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Contemporary Treatment 
of Unstable Angina and 
Non-ST-Segment-Elevation 
Myocardial Infarction 
(Part 2)
In Part 1 of this review, we discussed how plaque rupture is the most common underlying 
cause of most cases of unstable angina/non-ST-segment-elevation myocardial infarction 
(UA/NSTEMI) and how early risk stratification is vital for the timely diagnosis and treatment 
of acute coronary syndromes (ACS). Now, in Part 2, we focus on the medical therapies 
and treatment strategies (early conservative vs early invasive) used for UA/NSTEMI. We 
also discuss results from various large randomized controlled trials that have led to the con-
temporary standards of practice for, and reduced morbidity and death from, UA/NSTEMI.

In summary, ACS involving UA/NSTEMI is associated with high rates of adverse car-
diovascular events, despite recent therapeutic advances. Plaque composition and inflam-
mation are more important in the pathogenesis of ACS than is the actual degree of arterial 
stenosis. As results from new trials challenge our current practices and help us develop 
the optimal treatment strategy for UA/NSTEMI patients, the cornerstones of contempo-
rary treatment remain early risk stratification and aggressive medical therapy, supplement-
ed by coronary angiography in appropriately selected patients.

An early-invasive-treatment strategy is of most benefit to high-risk patients, whereas 
an early-conservative strategy is recommended for low-risk patients. Adjunctive medical 
therapy with acetylsalicylic acid, clopidogrel or another adenosine diphosphate antagonist, 
glycoprotein IIb/IIIa inhibitors, and either low-molecular-weight heparin or unfractionated 
heparin, in the appropriate setting, further reduces the risk of ischemic events secondary 
to thrombosis. Short- and long-term inhibition of platelet aggregation should be achieved 
by appropriately evaluating the risk of bleeding complications in these patients. (Tex Heart 
Inst J 2010;37(3):262-75)

A cute coronary syndrome (ACS) refers to the array of clinical signs and symp-
toms produced by acute myocardial ischemia, including unstable angina 
(UA), non-ST-segment-elevation myocardial infarction (NSTEMI), and 

ST-segment-elevation myocardial infarction (STEMI).1 Each condition shares com-
mon pathophysiologic origins related to the instability and rupture of atherosclerotic 
vulnerable plaques.2 Unstable angina and NSTEMI are differentiated one from the 
other primarily by their severity—whether the ischemia is prolonged enough to lead 
to structural myocardial damage and to the release of detectable markers of myocar-
dial injury, most commonly troponin I, troponin T, or creatine kinase MB.3

	 For the past 20 years, the optimal treatment strategy for UA/NSTEMI patients 
has been an area of great debate: should initial treatment be invasive or conservative? 
Despite the debate, it is now widely accepted that the initial medical therapy for pa-
tients with suspected ACS should include relieving the ischemia and preventing fur-
ther myocardial damage. How clinicians go about this is largely dictated by the initial 
risk assessment and continued patient monitoring in a controlled environment. Hemo-
dynamically unstable patients with refractory ischemic pain are monitored in a criti-
cal care environment and are taken to the cardiac catheterization laboratory as soon 
as possible. Most patients’ conditions stabilize after a brief period of medical therapy, 
at which time they can be further triaged according to ACS guidelines.4

	 In Part 1 of this review, we discussed how plaque rupture/f issuring is the most 
common underlying pathophysiologic cause of most UA/NSTEMI cases and how 
early risk stratif ication is vital for the timely diagnosis and treatment of ACS. Now, 
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in Part 2, we focus on the medical therapies and treat-
ment strategies (early conservative vs early invasive) used 
for UA/NSTEMI. We also discuss results from various 
large randomized controlled trials that we believe have 
led to the contemporary standards of practice for, and 
reduced morbidity and death from, UA/NSTEMI.

Specific Pharmacologic Treatments

	 Nitrates. Nitroglycerin has an endothelium-indepen-
dent vasodilatory effect on the coronary and peripheral 
vascular beds. Nitrates dilate venous capacitance ves-
sels and peripheral arterioles. Their predominant effect 
is a decrease in preload, with a lesser effect on after-
load. Consequently, nitrates lead to a decrease in both 
myocardial wall stress and oxygen demand. The vasodi-
latory effect of nitrates on the coronary arteries is asso-
ciated with an increase in endothelial guanylate activity 
and a consequent increase in cyclic guanosine mono-
phosphate. They also relieve coronary spasm in ath-
erosclerotic vessels and increase oxygen delivery to the 
subendocardial region that is supplied by the severely 
narrowed coronary artery.
	 Results from the Fourth International Study of Infarct 
Survival (ISIS-4)5 and Gruppo Italiano per lo Studio 
della Sopravvivenza nell’infarto Miocardico (GISSI-3)6 
suggest that there is no survival benefit or decrease in 
recurrent myocardial infarction (MI) when nitrates are 
used routinely or selectively. Intravenous nitroglycerin 
should be used in patients who have refractory ischemic 
discomfort, and the dosage should be titrated to reduce 
systolic blood pressure to between 100 and 130 mmHg 
and to maintain a heart rate <100 beats/min. Howev-
er, in patients who have refractory hypertension, nitrates 
alone are relatively ineffective antihypertensive agents 
and should be used to achieve a goal of a 10% reduction 
in the mean arterial pressure. In such instances, intrave-
nous nitroglycerin should be used in conjunction with 
β-blockers, angiotensin-converting enzyme inhibitors, 
or both if possible.
	 Nitroglycerin is contraindicated in patients who have 
taken sildenafil, tadalafil, or vardenafil in the previous 
24 hours, because it may lead to a sudden drop in blood 
pressure, an MI, or death.7 It is also contraindicated in 
patients who have systemic hypotension, marked tachy-
cardia, or severe aortic valve stenosis. Nitrates have also 
been associated with hypotension in patients with rela-
tively low right-sided heart filling pressures and in pa-
tients with inferior infarcts for whom increased right 
ventricular f illing pressures are required to maintain  
their systolic blood pressures within an acceptable range.
	 β -Adrenergic Blockers. β-Blockers decrease sinus node 
rate and atrioventricular node conduction velocity, sys-
tolic blood pressure, and contractile responses at rest 
and during exercise. By reducing contractility and slow-
ing the heart rate, they decrease myocardial oxygen de-

