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Acute coronary syndromes (ACS) represent a spectrum of
disease, including unstable angina, non ST-elevation
myocardial infarction, and ST-elevation myocardial infarction. In
patients with cardiovascular disease, ACS represents the most
common diagnosis for hospital admission, accounting for
nearly 1.5 million hospital admissions in 1999. Similarly,
although improvements in medical therapy have resulted in a
dramatic decline in mortality from acute myocardial infarction
(MI) over the last four decades, MI remains the most common
cause of in-hospital death in industrialized nations.

The approach to managing patients with acute coronary
syndromes has evolved dramatically over the past decade and,
in many respects, represents a rapidly moving target in light of
recent advances in pharmacotherapy and catheter-based
revascularization. A number of recently-published studies,
including the TACTICS Trial [1], the ADMIRAL Trial [2], and
the TARGET Trial[3], provide novel information about the
relative merits of pharmacologic therapy and invasive
intervention, A common theme from these studies is that there
is a growing consensus among cardiologists that combination
therapy with these two modalities may actually provide the
best clinical outcomes in ACS patients. Curr Opin Cardiol 2001,
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Unstable angina and non ST-elevation
myocardial infarction
Unstable angina (UA) and non-ST segment elevation
myocardial infarction (NSTEMI) are two components of
the acute coronary syndromes (ACS). These syndromes
are currently considered to be conditions with similar
pathogenesis and clinical presentations that differ only in
severity[4]. The most common cause is thrombus forma-
tion secondary to plaque disruption [5]. The presence of
markers of cardiac necrosis, such as the I and T subunits
of the troponin complex (TnI, TnT) or the MB isoen-
zyme of creatine kinase (CK-MB), establishes a diagno-
sis of NSTEMI[4]. Most patients with NSTEMI do not
evolve Q waves and are subsequently diagnosed as hav-
ing non-Q-wave MI (NQMI).

In the treatment of patients with ACS, particularly those
with NSTEMI, a fundamental question underlies the
debate regarding invasive versus conservative strategies.
The American College of Cardiology/American Heart
Association Task Force on Practice Guidelines has
published recommendations regarding diagnosis and
treatment of patients with known or suspected
UA/NSTEMI [4]. The acute ischemia pathway pre-
sented in these guidelines encompasses both an early
invasive strategy and an early conservative strategy.
However, the continued technical evolution of stents,
and widespread availability and success of catheter-
based revascularization has prompted many clinicians to
question the need for noninvasive risk stratification of
any kind as we enter the third millennium.

The present overview suggests a balanced approach for
patients with non–ST segment elevation ACS: an aggres-
sive (“early invasive”) approach for patients with in-
creased risk as manifested by persistent pain, or electro-
cardiographic or enzymatic changes; and an “ischemia-
guided” strategy for patients who do not manifest these
signs of increased risk. A “conservative strategy” is de-
fined as including intensive antiplatelet, anti-thrombotic,
and anti-ischemic therapy combined with careful clinical
assessment and provocative testing (eg, myocardial per-
fusion imaging with use of treadmill exercise or pharma-
cologic vasodilator stress testing). In these patients, se-
lective catheterization and, if necessary, revascularization
are performed only if spontaneous angina occurs or there
is objective evidence of stress-induced myocardial isch-
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emia. Randomized clinical trials focused on the various
treatment approaches will be reviewed.

Studies comparing invasive versus conservative
strategies in UA/NSTEMI
TIMI IIIB (enrollment 1989–1992)
No significant differences in outcome between the inva-
sive and conservative strategies for treating patients with
unstable angina and non–Q-wave MI were shown in the
Thrombolysis in Myocardial Infarction (TIMI IIIB) trial,
which was published in 1994 [6]. This trial included
1473 patients who were considered to have unstable
angina or non–Q-wave MI. Study subjects were
randomized using a 2x2 factorial design to compare the
following:

Tissue plasminogen activator (TPA) versus placebo as
initial therapy

An early invasive strategy (cardiac catheterization, left
ventricular angiography, and coronary arteriography 18 to
48 hours after randomization) versus an early conserva-
tive strategy (catheterization and angiography only after
failure of initial therapy)

The composite end point for the comparison of the two
strategies of death, MI, or an unsatisfactory exercise
stress test at 6 weeks occurred in 18.1% of patients as-
signed to the early strategy and 16.2% of those assigned
to the invasive strategy. Although the early invasive
strategy indicated more rapid relief of angina than the
conservative approach, by 6 weeks, anginal status was
similar between patients, as was the major clinical out-
come of death or MI.

