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Unstable angina and non-ST-segment elevation myocardial infarction
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Abstract

Coronary artery disease remains the most common dial infarction are commonly seen by critical care special-
cause of death in the world. Acute coronary syndromes, ists. This article reviews up-to-date information on the
including unstable angina and non-ST-elevation myocar- diagnosis and state-of-the-art treatment of this condition.

Keywords: Acute coronary syndromes, myocardial infarction, angioplasty, thrombolysis,
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Introduction

Unstable angina (UA) and non-ST-segment—elevatioprevalence of UA/NSTEMI in men aged 40 to 59 years
myocardial infarction (NSTEMI) are common heterogeis 2.5 % to 5.0%, around 80 new cases per 100,000
neous disorders that involve widely different risks but havpatients being diagnosed each year Mg ignificant
similar clinical presentations. Unstable angina was firggercentage of patients with an acute myocardial
named and defined in 1971 [1]. Patients with an acute colimfarction develop unstable angina in the early
nary syndrome (ACS) have a high risk of myocardial infpostinfarction periodin recent years, the number of
arction (MI) and deattHgure 1). The last few years has hospital admissions for patients with UA/NSTEMI has
seen several advances in the evaluation and managenis¢n increasing, while the number of patients with an
of these patients, including medical therapies an8T-segment—elevation myocardial infarction (STEMI)
interventional procedures. Today, selection of noninvasiveas been decreasing [2].
or invasive evaluation and optimal management can be
tailored for each patient, to achieve the best results [2].

Pathophysiology

Epidemiology Myocardial ischemia occurs when the blood supply is

insufficient to meet the demands of the myocardium.
In the United States, UA/NSTEMI is an important reaThis deficiency results in chest pain and/or dyspnea.
son for emergency department visits, accounting fokn acute coronary syndrome is initiated by an athero-
approximately 5.3 million such visits per year. It acsclerotic plaque rupture or erosion that leads to
counts for more than 1 million hospital admissionsntracoronary thrombus formation an platelet activation.
annually in the United States and about 2.5 milliorThe plaque invades the coronary lumen. If the plaque
admissions worldwideMore than half of the patients causes more then 70% luminal narrowing, blood flow
admitted to the hospital for UA/NSTEMI are over 65is reduced and the myocardial oxygen demand is in-
years old, and almost half of them are women [3]. Thereased [5].

The causes of unstable angifialfle 1) include:
* nonocclusive stenosis: a coronary artery narrow-
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FIGURE 1.ALGORITHM: ACUTE CORONARY SYNDROME.

» infection: activated factors in the plaque that may AsLe 1. CausesOF UNSTABLE ANGINA
produce narrowing and collapse of the plague. . -
. secondary causes of unstable angina: anemia or talonocclusive clot on preexisting plague
chycardia can produce an inflammation of the coro- Active obstruction - .
nary arteries and can also increase the oxygen de!"¢'easing mechanical obstruction

mand when myocardial blood flow is affected by Igfectlon tial unstabl ina (f tachveardi
atherosclerotic coronary stenosis [6]. onsequential unsta e_ang'na(e.ver’ achycarcia,
thyrotoxicosis, hypotension, anemia, and hypoxemia)

Diagnosis
TaBLE 2. THREE MAIN PRESENTATIONSOF UNSTABLE ANGINA

Presentation of Unstable Angina
Rest angina Angina presenting at rest and com

Patients with unstable angina may present in one of three monly lasting for >20 minutes.

different ways Table 2). Diagnosis is based on the pro-

longation, intensity, and grade of angina, as classified by New-onset angina New-onset angina of at least CCS

the Canadian Cardiovascular Society. The purpose of this Class IlI severity.

classification is to simplify communication about these

patients and to help determine the appropriate diagnosisdvancing angina Antecedently diagnosed angina that

and therapy in each case [7]. has become more frequent, longer-
The typical angina patient presents with substernal lasting, or smaller in threshold (pro

chest pain that may affect both sides of the chest and radi- gressing or equal to 1 CCS class,

ate to shoulder, arm, jaw, neck, and back. The pain is often to at least CCS Class Ill severity)

described as tight, squeezing, aching, crushing, or burn-

ing. It increases with physical activity and is relieved by CCS, Canadian Cardiovascular Society

rest or nitroglycerin. Canto and coworkers [8] reported that
among patients with confirmed unstable angina, 51.7%

had atypical presentations that included dyspnea, nauskalf of patients> 65 years of age [8]. These patients usu-
diaphoresis, syncope, or pain in the arms, epigastriurally have symptoms at rest, while sleeping at night, or dur-
shoulders, or neck. These symptoms occur in as manyiag minimal physical exertion; the pain occurs unpredict-
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FiGURE 2. ELECTROCARDIOGRAM. NORMAL SINUS RHYTHM AND NONSPECIFIC T-WAVE ABNORMALITIES IN INFERIOR LEADS ( 11, III, AVF).

ably and is severe, persistent (>30 minutes), seldom re-
lieved by rest, and less responsive to medications than is
typical angina. In patients with unstable angina, the risk of
death related to complications is lower than in patients with
MI but is higher than in those with stable angina. Around
5% to 10% of patients with unstable angina progress to
have a MI, which will be fatal in 1% of the cases [9].

Differential Diagnosis

Because of the many possible etiologies involved, the
differential diagnosis of chest pain can be most challeng-
ing. Because chest pain can be the first symptom of a
life-threatening condition such as acute MI, prompt and
correct assessment of the likely etiology is essential.
Whereas acute coronary artery disease may be the rea-
son for many emergency room admissions, chest pain

Ficure 3. (DIAGNOSTIC ANGIOGRAM): CORONARY ANGIOGRAM, SHOW- does not always signify coronary artery disease. Noncar-

ING A STENOSISOF THE RIGHT CORONARY ARTERY.

FiGuRE 4. (PosT-STENTANGIOGRAM): CORONARY ANGIOGRAM, OBTAINED
AFTER STENT PLACEMENT.

diac causes of chest pain include musculoskeletal, esoph-
ageal, neurologic, and psychiatric etiologies. Another
common cause of chest pain is panic disorder, which ac-
counts for 25% of emergency department admissions for
chest painTable 3) [10].

Risk Stratification

Patient stratification according to the risk of unstable an-
gina and NSTEMI should be based on the clinical his-
tory, physical examination, electrocardiographic findings,
and cardiac biomarker levels [11]. The timing of the clini-
cal course and the quality of the chest pain should be also
considered [8]. Five important factors from the initial his-
tory may indicate that the patient is experiencing an is-
chemic episode related to coronary artery disease. These
factors are age, gender, nature of the symptoms, a previ-
ous history of coronary artery disease, and the number of
traditional risk factors for coronary artery disedistine
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TaBLE 3. DIFFERENTIAL DiaGNOSIS

Chest Pain Diagnosis

Etiology

Nonischemic cardiovasAcute pericarditis, aortic dissection,

cular

Pulmonary

Gastrointestinal:
Esophageal
Biliary

Gastric
Pancreas
Chest wall

Psychiatric:

Anxiety disorders

myocarditis

patient history and risk factors suggest an ACS, therapy
should be initiated immediately [2]. The initial informa-
tion should be used to differentiate an acute coronary syn-

drome related to coronary artery disease from an adverse

Pulmonary embolism, pneumonia, utcome including M, stroke, heart failure, recurrent
severe pulmonary hypertension, symptomatic ischemia, and serious arrhythmia. Stratifi-
cation into high-, intermediate-, and low-risk groups is
useful to estimate the risk of death or recurrent nonfatal

pneumothorax, pleuritis

Reflux, spasm, esophagitis

Colic, cholecystitis, choledoch-

olithiasis, cholangitis
Peptic ulcer
Pancreatitis

Fibrositis, costochondritis, rib frac-

TIMI Risk Score

ture, sternoclavicular arthritis, her-

pes zoster

Hyperventilation, panic disorder,

primary anxiety

Affective disorders
Somatiform disorders

Thought disorders

Fixed delusions

cardiac ischemic event$able 4) [12].