mand and increase the length of diastole—a major 
determinant of coronary blood flow. All of these prop-
erties make them good anti-ischemic agents, especially 
when used in the presence of hypertension and tachy-
cardia.
	 However, the clinical trial data that form the basis 
for recommendations of β-blocker use are relatively few. 
In 1988, results from an overview of the contemporary 
medical literature showed that β-blockers led to a 13% 
relative reduction in the risk of progression from UA to 
an MI.8 More recently, Ellis and colleagues9 performed 
a pooled analysis of 5 randomized, placebo-controlled 
clinical trials of patients receiving glycoprotein (GP) 
IIb/IIIa receptor blockade with abciximab during per-
cutaneous coronary intervention (PCI), in order to 
determine the efficacy of β-blocker therapy among pa-
tients who present with ACS. Their results showed that 
the mortality rate was reduced by approximately 50% 
both at 30 days and at 6 months in patients who re-
ceived β-blockers. Therefore, it is generally recommend-
ed that ACS patients without contraindications should 
receive their initial dose of an oral β-blocker within the 
first 24 hours of medical therapy. β-Blockers are contra-
indicated in patients with hypotension, active reactive 
airway disease, a PR interval >0.24 seconds, or 2nd-
degree atrioventricular block.
	 Calcium Channel Blockers. Calcium channel blockers 
(CCBs) decrease slow calcium channel transport into 
cells, leading to reduced myocardial contraction and 
relaxation of vascular smooth muscle, which increases 
coronary blood flow. They also decrease afterload and 
heart rate, while relaxing the left ventricle and increasing 
arterial compliance to varying degrees. Calcium channel 
blockers can be divided into 2 major classes: dihydro-
pyridines (for example, nifedipine and amlodipine) and 
nondihydropyridines (for example, diltiazem and verap
amil). They are not routinely given to UA/NSTEMI 
patients because of a lack of convincing evidence that 
they actually reduce death in this patient population. 
Results from most of the trials involving CCBs that 
were conducted in the 1980s show that these agents im-
prove patient symptoms only modestly. We do know, 
however, that, in the absence of β-blockers, short-acting 
nifedipine should be avoided in patients with suspect-
ed ACS, because of its potential for increasing adverse 
events.10 In general, CCBs can be used as a 3rd-line anti-
ischemic agent—after nitrates and β-blockers—in pa-
tients who have elevated blood pressure or angina at rest 
or in patients for whom the use of β-blockers is contra-
indicated.

Antiplatelet Therapy

	 Acetylsalicylic Acid (Aspirin). Platelet activation and 
aggregation after vulnerable plaque rupture—with re-
sultant thromboses of varying degrees—are key com-
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ponents in the pathophysiology of ACS. Acetylsalicylic 
acid (ASA), or aspirin, causes irreversible acetylation of 
serine 529 of cyclooxygenase (COX-1) in platelets and 
the endothelium,11,12 thereby preventing thromboxane 
A2 (TXA2) production and resultant platelet aggrega-
tion.
	 Studies have shown that ASA reduces the risk of an-
gina, death, or MI by approximately 30% in patients 
with coronary artery disease (CAD).13,14 In 1994, the 
Antiplatelet Trialists’ Collaboration13 performed a col-
laborative meta-analysis of 174 randomized trials of anti-
platelet therapy. The analysis included 70,000 high-risk 
patients whose conditions were divided into 4 catego-
ries: 1) acute myocardial infarction (AMI), 2) a history 
of MI, 3) a history of stroke or transient ischemic attack 
(TIA), and 4) any other relevant medical history (UA, 
stable angina, vascular surgery, angioplasty, atrial fibril-
lation, valvular disease, peripheral vascular disease, etc.). 
In these high-risk patients, the incidence of nonfatal MI 
and nonfatal stroke was reduced by approximately one 
third and vascular death by approximately one sixth.13

	 The same type of meta-analysis was repeated in 2002, 
this time including 287 studies that involved 135,000 
patients for comparing antiplatelet therapy with its ab-
sence in a control group and 77,000 patients for com-
paring different antiplatelet regimens. Results from this 
study showed that the indications for antiplatelet thera-
py could be broadened and that there was a lower death 
rate among patients with all types of vascular disease. 
Antiplatelet therapy reduced the risk of serious vascular 
events (nonfatal MI, nonfatal stroke, or vascular death) 
by about one quarter, not only among patients with UA, 
AMI, or stroke or TIA, but also among patients with 
CAD, peripheral arterial disease, and those at high risk 
for emboli.14

	 Both meta-analyses also established that ASA has 
proven eff icacy across a broad range of dosages, with 
no evidence that therapeutic efficacy differs within the 
75 to 150 mg per day dosing range. Currently, it is rec-
ommended that a full dose (325 mg) of ASA be given 
in the acute setting and until 1 month after patients 
undergo PCI, with or without stent placement. There
after, the dose may be reduced to between 81 mg and 
150 mg, taken indefinitely.
	 Although the above data show that ASA is benefi-
cial for preventing and treating vascular disease, ASA 
does not prevent all thrombotic events from recurring. 
In fact, patients who have an ischemic event and are tak-
ing aspirin actually may have worse outcomes than do 
patients who are not taking aspirin.15 It was this observa-
tion that led to the concept of “aspirin resistance”16,17—
a term that has been used when ASA is ineffective for 
protecting patients from thrombotic complications, for 
prolonging bleeding times, or for decreasing TXA2 pro-
duction.17 Potential causes of aspirin resistance include 
inadequate dosing, drug interactions, genetic polymor-

phisms of COX-1 and other genes involved in TXA 2 
production, and upregulation of non-platelet sources of 
TXA2 production.18 Unfortunately, the optimal treat-
ment for aspirin resistance, if any, is unknown. The 
medical literature has yet to conclusively study the clin-
ical effectiveness of altering aspirin therapy on the basis 
of a laboratory finding of aspirin resistance, but avail-
able evidence shows that altering aspirin therapy after 
a laboratory finding of aspirin resistance could be both 
safe and helpful.19

	 Thienopyridines. Thienopyridines, such as ticlopi-
dine, clopidogrel, and the newer agent prasugrel, block 
P2Y12 receptor signaling to prevent production of adenyl 
cyclase, thereby inhibiting platelet activation through 
adenosine diphosphate (ADP). They also limit ADP-
mediated conversion of GPIIb/IIIa to its active form. 
Their mechanism of action is independent of and com-
plementary to that of aspirin, and the combination of 
agents is superior to aspirin alone.20,21 Because thieno-
pyridines take longer than aspirin to cause irreversible 
antiplatelet effects, a loading dose usually is adminis-
tered.
	 Ticlopidine, a 1st-generation thienopyridine, in com-
bination with ASA, is associated with reducing rates of 
vascular death and MI by 46% in NSTEMI patients.22 
It has also been shown to be superior to oral antico-
agulants in preventing thrombotic complications after 
coronary stent placement.23 However, it is used less fre-
quently than the newer thienopyridines in current clin-
ical practice because of its potential for side effects: 
primarily rash, nausea, neutropenia, and thrombocyto
penia.24

