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One approach to management of patients with acute
coronary syndromes involves use of pharmacologic
therapy to passivate plaque for at least 24 hours before
interventional procedures are undertaken. This ap-
proach is supported by the view that whatever subse-
quent treatment the patient receives will less likely be
complicated. An important factor in revolutionizing
treatment for acute coronary syndromes in recent years
has been the introduction of potent new antithrombotic
and antiplatelet pharmacologic therapies such as low-
molecular-weight heparins and glycoprotein IIb/IIIa in-

hibitors. Incorporation of these newer agents into clinical
practice, along with a better understanding of the patho-
physiology underlying acute coronary syndromes, has
contributed greatly to improved outcomes in these pa-
tients. Although the optimal methods for integrating the
newer therapies remains to be determined, thus far, they
have been shown to lower the risk of acute complications,
as well as improve long-term results. Q2000 by Excerpta
Medica, Inc.
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Several recent studies support the concept that pa-
tients with acute coronary syndromes will have

improved outcomes if they are pretreated with medical
therapy before interventional procedures are undertak-
en.1–5 The approach of stabilizing the patient with
pharmacologic therapy for at least 24 hours before
performing a percutaneous coronary intervention, or
even coronary bypass grafting, is supported by the
view that whatever subsequent treatment the patient
receives will less likely be complicated. Early trials,
such as the Thrombolysis in Myocardial Ischemia
(TIMI IIIB) trial 6 and the Veterans Affairs Non–Q-
Wave Infarction Strategies in Hospital (VANQWISH)
trial,7 focused on invasive therapy versus chronic
medical therapy. Investigators for the VANQWISH
trial clearly recommended a conservative, ischemia-
guided initial approach for patients with non–Q-wave
myocardial infarction (MI).7

Along with a better understanding of the patho-
physiology of acute coronary syndromes achieved in
recent years has been the introduction of novel anti-
thrombotic agents and potent antiplatelet inhibitors.
Now, clinicians have greater choices for management
of patients with acute coronary syndromes, but the
best way of integrating these newer treatments into the
overall treatment approach remains to be determined.
Incorporation of antithrombin and antiplatelet agents
into the pharmacologic regimen, both before and after

interventional procedures, appears to lower the risk of
acute complications, as well as improve long-term
outcomes.8 A combination of anticoagulant agents
may prove to be more beneficial than single-agent
therapy. Thus far, both approaches have been shown
to reduce cardiac event rates.1,4–5

PATHOPHYSIOLOGY OF ACUTE
CORONARY SYNDROMES

Although the problem is far from simple, many
clinicians approach patients with acute coronary syn-
dromes with the idea that they are dealing with a
straightforward mechanical configuration. They oper-
ate under the premise that there is a mechanical ob-
struction and, therefore, the solution is mechanical.
The basic biology of coronary atherosclerosis, how-
ever, cannot be addressed by surgical or percutaneous
revascularization. Atherosclerosis is an inflammatory
disease9 and, as is well known in the field of rheuma-
tology, there are few mechanical solutions to inflam-
matory disease.

Ross, among others,9–13revealed the complexity of
the clinical situation for patients with the acute coro-
nary syndrome. In the response-to-injury hypothesis
of atherosclerosis, the inflammatory response is fol-
lowed by a fibroproliferative response that begins as a
protective mechanism, but with time may become
excessive. If allowed to continue, the injury in its
excess becomes the disease itself.9

Continued plaque growth is a causative factor in
the clinical symptoms of coronary heart disease; how-
ever, most clinical symptoms, including angina, MI,
and death, occur as a result of thrombus formation that
is large enough to protrude into the vessel lumen and
acutely decrease blood flow. Acute thrombosis pri-
marily results from plaque rupture or from erosion of
a fibrous atherosclerotic plaque.14,15Plaque instability
is closely related to the degree of inflammation. The
likelihood of a clinical ischemic event is related to the
number of vulnerable lesions present; but one single
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rupture-prone lesion can lead to death. Most ische-
mic events result from lesions causing only mild or
moderate stenosis because those lesions are more nu-
merous in the arterial tree than those causing severe
obstruction.

