptoms. However, if a patient is being treat-
ed with either unfractionated heparin (UFH) or alteplase and
does not have an alternate IV access site, it is reasonable to dis-
continue nitroglycerin in favor of these agents.

Beta-Blockade. Beta-blockers alleviate myocardial oxygen
demand by reducing heart rate, systemic blood pressure, and
myocardial contractility. Slowing of the heart rate also improves
coronary blood flow by increasing the duration of diastole. Beta-
blockers also have antiarrhythmic potential.

Beta-blockers are contraindicated in shock, moderate to
severe (decompensated) left ventricular (LV) failure, hypotension
(systolic blood pressure < 100 mmHg), bradycardia (heart rate <
50 bpm), PR interval prolongation > 0.24 seconds, 2nd or 3rd
degree atrioventricular block (or sick-sinus syndrome) without a
pacemaker, active asthma or reactive airway disease, as well as

MI precipitated by cocaine. Small IV doses of a short-acting
beta-1-selective agent such as esmolol (Brevibloc) may be given
cautiously to those with shortness of breath, wheezing, rales, or
borderline heart rate or blood pressure.  

Side effects include bradycardia, hypotension, heart failure,
and exacerbation of bronchospasm. Beta-blockers have the theo-
retic potential to increase coronary spasm through unopposed
alpha-adrenergic stimulation,21 or to worsen coronary resistance
by inhibiting the adrenergically medicated vasodilation.

Several large trials have studied beta-blockers in AMI prior to
the routine use of thrombolysis or percutaneous coronary inter-
vention (PCI). In a systematic review22 of 55 trials involving
53,268 AMI patients, the early use of beta-blockers decreased
overall mortality by 1.1% absolute risk reduction (ARR) (num-
ber needed to treat [NNT]=91), 17% relative risk reduction
(RRR). (See Table 1 for abbreviation definitions.) The ISIS-1
trial23 demonstrated a 0.6% ARR (NNT=167), 14% RRR in 7-
day mortality in 16,027 AMI patients. In contrast, the MIAMI
trial24 of 5,778 AMI patients, was unable to demonstrate a
decrease in 15-day mortality with early use of metoprolol
(Lopressor).

Results in the era of thrombolysis are also conflicting. In the
TIMI IIB25 trial with 1434 AMI patients, metoprolol failed to
demonstrate a significant difference in mortality at 6 weeks,
although there was a 2.4% ARR (NNT=42), 47% RRR in rein-
farction and recurrent chest pain at one week. A small study26 of
AMI patients showed a 6% absolute (number needed to harm
[NNH] = 17), 95% relative increase in nonfatal pulmonary
edema in 100 atenolol (Tenormin) patients vs. 100 control
patients, without overall change in mortality. In the GUSTO-I
trial,27 30-day mortality was diminished in AMI patients treated
with oral atenolol, whereas those treated with IV atenolol had
30% higher risk of death, as well as greater likelihood of heart
failure, shock, recurrent ischemia, and need for pacemaker than
those treated with oral atenolol.

The recently published COMMIT/SCC trial28 assessed 28-day
death, reinfarction, ventricular fibrillation (VF), or cardiac arrest
following metoprolol in 45,852 patients with suspected MI and
has raised some controversy. The metoprolol dose was the usual
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Table 2. Beta-Blockers for ACS and STEMI

AGENT IV LOADING DOSE ORAL OR MAINTENANCE DOSE (DAILY DOSE RANGE)

Atenolol 5 mg IV q 5 min x 2 50-100 mg po (50-200 mg qd)
(Tenormin)

Metoprolol 5 mg IV q 5 min x 3 25-50 mg po q 6 hrs x 48 hrs (50-200 mg bid)
(Lopressor)

Propranolol 0.5-1.0 mg IV 40-80 mg po q 6-8 hrs (20-80 mg bid)
(Inderal)

Esmolol 0.1 mg/kg/min (50-300 mcg/kg/min)
(Brevibloc) (titrated up 0.05 mg/kg/min every 10-15 min)



5 mg IV x 3, followed by 200 mg orally daily. Although there
was a 0.5% ARR (NNT=200), 18% RRR in reinfarction, and
0.5% ARR (NNT=200), 17% RRR in ventricular fibrillation,
there was no significant difference in composite endpoint of
death, reinfarction, or VF/cardiac arrest (9.4% vs 9.9%). Interest-
ingly, there was a 1.1% absolute (NNH=91), 29% relative
increase in cardiogenic shock, with the majority of these events
occurring within the first day of entry. In interpreting this trial,
one must be aware that only 34% of subjects were randomized
within 6 hours of symptom onset, and only 67% within 12 hours.
None of the patients underwent PCI, and only 54% received
thrombolytic therapy (usually urokinase), and 25% had Killip
class II (rales < one-third lung field, S

3
gallop, elevated jugular

venous pressure) or III (rales > one-third lung field, frank pul-
monary edema without hypotension < 90 mmHg) heart failure.
Also, those patients at high risk for cardiogenic shock at study
entry had worse outcomes. This study is a reminder that patients
with heart failure (especially Killip class III) should not receive
beta-blockade acutely.