The Thrombolysis in Myocardial Infarction (TIMI) risk

score is a simple, convenient method of risk stratification

based on the number of independent risk factors at presen-
tation (Table 5. The incidence of an adverse outcome
(death, myocardial reinfarction, or recurrent severe is-

TaBLE 4. SHORT-TERM Risk oF DEATH OR NONFATAL MYOCARDIAL INFARCTION IN PaTIENTS WITH UNSTABLE ANGINA

Feature

High Risk
(At least 1 of the follow-
ing conditions)

Intermediate Risk

(No high-risk features and
at least 1 of the following
conditions)

Low Risk )

(No high- or intermediate-
risk features but at least 1
of the following condi-
tions)

Clinical history

Pain characteristics

Clinical signs

ECG

Cardiac markers

Accelerating tempo of is-
chemic symptoms in the
previous 48

Ongoing pain for >20 min

Pulmonary edema, likely
related to ischemia. New
or worsening MR murmur
Sz or new/worsening rales;
hypotension, bradycardia,
tachycardia; age >75y

Angina at rest with tran-
sient ST-segment changes
of >0.05 mV; bundle-
branch block, new or pre-
sumed new; sustained VT

Marked troponin elevation
(>0.1 ng/ml)

Previous MI, PVD, CVD,
CABG, or aspirin use

Prolonged for >20 min;
rest angina now resolved;
moderate to high likeli-
hood of CAD. Rest angina
or relieved with rest or
sublingual NTG

Age >75y

T-wave inversions of >0.2
mV; pathologic Q waves

Slightly elevated troponin
levels (>0.01 ng/ml but
<0.1 ng/ml

New-onset CCS class Il
or IV angina in the past 2
wks without >20-min rest
pain but with high or mod-
erate likelihood of CAD

Normal or without changes
during chest pain

Normal

CABG, coronary artery bypass grafting; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society;
CVD, cerebrovascular disease; ECG, electrocardiogram; M|, myocardial infarction; MR, mitral regurgitation;
PVD, peripheral vascular disease; VT, ventricular tachycardia
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chemia) at 14 days ranges from 5% (for patients with egy. However, patients across all levels of the TIMI risk
risk score of 0-1) to 41% (for those with a risk score of 6score showed similar relative reductions in adverse out-
7) (Figure 5). This risk score was derived from an analysi¢omes with clopidogrel. The risk score was also effective
of patients in the TIMI 11B trial and validated by four ad-in predicting postdischarge adverse outcomes. This ability
ditional trials and one registry [13]. As the risk score inef a risk assessment scheme to detect differences in treat-
creased, progressively greater benefits were observed foent benefits specific to particular therapies greatly sup-
treatment with low-molecular-weight heparin (LMWH) ports the imperative to use the score in practice [14].
versus unfractionated heparin (UFH), with the platelet gly-

coprotein (GP) llb/llla receptor blocker tirofiban versus a

placebo, and with an invasive versusonservative strat- Assessment of Cardiac Biomarkers

TaBLE 5. VARIABLES FOR THE THROMBOLYSIS IN MYOCARDIAL INF-

ARcTIoN (TIMI) Risk Score

Characteristics

Points

History
Age >65 years

>3 risk factors for coronary artery disease

History of coronary artery disease
Hypertension
Hypercholesterolemia

Diabetes

Current smoker

Use of aspirin in 7 days before presentation

>50% coronary stenosis on angiography

ST-segment change of >0.5 mm

Presentation

Severe anginal symptons2 anginal episodes

in 24 hours before presentation)

Elevated serum concentration of cardiac markers 1

Cardiac biomarkers are used to diagnose myocardial ne-
crosis and predict its outcome. The myocardial cell-wall
damage that takes place during an ischemic event allows
intracellular macromolecules to be released into the lym-
phatic system and the bloodstream. The level of these
biomarkers should reflect the extent of the myocardial dam-
age [15]. For a cardiac biomarker to be useful for diagno-
sis, it should be rapidly released into the bloodstream after
myocardial cell injury; should have a high concentration
in the myocardium and be absent from nonmyocardial tis-
sue; and should persist in the bloodstream long enough to
permit a diagnostic assay. Unfortunately, no biomarker has
all of these characteristics. Nevertheless, in patients with
electrocardiographic non-ST-segment elevation,
biomarkers can help establish the diagnosis of Ml and can
predict a possible adverse outcome [16]. Biomarkers may
suggest different pathophysiologic events. For instance,
UA/NSTEMI involves three pathophysiologic factors:
plaque instability and the myonecrosis resulting from
microembolization; vascular inflammation; and left ven-
tricular damage. These factors are indicated by elevated

Total score 0-7 cardiac-specific troponin, C-reactive protein, and brain
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FiGURE 5. THRoMBOLYSISIN MYOCARDIAL INFARCTION (TIMI) RISK SCOREFOR UNSTABLE ANGINA AND NON-ST-

SEGMENT—ELEVATION MYOCARDIAL INFARCTION.
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natriuretic peptide levels, respectivefyigure 6). so that abnormal renal function is one of the differential
Assessment of three biomarkers (i.e., myoglobin, creiagnoses for patients with elevated myoglobin levels.
atine kinase-MB, and troponin ) allows more accurate
risk stratification than assessment of a single marker alone.
Creatinine Kinase

Myoglobin In the 1960s, creatinine kinase (CK) was identified as a
biomarker that became elevated in the bloodstream after an
Measurement of the myoglobin level is a basic step in thdl. Creatinine kinase is an enzyme that catalyzes the reac-
early detection or exclusion of myocardial cell damagdion of creatinine and adenosine triphosphate (ATP), adding
Myoglobin is a low-molecular-weight protein that is abun-a high-energy phosphate to creatinine and resulting in crea-
dant in cardiac and skeletal muscle and that transports osipine phosphate and adenosine diphospibagatinine phos-
gen from the sarcolemma to the mitochondria. When rghate is transported from the mitochondria to the cytoplasm,
leased into the serum, this protein suggests cell injury. where it is stored. During muscle contraction, the
Myoglobin levels are elevated as early as 1 to 3 hourytoplasmatic isoenzymes catalyze the reverse reaction of
after myocardial injury. (In comparison, creatinine anccreatinine kinase for the regeneration of ATP to support
troponin levels are not elevated until 6 to 7 hours aftenuscle metabolism. Creatinine kinase is present in most tis-
the onset of symptoms). Therefore, myoglobin assessdes. Its presence in striated muscle and the brain makes it a
ment is a useful test for rapid triage in the emergenaglatively nonspecific marker for myocardial injury.
room. When Polanczyk and coworkers [17] measured Creatine kinase has three isoenzymes: MM, MB, and
myoglobin levels at the time of patient arrival and agaiB. The MM isoenzyme predominates in most tissues,
1 to 2 hours later, they found that doubling of the levethe BB isoenzyme being found mainly in the brain and
was diagnostic of myocardial injury. Measurement peigastrointestinal tract. The amount of CK present as the
formed within 4 hours of the onset of chest pain was d4B isoenzyme is approximately 15% to 30% in the myo-
helpful as serial measurement. cardium versus 1% to 3% in striated muscle. Because of
Although myoglobin is a sensitive (95%) marker ofthe quantity of CK-MB present in the myocardium, it is
MI with a high negative predictive value, it lacks specithe marker of choice for identifying myocardial injury
ficity [11]. Whereas it is released rapidly after an acutfl8]. However, the fact that increased serum levels of
coronary event, it is also cleared rapidly by the kidney$;K-MB can result from other conditions besides myo-
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FIGURE 6. ELEVATION OF BIOMARKERS IN ORDER OF APPEARANCEAND DURATION IN THE BLOOD STREAM. (A) MYOGLOBIN EARLY
RELEASE (B) CarpIAC TROPONIN (C) CREATINE KINASE-MB LEVEL ELEVATION AFTER MYOCARDIAL INFARCTION. (D) CARDIAC