VANQWISH (enrollment 1993–1995)
In the Veterans Affairs Non–Q-Wave Infarction Strate-
gies in Hospital (VANQWISH) trial[7], which was also
conducted during the early 1990s, an unexpected differ-
ence was found in outcomes between the two ap-
proaches. The study compared early and late clinical out-
comes (death or recurrent MI) in 462 patients randomly
assigned to the early invasive strategy, with 458 patients
who received the early conservative treatment. Patients
treated with the routine, early invasive strategy (heart
catheterization followed by myocardial revascularization)
had significantly worse clinical outcomes during the first
year of follow-up than those treated with a conservative
strategy (intervention guided by rigorous ischemia man-
agement, noninvasive stress testing, and medical
therapy). VANQWISH is the largest trial of its kind to
test the efficacy of long-term management strategies in
patients recovering from non–Q-wave MI. The number
of patients who had one of the components of the pri-
mary end point was significantly higher in the invasive-
strategy group at hospital discharge (36 vs 15 events, P =

0.004), at 1 month (48 versus 26 events, P = 0.012), and
at 1 year (111 versus 85 events, P = 0.05).

An overlooked feature of the VANQWISH trial is that
patients who remained in the conservative treatment arm
and did not cross over to cardiac catheterization in the
44 months of follow-up (52% of this arm) had a remark-
ably low cardiac event rate; 2 patients (1%) died, and 3
patients (1%) experienced a clinical event at 30-day fol-
low-up review. This low rate of events occurred in pa-
tients with high clinical comorbidity and an almost 80%
incidence of triple-vessel and left main coronary disease.

An interaction analysis to determine whether any subset
of patients benefited with the invasive strategy revealed
no evidence of an interaction that supported improved
outcomes in the patients with the invasive strategy [4].
In contrast, the ischemia-guided strategy benefited 4 of
10 pre-specified subsets of patients (patients who under-
went thrombolysis, those with no prior infarction, those
with no ST-segment depression, and those greater than
or equal to 60 years).

Whether the results of TIMI IIIB and VANQWISH are
really relevant to the contemporary practice or manage-
ment of patients with non–ST segment elevation MI
remains unclear. Both trials were conducted before a
number of important advances that have occurred during
the past 2 to 3 years. There has been the advent of stents
and the newer catheter-based techniques. The use of
glycoprotein IIb/IIIa receptor antagonists has expanded
rapidly, based on a number of secondary prevention trials
[8–11]. The benefits of low-molecular-weight heparins,
particularly enoxaparin, have been convincingly demon-
strated [12–14]. Evidence from the Organisation to As-
sess Strategies for Ischemic Syndromes (OASIS-2) trial
revealed that hirudin (lepirudin), a direct thrombin in-
hibitor, may have benefit [15]. The Clopidogrel versus
Aspirin in Patients at Risk of Ischemic Events (CAPRIE)
[16] and the Clopidogrel in Unstable angina to prevent
Recurrent ischemic Events (CURE)[17] trials showed
that clopidogrel, a thienopyridine derivative similar to
ticlopidine, to be an important adjunctive treatment in
the treatment of patients with acute coronary syndromes.

However, the TIMI IIIB [6] and VANQWISH [7] trials
are relevant to risk stratification, because they reveal that
both high- and low-risk subsets can be identified. In the
VANQWISH trial, only 9% of patients were excluded
during the first 48 to 72 hours for symptoms of refractory
angina, persistent ischemia, heart failure, or significant
ventricular tachyarrhythmia or fibrillation. As discussed,
the 30-day event rate of death and MI was remarkably
low (1%) with the conservative strategy, despite the high
prevalence of clinical comorbidity and angiographic
morbidity.