The appearance of culprit lesions on angiography
and angioscopy is often very complex.16,17 The work
of Van Belle et al18 reminds us that, in patients with
acute coronary syndromes, the results after thrombol-
ysis are still less than optimal. These investigators
used angioscopy to observe the morphologic charac-
teristics of infarct-related lesions in 56 patients, 40 of
whom had initially received a thrombolytic agent.
Angioscopy was performed between 24 hours and 4
weeks after an acute MI and before any mechanical
revascularization procedure. Angioscopic evaluation
included assessment of the shape of the narrowing,
plaque color, and presence of thrombus (Figure 1).
Use of a thrombolytic agent at the onset of MI was
associated with a reduction in thrombus size, but not
with a decreased frequency of plaque containing
thrombi. Interestingly, more frequently ulcerated
plaques were seen with use of a thrombolytic agent
(45% vs 16%, p5 0.06). Characteristics of plaque
instability seen on angioscopy lasted for 1 month,
even in asymptomatic patients and in those treated
with thrombolysis. This persistence of plaque insta-
bility may explain the high rate of restenosis and
reocclusion with angioplasty for recent infarct-related
lesions, as well as late vessel reocclusion after suc-
cessful thrombolysis.

MEDICAL THERAPY
Heparin: Heparin has long been recommended in

the management of patients with unstable angina and
non–Q-wave MI.19 Despite its widespread use, unfrac-
tionated heparin has several important disadvantages,
such as an inability to inhibit clot-bound thrombin and
a variable anticoagulant effect, which necessitates fre-
quent monitoring and adjustment of dosage schedules.
Because of low and variable bioavailability, heparin is
usually delivered intravenously instead of subcutane-
ously. It is sensitive to the inhibitory effects of platelet
factor 4 and also has an associated risk of thrombo-
cytopenia and thrombosis.20–22

Low-molecular-weight heparins: Low-molecular-
weight heparins have the advantage of a predictable
anticoagulant response to a given dosage and thus may
be administered through a subcutaneous route. Several
clinical trials have been conducted in recent years to
compare standard heparin given over 3–8 days with
low-molecular-weight heparin given subcutaneously
twice a day. In the Fragmin during Instability in
Coronary artery disease (FRIC) and FRAXiparine in
Ischaemic Syndrome (FRAXIS) trials,23,24 the 2 regi-
mens had similar effectiveness. Low-molecular-
weight heparins have been shown to be superior to
unfractionated heparins in the management of unsta-
ble angina and non–Q-wave MI in 2 other trials: the
Efficacy and Safety of Subcutaneous Enoxaparin in
Non–Q-Wave Coronary Events (ESSENCE)1 and
Thrombolysis in Myocardial Infarction (TIMI) 11B.2

The ESSENCE trial1 underscored the value of the
newer antithrombotic regimens in helping stabilize
patients until the medications reached their full effect.
This trial showed that treatment with enoxaparin, a

FIGURE 1. Coronary angioscopic findings. A, Plaque (P) with a
lining thrombus (T). B, Plaque (P) with a large protruding throm-
bus (T). C, Predominantly white plaque (P) with a localized yel-
low area (arrow) and an adjacent lining thrombus (T). L indicates
lumen. (Reprinted with permission from Circulation.18)
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low-molecular-weight heparin, had superiority over
unfractionated heparin with a treatment effect that was
durable over time. The simple medical therapy of
aspirin and enoxaparin, administered for an average of
21⁄2 days, resulted in a significant reduction in the need
for revascularization altogether by effectively reduc-
ing the number of patients with recurrent or refractory
chest pain. The study was a double-blind, placebo-
controlled study in which 3,171 patients with angina
at rest or non–Q-wave myocardial MI were assigned
to receive either enoxaparin (1 mg/kg, every 12 hours,
subcutaneously) or continuous intravenous unfraction-
ated heparin (bolus of 5,000 U, followed by continu-
ous infusion at dosages adjusted to the activated par-
tial thromboplastin time). Therapy was administered
for at least 48 hours to a maximum of 8 days. Impor-
tant coronary endpoints were recorded for 30 days.
The incidence of the primary composite endpoint of
MI, death, or recurrent angina decreased from 19.8%
with unfractionated heparin to 16.6% with enoxaparin
(p 5 0.019) after 14 days. The risk of the composite
endpoint remained significantly lower at 30 days
(23.3% with unfractionated heparin vs 19.8% with
enoxaparin; p5 0.016; Figure 2) and at 1 year (35.7%
vs 32.0%; p5 0.022).1,25The rate of revascularization
procedures was significantly lower with enoxaparin
(27.1%) compared with unfractionated heparin
(32.2%; p5 0.001).