In AMI patients undergoing PCI, there are a few positive stud-
ies. The PAMI retrospective study showed a significant 4.4%
ARR (NNT=23), 67% RRR in 6-month mortality rate for IV
beta-blockade in patients undergoing PCI with multivessel dis-
ease.29 In the CADILLAC study,30 30-day mortality was reduced
with pretreatment with beta-blockers prior to PCI, 1.3% ARR
(NNT=77), 46% RRR.

There are a few smaller studies (not adequately powered to
detect survival differences) supporting the use of beta-blockers in
UA-ACS with improvements in secondary outcome variables
such as reduced ischemia,31-34 and an approximately 13% reduc-
tion in progression to AMI noted in a systematic review.35

There are no comparison trials to suggest one beta-blocker is
more effective than another in ACS, and metoprolol, propranolol,
or atenolol are the usual choices. (See Table 2.) Typical doses for
some commonly used agents are listed in Table 2 and are given
with target heart rate of 50-60 bpm.

Authors’ Bottom Line Recommendations: Begin an oral
beta-blocker early for all ACS patients without contraindications,
carefully excluding those with LV systolic dysfunction, brady-
cardia, or hypotension, and consider IV beta-blocker in patients
with ongoing chest pain, especially if tachycardia or hyperten-
sion is present.  

Calcium Channel Blockade. Calcium channel blockers have
theoretic advantages in coronary disease, including rate control,
vasodilation, left ventricular relaxation, afterload reduction, and
antianginal and antihypertensive properties. Despite this, several
trials using the calcium channel blockers nifedipine (Adalat or
Procardia) or verapamil (Calan, Covera, Isoptin, Verelan) acutely
during MI have shown either no benefit or a trend toward
increased harm with regard to mortality, including the TRENT
trial36 in 4491 patients, relative risk (RR) 1.07 (0.86-1.34); the
SPRINT II trial37 in 1358 patients, RR 1.33 (0.98-1.80); and the
DAVIT I trial38 in 1436 patients, RR 0.91 (0.67-1.24). Teo et al39

noted no improvement (and perhaps a trend toward increased
mortality) in a meta-analysis of 24 studies of various calcium

channel blockers in AMI. Similarly, a systematic review40 of 28
randomized trials including more than 19,000 MI or UA patients
found no evidence of benefit in preventing death or recurrent MI
with calcium channel blockers.

It generally is agreed that the rapid onset, short-acting dihy-
dropyridines (nifedipine) are to be avoided because of increases
in mortality,41,42 although verapamil or diltiazem (Cardizem, Car-
tia, Dilacor, Tiazac) may be considered because of potential ben-
eficial effects. In a study of 874 AMI patients undergoing throm-
bolysis, 300 mg diltiazem within 36-96 hours of onset had an
insignificant trend toward reduced 6-month cardiac death, non-
fatal reinfarction, or refractory ischemia, but a 24% RRR in non-
fatal reinfarction and refractory ischemia.43

Calcium channel blockers, such as verapamil or diltiazem,
should be reserved for those situations in which rate or blood
pressure control is desired in a patient where beta-blockers are
contraindicated (such as in cocaine-related ischemia or infarc-
tion) or ineffective, or with presumptive coronary vasospasm
(Prinzmetal’s angina), and are to be used cautiously in those with
LV dysfunction.

Contraindications to calcium channel blocker use include
hypotension, bradycardia, atrioventricular block, and LV dys-
function with pulmonary edema or cardiogenic shock.

Authors’ Bottom Line Recommendations: Generally avoid
calcium channel blockers except in the rare instances when heart
rate or blood pressure control is desired, and when beta-blockers
are inappropriate or ineffective, such as cocaine-induced ACS or
presumed vasospasm.