TROPONIN ELEVATION AFTER UNSTABLE ANGINA. AM', ACUTE MYOCARDIAL INFARCTION
WITH PERMISSION NATIONAL ACADEMY OF CLINICAL BIOCHEMISTRY, WASHINGTON, DC. SANDARDS OF LABORATORY PRACTICE RECOMMENDATION FOR USE OF
CARDIAC MARKERS IN CORONARY ARTERY DISEASE. NOVEMBER 5, 1999.
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cardial injury decreases the specificity of this assay [28%ingle plasma specimen at presentation are associated with
In the presence of an MI, there are differences in the relan increased risk of mortality, even when the CK-MB
tive ratios identified by the initial CK-MB assays. level is not abnormally elevated. Troponin | assays with
CK-MB is most commonly measured according tdevels of >0.4 ng/ml have a sensitivity of 47% and a speci-
its activity or mass. An activity assay measures the déeity of 80% for major cardiac events during the 72 hours
gree in which creatinine is converted to creatinine phosdter the arrival in the emergency room. However, be-
phokinase. Assay of the mass is more sensitive, reliablsguse of their long half life, troponin levels are not accu-
and specific. Increased isoform shifting in the plasmeate for diagnosing new-onset \Blecause the presence
usually occurs early (6 to 12 hours after the onset of inbf cardiac troponin has been associated with myocardial
arction), peaks at 24 hours, and returns to baseline aftéunning, measuring the serum level of this biomarker
36 to 72 hours, having a sensitivity of 92%.Traditionallyhas become the most important step in diagnosing a myo-
a CK-MB mass limit of >7 ng/mL has been consideredardial injury [21].
the initial level for diagnosing an acute Ml [19]. Patients with unstable angina may have normal CK,
MB, and troponin levels; normal CK but elevated MB lev-
els; or normal CK and MB but elevated troponin levels
Troponin [22]. Histologic evidence of focal myocyte necrosis in pa-
tients with elevated troponin levels and normal CK-MB
Troponin is a complex globular protein that acts on trovalues has been reported [18]. It is estimated that around
pomyosin. Tropomyosin is an elongated protein that, i80% of patients who have rest pain without ST-segment
combination with actin, is responsible for contraction o€levation, unstable angina, or CK-MB elevation will actu-
skeletal and cardiac muscle. The troponin complex coally have NSTEMI when assessed with cardiac-specific
sists of three subunits: C, which binds calcium ions; troponin assays. The TIMI llIB trial revealed a 3.7% mor-
which inhibits bonding between subunit T and tropomyotality for patients with troponin | levels 0£0.4 ng/mL
sin; and T, which forms a bond with tropomyosin [20]. versus only a 1% mortality for patients with troponin |
The codification of troponin involves three differentlevels of <0.4 ng/mL. The TACTICS-TIMI 18 trial showed
genes that are expressed to different degrees in differéhét patients with elevated troponin levels had a signifi-
types of muscle. Cardiac troponin | is highly specific foicantly higher risk of death, recurrent ischemia, or new Mi
myocardial tissue. Troponin | is not expressed in humaat both 30 days and 6 months [22]. In patients with an
skeletal muscle even during development, damage, or iiatermediate or higher risk of coronary ischemia, serial test-
generation and is not detectable in the blood of healtligg of CK-MB and troponin levels is recommended, with
personsDuring an ischemic event, the muscle contractiomt least one repeat value obtained 6 to 8 hours after the
complex, including the troponin complex, is degraded dnitial value. Two negative values mean that the patient
modified. Troponin | degradation is a progressive processas not had an Ml and is at relatively low risk for an ad-
The serum level increases in proportion to the severity @erse event. However, these results do not imply the ab-
the ischemic insult. Calpain, a calcium-dependent proteasence of coronary disease or myocardial ischemia. A test
is probably responsible for the degradation of troponin Ithat is positive for either MB or troponin elevation should
Troponin levels begin to rise 3 to 12 hours after infesult in aggressive risk-reduction therapy including aspi-
jury and peak at 12 to 24 hours, providing high sensitiwin, beta-blockers, LMWH, and possibly GP llb/llla an-
ity and specificity in detecting recent myocardial necrotagonists or early angiography [18].
sis. Troponin T levels remain elevated for 8 to 21 days,
and troponin | levels remain elevated for 7 to 14 days.
The enzyme-linked immunosorbent assay (ELISA) is thBlovel Biomarkers
mainstay of troponin testing. In the emergency room,
measuring the troponin levels can predict the course @he role of inflammation in the formation and development
patients with an ACS: patients with elevated troponin Bf atherosclerotic plaque is well accepted. Detection of lym-
levels on arrival in the emergency room have a three- fihocyte and macrophage infiltration of the vascular endot-
fourfold higher mortality than do patients with normalhelial wall around an atherosclerotic lesion supports the pres-
troponin T levels. Therefore, troponin T assessment magnce of an inflammatory process. Once macrophages are
be an excellent means of predicting the short-term ougctivated, they secrete proteolytic enzymes that weaken the
come of an ACS, and continued screening of this varplaque, making it susceptible to fracture and the production
able may predict adverse cardiac events. of a further ischemic event [23]. Half of patients with an
Cardiac troponin | levels of at least 0.4 ng/ml in 8ACS have normal lipid levels. Because of the role of in-
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flammation in coronary artery disease, serum inflammatoighemic events even if these patients would otherwise have
markers have been proposed as predictors of cardiovasciiaen considered at low rigk.FRISC Il substudy sug-
events. These markers include C-reactive protein (CRRjested that an elevated serum level of IL-6, the major
interleukin-6 (IL-6), and serum amyloid A. determinant of acute-phase reactant proteins in the liver,

C-reactive protein has emerged as the most impaand of serum amyloid A, another acute-phase reactant
tant inflammatory marker for cardiovascular disease [24protein, has a predictive value similar to that of CRP in
CRP is synthesized by hepatocytes in response to IL#@entifying a “high-risk” subgroup that would particu-
IL-1, and TNFe, which are synthesized by adipose celldarly benefit from early coronary angiography.
and inflammatory cells in the atherosclerotic lesion. CRP  Increased levels of circulating soluble adhesion mol-
is a member of the family of pentraxin proteins involvedecules such as intercellular adhesion molecule-1 (ICAM-
with innate immunity and is considered an “acute-phask), vascular cell adhesion molecule-1 (VCAM-1), and
protein” because of its early increase in human serum krselectin in patients with unstable angina are under in-
response to tissue injury and infecti®RP was discov- vestigation as markers of increased risk [29].
ered by Tillet and Frances in 1930, in patients infected by
Streptococcus pneumonidag,whom CRP reacts to the
polysaccharide C of the bacterial cell wiadivels of CRP  Electrocardiographic Changes
are increased early during an infection and stay elevated
for a week or more. Normal persons have a CRP level bf emergency room patients with acute chest pain, elec-
2 mg/L or less. In the presence of an inflammatory prdrocardiography is one of the most basic techniques for
cess, this value may increase 1000-fold. diagnosing the problem, determining the prognosis, and

In conventional CRP assays, the lowest level thathoosing an appropriate treatment, based on the magni-
could be detected was 3 to 8 mg/L. In newer tests, howsde and pattern of the abnormalities present [30]. In pa-
ever, lower levels can be detected, permitting discovetients with suspected coronary artery disease, electrocar-
of an inflammatory process in its early stages. The Ameriliography complements the clinical examination. A 12-
can Heart Association and the Centers for Disease Cdaad electrocardiogram (EKG) should be obtained within
trol and Prevention (AHA/CDC) classify the results of10 minutes after the admission of patients with ongoing
the new sensitivity assays as low risk (<1 mg/L), averagghest pain and as soon as possible after the admission of
risk (1-3 mg/L), and high risk (>3 mg/L), recommendingpatients with a history of chest discomfort, even if it has
that two measurements be obtained, one at baseline aadolved by the time of evaluation. If the EKG shows
the second 2 weeks later [25]. important ST-segment changes (>0.05 mV) with symp-

In patients with unstable angina, traditional troponirtoms of unstable angina, followed by a normal EKG and
assessment may show no evidence of myocardial necresolution of the symptoms, acute ischemia and severe
sis, but a CRP concentration of >3 mg/L on emergenaynderlying coronary artery disease should be strongly
room admission is associated with an increased incidensegspected [11]. For these reasons, follow-up serial EKGs
of recurrent cardiovascular events [26]. In patients witlare crucial to decision-making in the evaluation and man-
non-ST-segment—elevation ACS, a CRP concentration afement of patients with an ACS. In the TIMI 1l study,
>5 mg/L predicts a major incidence of ischemic events iBT-segment deviation was the most important EKG fea-
the ensuing 6 months regardless of troponin levels. ture for predicting an adverse outcome.

The Physicians Health Study demonstrated that CRP The presentation of patients with an ACS is highly
levels were higher in the individuals who had a stroke orariable. The EKG may show T-wave inversion, bundle-
MI; the benefit of aspirin was increased in patients wittibranch block, transient ST-segment changes, or nonspe-
elevated CRP levels, but aspirin had no benefits in patierti§ic changes; it may even be normal in symptomatic
with lower CRP levels. The Women ‘s Health Study showepatients [31]. However, in the presence of normal elec-
that, compared with a control group, patients with the highirocardiographic findings, other etiologies should be con-
est CRP levels had a relative risk of 4.4 for any kind aidered and ruled out.
cardiovascular event; even in women with low-density li-  Unstable angina and NSTEMI are two life-threaten-
poprotein cholesterol (LDLC) levels of <130 mg/dL (whoing conditions that cannot be differentiated at the begin-
are normally considered at low risk), elevated CRP leveldng of the acute ischemic event. There is a direct rela-
predicted a higher risk of future ischemic events [28]. tionship between the severity of ST-segment depression

For all of these reasons, the CRP level may be usefaihd the probability of an adverse outcome. Therefore, in
for predicting the short- and long-term prognosis and magddition to complete 12-lead electrocardiography and
identify patients at increased risk of cardiovascular isevaluation of biomarkers, ST-segment monitoring is fun-
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damental for risk stratification and prognosis assessmeetal studies have indicated that 8% to 45% of patients are
If a patient who complained of chest pain on arrival hasaspirin resistant and, therefore, unable to achieve an ad-
normal EKG within 12 or 24 hours after arrival and hagquate antiplatelet effect. The reasons are unclear, but
no elevated biomarkers, he or she may be consideredliatre are several possible explanations for aspirin’s poor
relatively low risk [32]. efficacy of action [37]. These are the three main causes
of aspirin failure, denominated aspirin resistance. The first
explanation is that platelets can be activated for other

Medical Treatment pathways that aspirin is unable to block [38]. Another
possible explanation is that some patients need higher

Antiplatelet Therapy doses of aspirin (75 to 325 mg/d) to achieve the best
antithrombotic effect [39]. However, there is currently

Aspirin no clear evidence of a relationship between a high dose

and efficacy [40]The third possible explanation is that,
In recent years, aspirin has becareornerstone in the despite the receipt of a therapeutic aspirin dose, some
management of UA/NSTEMI. According to the ACC/ patients are still able to produce thromboxap§A].
AHA, aspirinis a class | recommended medicafiable
6). The Veterans Administration Cooperative Study and
the Canadian Multicenter Trial showed that aspirin therapyhienopyridines (Clopidogrel and Ticlopidine)
decreases the risk of sudden cardiac death, reducing the
incidence of myocardial infarction by 51% to 72% inClopidogrel is an oral antiplatelet agent of the thienopyri-
patients with unstable angina [33-3A§pirin prevents dine family, which irreversibly inhibits the platelet ADP
the creation of thromboxane Ay irreversibly inhibiting  P2Y receptor and has synergistic effects with aspirin. The
cycloxygenase-1 within platelets. An initial dose of 160CAPRIE trial indicated that clopidogrel is better than aspi-
mg, followed by 80 to 325 mg per day for an indefiniterin at decreasing the combined risk of ischemic stroke, M,
period, is currently recommended [9]. The first doser death resulting from vascular disease. At a dosage of 75
should be given as soon as an acute coronary syndrome/d, a loading dose of 300 to 400 mg can be used when
is suspected or confirmed, and the aspirin may be chewsapid onset of action is necessary [42].
to rapidly produce a high blood level. In higher doses, Another thienopyridine, ticlopidine, which can be
aspirin can cause gastrointestinal side effects [36]. used for the therapy of unstable angimaffective in

Despite the demonstrated benefits of aspirin use, seeducing the risk of death, stroke, and MI. The current
recommended dosage is 250 mg twice daily; a loading
dose of 500 mg can be used when rapid onset of action is
necessary [43]. Side effects of ticlopidine include diar-
rhea, abdominal pain, nausea, vomiting, and neutrope-

ia. Clopidogrel has fewer side effects, provides faster

latelet inhibition, and is more potent [4¥fhen com-
bined with aspirin, clopidogrel may be safer than
ticlopidine,so it is recommended as first-line drug for
patients with UA/NSTEMI.