Montalescot et al26 in France conducted a substudy
of the ESSENCE trial in which they provided further
evidence of what could be accomplished with ade-
quate antithrombotic therapy. This group looked at the
predictive value of 5 biologic indicators of inflamma-
tion, thrombogenesis, vasoconstriction, and myocar-

dial necrosis. The markers, C-reactive protein, fibrin-
ogen, von Willebrand factor antigen, endothelin-1,
and troponin I, were measured on admission and 48
hours later. The effects of enoxaparin and unfraction-
ated heparin on those markers were examined 48
hours after treatment. The increase of von Willebrand
factor, a marker of the degree of activation of plate-
lets, over the 48-hour period was a significant and
independent predictor of the composite endpoint of
death, MI, recurrent angina, or revascularization both
at 14 days and 30 days. Baseline levels of von Wil-
lebrand factor that increased over the 48 hours after
admission revealed the presence of an ongoing inflam-
matory response. The study confirmed that there is a
significant acute-phase response occurring in the ini-
tial hours of evolving unstable coronary disease. The
antithrombotic therapy of aspirin and enoxaparin
could effect passivation of the platelets, however, by
minimizing the likelihood that activated platelets
would continue to release von Willebrand factor as
they did in the heparin-treated patients. In the patients
randomized to receive unfractionated heparin, the von
Willebrand factor plasma levels increased dramati-
cally over 48 hours, whereas the response appeared to
be blunted in patients receiving enoxaparin (Figure 3).

The value of the newer medical therapies can be
appreciated without a long waiting period. Results
from the TIMI 11B study showed a significant, mean-
ingful reduction in clinical events after enoxaparin
administration within 48 hours of treatment in patients
with unstable angina and non–Q-wave MI.2 Enoxapa-
rin was shown to be superior to unfractionated heparin
in reducing the composite endpoint of death and seri-
ous cardiac ischemic events (Figure 4).2 In the trial,

FIGURE 2. From the Efficacy and Safety of Subcutaneous Enoxaparin in Non-Q-wave Coro-
nary Events (ESSENCE) trial, Kaplan-Meier plots of time to a first event during a period of 30
days of heparin or enoxaparin treatment with regard to the composite endpoint of death,
myocardial infarction (MI), or recurrent angina. (Reprinted with permission from Am J Car-
diol.35)
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3,910 patients were randomized to receive intravenous
unfractionated heparin for$72 hours followed by
subcutaneous placebo injections, or uninterrupted an-
tithrombin therapy with enoxaparin during both the
acute and outpatient phases of treatment. With regard
to the outpatient phase, there was a durable treatment
effect in that the initial treatment benefit seen with
enoxaparin was sustained through 43 days (Figure 5).

Neither the ESSENCE nor the TIMI 11B trial was
designed with sufficient power to show statistically
significant treatment effects of enoxaparin on end-
points other than the composite ones used in the
individual trials. Therefore a meta-analysis of the 2

trials was done by Antman et al27 to provide a stronger
statistical conclusion on the treatment effects, partic-
ularly the incidence of death and nonfatal MI, as well
as major hemorrhage. Treatment effects at days 2, 8,
14, and 43 were expressed as the odds ratios (OR) and
95% confidence intervals (CI) for enoxaparin versus
unfractionated heparin. In the meta-analysis, com-
pared with unfractionated heparin, enoxaparin was
associated with a 20% relative reduction in rates of
death and MI during the first 7–14 days. The treatment
benefit of enoxaparin occurred within 48 hours and
was persistent; the treatment effect was similar at day
2 and day 43 (Figures 6 and 7). Although there was no