Angiotensin-Converting Enzyme (ACE) Inhibitors and
Angiotensin Receptor Blockers (ARB). Angiotensin II may
worsen myocardial ischemia via several mechanisms, including
vasoconstriction, enhancing plaque rupture, thrombosis, endothe-
lial dysfunction, oxidative stress, inflammation, and vascular
remodeling. It is believed that following AMI, angiotensin II is
responsible for myocardial stretching, fibrosis, and remodeling,
which can lead to LV dysfunction and heart failure. ACE
inhibitors, which inhibit the formation of angiotensin II, and
ARBs, which block the type I angiotensin II receptor, therefore,
have beneficial effects in ACS. ACE inhibitors and ARBs have
myocardial protective effects including stabilization of plaque,
nitric-oxide mediated vasodilation, antiplatelet and antithrombot-
ic effects, reduction in blood pressure, and antiproliferative and
antimigratory effects on vascular smooth muscle cells and white
blood cells.44

Although ACE inhibitors and ARBs have been used follow-
ing AMI with significant benefits in mortality and prevention
of heart failure, it is their very early use that is of interest to
emergency physicians. ACE inhibitors given within the first 24
hours of AMI are considered beneficial. ISIS-4,17 a study of
early oral captopril (Capoten) 6.25 mg, followed by doses up
to 50 mg twice daily in 58,050 AMI patients provided a 0.5%
ARR (NNT=200), 7% RRR in 5-week mortality. In the GISSI-
3 trial,18 oral lisinopril (Prinivil, Zestril) 5 mg, followed by
daily doses up to 10 mg, decreased 42-day mortality by 12%
RRR in 19,394 AMI patients. However, the CONSENSUS II
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trial45 of 6090 AMI patients, enalaprilat (Vasotec IV) 1 mg IV,
followed by oral enalapril (Vasotec), had a trend toward higher
1- and 6-month mortality rates and worsening heart failure
rates. 

In a review of ACE inhibitor use in AMI, Latini46 noted a
reduction in mortality rate of approximately 30% as early as 24
hours after presentation. Similarly, another overview47 of nearly
100,000 AMI patients given an ACE inhibitor within 36 hours
suggests that the majority of the 0.5% ARR (NNT=200), 7%
RRR in 30-day mortality occurs within the first week. In each of
these trials, hypotension was the primary side effect.

ACE inhibitors or ARBs have not been investigated in the
very early phase of ACS without MI, although two large trials,
HOPE48 and EUROPA,49 have demonstrated 20% and 22%
RRR in death, MI, stroke, or cardiac arrest with long-term (4-5
years) therapy with ramipril (Altace) or perindopril (Aceon),
respectively. Since ARBs are not more effective than ACE
inhibitors,50,51 they are used primarily in patients unable to tol-
erate ACE inhibitors. ACE inhibitors are contraindicated in
hypotension, renal failure, renal artery stenosis, hypersensitivi-
ty, and history of worsening renal function, cough, or angioede-
ma with prior ACE inhibitor use. Initial doses of ACE inhibitors
are captopril 6.25 mg every 8 hours increased to maximum of
50 mg every 8 hours; enalapril 2.5 mg increased to maximum
of 20 mg twice daily; or lisinopril 2.5 mg increased to maxi-
mum of 10 mg daily.  

Authors’ Bottom Line Recommendations:
• Consider the early use of an ACE inhibitor (or an ARB if the

patient is unable to take an ACE inhibitor) in AMI patients with-
out hypotension, especially when heart failure symptoms or his-
tory of diminished LV function are present.  

• Consider using an ACE inhibitor (or an ARB if the patient is
unable to take an ACE inhibitor) in ACS patients with persistent
hypertension despite use of beta-blockers and nitrates.

Special Situations
Several situations deserve individual attention. First, patients

already on warfarin commonly are excluded from clinical trials
of antithrombotic or antiplatelet agents in ACS. Therefore,
there is insufficient information to guide decisions regarding
the use, especially of antiplatelet agents, in ACS patients
already on warfarin. In general, when INR levels are within a
therapeutic range (INR = 2-3 generally or 2.5-3.5 with a
mechanical valve), UFH or low molecular weight heparin
(LMWH) can be withheld, and aspirin, clopidogrel, or GP
IIb/IIIa agents may be used cautiously. When INR levels are

supratherapeutic, the authors feel it would be prudent to with-
hold UFH or LMWH as well as antiplatelet agents, although
there are no studies or consensus guidelines to support this rec-
ommendation.