Thienopyridines, given in combination with aspirin
for 4 weeks, have been shown to reduce adverse events
in patients undergoing percutaneous coronary interven-
tion with stent placement [45].

Clopidogrel has also been shown to improve the out-
comes of patients with non-ST-segment-elevation ACS
(NSTEACS). The CURE (Clopidogrel in Unstable An-
inato Prevent Recurrent Events) trial randomized 12,562
atients with UA/NSTEMI, all of whom were receiving
aspirin, to take either clopidogrel (a 300-mg loading dose,
followed by 75 mg daily) or a placebo. After a follow-up
period that averaged 9 months, the primary prespecified
“hard” endpoints of cardiovascular death, MI, and stroke

TaBLE 6. ACC/AHA CLASSIFICATIONS

Class I: Conditions for which there is evidence and/or gen-
eral agreement that a given procedure or treatment is usef
and effective.

Class II: Conditions for which there is conflicting evidence
and/or divergencef opinion about the usefulness/efficacy
of a procedure or treatment.
lla: Weight of evidence/opinion is in favor of use
fulness/efficacy.
lIb: Usefulness/efficacy is less well established by
evidence/opinion.

Class llI: Conditions for which there is evidence and/or
general agreement that the procedure/treatment is not us%—
ful/effective and in some cases may be harmful.

ACC, American College of Cardiology; AHA, American
Heart Association

Crit Care & Shock 2004 \ol. 7, No. 4 203



were significantly reduced by 20%, from 11.5% in theclopidogrel pretreatment outweigh the surgical bleeding
placebo group to 9.3% in the clopidogrel grdesQ.001).  risks, up-front treatment of patients before coronary an-
A reduction of recurrent ischemia was documented withigiography is a reasonable strategy based on the appar-
6 hours after randomization. The salutary effects werently synergistic effect of clopidogrel in combination with
noted across all of the subgroups, including those witl§sP lIb/llla inhibitors [50].Table 7 shows recommenda-

out ST-segment deviation or troponin release and thotiens for antiplatelet therapy.

with a low TIMI risk score. The major benefit was a re-

duction in the incidence of MI. Although clopidogrel

tended to surpass the placebo at reducing death and strd¥afelet Glycoprotein Ilb/llla inhibitors

this difference did not achieve statistical significance.

However, the rate of major bleeding was significantlyPlatelets play an important role in the development of any
higher in the clopidogrel arm than in the placebo arnschemic complications that may occur in patients with
(3.7% vs. 2.7%P<0.001). After undergoing coronary UA/NSTEMI during coronary revascularization proce-
artery bypass grafting, the clopidogrel-treated patients had

no significant excess of major bleeding; most of thermasLe 7. CLass | ANTIPLATELET THERAPY

had discontinued the drug within a median of 5 days be-
fore surgery. However, in the 912 patients who stopped

Antiplatelet therapy should be initiated promptly. ASA

the medicatiorx 5 days before surgery, the risk of major
bleeding was 9.6% in the clopidogrel group and 6.3% in
the placebo grougp€0.06) [46].

In an observational substudy in CURE, involving 2658.

patients undergoing percutaneous coronary intervention

(PCI) a median of 10 days after randomization (the PCI-
CURE Study), all of whom received 30 days of clopidogrel

after intervention, pretreatment with clopidogrel was as.*

sociated with a significant (30%) reduction in the incidence
of cardiovascular death, Ml, or urgent target-vessel
revascularization at 30 days (4.5% vs. 6.490;03) [47].

When blinded study medication (placebo vs. clopidogrel)

was resumed 1 month after PCI, a continuing benefit of
clopidogrel was observed during the 8 months. These -

sults were confirmed in CREDO (Clopidogrel for Reduc-
tion of Events During Observation), a trial involving 2116
patients, which showed that clopidogrel pretreatment for

at least 6 hours before elective PCI reduced the 28-day

should be administered as soon as possible after presenta-
tion and continued indefinitely (level of evidence: A).

Clopidogrel should be administered to hospitalized patients
who are unable to take ASA because of hyper sensitivity or
major gastrointestinal intolerance (level of evidence: A).

In hospitalized patients in whom an early noninterventional
approach is planned, clopidogrel should be added to ASA
as soon as possible on admission and administered for at
least 1 month (level of evidence: A) and for up to 9 months
(level of evidence: B).

In patients for whom a PCl is planned and who are not at
high risk for bleeding, clopidogrel should be started and
continued for at least 1 month (level of evidence: A) and for
up to 9 months (level of evidence: B).

incidence of death, MI, or urgent target-vessel revas:* In patients taking clopidogrel in whom elective CABG is

cularization from 9.4% to 5.8%0.05) [48].

planned, the drug should be withheld for 5 to 7 days before

When coronary angiography is deemed emergent, a surgery (level of evidence: B).

larger loading dose of clopidogrel may be required for

more rapid platelet inhibition. Pharmacokinetic studiesNew indication in the guidelines. ASA, acetylsalicylic acid;

have shown that clopidogrel doses in the range of 450@BG, coronary artery bypass grafting; PCI, percutaneous coro-

600 mg may achieve maximal antiplatelet effects moreary intervention

rapidly than 300-mg doses [49], but the effect of the higher

loading doses on clinical outcomes needs to be studied in

a randomized, prospective fashion. dures. Therefore, the introduction of platelet glycoprotein
The benefit observed with clopidogrel pretreatmentib/llla antagonists was an important advance in the treat-

in the PCI cohort from CURE, compared with the in-ment of UA/NSTEMI patients undergoing PTable 8).

creased risk of bleeding if coronary artery bypass graft- Three new GP lIb/llla-inhibiting agents are tirofiban,

ing is performed within 5 days of drug discontinuationgptifibatide, and abciximab. These agents proliferate on

has sparked much debate regarding whether this meditiae platelet surface and are limited to that area. They

tion ought to be started before coronary angiography ishould be included as antiplatelet therapy mainly in high-