	 Clopidogrel, a 2nd-generation thienopyridine, is the 
most widely studied and used ADP-receptor-blocking 
agent. Initial data regarding clopidogrel are derived 
from the Clopidogrel versus Aspirin in Patients at Risk 
of Ischaemic Events (CAPRIE) study,25 which includ-
ed 19,185 patients with known atherosclerotic vascular 
disease. When compared with aspirin, clopidogrel re-
sulted in a 9% relative risk reduction in adverse cardio-
vascular events (vascular death, MI, or ischemic stroke), 
without a significant increase in bleeding. The Clopid
ogrel in Unstable Angina to Prevent Recurrent Events 
(CURE) trial20 enrolled 12,562 patients. Risk of the pri-
mary composite endpoint (cardiovascular death, MI, or 
stroke) was reduced 20% with the use of clopidogrel, 
with consistent reductions observed in the individual 
components during 3 to 12 months (mean, 9 mo) of 
follow-up. Clopidogrel therapy was associated with an 
increase of 1% in the absolute risk of major bleeding.
	 Results from the Clopidogrel for High Atherothrom-
botic Risk and Ischemic Stabilization, Management and 
Avoidance (CHARISMA) trial21 conf irmed those of 
the CAPRIE and CURE trials. The CHARISMA trial, 
which had a longer follow-up period (median duration, 
28 mo), showed that clopidogrel plus aspirin was not 
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signif icantly more effective than aspirin alone in reduc-
ing the rate of MI, stroke, or death from cardiovascular 
causes among patients with stable cardiovascular dis-
ease or multiple cardiovascular risk factors. However, 
in a subgroup of patients with clinically evident ath-
erothrombosis, the rate of the primary composite end-
point was 6.9% in patients given clopidogrel and 7.9% 
in those given a placebo.
	 The PCI-CURE trial26 studied a subset of patients 
from the CURE trial who were undergoing PCI, and 
results showed that pretreatment with clopidogrel for 
a median of 6 days before PCI was associated with a 
31% reduction in cardiovascular death or MI (includ-
ing events before and after PCI).26 However, the increas-
ingly routine early-invasive treatment of UA/NSTEMI 
patients makes a wait of 6 days before cardiac catheter-
ization unlikely. A loading dose of clopidogrel (600 mg) 
achieves maximal inhibition of platelet aggregation at a 
faster rate and has the obvious benefit of lasting for up 
to 30 days in low- to intermediate-risk patients undergo-
ing elective PCI, even without GPIIb/IIIa inhibition.27 
This approach, however, does not apply to high-risk pa-
tients for whom GPIIb/IIIa inhibitors have an additive 
beneficial effect.
	 In UA/NSTEMI patients with a history of gastro-
intestinal (GI) bleeding, ASA and clopidogrel should 
be given with other agents, such as proton pump in-
hibitors (PPIs), that minimize the risk of recurrent GI 
bleeding. (Study results have shown that morbidity and 
death increase in UA/NSTEMI patients who experi-
ence GI bleeding due to anticoagulant or antithrombot-
ic therapy.4) Clopidogrel therapy must also be stopped 4 
to 7 days before elective coronary artery bypass grafting 
(CABG), to prevent excessive intraoperative and post-
operative bleeding.20,28,29 As a result, clinicians might have 
to delay giving clopidogrel to patients who are under-
going early coronary angiography (within 48 hr of hos-
pital admission), until it is clear that these patients will 
not undergo a CABG procedure within the next sever-
al days.
	 Despite the clinical benefit achieved with the combi-
nation of clopidogrel and ASA in UA/NSTEMI patients 
undergoing PCI, a considerable number of patients 
continue to experience cardiovascular events. Inhibi-
tion of platelet aggregation alone cannot be expected 
to abolish all recurrent ischemic events.30 However, 
there is growing evidence to support broad variability 
among individual patient responses to clopidogrel. This 
“clopidogrel resistance” is associated with a higher risk 
of recurrent ischemic complications.31 Because clopid
ogrel is a prodrug administered orally, approximately 
85% of it is hydrolyzed by esterases in the blood into an 
inactive carboxylic acid derivative, while only 15% of it 
is metabolized by the liver’s cytochrome P450 (CYP) 
system to generate an active metabolite.32 The mecha-
nisms underlying the variability of response to clopido-

grel remain unclear, but some hypotheses include poor 
patient compliance, differences in clopidogrel dosing, 
gastric absorption problems, and varying availabili-
ty and clearance of the active metabolite.33 However, 
genetic factors—including polymorphisms of hepatic 
CYP, especially of CYP3A—have received special atten-
tion recently and increasingly are being used in main-
stream medical diagnosis and therapy.34

	 Proton pump inhibitors (for example, omeprazole, 
esomeprazole, lansoprazole, rabeprazole, and pantopra-
zole) inhibit the function of the proton pump that is 
responsible for the f inal step in gastric acid secretion. 
They are metabolized to varying degrees by CYP iso-
enzymes, and, in some cases, also inhibit them.35 Re-
cently, there have been reports of concerns36,37 that PPIs 
may interfere with clopidogrel’s ability to inhibit plate-
let aggregation, thereby increasing the risk of rehospital-
ization or death in association with ACS. Juurlink and 
associates36 conducted a population-based, nested, case-
control study that included 13,636 patients who start-
ed clopidogrel therapy between 1 April 2002 and 31 
December 2007, after being dischared from the hos-
pital for treatment of MI. Of those patients, 734 were 
readmitted with an AMI within 90 days of hospital dis-
charge and identified as study patients, while 2,057 pa-
tients were identified as event-free control patients. After 
extensive multivariable adjustment, the use of PPIs was 
associated with an increased risk of reinfarction (ad-
justed odds ratio [OR], 1.27; 95% confidence interval 
[CI], 1.03–1.57). In a stratified analysis, pantoprazole, 
which does not inhibit CYP, was not associated with 
hospital readmission for MI (adjusted OR, 1.02; 95% 
CI, 0.70–1.47).36 Ho and colleagues37 reported similar 
findings in a retrospective cohort study of 8,205 ACS 
patients who were discharged from 127 Veterans Af-
fairs hospitals between 1 October 2003 and 31 January 
2006. Combined use of clopidogrel and a PPI was asso-
ciated with an increased risk of death from or rehospital-
ization for ACS when compared with use of clopidogrel 
alone (adjusted OR, 1.25; 95% CI, 1.11–1.41).37

	 Prasugrel is an orally administered P2Y12 receptor an-
tagonist that is more potent, more rapid in onset, and 
more consistent in its inhibition of platelet aggregation 
than are currently approved doses of clopidogrel. In 
the Assess Improvement in Therapeutic Outcomes by 
Optimizing Platelet Inhibition with Prasugrel-Throm-
bolysis in Myocardial Infarction 38 (TRITON-TIMI 
38) trial,38 13,608 moderate- to high-risk patients with 
ACS (with or without ST-segment elevation) were ran-
domly assigned to receive prasugrel or clopidogrel dur-
ing PCI. Median follow-up was 15 months. Results 
showed that prasugrel signif icantly reduced the com-
posite endpoint of cardiovascular death, nonfatal MI, 
or nonfatal stroke by 19%, when compared with clopid
ogrel.38 In a subgroup analysis, prasugrel also reduced 
MI by 24%, the need for urgent revascularization by 
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34%, and stent thrombosis by 52%.39 However, the 
beneficial effect also was associated with a 0.5% abso-
lute increase in non-CABG-related TIMI major bleed-
ing and life-threatening bleeding and a 0.3% absolute 
increase in fatal bleeding.38 A landmark analysis of the 
TRITON-TIMI 38 trial (the only endpoint–outcome 
study of prasugrel to date) showed that patients with a 
history of TIA or stroke, those who were 75 years or 
older, and those who weighed less than 60 kg were es-
pecially at risk of bleeding—mainly during the main-
tenance phase.39,40 These data prompted the U.S. Food 
and Drug Administration to issue an advisory in Feb-
ruary 2009 regarding the use of prasugrel in the above-
mentioned patient populations.41