Second, several populations are at increased risk of bleeding52

because of excessive dosing of medications, including the elder-
ly, women, and those with low body weight, diabetes mellitus, or
congestive heart failure. Excessive dosing occurred in 42% of
3354 ACS patients overall in the CRUSADE registry,52 in 33%
with UFH, in 14% with enoxaparin, and in 27% with GP IIb/IIIa
inhibitors, resulting in 39% and 36% higher rates of bleeding for
enoxaparin and GP IIb/IIIa inhibitors, respectively. Major bleed-
ing was defined as any intracranial bleeding, a transfusion of at
least 2 units of packed red blood cells, or a drop in hematocrit
greater than 12%. Overall, major bleeding occurred in 11.5% of
the population (not receiving coronary artery bypass graft
[CABG]), and increased dramatically with excess dosing of GP
IIb/IIIa agents, to 14.5% with mild and 29% with major excess
dosing.

ACS patients with moderately and severely diminished renal
function, estimated by creatinine clearance values of 30-60
mL/min and less than 30 mL/min, respectively, are 3.9 and 8.7
times as likely to die, respectively, and 3.5 and 1.9 times as likely
to have major bleeding, respectively, as patients with normal
renal function.53 Several medications should be given in
decreased doses in the setting of renal insufficiency, including
enoxaparin, bivalirudin, tirofiban, and eptifibatide. It is important
to calculate the estimated creatinine clearance, for example by
using the Cockcroft-Gault Equation (see Figure 1), especially in
elderly or low body weight patients with relatively normal serum
creatinine values that might not otherwise be suspected of having
diminished creatinine clearance.

Patients with pericarditis or thoracic aortic dissection may
mimic ACS in symptoms and perhaps even ECG findings, yet
administration of antiplatelet and antithrombotic agents in these
situations could increase bleeding complications. Pericarditis
should be suspected in patients with sharp pain, positional
changes (worsened in the supine or lateral decubitus position),
friction rub, and PR deviations on ECG. A pericardial effusion,
which the authors believe is the major risk factor for hemorrhag-
ic complications, may not result in increased cardiac silhouette
on chest radiography and is best excluded by bedside echocar-
diography. Aortic dissection is a difficult clinical diagnosis,54 but
should be suspected in the setting of abruptly severe pain, radia-
tion into the back, neurologic symptoms, or risk factors (such as
previous hypertension, congenital or inflammatory disease of
the aorta or aortic valve, connective tissue disease, pregnancy,
atherosclerosis, or smoking). In the absence of guidelines, the
authors feel it is prudent to obtain bilateral blood pressures and
upright chest radiography (knowing their low sensitivity)55 prior
to use of antithrombotic and antiplatelet medications in all
patients with a significant suspicion of aortic dissection, and to
withhold these agents while pursuing definitive testing (trans-
esophageal echocardiography, contrast enhanced computerized
tomography, or angiography) if there is a pressure differential
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Figure 1. Cockcroft-Gault Equation 
for Creatinine Clearance

Males: (140 – age) x(actual body wt in kg)
72 x (serum creatinine)

Females: (140 – age) x (actual body wt in kg) x (0.85)
72 x (serum creatinine)



greater than 20 mmHg or radiographic findings of aortic disease
(e.g., wide mediastinum, indistinct or widened aortic knob, api-
cal capping, pleural effusion)54 with a high suspicion for aortic
dissection.

Lastly, patients with left main disease or left main equivalent
(> 70% stenosis of proximal LAD and proximal left circumflex
arteries) have traditionally been managed with CABG over PCI.
In these patients, avoiding clopidogrel and abciximab may be
advantageous, however early diagnosis of these patients in the
ED based on clinical findings is difficult. During AMI, ST eleva-
tion in aVR > V1 may help identify left main occlusion56 with
accuracy of approximately 80%.57 Finding lateral ST depression
(I, aVL, V5, V6) in NSTEMI may identify patients more likely
(odds ratio of 2.7) to have left main or three-vessel coronary dis-
ease.58 Each of these findings can raise suspicion of left main
equivalent disease, although neither has adequate accuracy to
guide therapeutic decisions.

Blood Transfusion. Although transfusion in critically ill
patients has come under recent scrutiny because of increased
mortality rates, anemic patients with ACS are at greater risk for
worsened ischemia and infarct extension,59 and traditionally have
been transfused more liberally (to maintain a hematocrit of
30%). A retrospective review60 of 78,974 Medicare records noted
increased 30-day mortality with transfusion for baseline hemat-
ocrit values above 36% and a decreased 30-day mortality with
transfusion for baseline hematocrit values below 30%. A recent
observational study of 24,112 subjects in three ACS PCI trials
has refuted this finding, demonstrating increased mortality with
transfusion for hematocrit above 25%.61 In the absence of
prospective, randomized, clinical trials of transfusion for anemic
ACS patients, recommendations are based on expert opinion and
observational studies. Transfusion is likely of no benefit and
probable harm when the hematocrit is greater than 25%, whereas
benefit of transfusion is likely when the hematocrit is less than
21%.59