patients with NSTEACS. Because the benefits ofisk patients or those planning to undergo a PCI. When
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TasLE 8.Class | GP Iis/lll A ANTAGONISTS lIb/llla in Unstable Angina: Receptor Suppression Us-
ing Integrilin Therapy), and PARAGON-B (Platelet Ilb/
A platelet GP lIb/llla antagonist should be administered, in adila Antagonism for the Reduction of Acute Coronary
dition to ASA and heparin, to patients in whom catheterizatio®yndrome Events in a Global Organization Network-B).
and PCI are planned. The GP lib/llla antagonist may also Kgompared with the overall treatment effect seen in these
administered just prior to PCI (level of evidence: A). trials, performance of PCI within 72 hours of admission
enhanced the reduction of 30-day mortality or Ml rates
1. Eptifibatide or tirofiban should be administered, in additiorwith upstream GP lIb/lllla inhibition.
to ASA and LMWH or UFH, to patients with continuing In an analysis of patients treated with early PCI in
ischemia, an elevated troponin level, or other high-riskhe PURSUIT trial of eptifibatide for NSTEACS, greater
features in whom an invasive management strategy is nasolute and relative reductions in death or Ml at 30 days
planned (level of evidence: A). were observed with GP Ilb/llla blockade (11.6% in the
eptifibatide group vs. 16.7% in the placebo group) than
2. Anplatelet GP lib/llla antagonist should be administered tin the overall PURSUIT cohort (14.2% vs. 15.7%, re-
patients already receiving heparin, ASA, and clopidogrel irspectively).
whom catheterization and PCI are planned. The GP lib/llla  Multiple trials have shown that the benefit of upstream
antagonist may also be administered just prior tqie@il ~ GP lIb/llla inhibitor therapy in NSTEACS is derived early,
of evidence: B). Abciximab should not be admintsttdo  during the period of medical management that precedes
patients for whom PCl is not planned (level of evidence: A)revascularization procedures. This finding is important
to physicians considering strategies for optimizing pro-
*These are all new indications, not included in the Septembeedural outcomes in this high-risk patient population. In
2000 guidelines. ASA, acetylsalicylic acid; GP, glycoproteinthe PRISM-PLUS trial of tirofiban in unstable coronary
LMWH, low-molecular-weight hepatin; PCI, percutaneous corosyndromes, patients treated with tirofiban plus heparin
nary intervention; UFH, unfractionated heparin compared to heparin only had a significantly reduced
death or MI rate during the protocol-mandated 48-hour
platelets are active, the GP lIb/llla receptors increase theaiting period before coronary angiography (2.6% vs.
platelets’ ability to attach to fibrinogen. When one mol-0.9%;p=0.01). Similarly, patients with refractory unstable
ecule of fibrinogen sticks to receptors on two plateletgngina enrolled in the CAPTURE (C7E3 Fab Antiplatelet
platelet aggregation begins. This is the final pathway réherapy in Unstable Refractory Angina) trial had a sig-
quired for platelet aggregation. The GP lIb/llla inhibitorsnificant reduction in death or MI with abciximab and
act by sitting on the receptor, thereby preventing fibrinoheparin compared with heparin only (2.8% vs. 1.3 %;
gen and von Willebrand factor from binding, and inhibit-p=0.032) during the 18-24—hour pretreatment period be-
ing platelet aggregation. tween diagnostic catheterization and planned PCI .
Multiple randomized, placebo-controlled clinical tri- ~ Ameta-analysis of the PRISM-PLUS, PURSUIT, and
als have shown that inhibition of the platelet GP lIb/lllaCAPTURE trials demonstrated a 34% reduction in the
receptor reduces the incidence of adverse cardiac everdte of death or Ml with GP llIb/llla inhibition during the
in high-risk patients with NSTEACS and those undergoperiod of initial medical stabilization that preceded
ing PCI [51]. Because contemporary trials favor an earlgevascularization (2.5% vs. 3.8¢50.001), with further
invasive strategy in the management of NSTEACS, coibenefit seen after PCFigure 7) [52].
troversy has arisen regarding whether GP lIb/llla inhibi- However, few data are available from trials in which
tor therapy should be started upstream in all patients tre strategy of purposefully refraining from performing
should be reserved only for patients selected to undertCl was employed. One notable exception is the GUSTO
PCI. Closer inspection of the outcomes in patients treatéd-ACS trial, which was designed to examine the poten-
early with GP lIb/llla inhibitors in large clinical trials tial benefit of abciximab in patients with UA/NSTEMI
favors early aggressive inhibition of platelet aggregatiofor whom PCI was not intended. No benefit was observed:
in this population, regardless of the subsequenmdeed, a secondary endpoint, i.e., death within 48 hours,
revascularization strategy. Early invasive therapy, couplddvored the placebo [53)} retrospective analysis of the
with upstream blockade of the GP lIb/llla receptor, apPRISM-PLUS trial showed that tirofiban reduced the in-
pears to offer a complementary benefit, as demonstrateidience of adverse outcomes in patients at high risk (TIMI
in PRISM-PLUS (Platelet Receptor Inhibition in Ischemiaisk score> 4) who did not undergo PCI.
Syndrome Management in Patients Limited by Unstable Perhaps the most light that has been shed on this ques-
Signs and Symptoms), PURSUIT (Platelet Glycoproteition comes from a meta-analysis of GP llb/llla antago-
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Ficure 7. KAPLAN-MEIER ESTIMATES OF THE CENSOREDOCCURRENCEOF DEATH OR MYOCARDIAL INFARCTION (M) IN DATA DERIVED
FroM CAPTURE, PURSUITanp PRISM-PLUS SHOWING SIGNIFICANT CURVE DIVERGENCE BEFORE PERCUTANEOUSCORONARY
INTERVENTION (PCI), wiTH FURTHER BENEFIT AFTER PCI. (A) EVENT RATES DURING THE INITIAL PERIOD OF MEDICAL MANAGEMENT
BEFORE PCI. (B) EvenT RaTES AFTER PCl. CAPTUREC7E3 FaB ANTIPLATELET THERAPY IN UNSTABLE REFRACTORY ANGINA;
GP, cLycorroTEIN PRISM-PLUS, PaTELET RECEPTORINHIBITION FOR ISCHEMIC SYNDROME MANAGEMENT IN PATIENTS LiM-
ITED BY UNSTABLE SGNs AND Symptoms; PURSUIT, RateLeT GLycoprroTEIN IIB/III A IN UNSTABLE ANGINA: RECEPTOR SUP-
PRESSIONUSING INTEGRILIN THERAPY.52

nists that comprised six large trials involving 31,402 UAbetween GP lIb/llla inhibitors and thienopyridines is war-

NSTEMI patients who were not scheduled to undergoanted. The efficacies of thienopyridine and GP llib/llla

PCI. A significant but small (-9% relative; 1% absolute)nhibitors appears to be additive, and triple antiplatelet

reduction in the odds for the combined endpoint of deattherapy (with aspirin, clopidrogel, and a GP lib/llla inhibi-

or Ml was observed in the GP llb/llla antagonist grouptor) is indicated in high-risk patients who are planning to

and bleeding was increased significantly (from 1.4% imindergo PCI and who do not have an excessive risk of

the placebo group to 2.4% in the GP lIb/llla antagonidbleeding [48].

group). Only 19% of the patients underwent early (within

5 days) revascularization, and the observed benefit of GP

lIb/llla antagonists, i.e., reduction of death or MI, wasAnticoagulant Therapy

largely confined to the subgroup with elevated troponin

levels (-21%). On the other hand, in the majority of palnfractionated Heparin

tients (81%), who did not undergo early revascularization,

the reduction in death or Ml (-3%) was not significant. Unfractionated heparin exerts its anticoagulant effect
In accordance with the findings of the Global Utiliza-by binding antithrombin Il by means of a

tion of Strategies to Open Occluded Arteries studpentasaccharide sequence. This causes a conformational

(GUSTO-IV ACS), abciximab is not indicated in patientschange in the antithrombin I, increasing its ability to

for whom PCI is not planned. None of the GP llIb/llla in-inhibit coagulation factors la (thrombin) and Xa. The

hibitors appears to be effective or indicated in the routingse of UFH for the treatment of ACS was first suggested

management of low-risk, patients without increased tropaa 1912.This therapy, combined with aspirin, has been

nin levels for in whom early angiography is not intendedutilized in the treatment of UA/NSTEMI for more than

In PCI-CURE and CREDO, clopidogrel did not appear t@ decade. There are two reasons for combining these

add to the bleeding risk posed by GP lIb/llla inhibitordwo agents. Heparin and aspirin interfere with throm-

[47]; however, additional observation of the interactiorbus formation at different sites. Heparin therapy, when
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discontinued, is associated with a return of unstabl€asLe 9. RecommeENDATIONS FOR THE USE OF Low-MOLECULAR-
angina symptoms, and aspirin can minimize this pheA/eicHt HepARIN AND UNFRACTIONATED HEPARIN

nomenon. Despite these benefits, UFH has many dis
advantages [54]. It has nonspecific binding and is ina&lass |

tivated by platelets, vascular endothelium, fibrin, platei. Anticoagulation with subcutaneous LMWH or intrave
let factor 4, and circulating proteins. It also produces nous UFH should be added to antiplatelet therapy with
antiheparin antibodies and causes heparin-induced ASA and/or clopidogrel (level of evidence: A)
thrombocytopenia. The ACC and the AHA task force

and the Sixth American College of Chest Physician€lass lla

Consensus Conference recommended that UFH be given Enoxaparin is preferable to UFH as an anticoagulant in
by means of a continuous infusion in patients with  UA/NSTEMI patients without renal failure unless CABG
NSTEACS. The appropriate dosage consists of an 80 is scheduled within 24 h (level of evidence: A).

U/kg intravenous bolus and initial maintenance therapy
at 1250 U/h; this dosage should be adjusted to maintailhese are all new indications, not included in the September
the activated partial thromboplastin time between 5000 guidelines. ASA, acetylsalicylic acid; CABG, coronary

and 70 seconds [55]. artery bypass grafting; LMWH, low-molecular-weight hepatin;
UA/NSTEMI, unstable angina/non-ST-segment—elevation
Low-Molecular-Weight Heparin myocardial infarction; UFH, unfractionated heparin