	 Three novel nonthienopyridine antiplatelet agents are 
in advanced stages of clinical testing in patients who 
have CAD. Cangrelor and AZD6140 are direct and  
reversible inhibitors of the platelet P2Y12 receptor, 
whereas SCH 530348 is an oral protease-activated  
receptor-1 antagonist.
	 Glycoprotein IIb/IIIa Inhibitors. Platelets are activated 
through multiple pathways; however, the “final com-
mon pathway” of platelet activation and aggregation 
involves a conformational change of the GPIIb/IIIa re-
ceptors from a resting state to an active state. The ac-
tivated GPIIb/IIIa receptors undergo bivalent binding 
with soluble ligands, with fibrinogen, and, under high 
shear conditions, with von Willebrand factor, which 
leads to fibrinogen-mediated cross-linking of platelets—
a key event in thrombus formation and thrombosis.42 
Because they block the final common pathway of plate-
let aggregation, GPIIb/IIIa inhibitors are potent inhib-
itors of platelet aggregation by all types of stimuli (for 
example, ADP, serotonin, collagen, and thrombin).
	 At the present time, 3 types of GPIIb/IIIa inhibitors 
are used clinically: abciximab, tirofiban, and eptifiba-
tide. All 3 are pharmacodynamically and pharmaco-
kinetically different, and the outcomes of their clinical 
trials and subsequent recommendations for clinical ap-
plication are also different. Abciximab is a recombinant 
human-murine chimeric Fab fragment with a half-life of 
10 minutes. Tirofiban hydrochloride is a low-molecular-
weight nonpeptide derivative of tyrosine with a half-life 
of 1.3 hours. Eptifibatide is a cyclic heptapeptide that 
selectively inhibits the RGD sequence of the GPIIb/IIIa 
receptors and has a half-life of 150 minutes.
	 Abciximab was initially studied in percutaneous trans-
luminal coronary angioplasty (PTCA) trials, in the pre-
stent era of the early 1990s. Immediate and short-term 
ischemic complications, such as thrombus formation in 
the epicardial artery, periprocedural MI, a 30% reste-
nosis rate at 1 year, and thromboembolism of the coro-
nary microvasculature—all of which are related to the 
exposure of the subendothelial matrix after balloon an-
gioplasty—were the main factors that limited PTCA’s 
early use and prevented its expansion into other cathe-

ter-based therapies for treating CAD. However, the ad-
vent of GPIIb/IIIa inhibitors revolutionized the use of 
catheter-based therapies in the treatment of peripher-
al artery disease, cerebrovascular atherosclerotic disease, 
and various forms of CAD, as well as stable angina, UA, 
NSTEMI, and STEMI. Results from the Evaluation 
of c7E3 for the Prevention of Ischemic Complications 
(EPIC) trial showed that in relatively high-risk patients 
(those with UA, evolving MI, or complex angiograph-
ic lesion morphology) who were given abciximab, there 
was a 35% reduction in the primary composite end-
point (death, MI, or recurrent ischemia) compared with 
patients who received a placebo.43

	 The c7E3 Fab Antiplatelet Therapy in Unstable Re-
fractory Angina (CAPTURE) trial44 enrolled 1,265 pa-
tients with UA who were scheduled to undergo PTCA. 
Results showed a 30% relative reduction, within 30 
days after PTCA, in the primary endpoint of death 
(any cause), MI, or recurrent ischemia requiring urgent 
revascularization. Furthermore, abciximab reduced the 
rate of MI before, during, and after PTCA, even in pa-
tients given nitrates and heparin.44 Subanalyses of the 
CAPTURE trial also revealed that abciximab facilitat-
ed thrombus resolution and prevented recurrent isch-
emia, as measured by continuous electrocardiographic 
monitoring.
	 These trials clearly establish the role of abciximab 
in the setting of PCI and in the management of UA/
NSTEMI patients when an invasive strategy is chosen. 
However, the Global Use of Strategies to Open Occlud-
ed Coronary Arteries IV–Acute Coronary Syndrome 
(GUSTO IV-ACS) trial45 studied 7,800 UA/NSTEMI 
patients who were not scheduled to undergo early re-
vascularization. Patients were randomly assigned to re-
ceive a placebo, an abciximab bolus plus a 24-hour 
infusion, or an abciximab bolus plus a 48-hour infu-
sion. All patients received aspirin and either unfraction-
ated heparin (UFH) or low-molecular-weight heparin 
(LMWH). The primary endpoint was death or MI at 
30 days after randomization. Results showed that ab-
ciximab administration provided no benefit, even in a 
subgroup of patients who had elevated troponin levels.45 
On the basis of these results, the American College of 
Cardiology/American Heart Association (ACC/AHA) 
Guidelines4 do not recommend the use of abciximab in 
UA/NSTEMI patients whose initial treatment strategy 
is conservative.
	 In the Platelet Receptor Inhibition in Ischemic Syn-
drome Management (PRISM) study,46 3,232 patients 
with UA were randomly assigned to receive either hep-
arin or tirofiban for 48 hours. Results showed a 32% 
reduction in the rate of death, MI, or refractory isch-
emia at 48 hours (3.8% with tirofiban vs 5.6% with 
heparin), but there was no signif icant difference in 
the composite endpoint at 30 days (15.9% in the tiro-
fiban group vs 17% in the heparin group; P=0.34).46 
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In the Platelet Receptor Inhibition in Ischemic Syn-
drome Management in Patients Limited by Unstable 
Signs and Symptoms (PRISM-PLUS) trial,47 1,915 pa-
tients with UA and non-Q-wave MI were randomly as-
signed to receive heparin, tirofiban, or both. Patients 
also received ASA in the absence of any contraindica-
tions. The tirofiban-only arm was stopped premature-
ly because of excess death at 7 days (4.6% vs 1.1% in 
the heparin-only arm). The greatest benefit was seen 
in the group receiving both heparin and tirofiban, for 
whom the frequency of the composite endpoint (7-day 
death, MI, or refractory ischemia) was reduced (17.9% 
vs 12.9% in the heparin-only arm). The observed ben-
ef it was sustained at 30 days (18.5% vs 22%) and at 
6 months (27.7% vs 32%).47 The Platelet Glycopro-
tein IIb/IIIa in Unstable Angina: Receptor Suppression 
Using Integrilin Therapy (PURSUIT) trial48 enrolled 
9,461 patients who had NSTEMI. Results showed that 

the administration of eptifibatide resulted in a 10% re-
duction in the relative risk of death and MI at 30 days.48

	 These early trials, along with a comprehensive meta-
analysis by Boersma and colleagues49 in 2002, further 
clarified and unequivocally established the importance of 
GPIIb/IIIa inhibitors in the management of moderate- 
to high-risk UA/NSTEMI patients (Table I). Boersma’s 
meta-analysis pooled 31,402 patients from 6 GPIIb/
IIIa trials for ACS. Results showed a 10.8% event rate 
in the GPIIb/IIIa inhibitor group (n=18,297), versus 
an 11.8% event rate in the placebo group (n=13,105), 
and a 9% reduction in the odds ratio of death or MI 
(P=0.015) (Fig. 1). The benef it was largest (15% re-
duction in the odds ratio of death or MI) in a subset 
of patients who had evidence of myocardial necrosis, as 
suggested by elevated troponin levels. No reduction in 
the odds ratio was seen in patients whose troponin levels 
were within normal range. The magnitude of the treat-

TABLE I. Glycoprotein IIb/IIIa Trials

		  Patients'
	 Trial	 Drug	 Population	 Endpoint	 Results

EPIC43	 Abciximab	 UA patients;	 Composite of death,	 35% reduction in the
		  evolving MI patients;	 MI, or recurrent	 occurrence of the primary 
		  those with complex	 ischemia	 endpoint (8.3% vs 12.8%; 
		  angiographic lesions		  P=0.008)

CAPTURE44	 Abciximab	 Refractory UA patients	 MI or recurrent ischemia	 30% relative reduction in
		  undergoing PTCA	 requiring urgent	 the occurrence of the 
			   revascularization	 endpoint (11.3% vs 15.9%; 
			   within 30 days	 P=0.012)

GUSTO IV-ACS45	 Abciximab	 UA/NSTEMI patients	 Death or MI at 30 days	 No benefit to giving
		  not undergoing early		  abciximab to patients 
		  revascularization		  being treated conservatively 
		  (within 24 hours)