FIGURE 4. Kaplan-Meier plots of time to first event of primary endpoint of death, myocardial
infarction (MI), or urgent revascularization over early days of treatment, from the TIMI 11B
trial. Direct comparison of intravenous unfractionated heparin (UFH) and subcutaneous enox-
aparin (ENOX) is shown. Pts 5 patients; RRR 5 relative risk reduction. (Reprinted with per-
mission from Circulation.2)

FIGURE 3. Absolute changes of von Willebrand factors (vWF) levels (%) over 48 hours (vWF
level at 48 hours [%]) in patients randomly assigned to receive unfractionated heparin or
enoxaparin in the Efficacy and Safety of Subcutaneous Enoxaparin in Non–Q-wave Coro-
nary Events (ESSENCE) trial. (Reprinted with permission from Circulation.26)
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increase in major hemorrhage in the early phase, mi-
nor hemorrhaging did increase significantly during
that period.

Glycoprotein IIb/IIIa receptor blockade: The glyco-
protein IIb/IIIa receptor blockers also provide early
protection against life-threatening cardiac complica-
tions in patients with acute coronary syndromes with-
out ST-segment elevation. Regardless of the respon-

sible stimulus for platelet activation and aggregation,
platelet glycoprotein IIb/IIIa receptor activation is the
key factor in thrombus formation. The role of platelet
inhibitors for suppressing adverse cardiac events in
the period before percutaneous coronary intervention
has been highlighted in 3 trials; each used triple anti-
thrombotic treatment, adding a glycoprotein IIb/IIIa
inhibitor to aspirin and heparin.3–5 The Chimeric 7E3

FIGURE 6. Meta-analysis of the treatment effect of enoxaparin (ENOX) versus unfractionated
heparin (UFH) on death and nonfatal myocardial infarction at time points shown. Point esti-
mates of odds ratios (OR) for treatment effect are shown as squares, and 95% confidence in-
tervals (CI) are represented by width of horizontal lines. (Reprinted with permission from Cir-
culation.27)

FIGURE 5. Kaplan-Meier plots of time to first event of primary endpoint through 43 days,
from the Thrombolysis in Myocardial Ischemia (TIMI) 11B trial. Vertical dashed lines indicate
comparisons at day 8 (end of acute phase), day 14 (for comparison with primary endpoint of
the Efficacy and Safety of Subcutaneous Enoxaparin in Non–Q-wave Coronary Events [ES-
SENCE] trial), and day 43 (end of chronic phase). Abbreviations as in Figure 4. (Reprinted
with permission from Circulation.2)

22M THE AMERICAN JOURNAL OF CARDIOLOGYT VOL. 86 (12B) DECEMBER 28, 2000



AntiPlaTelet in Unstable Angina REfractory to stan-
dard treatment (CAPTURE) trial3 was the first to
highlight the potential beneficial effect of treatment
for 18–24 hours with the glycoprotein IIb/IIIa recep-
tor antagonist abciximab before percutaneous translu-
minal coronary angioplasty (PTCA) in patients with
refractory unstable angina. CAPTURE was a multi-
center, randomized placebo-controlled trial that en-

rolled 1,266 patients. Although at the end of the 24-
hour pretreatment period, the difference did not reach
statistical significance, the abciximab-treated group
demonstrated a strong trend toward a lower event
rate before intervention. Figure 8 shows the percent-
ages of patients in each group who developed MI
before and in association with PTCA. As seen in
Figure 8, there is an early separation between the 2

FIGURE 8. From the Chimeric 7E3 AntiPlaTelet in Unstable angina REfractory to standard
treatment (CAPTURE) study, development of myocardial infarction (MI) during treatment with
abciximab or placebo, before and in association with percutaneous transluminal coronary
angioplasty (PTCA). (Reprinted with permission from Lancet.3 Copyright Q by the Lancet Ltd.,
1997.)

FIGURE 7. Meta-analysis of treatment effect of enoxaparin (ENOX) versus unfractionated heparin
(UFH) on composite endpoint of death/myocardial infarction (MI)/urgent revascularization at time
points shown. Arrangement of data as in Figure 6. CI 5 confidence interval; OR 5 odds ratio.
(Reprinted with permission from Circulation.27)
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curves, underscoring the fact that suppression of ische-
mic events can be achieved before the use of mechan-
ical intervention.