Glycemic Control. Elevations of serum glucose during AMI
are as much associated with increased mortality62,63 as are low
levels of serum glucose.64,65 Several trials have addressed the
use of intensive insulin therapy on outcome following AMI. In
the DIGAMI trial,66 a 24-hour insulin-glucose infusion was fol-
lowed by subcutaneous insulin 4 times daily for more than
three months vs. insulin as needed in 620 diabetics with AMI,
and found a 7% ARR, (NNT=14), 27% RRR in death at 1 year
and 11% ARR (NNT=9), 25% RRR in death beyond 3 years. In
the HI-5 trial67 240 acute MI patients with diabetes or elevated
admission blood glucose over 140 mg/dL received 24 hours of
insulin-glucose infusion to maintain glucose between 72 and
170 mg/dL, followed by standard care. Although there were no
significant differences in mortality at 3 or 6 months, those with
mean blood glucose less than 144 mg/dL during the first 24
hours had a 9% ARR (NNT=11), 82% RRR in mortality at 6
months.

The 2004 ACC/AHA guidelines7 recommend insulin infu-
sions for patients with hyperglycemia in AMI with complicated
course, even in the absence of a known diagnosis of diabetes

mellitus. Insulin infusions should target blood glucose values
between 100 and 140 mg/dL and be adjusted at regular intervals
(initially every hour) based on serum glucose measurements.
One method of initiating an insulin infusion68 is to divide the
glucose level by 100, round off to the nearest 0.5 value, then
give this as the insulin bolus and infusion rate per hour. (For
example, a patient with BS of 220 will get a 2.0 unit insulin
bolus then 2.0 units/hr insulin infusion, whereas a patient with
BS of 440 will get a 4.5 unit insulin bolus then 4.5 units/hr
insulin infusion.)

Experimental Therapy
Although promising experimental therapies (such as GIK and

magnesium) have not always translated into improved outcomes
in large clinical trials, several experimental interventions are
being studied in animal models and early clinical investigations
with the hope of identifying agents that can limit infarct size and
improve survival.69-71 These include adenosine, anti-apoptotic
agents, antioxidants, bradykinin infusion, K(ATP) channel open-
ers, endothelin receptor antagonists, endovascular cooling, glyco-
gen depletion, inhibitors of renin-angiotensin system, N(+)/H(+)
exchange inhibitors, natriuretic peptides, neutrophil inhibitors,
niacin, nitric oxide donors, oxygen free radical scavengers, and
post-conditioning (inducing brief ischemic episodes after the ini-
tial ischemic insult).

GIK. Glucose-insulin-potassium (GIK) provides metabolic
support for ischemic myocardium by increasing anaerobic gly-
colysis and efficiency of ATP production, diminishing free fatty
acid levels, restoring glycogen storage, and protecting cell mem-
brane, sodium, and calcium homeostasis.72

Small trials in the pre-thrombolytic era suggested benefit from
GIK. A meta-analysis73 of 1932 MI patients in 9 trials of GIK
given within 48 hours of chest pain noted a significant 4.9%
ARR (NNT=20), 30% RRR in mortality. Another meta-analysis74

of 16 trials, including the ECLA trial, suggested that high-dose
GIK infusion has a 2.4% ARR (NNT=42), 27% RRR in all-cause
in-hospital mortality.

However, recent large trials suggest GIK fails to benefit
patients with AMI. GIPS-175 and GIPS-II76 found no difference
in 30-day mortality (4.8% vs 5.8%, and 2.9% vs 1.8%) in 940
and 889 AMI subjects, respectively, treated with PCI and GIK
infusion. CREATE-ECLA77 studied GIK infusion in 20,201
patients with STEMI and found no difference in 30-day mortality
rates (10.0% vs 9.7%), no difference in cardiac arrest (1.5% vs
1.4%), cardiogenic shock (6.3% vs 6.6%), or reinfarction (2.4%
vs 2.3%).