PRISM46	 Tirofiban	 UA patients	 Death, MI, or refractory	 32% reduction in the
			   ischemia at 48 hours	 occurrence of the endpoint 
				    (3.8% vs 5.6%; RR=0.67; 
				    95% CI, 0.48–0.92; P=0.01)

PRISM-PLUS47	 Tirofiban only vs	 UA/NSTEMI patients	 Death, MI, or refractory	 Excessive death at 7 days in
	 heparin only vs		  ischemia at 7 days	 patients receiving tirofiban 
	 tirofiban plus heparin			   only

PURSUIT48	 Integrilin	 NSTEMI patients	 Death and MI at 30 days	 1.5% absolute reduction in
				    the occurrence of the 
				    primary endpoint (14.2% 
				    vs 15.7%; P=0.04)

Boersma E, et al.,	 Drugs used in 6	 Moderate- to high-risk	 Death or MI	 9% reduction in the odds of 
meta-analysis49	 GPIIa/IIIb trials	 UA/NSTEMI patients		  death or MI (10.8% vs
	 until 2002			   11.8%; OR, 0.91; 95% CI, 
				    0.84–0.98; P=0.015);
				    15% reduction in 
				    patients with NSTEMI
 
CAPTURE = c7E3 Fab Antiplatelet Therapy in Unstable Refractory Angina; CI = confidence interval; EPIC = Evaluation of c7E3 
for the Prevention of Ischemic Complications; GP= glycoprotein; GUSTO IV-ACS = Global Use of Strategies to Open Occluded 
Coronary Arteries IV–Acute Coronary Syndrome; MI = myocardial infarction; NSTEMI = non-ST-segment-elevation myocardial 
infarction; OR = odds ratio; PRISM = Platelet Receptor Inhibition in Ischemic Syndrome Management; PRISM-PLUS = Platelet 
Receptor Inhibition in Ischemic Syndrome Management in Patients Limited by Unstable Signs and Symptoms; PTCA = percu-
taneous transluminal coronary angioplasty; PURSUIT = Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression 
Using Integrilin Therapy; RR = risk ratio; UA = unstable angina
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ment effect also was found to be greater in patients who 
underwent a PCI procedure within 5 days.49

	 Although it is clear that GPIIb/IIIa inhibitors are use-
ful in UA/NSTEMI patients undergoing invasive pro-
cedures, the optimal timing for the initiation of these 
agents has not been clearly established. Various trials are 
ongoing not only to clarify this matter of timing, but 
also to avoid heterogeneity of practice across the country. 
The Early Glycoprotein IIb/IIIa Inhibition in Non-ST-
Segment-Elevation Acute Coronary Syndrome (EARLY 
ACS) trial50 was a collaboration involving the Virtual 
Coordinating Center for Global Collaborative Cardio-

vascular Research (VIGOUR) and the Thrombolysis in 
Myocardial Infarction (TIMI) Study Group. Between 
May 2004 and August 2008, a total of 9,494 high-risk 
NSTEMI patients undergoing an invasive procedure at 
study centers in 29 countries were randomly assigned to 
receive either eptifibatide ≥12 hours before angiography 
(the early-eptifibatide group) or a matching placebo in-
fusion with provisional use of eptifibatide after angiog-
raphy (the delayed-eptifibatide group). Results showed 
no statistical difference in the primary efficacy endpoint 
of a composite of death, MI, or recurrent ischemia re-
quiring urgent revascularization, or in the occurrence 
of a thrombotic complication during PCI (9.3% in the 
early-eptifibatide group vs 10% in the delayed-eptifiba-
tide group; P=0.23). However, early use of eptifibatide 
was associated with an increased risk of nonfatal bleed-
ing and the need for transfusion.50

Anticoagulants

	 Unfractionated Heparin. Unfractionated heparin is a 
glycosaminoglycan comprising multiple different poly-
saccharide chain lengths of varying molecular weights. 
It exerts its anticoagulative effect by activating and ac-
celerating the proteolytic activity of plasma cofactor an-
tithrombin (AT). Heparin binds to the lysine site on AT, 
producing a conformational change at the arginine-re-
active site that converts AT from a slow, progressive 
thrombin (factor IIa) inhibitor to a rapid inhibitor of 
thrombin and factor Xa, thereby preventing throm-
bus propagation.51 Only one third of any given dose of 
heparin actually binds to AT and exerts its anticoagu-
lative effect. Heparin also binds to a number of differ-
ent circulating plasma proteins (acute phase reactants), 
blood cells, and endothelial cells, which contributes to 
its differing anticoagulative effects in different patients. 
Therefore, close and frequent monitoring of the activat-
ed partial thromboplastin time is necessary to ensure 
that a safe therapeutic range is maintained.
	 Théroux and colleagues52 performed a double-blind, 
randomized, placebo-controlled trial involving 479 UA/
NSTEMI patients who were randomly assigned to re-
ceive a placebo, ASA, heparin, or heparin plus ASA. The 
incidence of  MI was reduced from 11.9% in the placebo 
group to 3.3% in the ASA group (P=0.012), 0.8% in 
the heparin group (P <0.0001), and 1.6% in the hepa
rin plus ASA group (P=0.001). Similarly, the incidence 
of refractory angina was reduced from 22.9% in the 
placebo group to 16.5% in the ASA group (P <0.01), 
8.5% in the heparin group (P=0.002), and 10.7% in 
the heparin plus ASA group (P=0.11). Interestingly, the 
combination of heparin plus ASA was found to be no 
more benef icial than heparin alone.52 However, Oler 
and colleagues53 performed a meta-analysis using data 
from 6 randomized trials that included 1,353 patients 
and found that patients who received a combination of 

Fig. 1  Odds ratio of 30-day death or myocardial infarction in 
subgroups of patients according to important clinical baseline 
characteristics. 
 

CABG = coronary artery bypass grafting; CK = creatine kinase; 
MI = myocardial infarction; PTCA = percutaneous transluminal 
coronary angioplasty; SBP = systolic blood pressure 
 

Odds ratio represents pooled trial-specific odds ratios by the 
method of Cochrane-Mantel-Haenszel. Data are presented on 
a logarithmic scale. P value corresponds with subgroup x treat-
ment interaction term in a logistic regression model, with adjust-
ments for between-trial outcome differences. 
 

*Blood pressure and heart rate not recorded in GUSTO-IV.  
†Data on creatine kinase MB missing in 7,469 patients. 
 

Reprinted with permission from: Boersma E, Harrington RA, 
Moliterno DJ, White H, Theroux P, Van de Werf F, et al. Platelet 
glycoprotein IIb/IIIa inhibitors in acute coronary syndromes: a 
meta-analysis of all major randomised clinical trials [published 
erratum appears in Lancet 2002;359(9323):2120]. Lancet 2002; 
359(9302):189-98.49 
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UFH and ASA had a 33% risk reduction in cardiovas-
cular death and MI (95% CI, 2%–56%) than did pa-
tients who received a placebo.53