In the Platelet Receptor Inhibition in Ischemic Syn-
drome Management in Patients Limited by Unstable
Signs and symptoms (PRISM-PLUS)4 trial, investiga-
tors identified a clear and significant difference in
outcome in the 48 hours before percutaneous coronary
intervention, as well as in the several days before
coronary bypass surgery in patients treated with the
glycoprotein IIb/IIIa receptor tirofiban.4 PRISM-
PLUS was a double-blind study in which 1,915 pa-
tients were randomly assigned to receive tirofiban,
heparin, or tirofiban plus heparin. Patients could re-
ceive aspirin if its use was not contraindicated. Study
drugs were infused for a mean (6 SD) of 71.36 20
hours; angiography and coronary angioplasty were
performed when indicated after 48 hours. The com-
posite primary endpoint was death, MI, or refractory
ischemia within 7 days after randomization. The pa-
tients treated with triple therapy demonstrated a sig-
nificantly lower event rate after 48 hours, but before
coronary intervention. The risk reduction for death or
MI at the end of the pretreatment phase was 34%.
Triple therapy with aspirin, unfractionated heparin,
and tirofiban after 48 hours afforded an impressive
reduction in clinical events before any mechanical
intervention, and there was a very dramatic blunting
of recurrent ischemic events (Figure 9).

Apart from the general clinical outcome of the

PRISM-PLUS trial, monitoring troponin levels in the
patients treated with triple therapy revealed a blunted
increase in their troponin level.28 Heeschen et al28

measured serial troponin I levels over a 24-hour pe-
riod after trial enrollment in PRISM-PLUS patients.
Whereas baseline troponin I levels were similar be-
tween the 2 groups, the peak troponin I level was
significantly higher in the heparin group (15.56 29.1
ng/mL) than in the group receiving combination ther-
apy (5.26 8.3 ng/mL, p5 0.017). Mean troponin I
levels over the initial 24-hour period were 8.56 14.8
for the heparin group versus 3.26 5.0 ng/mL for the
combination group (p5 0.016). Myocardial infarction
was essentially avoided in the patients receiving com-
bination therapy; at least, there was only small myo-
necrosis. In the patients treated with conventional
therapy, however, there was no appreciable benefit.

In a landmark angiographic study from the
PRISM-PLUS trial, Zhao et al29 sought to characterize
the effects of glycoprotein IIb/IIIa blockade on culprit
lesions in patients with unstable angina or non–Q-
wave MI. This is the largest prospective study under-
taken to examine the angiographic characteristics of
culprit lesions and their prognostic significance. The
intraluminal morphology and the intraluminal throm-
bus load in the culprit vessels were examined in 1,491
patients enrolled in the trial. Each of those patients
had a readable film obtained a median of 65 hours
after randomization. The combination of tirofiban plus
heparin compared with heparin alone resulted in sig-

FIGURE 9. From the Platelet Receptor Inhibition in Ischemic Syndrome Management in Patients Limited by Unstable Signs and Symp-
toms (PRISM-PLUS) study, Kaplan-Meier curves showing cumulative incidence of death or myocardial infarction (MI) among patients
randomly assigned to heparin or to tirofiban plus heparin. The left panel shows events during the initial 48 hours of medical treat-
ment among all 1,570 patients in the 2 groups. The right-hand panel shows the cumulative incidence of death or MI from the time of
the procedure to 30 days after randomization among 475 patients who underwent percutaneous transluminal coronary angioplasty
(PTCA). CI 5 confidence interval; RR 5 risk ratio. (Reprinted with permission from N Engl J Med.4 CopyrightQ Massachusetts Medical
Society. All rights reserved.)
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nificant reduction of the intracoronary thrombus bur-
den of the culprit lesions (OR5 0.77, p5 0.022). In
addition, the combination therapy improved the per-
fusion grade (OR5 0.65, p5 0.002) and decreased
the severity of the obstruction (p5 0.037). However,
it did not influence the severity of the underlying
plaque.