Magnesium. Theoretic reasons magnesium may be beneficial
in ACS include reductions in afterload, free radical formation,
platelet aggregation, calcium influx related reperfusion injury,
catecholamine release, protection from reperfusion “stunning” of
the myocardium, and enhancement of coronary vasodilation and
collateral blood flow.78

The LIMIT-2 trial79 studied an IV dose of magnesium sulfate
prior to thrombolysis in 2316 patients with possible acute MI
and found a 2.5% ARR (NNT=40), 24% RRR in 28-day mortal-
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ity, and 4% ARR (NNT=25), 21% RRR in CAD-related mortali-
ty during long-term 4-year follow-up. More recent trials, includ-
ing ISIS-417 and MAGIC80 have not shown benefit. ISIS-417

studied 58,050 patients with suspected MI and found no benefit
(trend toward 6% increased mortality) from magnesium infusion
of 8 mmol (2 g magnesium sulfate) bolus followed by 72 mmol
(18 g magnesium sulfate) over 24 hours. However, in ISIS-4 the
magnesium infusion was delayed approximately 8 hours in
comparison to 3 hours in the LIMIT-2 trial,79 initiated approxi-
mately 2 hours after thrombolytic administration in as many as
half of all patients, and serum magnesium levels were not ele-
vated at the time of coronary artery reperfusion. The MAGIC
trial80 used 2 g magnesium sulfate bolus over 15 minutes fol-
lowed by 17 g over 24 hours prior to reperfusion in 6213
patients with STEMI and found no benefit in 30-day mortality
(15.3% vs 15.2%).

Authors’ Bottom Line Recommendations: Magnesium
infusion may not be of benefit in ACS unless the patient has
known or suspected magnesium deficiency.

Statins. Statins (inhibitors of 3-hydroxy-3-methylglutaryl
co-enzyme A reductase) effectively diminish low-density
lipoprotein cholesterol, but also have antioxidant, anti-inflam-
matory, antiplatelet, and plaque-stabilizing properties.81 Experi-
mental evidence suggests statins improve endothelial function
by inhibiting superoxide production as well as increasing nitric
oxide production. Although a recent meta-analysis82 of early
(within 14 days of presentation) statin (including pravastatin
[Pravachol], fluvastatin [Lescol], atorvastatin [Lipitor], and
simvastatin [Zocor]) use during ACS in 12 trials including
13,024 patients failed to demonstrate significant risk reduction
in death, MI, and stroke at 1 and 4 months, they did confirm a
20% RRR in unstable angina at 4 months. Data from the
National Registry of Myocardial Infarction 483 suggests that
very early use of a statin, started within the first 24 hours of
AMI presentation (N=21,978), in comparison to no statin use
(N=126,128), decreased mortality by 10% ARR (NNT=10),
65% RRR. Similarly, another observational study84 of 3226
patients with AMI, comparing very early (24 hours) use of
statin (N=220) to no statin use (N=3006), detected a decrease
of 6.5% ARR (NNT=15), 71% RRR, in in-hospital mortality,

with lower peak CK and CK-MB values, suggesting statins can
limit infarct size. In a small, prospective trial85 of 72 patients
with STEMI undergoing thrombolytic therapy, immediate
provastatin 40 mg/day therapy decreased ventricular arrhyth-
mias by 37% ARR (NNT=3), 57% RRR, regardless of initial
cholesterol level.  

Authors’ Bottom Line Recommendations: Currently, clari-
fication and consensus of the most effective time and dose of a
statin in ACS is lacking. In light of this, clinicians might consid-
er early administration in the ED of any statin to patients with
ACS, regardless of baseline cholesterol, if not previously on
statin therapy.

Conclusion
Therapeutic decisions for the ED patient with ACS often

are complex and sometimes controversial, and may best be
guided by preparing algorithms or checklists. Choosing
among the numerous pharmacologic interventions is depend-
ent on the likelihood of ACS, the ECG and biomarker find-
ings, the anticipated time to PCI, and the potential risk for
complications often determined by previous LV failure,
heparin-induced thrombocytopenia (HIT), renal insufficiency,
prior anticoagulation, and likelihood of left main or triple ves-
sel disease. The following is a list of recommendations to
optimize efforts as emergency physicians in caring for ACS
patients, to potentially salvage myocardium, improve out-
come, and minimize complications. 

• Initiate early dialogue with cardiologists, especially inter-
ventionalists, regarding several of the therapies that are likely to
be chosen by personal preference as much as by scientific validi-
ty, including:

• Loading dose and timing of clopidogrel prior to PCI;
• Choice of GP IIb/IIIa inhibitor;
• Upstream use of GP IIb/IIIa inhibitor prior to PCI;
• UFH vs. enoxaparin vs. bivalirudin, especially in PCI cases;
• Dose and timing of ACE inhibitors or ARBs; 
• Dose and timing of statins; and
• Insulin infusion in STEMI or high-risk ACS with elevated

serum glucose.
Identify the high-risk ACS patient most likely to benefit from

the combination of anti-ischemic, antithrombotic, and multiple
antiplatelet therapies. (See Table 3.) These include patients with
ongoing rest pain, hemodynamic changes, signs of LV failure,
elevated biomarkers (especially troponin), or ECG changes such
as ST depressions or deep T-wave inversions. Become familiar
with the TIMI risk score, and be aggressive with patients with a
score greater than 4.