	 The ACC/AHA Guidelines4 state that patients with 
NSTEMI should receive heparin, unless contraindicat-
ed. Although the optimal duration of  heparin therapy 
is not well established, most trials of  UFH involving 
UA/NSTEMI patients recommend continuing hepa-
rin therapy for 2 to 5 days.
	 Low-Molecular-Weight Heparin. Low-molecular-
weight heparin is derived from heparin by chemical or 
enzymatic depolymerization, which yields fragments 
approximately one third the size of heparin. Most of 
the fragments contain fewer than 18 saccharide units 
and catalyze the inactivation of factor Xa more than 
of factor IIa (UFH inhibits factors Xa and IIa equal-
ly).54 Compared with UFH, LMWH has lower plas-
ma-protein binding and therefore a more predictable 
anticoagulative effect, has a greater bioavailability, 
is conveniently administered in subcutaneous doses 
(once/day or twice/day), and requires less frequent lab-
oratory monitoring. Because LMWH is cleared by the 
kidneys, dosing should be decreased to half in patients 
with creatinine clearances of <30 mL/min and avoided 
altogether in patients with severe renal insufficiency.
	 In the Fast Revascularization during Instability in 
Coronary Artery Disease (FRISC) trial,55 1,506 patients 
at 23 Swedish hospitals were randomly assigned to re-
ceive 1) dalteparin (120 IU/kg with a maximal dose of 
10,000 IU, twice daily), 2) UFH during the first 5 to 
7 days of hospitalization and then dalteparin (7,500 IU 
subcutaneously, daily), or 3) a placebo for 35 to 45 days 
on an outpatient basis. The primary endpoint was the 
incidence of a new MI or death within the first 6 days 
of starting treatment. All patients without contraindica-
tions received ASA, β-blockers, and nitrates, as needed. 
During the first 6 days, dalteparin was associated with 
a 63% relative risk reduction in death or MI (1.8% in 
the treatment group vs 4.8% in the placebo group). At 
40 days, differences in the incidence of MI and death in 
patients receiving dalteparin persisted, although a sub-
group analysis revealed that dalteparin’s effect was most-
ly confined to patients who were nonsmokers.55

	 In the Efficacy and Safety of Subcutaneous Enoxa-
parin in Non-Q-wave Coronary Events (ESSENCE) 
trial,56 3,171 UA/NSTEMI patients were randomly as-
signed to receive enoxaparin (1 mg/kg twice daily) or 
continuous intravenous UFH (for a minimum of 48 
hr to a maximum of 8 d). At 14 days, the risk of death, 
MI, or recurrent angina was significantly lower in the 
enoxaparin patients than in the UFH patients (16.6% 
vs 19.8%; P=0.019). Even at 30 days, the benef it re-
mained (19.8% vs 23%; P=0.016), but at the cost of 
increased minor bleeding. There was no signif icant 
change in the incidence of major bleeding (6.5% vs 
7%).56

	 In the Thrombolysis In Myocardial Infarction 11B 
(TIMI 11B) trial,57 3,910 UA/NSTEMI patients were 
randomly assigned to receive either enoxaparin or UFH 
for 3 to 8 days while in the hospital and then either a 
placebo or enoxaparin through day 43 on an outpa-
tient basis. The primary endpoint was death, MI, or the 
need for urgent revascularization. At 8 days, there was a 
14.6% risk reduction (12.4% in the enoxaparin group 
vs 14.5% in the UFH group), and at 43 days, there was 
a 12.3% risk reduction (17% in the enoxaparin group 
vs 19.7% in the UFH group). During hospitalization, 
there was no difference in major bleeding rates between 
the 2 groups; however, during the 5-week outpatient 
phase, the risk of major bleeding doubled in the enoxa-
parin group (vs placebo). These data suggest that enoxa-
parin may be more effective than UFH for reducing 
death and serious cardiac ischemic events during the 
acute management of UA/NSTEMI patients, without 
causing a significant increase in the rate of major bleed-
ing.57

	 A meta-analysis58 of the approximately 22,000 UA/
NSTEMI patients enrolled in 6 randomized trials com-
paring enoxaparin and UFH showed a relative risk 
reduction of 9% in the combined endpoint of death or 
MI at 30 days for patients receiving enoxaparin (10.1% 
vs 11% with UFH). There were no significant differ-
ences in major bleeding at 7 days.58 Results of this study 
show that the use of enoxaparin was consistently benefi-
cial when an early-conservative strategy was implement-
ed.
	 Recent trials have also compared enoxaparin and 
UFH for use in early-invasive strategies. The Superior 
Yield of the New Strategy of Enoxaparin, Revascular-
ization and Glycoprotein IIb/IIIa Inhibitors (SYNER-
GY) trial was a randomized, open-label study of 10,027 
high-risk UA/NSTEMI patients who were treated with 
an early-invasive strategy.59 The primary endpoint was 
all-cause death or nonfatal MI at 30-day follow-up. The 
primary endpoint occurred in 14.5% of patients receiv-
ing UFH and in 14% of patients receiving enoxapar
in (a nonsignificant 3% risk reduction). However, use 
of enoxaparin was associated with a 20% increase in 
TIMI major bleeding in UA/NSTEMI patients un-
dergoing invasive procedures, especially CABG proce-
dures.59 Similarly, in a study by Blazing and colleagues 
(the A to Z trial),60 results showed that the event rates in 
3,987 patients receiving the GPIIb/IIIa inhibitor tiro-
fiban were similar to those in patients receiving enoxa-
parin and those receiving UFH. The primary endpoint 
was a composite of death, new MI, or refractory isch-
emia within 7 days. However, the incidence of TIMI 
major bleeding not related to CABG revealed an event 
rate of 15% in the enoxaparin group compared with 4% 
in the UFH group.60

	 Compared with UFH, enoxaparin appears to be su-
perior in reducing ischemic events in UA/NSTEMI 
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patients who are treated with early-conservative strate-
gies. However, we must carefully interpret the apparent 
lack of benefit demonstrated in trials of early-invasive 
strategies (for example, the SYNERGY and A to Z tri-
als) and the increased bleeding complications associated 
with the use of enoxaparin. It is important to remember 
that many of the UA/NSTEMI patients in those stud-
ies had already received one or more other antithrombin 
agents before being randomly assigned to a treatment 
arm, there was a high rate of patient crossover, and nei-
ther study was blinded.61

	 Factor X Inhibitors. Fondaparinux is a synthetic sul-
fated pentasaccharide that binds to AT early in the co-
agulation cascade, thereby indirectly inhibiting factor 
Xa. Its specif icity and selectivity, combined with its 
long half-life and 100% bioavailability, enables once-
daily anticoagulation without the need to monitor the 
activated clotting time. Fondaparinux inhibits factor Xa 
within the clot itself without inhibiting platelet func-
tion, which prevents thrombus progression and enhanc-
es AT’s effectiveness in a safe manner.
	 In the Organization to Assess Strategies for Isch-
emic Syndromes (OASIS)-5 trial,62 20,078 patients 
were randomly assigned to receive either fondaparinux 
(2.5 mg/d) or enoxaparin (1 mg/kg, twice daily; once 
daily in patients with renal dysfunction) for a mean of 6 
days to evaluate the primary efficacy outcome of death, 
MI, or refractory ischemia at 9 days. The primary safe-
ty objective was to determine whether fondaparinux 
was superior to enoxaparin in preventing major bleed-
ing. Approximately 40% of patients in both groups un-
derwent PCI, and approximately 15% of patients in 
both groups underwent CABG. Results of the OASIS-
5 trial successfully showed that fondaparinux was sta-
tistically equivalent to enoxaparin with respect to the 
primary eff icacy endpoint at 9 days (5.8% vs 5.7%, 
respectively). The composite of death, MI, refracto-
ry ischemia, or major bleeding at 9 days occurred in 
7.3% of fondaparinux patients versus 9% of enoxapa-
rin patients (hazard ratio, 0.81; 95% CI, 0.73–0.89; 
P <0.001). The eff icacy was maintained for up to 6 
months. Major bleeding at 9 days was signif icantly 
lower with fondaparinux than with enoxaparin (2.2% 
vs 4.1%; P <0.001).62

	 However, results from a study by the MICHEL-
ANGELO OASIS-5 Steering Committee63 showed 
that fondaparinux increased the rate of guiding-cath-
eter thrombus formation (29 episodes [0.9%] with 
fondaparinux vs 8 episodes with enoxaparin [0.3%]; 
OR=3.59; 95% CI, 1.64–7.84).63 As a result, the steer-
ing committee amended the protocol to require an  
extra bolus of UFH during PCI in patients receiving  
fondaparinux, after the intravenous dose of fondapari
nux was properly f lushed from the catheter.4 On the 
basis of data from the OASIS-5 trial, the 2007 ACC/
AHA Guidelines give fondaparinux a class 1B recom-

mendation for use in patients under treatment with ei-
ther an early-invasive or an early-conservative approach.