Because of the disadvantages of UFH, the use of LMWitibn of an early invasive approach to managing NSTEACS,
has become more widespread. This agent has two mairay explain why, despite proven superiority, enoxaparin
advantages over UFH: it entails a lower incidence of hdas had limited acceptance in clinical practice. A growing
parin-induced thrombocytopenia, and it can be adminisody of evidence, however, confirms the safety and effi-
tered without monitoring (owing to its rapid and predict-cacy of enoxaparin when used as an adjunct to PCI [58].
able absorption after subcutaneous administration and Because the level of anticoagulant activity (e.g., activated
prolonged elimination). LMWH restricts the formation partial thromboplastin time or activated clotting time) can-
of thrombin by means of the anti-factor Xa effect andhot be easily measured in patients given LMWH,
inhibits the circulation of thrombin by means of the antiinterventional cardiologists have expressed concern about
factor lla effect Table 9). the substitution of LMWH for UFH in patients scheduled
Two large, randomized, controlled trials have comior catheterization with possible PCI and about the safety
pared UFH with enoxaparin in NSTEACS patieimshe  of LMWH in patients receiving GP lla/llIB inhibitors.
Efficacy and Safety of Subcutaneous Enoxaparin versus In a small, nonrandomized observational study in-
Intravenous Unfractionated Heparin in Non-Q-wave Coravolving 293 patients, Collet and associates showed that
nary Events (ESSENCE) trial, enoxaparin was associat&{C| can be performed safely in UA/NSTEMI patients
with a significantly lower incidence of death, Ml, or recur-who have received the usual dose of enoxaparin. In NICE-
rent ischemia at 30 days compared with UFH (19.8% v4&. (National Investigators Collaborating on Enoxaparin),
23.3%;p=0.016)The TIMI 11B trial reproduced these find- an observational study, intravenous enoxaparin (1 mg/
ings, reducing the primary composite endpoint of deatkg) was used in 828 patients undergoing elective PCI
MI, or urgent revascularization at 8 days from 14.5% withwithout an intravenous GP lIb/llla antagonist. The 30-
UFH to 12.4% with enoxaparip£0.048). Ina meta-analy- day rates of bleeding (1.1% major; 6.2% minor) were
sis of the ESSENCE and TIMI 11B trials, enoxaparin wasomparable to those observed in historical control pa-
associated with a significant reduction in the incidence dients receiving UFH.
death, MI, or urgent revascularization at 43 days when com- An alternative approach is to use LMWH during the
pared with UFH (7.1 % vs. 8.6%+0.02) [56]; this treat- period of initial stabilization and to withhold the dose on
ment effect was maintained at 1 year (23.3% for enoxapatine morning of the procedure. If an intervention is re-
vs. 25.8% with UFHp=0.008) [57]. On the basis of these quired and more than 8 hours have elapsed since the last
results, enoxaparin therapy in NSTEACS patients is nodose of LMWH, UFH can be used for PCI according to
a class la recommendation in the ACC/AHA guidelineghe usual practice patterns. Because the anticoagulant
whereas UFH is a class lla recommendation. In both trialeffect of UFH can be more readily reversed than that of
however, enoxaparin was discontinued before revabMWH, UFH is preferred in patients likely to undergo
cularization, and PCI was done with UFH, even in theoronary artery bypass grafting (CABG) within 24 hours.
enoxaparin group. This fact, coupled with the recent adop- Although the data are not definitive, it now appears
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that GP lIb/llla antagonists can be used with LMWH. Inagent for patients undergoing PCI is left to the discretion
the ACUTE Il (Anti-thrombotic Combination Using of the investigator [61]. The results have shown no superi-
Tirofiban and Enoxaparin 1) study, UFH and enoxaparirrity for either drug at 7 days with respect to the primary
were compared in UA/NSTEMI patients given tirofiban.composite endpoint of death, M, and refractory ischemia
The frequencies of both major and minor bleeding wer@noxaparin 8.4% versus UFH 9.4p6NS).
similar, and there was a trend toward fewer adverse events The available information concerning the relative
in the enoxaparin recipients. A number of other operefficacies of different LMWHSs is relatively scant. In the
label studies have examined the safety of combininBVET trial (Enoxaparin VErsus Tinzaparin in the man-
enoxaparin with abciximab, eptifibatide, or tirofiban inagement of unstable coronary artery disease), 2 LMWHS,
UA/NSTEMI patients who are treated with PCI or con-enoxaparin and tinzaparin, administered for 7 days, were
servative therapy; combining enoxaparin with abciximalsompared in 438 UA/NSTEMI patients. Enoxaparin was
in patients undergoing elective PCI; and combininguperior to tinzaparin in reducing the recurrence of un-
dalteparin with abciximab in UA/NSTEMI patients re- stable angina and the need for revascularization.
ceiving conservative treatment and during R@hough
the majority of these studies relied on historical controls,
none suggested that the combination of enoxaparin and\atianginal Therapy
GP lIb/llla antagonist was associated with excess bleed-
ing, regardless of whether the patient underwent PCI [53eta Blockers
In the Integrelin and Enoxaparin Randomized As-
sessment of Acute Coronary Syndrome Treatment (INn UA/NSTEMI, the primary benefits of beta blockers
TERACT), enoxaparin was compared with UFH in 74@are due to effects @1-adrenergic receptors that decrease
UA/NSTEMI patients receiving aspirin and eptifibatide.cardiac work and myocardial oxygen demand. Slowing
The primary endpoint, non-CABG-associated majoof the heart rate also has a favorable effect, not only re-
bleeding, was significantly lower in the enoxaparin grouplucing myocardial oxygen consumption but also increas-
than in the UFH group (1.8 % vs 4.6%), although thigng the duration of diastole and the diastolic pressure-
finding was reversed with respect to minor bleeding. Alsdime, a determinant of coronary and collateral flow. In
the rates of death or nonfatal Ml at 30 days and of ishe absence of contraindications, beta-blocker therapy
chemia on continuous Holter monitoring were each reshould be started early. Because beta blockers improve
duced by almost half in the enoxaparin group. the survival of patients with an acute MI, these agents are
At the 2003 ACC Scientific Sessions, the results gbrincipally indicated for patients with a history of a pre-
the Superior Yield of the New Strategy of Enoxaparinvious MI. Yusuf and coworkers demonstrated that beta
Revascularization, and Glycoprotein llb/llla Inhibitorsblockers decrease the risk of myocardial infarction by
(SYNERGY) [60] trial were presented. This study in-13% [62]. Severe bradycardia, sick sinus syndrome, and
volved 8000 high risk-patients with at least two of théhigh-degree atrioventricular block are contraindications
following conditions: age-60 years, ST-segment eleva-to treatment with beta blockers. The most frequent side
tion (transient) or depression, and elevated CK-MB ogffects of these agents are fatigue, weakness, insomnia,
troponin levels. The randomized trial was designed tdepression, and gastrointestinal problems.
compare enoxaparin with UFH in NSTEACS patients
treated with an early invasive management strategy. The
endpoint of death or MI at 30 days was the same in boNitrates
groups. Enoxaparin was not superior to UFH but was at
least as effective as UFH in the overall population, aRoutine medical management should include nitrates
though enoxaparin was associated with more frequedéspite the fact that these agents have not shown a mor-
bleeding events. The authors concluded that enoxapatélity benefit in patients with a suspected acute MI. Nev-
is an effective and a safe alternative to UFH for the earlyrtheless, nitroglycerin decreases the incidence and se-
invasive management of high-risk ACS patients. verity of angina and increases clinical stability. The ni-
Another trial investigating the use of enoxaparin irtrates’ mechanisms of action include venous dilatation
NSTEACS patients is the A-to-Z trial (Aggrastat phase cind coronary vasodilation, which decrease myocardial
the Aggrastat to Zocor study), which is divided into twowall stress and myocardial oxygen consumption. In turn,
sequential parts. In the first phase, NSTEACS patienthe decreased the left ventricular end-diastolic pressure
treated with aspirin and tirofiban are randomized to reaugments blood flow to ischemic areas of the myocar-
ceive enoxaparin or UFH. The choice of antithrombotidium. The principal effect is improved subendocardial
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oxygenation secondary to coronary artery dilatation. AMI. Two large, prospective statin trials in post-ACS pa-
ter 24 hours of receiving nitrates, patients can developtients are now in the follow-up phase, and their results
tolerance for these agents through a mechanism thawigl be reported within the next year.
not yet clear. If such tolerance occurs, either the dose In the ongoing A to Z Trial [61], patients with ACS
should be increased or another method of administrati@me assigned to commence simvastatin therapy (40 mg/
should be chosen. Potential adverse effects include heat}-or placebo therapy before hospital discharge. At 4
ache, hypotension, presyncope, and syncope [63]. months, these two arms treatment arms begin to receive
simvastatin 80 mg/d and 20 mg/d, respectively.
The Pravastatin or Atorvastatin Evaluation and In-

Cholesterol-Lowering Therapy fection Therapy (PROVE IT)- TIMI 22 is assessing
marked cholesterol-lowering therapy, using atorvastatin
Statins 80 mg/d, thereby addressing the question of “ how low is

low enough?” with respect to LDLC. In a second ran-

Beta-hydroxy-beta-methylglutaryl-coenzyme A (HMG-domization, this trial is also comparing gatofloxacin, an
CoA) reductase (statin) therapy, has shown benefits oral fluoroquinolone that has potent antichlamydial prop-
patients with elevated LDLC levels (>125 mg/dL). Paerties, with a placebd-{gure 8) [67]. In patients hospi-
tients with lower serum LDLC levels can also benefitalized within the preceding 10 days for an ACS, an “in-
from statins after an Ml [64]. The early use of statingensive” high-dose LDLC-lowering regimen (median
after an ACS augments the long-term compliance of p&DLC, 62 mg/dL) reduced the risk of all-cause mortality
tients. Acute coronary syndromes are caused by ruptube major cardiac events by 16% compared to “moderate”
of an unstable coronary plaque. Recent data have shoatandard-dose lipid-lowering therapy (median LDLC, 95
that statin therapy has an antiinflammatory effect, as reag/dL) (=0.005). Benefits emerged within 30 days af-
flected by CRP levels early after administration. This efter ACS and continued throughout the 2.5 years of fol-
fect appears to be independent of the drug’s cholester@dw-up. Moreover, the benefits were consistent across all
lowering effects. Statins elevate endothelial-cell nitricthe cardiovascular endpoints except stroke and across
oxide synthase expression, which is an important antiinnost clinical subgroup3 he study indicated that patients
flammatory mediator [65]. These medications are correcently hospitalized for an ACS benefit from early, con-
sidered to be in ACC/AHA class lla. Statin therapy and ainued reduction of LDLC to levels substantially below
diet containing >100 mg/dL of LDLC should be insti- current target levels.
tuted 24 to 96 hours after admission and continued after There is general agreement about the following points.
hospital discharge. First, patients with UA/NSTEMI should be treated, at