• Avoid the “more is better” mentality.  
• More aspirin along with clopidogrel increases bleeding risk.  
• Be aware of dose adjustments of eptifibatide, tirofiban,

enoxaparin, and bivalirudin in renal insufficiency.
• Be aware of dose adjustment of UFH with thrombolytics

and GP IIb/IIIa inhibitors.
• Theoretical concerns exist for high-dose nitroglycerin, mor-

phine, and high concentrations of supplemental oxygen worsen-
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Table 3. Therapy for High-Risk ACS

• Oxygen
• Nitroglycerin if ongoing chest pain or anticipated PCI
• Morphine if ongoing chest pain despite nitroglycerin
• Beta-blocker (IV if tachycardia or hypertension)
• Aspirin 160-325 mg, chewed
• Clopidogrel loading dose (except when CABG anticipated)
• GP IIb/IIIa inhibitor (consider abciximab if PCI anticipated)
• UFH or enoxaparin or bivalirudin
• Consider ACE inhibitor or ARB if hypertensive
• Consider statin
• Consider insulin infusion if glucose > 140 mg/dL



ing outcome.
• Aggressive use of beta-blockers in patients with mild LV

dysfunction may worsen outcome.
• Avoid routine transfusion in mild to moderately anemic ACS

patients.
There are several therapies to avoid in certain situations.
• Avoid clopidogrel loading in patients with high likelihood of

urgent or emergent CABG.
• Avoid clopidogrel in the absence of elevated troponin or

ECG changes.
• Avoid abciximab in ACS patients not anticipated to undergo

PCI.
• Avoid GP IIb/IIIa inhibitors in the absence of elevated tro-

ponin or ECG changes.
• Avoid crossover from enoxaparin to UFH, or UFH to enoxa-

parin, within 12 hours of prior dosing, which can lead to excess
bleeding.

• Avoid calcium channel blockers except in rare indications.
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Physician CME Questions

121. Regarding the routine use of oxygen and morphine in ACS patients,

which of the following statements is true?

A. The routine use of oxygen and morphine reduces mortality.

B. Morphine use was associated with an increased mortality in the

CRUSADE database.

C. Oxygen should be given only for arterial desaturation (arterial

saturation < 92%).

D. Because of the risk of vomiting, morphine should not be used in

ACS patients.

122. Nitroglycerin is contraindicated in all of the following ACS patients

except:

A. the ACS patient who used tadalafil (Cialis) within the past 12

hours.

B. the ACS patient with evidence of right ventricular infarction.

C. the ACS patient with unstable angina.

D. the ACS patient with a heart rate of 45.

123. Which of the following agent, route, and patient combinations repre-

sents an appropriate use of beta-blockers in ACS patients?

A. Metoprolol 5 mg IV x 3 in a patient who is pain free and has a

normal HR and BP

B. Atenolol 50 mg PO in a patient with jugular venous distension

and pulmonary rales

C. Esmolol 0.1 mg/kg/min IV infusion in a patient who is pain free  

D. Metoprolol 25 mg PO in a patient who is pain free and has 

normal vital signs
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• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.
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When your evaluation is received, a certificate will be mailed to
you.



124. Which of the following statements regarding the use of calcium chan-

nel blockers (CCB) in ACS patients is true?

A. Verapamil or diltiazem can be used for heart rate control when

beta-blockers are contraindicated.

B. CCBs with rapid onset and short duration of action (e.g.,

nifedipine) are preferred.

C. The early use of CCBs reduces mortality.

D. Diltiazem is the preferred CCB in patients with cardiogenic

shock.

125. Which of the following statements regarding the use of angiotgen-

sion-converting enzyme (ACE) inhibitors and angiotensin receptor

blockers (ARB) in ACS is true?

A. ARBs are preferred over ACE inhibitors.

B. Use of either should be delayed until the second hospital day.

C. Either should be considered for patients with symptoms of heart

failure.

D. ACE inhibitors are the preferred treatment for hypertension in

ACS patients.

126. In the treatment of ACS patients, increased bleeding because of

excessive dosing of medications has been associated with all of the

following except:

A. elderly patient.

B. male gender.

C. diabetes mellitus.

D. congestive heart failure.

127. Which ECG finding may be useful in identifying left main coronary

artery occlusion in STEMI?