Earlier, the CAPTURE investigators3 suggested
some intraluminal improvement after treatment with
abciximab. The patients treated with triple therapy had
a significantly lower rate of large or moderate intralu-
minal thrombus compared with the patients treated for
48 hours with conventional aspirin and unfractionated
heparin. Clearly, this reveals that a newer medical
therapy is enhancing endogenous thrombolysis, with-
out mechanical intervention or a lytic agent that may
be associated with intracerebral hemorrhage.

In the Platelet IIb/IIIa in Unstable angina: Receptor
Suppression Using Integrilin Therapy (PURSUIT)
study,5 the glycoprotein IIb/IIIa receptor eptifibatide
was also shown to have a beneficial effect in patients
during the pretreatment phase (0–72 hours) before a
coronary intervention. The PURSUIT trial, a multi-
center study with enrollment of 10,948 patients, was
undertaken to determine whether eptifibatide would be
superior to heparin plus aspirin in reducing the fre-
quency of adverse outcomes in patients without per-
sistent ST-segment elevation MI. The primary end-
point was a composite of death and nonfatal MI up to
30 days after the index event. Data from the trial
underscore the idea that passivation can take place
either at shorter time intervals or longer time intervals,
but when this is done, agents must be used that pro-
vide value beyond that of aspirin and unfractionated
heparin. In the PURSUIT trial, the triple therapy af-
forded a benefit, irrespective of how long it was given.
Benefit was shown within 4–7 hours of initiation of
therapy. Addition of the glycoprotein IIB/IIIa inhibi-
tor eptifibatide to the regimen produced a 15–20%
relative reduction in death and MI.

Hydroxy-methylglutaryl coenzyme A reductase in-
hibitors: Another approach that may offer value in the
context of acute administration of novel medical treat-
ments for acute coronary syndromes is the adminis-
tration of 3-hydroxy-3-methylglutaryl coenzyme A
(HMG CoA) reductase inhibitors, or “statins.” These
agents have proven benefits in lowering low-density
lipoprotein (LDL) cholesterol, but also have been
shown to exhibit pleiotropic effects on many compo-
nents of atherosclerosis, including plaque thromboge-
nicity, cellular migration, endothelial function, and
thrombotic tendency.30 The mechanisms behind the
benefit of statin therapy on endothelial dysfunction
induced by hypercholesterolemia are still unclear, but
one explanation centers on nitric-oxide–dependent
mechanisms.30,31

One recent study showed improvement in endothe-
lial function in patients with acute coronary syn-
dromes who were given pravastatin therapy for 6
weeks.32 In another study, preoperative lipid control
with simvastatin was shown to reduce thrombocytosis

and thrombotic complications after coronary artery
bypass surgery.33

Further research may indeed establish a role for
statin therapy in the treatment of acute coronary syn-
dromes. One trial currently underway, the Myocardial
Ischemia Reduction with Aggressive Cholesterol
Lowering (MIRACL) trial, will evaluate the effect of
pharmacologic cholesterol lowering on early recurrent
ischemic events.34 Within 1–4 days after patients
present with unstable angina and non–Q-wave MI,
they will be randomly assigned to receive atorvastatin,
80 mg/day, or placebo in a double-blind fashion. Dur-
ing a 16-week follow-up period, the primary outcome
measure will be time to occurrence of an ischemic
event: death, nonfatal acute MI, cardiac arrest with
resuscitation, or recurrent symptomatic myocardial
ischemia requiring emergency hospitalization. Results
of this study will help determine the usefulness of
early intervention with cholesterol lowering in acute
coronary syndromes. Additional trials with simvasta-
tin (Aggrastat to Zocor; A to Z) and cervistatin are
underway.

CONCLUSION
Both the low-molecular-weight heparin enoxaparin

and glycoprotein IIb/IIIa receptor inhibitors have
shown the potential for calming the plaque before
percutaneous coronary intervention or other revascu-
larization procedures are undertaken in patients with
acute coronary syndromes. Statin therapy may also
have an important role in combination therapy in the
future. If clinicians choose the approach of early in-
tervention, they should consider use of the newer,
stronger antithrombotic agents—not traditional thera-
pies. There is a whole host of newer agents that may
be administered in adjunctive capacities early in the
process of evolving acute coronary syndromes to al-
low passivation of the plaque and, importantly, pre-
vent serious clinical events.
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