The optimal timing and intensity of statin therapy isthe very least, in accordance with the third report of the
unclear. Observational studies of early (predischarg®&jational Cholesterol Education Program (NCEP lIl) [68],
commencement of statin therapy has yielded mixed reand these patients’ LDLC concentrations should be re-
sults. In the only large double-blind, placebo-controlledluced to <100 mg/dL. The Heart Protection Study [64]
trial-the Myocardial Ischemia Reduction with Aggres-indicates that for patients in stable condition with even
sive Cholesterol Lowering (MIRACL) trial [66]-3086 pa- lower baseline levels, the outcome can be improved with
tients were randomized to receive an aggressive lipidstatin. Second, early (i.e., predischarge) commencement
lowering regimen of atorvastatin (80 mg per day) or af statin therapy is well tolerated. Third, observational
placebo 24 to 96 hours after an ACS. After 16 weeks atudies have shown that patients who commence statin
follow-up, the primary endpoint of death, nonfatal Ml,therapy before hospital discharge are much more likely
resuscitated cardiac arrest, or recurrent severe myoc#r-be compliant and to achieve NCEP Il established tar-
dial ischemia was reduced from 17.4% in the placebget LDLC levels (<100 mg/dL) than are patients not
group to 14.8% in the atorvastatin groppd.048). There treated in this manner. Fourth, in UA/NSTEMI patients
were no significant intergroup differences with regard tevho are already receiving a statin at the time of presenta-
the following individual endpoints: death, nonfatal MI, tion, the drug should not be withdrawn [69]. Fifth, in the
cardiac arrest, or worsening heart failure; however, theteescol Intervention Prevention Study (LIPS) [70], 1669
were fewer strokes and a lower risk of severe recurrepatients were randomized to receive 80 mg of fluvastatin
ischemia in the atorvastatin group. Although the MIRACLor a placebo, beginning 2 days after PCI. After a follow-
trial showed a benefit for early statin use, it achieved justp period of 3.9 years, the statin-treated group had a lower
nominal significancep0.048) without having any ben- incidence of clinical events (21.4%) than the placebo
efit against the “hard” prespecified endpoints of death ayroup (26.7%) [§=0.01). The clinical event rate in the
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Ficure 8. PROVE IT — TIMI 22sTtupY DESIGN. ASA, ACETYLSALICYLIC ACID; CHF, CONGESTIVEHEART FAILURE;
MI, myocaRDIAL INFARCTION; PCIl, PERCUTANEOUS CORONARY INTERVENTION; PROVE IT, RRAVASTATIN OR
ATORVASTATIN EvALUATION AND INFECTION THERAPY; TIMI, THROMBOLYSISIN MYOCARDIAL INFARCTION; UA, UN-

STABLE ANGINA
CanNoN CP, McCaBe CH, BeLDER R, ET AL. PRAVASTATIN OR ATORVASTATIN EVALUATION AND INFECTION THERAPY (PROVE-IT)-TIMI 22 TRIAL:
RATIONALE AND DESIGN. REPRODUCEDWITH PERMISSIONAM J CarpioL 200289:860-1.

statin-treated group was reduced significantly (by 20%Jnvasive Versus Conservative Treatment
Therefore, it is logical to include UA/NSTEMI patients and Long-Term Management
who have undergone PCI in an early cholesterol-reduc-
tion program. Furthermore, patients with low HDLC (<40Evaluation of UA/NSTEMI patients begins with the clini-
mg/dL) should be considered for additional therapy witteal history, electrocardiography, and measurement of car-
fibrate or niacin. diac biomarkers to assess the likelihood of coronary ar-
tery disease and the patient’s risk of death or recurrent
cardiac events. Patients withaav likelihood of having
Early Pharmacologic Management of UA/NSTEMI should undergo a “diagnostic pathway”
NSTEACS evaluation involving serial EKGs and measurement of
cardiac markers in an emergency department observa-
The average timing of cardiac catheterization in théon/chest pain unit [11].
interventional arms of the aforementioned trials has var- Patients who have a clinical history that is strongly
ied from 22 hours after hospital admission in TACTICS<¢onsistent with UA/NSTEMI should undergo antithrom-
TIMI 18 to 4 days in FRISC II. Therefore, even in thebotic therapy with aspirin, clopidogrel, heparin, or
most aggressive treatment scenario, a critical window &MWH. Beta blockers and nitrates are recommended for
at least several hours exists when upstream pharmadbe initial management of all patients.
logic “passivation” of unstable plaque is pivotal before  For patients deemed at low risk, an early conserva-
more definitive revascularization efforts are undertakeriive strategy is adequate, although an invasive strategy
In addition to aspirin, which should be universally useaffers an equal clinical benefit. For intermediate- and high-
for unstable ACS, antithrombin and antiplatelet therapiassk patients (with ST-segment changes, elevated tropo-
ought to be considered for this patient population. nin levels, and a TIMI risk score BB), the above-men-
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FIGURE 9. RISK STRATIFICATION TO TARGET THERAPIESIN UNSTABLE ANGINA WITH NON-S T-SEGMENT—ELEVATION
MYOCARDIAL INFARCTION (UA/NSTEMI). THE “WEIGHT OF EVIDENCE" SHOWS A BENEFIT FOR INVASIVE VS.
CONSERVATIVE STRATEGY IN PATIENTS WITH UA/NSTEMI. CHF, cONGESTIVE HEART FAILURE; ECG, ELECTRC-
CARDIOGRAM; GP,cLYcorProOTEIN LMWH, Low-MOLECULAR-WEIGHT HEPARIN; TIMI, THROMBOLYSISIN MYO-
CARDIAL INFARCTION.

tioned medications are beneficial; GP lIb/llla inhibitionagement [74]. During an average follow-up period of 23
is also recommended, and an early invasive strategyrn®onths, the cumulative rates of death or Ml did not dif-
preferred Figure 9). Additional studies of the various fer significantly between both treatment arms (the haz-
combinations of treatments are ongoing to further definard ratio [HR] for the conservative versus the invasive
the safety of these regimens. group was 0.87, with a 95% confidence interval [CI] of
Nine randomized trials have assessed the meris68-1.10). There were, however, alarming differences
of an invasive strategy involving routine cardiac cathbetween the two cohorts in the incidence of early clinical
eterization and revascularization, if feasible, versus events. The rate of death or Ml was significantly higher
conservative strategy in which angiography andh the invasive group than in the conservative group be-
revascularization are reserved for patients who havere hospital discharge<£0.004), at 1 montpg0.012),
evidence of recurrent ischemia either at rest or on prand at 1 yeampE0.05). The mortality was also higher in
vocative testing. The first three trials (VANQWISH, the invasive arm than in the conservative arm at 1 year
MATE, TIMI [lIB) failed to reveal a significant ben- (12.6% vs. 7.7%=0.025). During long-term follow-up
efit, but the following three trials all found that an in-observation, however, the cumulative all-cause mortal-
vasive strategy offers a significant benefigure 10) ity did not differ significantly between the two treatment
[72, 73]: arms (HR, 0.72; 95% ClI, 0.51-1.01).
 FRagmin and Fast Revascularisation during The median time to coronary angiography was 2
InStability in Coronary artery disease (FRISC) Il.days for the early invasive group and 14 days for the
e Treat Angina with Aggrastat and Determine Costonservative group; 44% of the former group and 33%
of Therapy with Invasive or Conservative Strat-of the latter group underwent revascularization within

egy (TACTICS)-TIMI 18 trials. 30 days [75].
* Randomized Intervention Trial of unstable Angina  In the TIMI IIIB trial, patients presenting with
(RITA). NSTEACS were randomized to receive either a) early

The VANQWISH (Veterans Affairs Non-Q Wave In- invasive treatment, with planned cardiac catheterization
farction Strategies in Hospital) trial randomized NSTEMMwithin 18 to 48 hours after admission and
patients to receive either invasive or conservative mamnevascularization soon thereafter when appropriate or b)
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Ficure 10. FRISC, RAaGMIN AND FAST REVASCULARISATION DURING INSTABILITY IN CORONARY ARTERY DISEASE,
ISAR-COOL, NTRACORONARY STENTING WiTH ANTITHROMBOTIC REGIMEN CooLING-OFF; RITA, Ranbomizep IN-
TERVENTION TRIAL OF UNSTABLE ANGINA; TACTICS, TREAT ANGINA WITH AGGRASTAT AND DETERMINE COST OF
THERAPY WITH INVASIVE OR CONSERVATIVE STRATEGY; TIMI, THRoMBOLYSIS IN MYocARDIAL INFARCTION; TRUCS,
TREATMENT OF REFRACTORY UNSTABLE ANGINA IN GEOGRAPHICALLY |sOLATED AREAS WiTHOUT CARDIAC SURGERY;
VANQWISH, VETERANSAFFAIRS NON-Q WAVE INFARCTION STRATEGIESIN HosPITAL; VINO, VALUE oF FRsT DAY
ANGIOGRAPHY/ANGIOPLASTY IN EvoLvING NON-ST SEGMENT ELEVATION MYOCARDIAL INFARCTION.