A. ST segment elevation greater in lead aVR than in lead V1

B. ST segment elevation in all precordial leads V1 to V6

C. ST segment depression in the lateral leads I, aVL, V5, and V6

D. ST segment depression in the inferior leads II, III, and aVF

128. In patients with ACS, which one of the following statements regard-

ing blood transfusion is the current recommendation?

A. Withhold blood transfusion because it increases 30-day mortali-

ty regardless of level of hematocrit.

B. Transfuse to maintain hematocrit above 36%.

C. Transfuse only patients with NSTEMI.

D. Transfuse patients with a hematocrit below 21%.

129. Which of the following statements regarding hyperglycemia in ACS

patients is the current recommendation?

A. Hyperglycemia is a marker of the severity of the illness, and in

itself, does not require specific treatment.

B. Hyperglycemia should only be treated in patients who are

known diabetics.

C. Insulin infusion should be used to maintain blood glucose

between 100 and 140 mg/dL.

D. Oral hypoglycemic agents should be used to maintain 

euglycemia.

130. Which of the following agents is worth considering in ACS patients

treated with current anti-ischemic and reperfusion approaches?

A. GIK (glucose-insulin-potassium) infusion

B. Statin regardless of serum cholesterol level

C. Magnesium regardless of serum magnesium level

D. Vitamin C (anti-oxidant) infusion

CME Answer Key
121. B
122. C
123. D
124. A
125. C
126. B
127. A
128. D
129. C
130. B
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Cardioprotection
in the ED, Part II

RAPID ACCESS MANAGEMENT GUIDELINES

®

Exclusive to our subscribers

Beta-Blockers for ACS and STEMI

AGENT IV LOADING DOSE ORAL OR MAINTENANCE DOSE (DAILY DOSE RANGE)

Atenolol 5 mg IV q 5 min x 2 50-100 mg po (50-200 mg qd)
(Tenormin)

Metoprolol 5 mg IV q 5 min x 3 25-50 mg po q 6 hrs x 48 hrs (50-200 mg bid)
(Lopressor)

Propranolol 0.5-1.0 mg IV 40-80 mg po q 6-8 hrs (20-80 mg bid)
(Inderal)

Esmolol 0.1 mg/kg/min (50-300 mcg/kg/min)
(Brevibloc) (titrated up 0.05 mg/kg/min every 10-15 min)

Abbreviations

ARR = Absolute risk reduction
ARD = Absolute risk difference 
NNT = Number needed to treat
NNH = Number needed to harm
RRR = Relative risk reduction 

Therapy for High-Risk ACS

• Oxygen
• Nitroglycerin if ongoing chest pain or anticipated PCI
• Morphine if ongoing chest pain despite nitroglycerin
• Beta-blocker (IV if tachycardia or hypertension)
• Aspirin 160-325 mg, chewed
• Clopidogrel loading dose (except when CABG anticipated)
• GP IIb/IIIa inhibitor (consider abciximab if PCI anticipated)
• UFH or enoxaparin or bivalirudin
• Consider ACE inhibitor or ARB if hypertensive
• Consider statin
• Consider insulin infusion if glucose > 140 mg/dL

Cockcroft-Gault Equation 
for Creatinine Clearance

Males: (140 – age) x(actual body wt in kg)
72 x (serum creatinine)

Females: (140 – age) x (actual body wt in kg) x (0.85)
72 x (serum creatinine)

Supplement to Emergency Medicine Reports, December 11, 2006: “Cardioprotection in the Emergency Department, Part II.” Authors:

Michael C. Plewa, MD, FAAEM, FACEP, Research Director, St. Vincent Mercy Medical Center, Toledo, OH; Kevin M. Casey, DO,

FACEP, FAAEM, Assistant Director, Emergency Department, St. Vincent Mercy Medical Center, Toledo, OH; and Randall W. King,

MD, FACEP, Director, Emergency Medicine Residency, St. Vincent Mercy Medical Center, Toledo, OH; Assistant Clinical Professor,

University of Toledo College of Medicine.

Emergency Medicine Reports’ “Rapid Access Guidelines.” Copyright © 2006 AHC Media LLC, Atlanta, GA. Editors: Sandra M.

Schneider, MD, FACEP, and J. Stephan Stapczynski, MD. Vice President and Group Publisher: Brenda Mooney. Editorial Group

Head: Glen Harris. Specialty Editor: Shelly Morrow Mark. For customer service, call: 1-800-688-2421. This is an educational publication

designed to present scientific information and opinion to health care professionals. It does not provide advice regarding medical diagnosis

or treatment for any individual case. Not intended for use by the layman.