Defining the optimal pharmacotherapy of non–ST-segment elevation Boden 371



FRISC II (enrollment 1996 to 1998)
The Fragmin and Fast Revascularisation during InSta-
bility in Coronary artery disease (FRISC II) invasive trial
[18] showed for the first time, in a subset of patients with
unstable angina and non–Q wave infarction, a significant
event rate reduction favoring the invasive over the non-
invasive strategy at 6 months. In the trial, 2457 patients
in 58 Scandinavian hospitals were assigned an early in-
vasive (1222 patients) or noninvasive treatment strategy
(1235 patients) with placebo-controlled long-term low-
molecular-weight heparin (dalteparin) for 3 months. In
the invasive group, 96% of patients received angiography
within 7 days; of those, 71% underwent revascularization
within 10 days. For the noninvasive group, 10% received
angiography within 7 days; of those, 9% went on to un-
dergo revascularization procedures. At 6 months, the rate
of death, MI, or both, was 9.4% in the invasive group
(113 of 1207 patients) and 12.1% in the noninvasive
group (148 of 1226 patients) (risk ratio, 0.78; 95% CI, 0.62
to 0.98; P = 0.031).

The results favoring the invasive strategy were not uni-
formly shown among patient subsets in FRISC II, how-
ever. In a substudy examining the influence of troponin
levels in study patients, plasma samples for central analy-
ses of troponin T levels were available in 2230 patients;
of those, 42% had troponin-negative levels (<0.1 µg/L)
[19]. The 6-month rate of death or MI was 8.3% in pa-
tients assigned to an invasive strategy versus 10.3% in
those assigned to a conservative strategy. Although there
was a trend toward improvement with the invasive strat-
egy, the difference between groups was not statistically
significant.

Similarly, in the evaluation of patients who had ST seg-
ment deviations on the admission electrocardiogram
(ECG) in FRISC II, 418 patients had no demonstrable
ST-T wave changes [20]. The relative risk of an unfa-
vorable outcome—death or MI at 6 months—was actu-
ally slightly higher for patients in the invasive group. No
significant benefit was shown with the invasive strategy
in patients who had isolated T-wave inversion only. The
early invasive strategy was not shown to be beneficial in
fully 52% of patients who had either no electrocardio-
graphic changes or T wave inversion only. The true ben-
efit of early invasive treatment, when evaluated by elec-
trocardiography, was derived solely from the subset of
patients with ST segment depression MI.

In summary, patients who were troponin-negative and
those who had no ST-T wave changes or only isolated T
wave inversions (> 50% of all patients) did not benefit
from an invasive strategy. There are only observational
data and registry data available to show a reduction of
death or MI, or refractory ischemia, in NSTEMI patients
who underwent PCI within 24 hours of presentation.
Thus, much remains to be proven with regard to the

overall benefit of applying an early aggressive invasive
strategy in such patients.

TACTICS-TIMI 18 (enrollment 1997–1999)
The Treat angina with Aggrastat and determine Cost of
Therapy with an Invasive or Conservative Strategy
(TACTICS-TIMI 18) trial included 2220 patients with
UA/NSTEM [1]. Inclusion criteria were an accelerating
pattern, prolonged or recurrent anginal pain at rest or
minimal effort within the previous 24 hours, plus isch-
emia, electrocardiographic changes, elevated cardiac
markers, or a history of prior CAD. Study subjects were
immediately treated with aspirin, heparin, and the gly-
coprotein IIb/IIIa inhibitor tirofiban (administered for 48
to 108 hours). Patients were then randomized to one of
the following two groups: catheterization and subse-
quent PCI/CABG within 4 to 48 hours or conservative
strategy with catheterization performed only if there was
objective evidence of recurrent ischemia or a positive
exercise stress test.

At 6 months, the primary outcome (death, MI, and re-
hospitalization for acute coronary syndromes) occurred in
15.9% of the invasive-strategy group and 19.4% of the
conservative-strategy group (odds ratio, 0.78; P = 0.025).
The rate of death or MI was also significantly lower in
the invasive-strategy group (7.3% versus 9.5%; odds ra-
tio, 0.74; P < 0.0496).

Subgroup analysis according to TnT status on admission
revealed that the difference between the two strategies
was largely due to a reduction in the primary outcome
among TnT-positive patients. In this subgroup, the in-
vasive strategy was associated with a primary outcome
rate of 14.3% compared with 24.2% for the conservative
strategy (odds ratio, 0.52; P < 0.001). The two strategies
were comparable in their effects on the primary outcome
in TnT-negative patients. Patients with an intermediate
or high TIMI UA risk score also benefited from an in-
vasive over a conservative strategy. In patients with a low
TIMI UA score, the two strategies were comparable.