a conservative approach in which coronary angiographgvasive vs. the conservative group (2.2% vs. 3.9%, re-
was reserved for patients who had recurrent ischemia dipectively;p=0.016) Figure 11).
spite medical therapy [71]. There was no significant in- In the TACTICS-TIMI 18 trial, in which both stents
tergroup difference with respect to the primary endpoirand GP lIb/llla inhibition (tirofiban) were used, early in-
of death, MI, or failed exercise treadmill test at 6 weekgasive treatment (within 4 to 48 hours after presentation;
(16.2 % in the invasive group vs. 18.1 % in the conservaverage, 23 hours) reduced by 22% the rate of death, M,
tive group;P = not significant [NS]) [71]. There were no or rehospitalization at 6 months (9.4% for the conserva-
intergroup differences in the 6-month mortality rate (2.4%ve group vs. 15.9% for the early invasive group;
in the invasive arm vs. 2.5% in the conservative arnp=0.025). The rate of death or Ml at 6 months was also
p=NS). The mean time to catheterization was 1.5 daysduced by 26% with the routine invasive approach (7.3%
from admission among patients in the early invasive arws. 9.5% for conservatively treated patiefis;0.05).
(98% of whom underwent catheterization) and 7.1 daySimilarly, death or nonfatal Ml was significantly reduced
in the conservative arm (64% of whom underwent cattat 30 days (7.0% vs. 4.7%, respectivply(.02) and at 6
eterization). Percutaneous transluminal coronargnonths p=0.0498). Similarly, RITA 3 found a 34% re-
angioplasty (PTCA) was undertaken in 38% of the invaduction in death, MI, or refractory angina at 4 months
sive cohort and 26% of the early conservative cohor14.5% vs. 9.6%p= 0.001) [73].
The surgical revascularization rates for the two groups The benefits of an early invasive strategy were seen
were 25% and 24%, respectively [71]. in intermediate- and high-risk patients, especially those
The FRISC Il trial conducted in the late 1990s, whemvith ST-segment changes and elevated troponin levels
stents were available and used in 90% of PCls was tba admissionKigure 12 andTable 10 or a TIMI risk
first study to find a significanbenefitfor an invasive score of =3 [73]. In TACTICS TIMI 18, which used the
strategy [72]. The primary endpoint, death or Ml at 6I'MI risk score, patients at intermediate risk (score of 3
months, was significantly lower in the invasive groupto 4 ) or at high risk (score of 5 to 7) derived the greatest
than in the conservative group (9.4% vs. 1296;03l).  benefit from an invasive approach (25% and 45% risk
At 1 year, themortality was significantly reduced in the reduction, respectively), whereas low-risk patients (score
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FIGURE 12. BENEFIT OF INVASIVE STRATEGY BY TROPONIN AND ST-SEGMENT CHANGES, SHOWING DEATH, MYOCARDIAL INFARCTION,
REHOSPITALIZATION, AND ACUTE CORONARY SYNDROME AT 6 MONTHS. ACCORDINGLY, THE 2002THE AMERICAN COLLEGE OF CARDI-
0LOGY/AMERICAN HEART ASSOCIATION GUIDELINES ADDED ST-SEGMENT CHANGES AND ELEVATED TROPONIN LEVELS TO THE LIST OF
HIGH-RISK INDICATORS THAT WOULD LEAD TO A CLASS | RECOMMENDATION FORAN EARLY INVASIVE STRATEGY FORANY OF THESEHIGH-
RISK INDICATORS (LEVEL OF EVIDENCE: A). CHG, CHANGE; TNT, TROPONIN T.

REPRINTED WITH PERMISSIONFROM BRAUNWALD E. APPLICATION OF CURRENT GUIDELINES TO THE MANAGEMENT OF UNSTABLE ANGINA AND NON-ST-ELEVATION MYOCAR-
DIAL INFARCTION. CircutATion 2003;108: 11128-37.

of 0 to 2) appeared to receive no benefit from an invasivg after 1 year, an invasive strategy had saved 1.7 out of 100
approachTable 10 [73]. lives, prevented 2 nonfatal infarctions and 20 readmissions,

Interestingly, an early invasive strategy is very cost-effe@nd provided earlier and better symptom relief at the cost of
tive (approximately $12,739 per life-year savied}-RISC 15 more CABG operations and 21 more PCls [75].

Crit Care & Shock 2004 \ol. 7, No. 4 213



Long-Term Secondary Prevention Establishing the optimal secondary prevention regi-
men is a key function not only of the cardiologist or
The time of hospital discharge is a “teachable momeniihternist who discharges the patient but also of the pri-
for the patient, when the physician can review and optmary care physician who follows up that patient. This
mize the medical regimen. Risk-factor modificationis partly because early initiation of medical therapy is
(Table 1)) is a key to success and should include discusssociated with better long-term compliance. Indeed,
sions relevant to the patient’s specific risk factors. the ACC/AHA Guidelines state that, hospital discharge
For medical treatment, five classes of drugs are catistructions should include a follow-up appointment and
egorized in class | by the 2002 ACC/AHA guidelines forthat before discharge, patients and/or designated respon-
long-term medical therapyfdble 12. sible caregivers should be given easily understandable
instructions regarding the medication type, purpose,
dosage, frequency, and pertinent side effects. The tran-
sition from the hospital phase to the outpatient phase is
TasLE 10.Cuass | ReEcOMMENDATIONS FOR AN EARLY Invasive @ critical period.

STRATEGY (Figure 13) shows a proposed algorithm for aggres-
sive medical stabilization and early invasive management
Any of these high-risk indicators: in patients with NSTEACS .
Level of evidence: A The goal is for the patient to follow the ACC/AHA
Recurrent angina at rest and during low-level activity deguidelines, which recommend five drug classes for long-
spite medical therapy term secondary prevention, as noted above. Thus, the
Elevated troponinT or troponin | cardiologist or internist should try to send the patient
New ST-segment depression home on a regimen that includes all of these medica-

Recurrent angina/ischemia with CHF symptoms, ralegjons.
mitral regurgitation
Positive stress-test result

Ejection fraction of <0.40 Conclusion

Decreased blood pressure

Sustained ventricular tachycardia The past decade has seen many advances in UA/NSTEMI
Percutaneous coronary intervention within the previous B1anagement. Risk stratification and the use of troponin
months; previous CABG levels and risk scores to target appropriate therapies are

critical. In addition, outcomes have been improved by
CABG, coronary artery bypass grafting; CHF, congestive heart

failure
TaBLe 12.LoNc-TErRM MEDICAL THERAPY. CLAss | Rec-
TaBLe 11.CLass | RECOMMENDATIONS FOR Risk-FAcTor Mobi- OMMENDATIONS
FICATION
ASA, 75-325 mg/d
Smoking cessation Clopidogrel, 75 mg daily, when ASA is not tolerated
Achieve optimal weight Combined ASA and clopidogrel for 9 months after UA/
Daily exercise NSTEMI
AHA diet 3-blocker

Hypertension control for target BP of <130/85 mmHg Lipid-lowering agent and diet in patients with LDLC of >130
Tight control of hyperglycemia in patients with diabetesmg/dI

mellitus Lipid-lowering therapy if LDLC is >100 mg/dI after diet
HMG-CoA reductase inhibitor for LDLC of >130 mg/dl ACE inhibitor for patients with CHF, LV dysfunction (EF
Lipid-lowering agent if LDLC after diet is >100 mg/dl  <0.40), hypertension, or diabetes mellitus

Fibrate or niacin if HDLC is <40 mg/dl

ACE, angiotensin-converting enzyme; ASA, acetylsalisylic acid;
AHA, American Heart Association; BP, blood pressure; HDLCCHF, congestive heart failure; EF, ejection fraction; LDLC, low-
high-density-lipoprotein cholesterol; HMG, 3-hydroxy-3-me-density-lipoprotein cholesterol; UA/NSTEMI, unstable angina/
thyl-glutaryl; LDLC, low-density-lipoprotein cholesterol non-ST-segment—elevation myocardial infarction
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Ficure 13.HIGH-RISK MARKERS, ST-SEGMENT CHANGES, AND CLINICAL FEATURESASSOCIATED WITH NON-ST-SEGMENT—ELEVATION

ACUTE CORONARY SYNDROME (NSTEACS).

RePRINTEDWITH PERMISSIONFROM ReBEIZ AG, CaLiFF RM MANAGEMENT OF NON-ST-SEGMENT ELEVATION ACUTE CORONARY SYNDROMES HOW EARLY SHOULD CARDIAC

CATHETERIZATION BE PERFORMED ?. ACUTE CORONARYSYNDROMES2003; 4:116-25.

many advances in antithrombotic therapy, e.gated at the time of hospital discharge to ensure that they
clopidogrel, LMWH, and selective use of GP llb/llla in- are receiving the five classes of drugs recommended by
hibitors. An early invasive approach is clearly beneficiathe ACC/AHA guidelines for secondary prevention and
for intermediate- and high-risk patients and is relativelyare enrolled in a comprehensive risk-factor modification

cost-effective. UA/NSTEMI patients should be reevaluprogram.
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