Early-Conservative and  
Early-Invasive Strategies

Coronary angiography aids in defining the extent and 
location of CAD and in directing the definitive care 
strategy (for example, PCI with stent placement, CABG, 
or medical management). However, because angiogra-
phy is an invasive procedure, there is a small risk of se-
rious complications—occurring in anywhere from 1 in 
1,000 cases to 1 in 500 cases—including hematoma at 
the access site, arrhythmia, cardiac tamponade, hypo-
tension, an allergic reaction to the contrast medium, a 
cerebrovascular accident, MI, or death. Therefore, cor-
onary angiography should be used only in patients for 
whom the procedure’s benefits outweigh its risks.
	 With this principle in mind, 2 pathways of treatment 
for UA/NSTEMI patients have emerged: the early-in-
vasive strategy (also called the initial invasive strategy) 
and the early-conservative strategy (also called the ini-
tial conservative strategy or ischemia-guided strategy). 
In the early-invasive strategy, all patients without con-
traindications undergo coronary angiography with the 
intent to perform revascularization within 4 to 24 hours 
of hospital admission. On the other hand, the early-con-
servative strategy consists of aggressive medical therapy 
for all patients and coronary angiography only for those 
with certain risk factors, such as advanced age, a histo-
ry of MI, a previous revascularization, ST-segment de-
viation, a depressed left ventricular ejection fraction of 
≤0.40, heart failure, and any high-risk features on non-
invasive stress testing.4

	 As our understanding of the underlying pathophysi-
ology of ACS has evolved during the past 20 years, new 
potential therapeutic targets have emerged, leading to 
the successful development and clinical application of 
novel drugs. These advances, along with newer and 
safer catheters and stents, continue to change the bal-
ance between risks and benefits associated with invasive 
procedures in patients with UA/NSTEMI. Many of 
the large clinical trials and registries reported each year 
continue to help us ref ine our decision-making pro-
cess regarding early-invasive versus early-conservative 
strategies. Results from trials performed in the 1990s 
showed no benefit to an early-invasive strategy; howev-
er, results from trials performed in the post-stent era 
that incorporated newer antiplatelet and anticoagula-
tive therapies have consistently shown the benef it of 
an early-invasive strategy in medium- to high-risk UA/
NSTEMI patients.
	 The Thrombolysis In Myocardial Infarction-IIIB 
(TIMI-IIIB) trial,64 which was the 1st large random-
ized trial to compare an early-invasive strategy to an 
early-conservative strategy in UA/NSTEMI patients, 
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included 1,473 patients who were randomly assigned in 
a 2 × 2 design to receive either tissue-plasminogen acti-
vator or a placebo and either an early-invasive strategy 
(early coronary angiography followed by revasculariza-
tion when the anatomy was suitable) or an early-con-
servative strategy (early coronary angiography followed 
by revascularization if initial medical therapy was un-
successful). The endpoint for the comparison between 
strategies was a composite of death, MI, or abnormal-
ities on an exercise stress test at 6 weeks. There was no 
significant difference in the occurrence of the composite 
endpoint between the groups (18.1% in the early-con-
servative group vs 16.2% in the early-invasive group; 
P=0.33). However, the average length of initial hos-
pitalization (10.2 d vs 10.9 d; P=0.01), the incidence 
of rehospitalization within 6 weeks (7.8% vs 14.1%;  
P <0.001), and the number of days of rehospitalization 
(365 d vs 963 d; P <0.001) all were significantly lower 
in the early-invasive group.64

	 In the Veterans Affairs Non-Q-Wave Infarction Strat-
egies in Hospital (VANQWISH) trial,65 920 patients 
at 17 Veterans Affairs hospitals across the United States 
were randomly assigned to either an early-conserva-
tive strategy (medical therapy and noninvasive testing, 
with subsequent coronary angiography in patients with 
spontaneous or inducible ischemia) or an early-invasive 
strategy (routine coronary angiography within 1 to 3 
days of hospital admission, followed by myocardial re-
vascularization). The combined endpoint of death and 
nonfatal MI occurred in 3.3% of patients in the early-
conservative-strategy group and 7.7% in the early-in-
vasive-strategy group at the time of hospital discharge 
(P=0.004), in 5.6% and 10.3% at 1 month (P=0.012), 
and in 18.5% and 24% at 1 year (P=0.05). The differ-
ence disappeared at 23 months’ follow-up.65

	 The Fragmin and Fast Revascularisation during In-
stability in Coronary Artery Disease-II (FRISC-II) 
trial66 was a prospective, randomized, multicenter 
study in which 2,457 patients from 58 Scandinavi
an hospitals were randomly assigned to either an early-
invasive treatment strategy or an early-conservative 
treatment strategy with placebo-controlled long-term 
LMWH (dalteparin) for 3 months. Coronary angiog-
raphy was performed within the f irst 7 days in 96% of 
patients in the early-invasive group and in 10% of pa-
tients in the early-conservative group. After 6 months 
(the intended follow-up period for the study), the in-
cidence of the composite endpoint of death or MI was 
9.4% in the early-invasive group and 12.1% in the ear-
ly-conservative group (P=0.031). In addition, there 
was a significant decrease in the incidence of MI in the 
early-invasive group compared with the early-conserva-
tive group (7.8% vs 10.1%; P=0.045). Furthermore, an-
gina symptoms and hospital readmissions were reduced 
by 50% with the use of the early-invasive strategy. The 
greatest advantages of the early-invasive strategy were 

seen in high-risk patients whose electrocardiograms 
showed ST-segment depression (indicative of ischemia) 
or whose troponin T levels were at least 0.03 µg/L  
(indicative of myocardial damage).66

	 In the Treat Angina with Aggrastat and Determine 
Cost of Therapy with an Invasive or Conservative Strat-
egy–Thrombolysis in Myocardial Infarction 18 (TAC-
TICS–TIMI 18) trial,67 2,220 UA/NSTEMI patients 
were randomly assigned to either an early-invasive treat-
ment strategy (routine coronary angiography within 4 
to 48 hours of  hospital admission and revasculariza-
tion, as appropriate) or to a more conservative strategy 
(medical management in all patients and coronary an-
giography only in patients with spontaneous or induc-
ible ischemia). All patients received aspirin, heparin, and 
tirofiban. The incidence of the primary endpoint of a 
composite of death, nonfatal MI, and rehospitalization 
for ACS at 6 months was 15.9% with use of the early-in-
vasive strategy and 19.4% with use of the early-conser-
vative strategy (P=0.025). The rate of death or nonfatal 
MI at 6 months was similarly reduced in both groups 
(P <0.05). The benefits of the early-invasive strategy 
were greatest only in medium- and high-risk patients, 
who were defined as having elevated cardiac troponin T 
levels (>0.01 ng/mL) or cardiac troponin I levels (>0.1 
ng/mL); an electrocardiogram demonstrating ST-seg-
ment deviation; or a TIMI risk score of at least 3. In 
the absence of these features, both strategies had simi-
lar outcomes.67