Thus, compared with earlier trials [6,7], two notable fac-
tors that may explain the observed benefits in the “early
invasive” strategy of TACTICS were the early use of an
intravenous GPIIb/IIIa inhibitor with heparin and anti-
ischemic therapy in all patients (so-called “upstream
therapy”) and the use of intracoronary stents. Neither
modality was tested in the TIMI-IIIB and VANQWISH
Trials, because enrollment was completed before 1995.
The benefit of GPIIb/IIIa inhibitors has been incontro-
vertibly tested over the last decade, both in unstable
angina patients before intervention and during PCI.
Similarly, stenting has emerged as the preferred PCI ap-
proach, with less repeat target vessel revascularization
and angiographic restenosis, and with a synergistic im-
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provement in clinical outcomes when combined with
GPIIb/IIIa inhibition.

The potential benefit of this combined pharmacologic
and interventional approach is most apparent in the ex-
tremely low (4.7%) absolute rate of death or MI at
30 days in the TACTICS “early invasive” group which,
as the authors note, represents the lowest rate in any
ACS trial reported to date. Moreover, compared with
TIMI-IIIB, VANQWISH, and FRISC-II Trials (each of
which showed an increased MI and death/MI rate within
the first 7 days in the “early invasive” group), there was
no early hazard observed with PCI in the TACTICS
patients. One possible explanation for this difference is
that tirofiban mitigated the consequences of incomplete
platelet inhibition that led to excess in-hospital events
observed in earlier studies.

Proposed classification of risk
High-risk patients
High-risk ACS patients who clearly warrant catheteriza-
tion and early revascularization include those with rest
angina with ST segment depression and/or elevated se-
rum concentrations of cardiac markers of ischemic injury
(CK-MB, troponin, myoglobin) (Fig. 1). Those who have
rest angina with hemodynamic instability, heart failure,
or an ejection fraction less than 40%, and those with rest

angina and prior revascularization (PCI or coronary artery
bypass grafting) should be sent to the catheterization
laboratory and undergo revascularization as indicated.

Intermediate-risk patients
Patients at an intermediate level of risk for future cardiac
events appear to benefit from catheterization and early
revascularization. This subset includes patients with Ca-
nadian Cardiovascular Society (CCS) class III or IV an-
gina within the past 2 weeks, those with diabetes melli-
tus, and those who have deep T-wave inversions in more
than five leads with chest discomfort or pain.

Low-risk patients
Patients with atypical or recurring symptoms that could
be UA (CCS class I or II) are not likely to benefit from
catheterization or early revascularization. These include
patients with normal or nonspecific ECG changes, T-
wave inversion without ST segment depression, and bio-
chemical markers that are negative for CK-MB or tropo-
nin levels.

Conclusions
Risk stratification makes as much sense in 2001–2002 as
it did 30 years ago because non–ST segment elevation
ACS is heterogeneous, with a spectrum of risk ranging
from low to high. The approach of watchful waiting with

Figure 1. Acute coronary syndromes

Diagram of acute coronary syndromes.
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medical therapy and no PCI, though advocated in the
United Kingdom and other parts of Europe, has little
basis for support. Conversely, a routine invasive approach
with acute revascularization for all patients may not be
clinically effective or cost-effective, and may result in
unnecessary complications in low-risk patients such as
restenosis, need for revascularization, and risk of stroke
(the VANQWISH trial demonstrated that 52% of non–Q
wave MI patients randomized to the ischemia-guided
strategy had a very low 30-day event rate of 1%). The
balanced approach reserves catheterization and revascu-
larization for high-risk patients; as defined in this article,
this subgroup comprises 25% to 50% of all patients.
Stress myocardial perfusion imaging, preferably using
symptom-limited exercise at two to three days in the
patients who are otherwise stable at the time of transfer
to the coronary care unit will clearly delineate high- and
intermediate-risk subgroups.

Aggressive pharmacologic therapy is indicated in all pa-
tients, with use of aspirin, with or without clopidogrel;
glycoprotein IIb/IIIa receptor antagonists; low-
molecular-weight heparin, especially enoxaparin; intra-
venous nitroglycerin; ß-blockers; HMG Co-A reductase
inhibitors (statins); and angiotensin-converting enzyme
(ACE) inhibitors, as indicated.

Tailoring therapy to the level of risk is essential for op-
timizing efficacy and cost-effectiveness.
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