	 The Randomized Intervention Treatment of Angina 
(RITA-3)68 was a large, randomized, multicenter trial 
of 1,810 UA/NSTEMI patients who were random-
ly assigned to either an early-invasive-strategy group 
or an early-conservative-strategy group. The coprimary 
endpoints were a combined rate of death, nonfatal MI, 
or refractory angina at 4 months and a combined rate of 
death or nonfatal MI at 1 year. The incidence of copri-
mary endpoints was 9.6% in the early-invasive-strategy 
group and 14.5% in the early-conservative-strategy 
group (risk ratio [RR]=0.66, 95% CI, 0.51–0.85; P= 
0.001), and this difference was attributed mainly to a  
decrease in the incidence of refractory angina in the ear-
ly-invasive-strategy group. Rates of death and MI were 
similar in both treatment groups at 1 year (7.6% vs 
8.3%; RR=0.91; 95% CI, 0.67–1.25; P=0.58).68

	 Using data from RITA-3, Henriksson and colleagues69 
evaluated the cost-effectiveness of an early-invasive strat-
egy by calculating costs in pounds sterling (2003–2004 
£ values) and quality-adjusted life years (QALYs) and 
combining them into an incremental cost-effectiveness 
ratio. Results showed that, at a threshold of £20,000/
QALY, an early-invasive strategy would likely be cost-
effective in 1% of low-risk patients, 35% of intermediate-
risk patients, and 95% of high-risk patients. Therefore,  
an early-invasive strategy appears most cost-effective in 
medium- to high-risk UA/NSTEMI patients.69
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	 In 2005 and 2006, 3 large meta-analyses70-72 com-
pared an early-invasive strategy with an early-conser-
vative strategy in combination with newer medical 
therapies (thiopyridines, LMWH, and GPIIb/IIIa in-
hibitors) and interventional devices (coronary stents). In 
their meta-analyses of 7 trials that included 9,212 pa-
tients, Mehta and colleagues70 found that the endpoint 
of death or MI was reduced from 14.4% in the selective-
invasive group to 12.2% in the routine-invasive group 
(OR=0.82; 95% CI, 0.72–0.93; P=0.001). Higher-risk 
patients with elevated cardiac biomarker levels at base-
line benefited more from routine intervention, with no 
significant benefit observed in lower-risk patients with 
negative baseline marker levels.70 Similarly, Hoenig and 
associates71 showed that an invasive strategy yielded a 
33% risk reduction in the incidence of early and inter-
mediate refractory angina and rehospitalization. They 
also found that the routine use of GPIIb/IIIa inhibitors 
combined with an early-invasive strategy was associated 
with a reduction in MI and in the combined endpoint 
of MI and death—but only in patients with high-risk 
features, including those with elevated troponin levels. 
An invasive approach caused excess bleeding at the ac-
cess site, but not an increased risk of stroke.71 Finally, 

Bavry and colleagues’ meta-analysis72 of 7 trials, which 
included 8,375 patients, found that, after 2 years’ fol-
low-up, the rate of all-cause mortality was 4.9% in the 
early-invasive group versus 6.5% in the early-conserva-
tive group (RR=0.75; 95% CI, 0.63–0.90; P=0.001) 
(Fig. 2).72

	 The optimal timing of intervention in UA/NSTEMI  
patients treated with an initially invasive strategy has 
not been clearly established, and most trials performed 
to date show wide variations in the timing of angiog-
raphy. Recently, however, the Timing of Intervention 
in Acute Coronary Syndromes (TIMACS) trial,73 a 
large, multicenter, randomized trial, attempted to an-
swer this important clinical question. The TIMACS 
trial began as a substudy of the larger OASIS-5 trial63 
and continued recruiting another 3,031 patients who 
were randomly assigned to either a routine early-inter-
vention group (n=1,593; coronary angiography with-
in 24 hr of randomization) or a delayed-intervention 
group (n=1,438; coronary angiography performed 36 
hr after randomization). The primary outcome (1st oc-
currence of a composite of death, new MI, or stroke at 6 
mo) occurred in 9.6% of patients in the early-interven-
tion group and in 11.3% of patients in the delayed-in-
tervention group (P=0.15). Further analysis of the data 
revealed a 35% reduction in the primary outcome in 
high-risk patients (GRACE risk score, >140) (13.9% 
in the early-intervention group vs 21% in the delayed-
intervention group; P=0.006).73

Conclusions
In summary, ACS involving UA/NSTEMI is associ-
ated with high rates of adverse cardiovascular events, 
despite recent therapeutic advances. We do know, how-
ever, that plaque composition and inf lammation are 
more important in the pathogenesis of ACS than is the 
actual degree of arterial stenosis. As results from new 
trials challenge our current practices and help us de-
velop the optimal treatment strategy for UA/NSTEMI 
patients, the cornerstone of contemporary treatment 
remains early risk stratif ication and aggressive medi-
cal therapy, supplemented by coronary angiography in 
appropriately selected patients. A thorough patient his-
tory, serial electrocardiographic monitoring, and car-
diac biomarker measurement all aid in assessing the 
risk of death and recurrent events, from the time UA/
NSTEMI patients arrive at the emergency department, 
throughout their hospitalization, and beyond. An early-
invasive-treatment strategy is of most benefit to high-
risk patients, whereas an early-conservative strategy is 
recommended for low-risk patients. Adjunctive med-
ical therapy with ASA, clopidogrel, GPIIb/IIIa inhib-
itors, and either LMWH or UFH, in the appropriate 
setting, further reduces the risk of ischemic events sec-
ondary to thrombosis. Anticoagulation and short- and 
long-term inhibition of platelet aggregation should be 

Fig. 2  Relative risk of all-cause mortality for early invasive ther-
apy compared with conservative therapy at a mean follow-up of 
2 years. The results show a long-term survival benefit from early 
invasive therapy. 
 

CI = confidence interval; FRISC-II = Fragmin and Fast Revas-
cularization during Instability in Coronary Disease-II; ICTUS = 
Invasive versus Conservative Treatment in Unstable Coronary 
Syndromes; ISAR-COOL = Intracoronary Stenting with Anti-
thrombotic Regimen Cooling Off; RITA-3 = Randomized Inter-
vention Trial of Unstable Angina-3; RR = relative risk; TIMI-18 = 
Thrombolysis In Myocardial Infarction-18; TRUCS = Treatment 
of Refractory Unstable Angina in Geographically Isolated Areas 
without Cardiac Surgery; VINO = Value of First Day Coronary 
Angiography/Angioplasty in Evolving Non–ST-Segment Elevation 
Myocardial Infarction 
 

Reprinted with permission from: Bavry AA, Kumbhani DJ,  
Rassi AN, Bhatt DL, Askari AT. Benefit of early invasive therapy 
in acute coronary syndromes: a meta-analysis of contemporary 
randomized clinical trials. J Am Coll Cardiol 2006;48(7):1319-25.72



Texas Heart Institute Journal Contemporary Treatment of Unstable Angina and NSTEMI      273

achieved by appropriately evaluating the risk of bleeding 
complications in each patient; this is important in en-
hancing both short- and long-term event-free survival.
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