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A debate continues over whether a routine invasive or a
conservative strategy is the best treatment approach for
patients with non-ST-segment elevation acute coronary
syndrome. The fundamental question underlying this
debate is whether risk stratification should be an anat-
omy-driven or an ischemia-driven process. An early
routine invasive or “drive-through” strategy, which con-
sists of cardiac catheterization followed by percutane-
ous coronary infervention within 24 hours of the onset of
angina, has not been shown to result in improved out-
comes. In fact, investigators in the Veterans Affairs Non—
Q-Wave Infarction Strategies in Hospital (VANQWISH)
trial found that aggressively treated patients had signif-
icantly worse outcomes during the first year of follow-up
than did those treated with a conservative strategy. In
this overview, a conservative (ischemia-guided) strategy

with aggressive medical therapy is recommended for
patients with non-ST-segment elevation acute coronary
syndrome. This conservative treatment includes intensive
antiplatelet, antithrombotic, and anti-ischemic therapy
combined with careful clinical assessment and provoca-
tive testing. Patients undergo catheterization and revas-
cularization only if spontaneous angina occurs or there
is objective evidence of stress-induced myocardial isch-
emia. In the future, it may be revealed that only patients
at high risk have real benefit from early aggressive
therapy, but the same approach may result in harm to
patients at low risk. Tailoring therapy to the level of risk
is essential to optimizing efficacy and clinical
outcomes. ©2000 by Excerpta Medica, Inc.
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An interesting paradigm exists in the treatment afnary intervention in low-risk or asymptomatic pa-
acute coronary syndromes: the higher the initizlents with acute coronary syndromes.

clinical risk, the greater the proportional benefit of Inthe management of patients with acute coronary
therapy. Many examples support this, including use sfyndromes, particularly those with non—-ST-segment
thrombolytic therapy in the elderly,3 blockers in elevation MI, a fundamental question underlies the

patients with advanced heart faill#@,implantable debate on invasive versus conservative strategies:
cardiac defibrillators (ICDs) for sudden cardiaGhould risk stratification be an anatomy-driven or an

death? and primary angioplasty in cases of cardioischemia-driven process? During the past 2 decades,
genic shock:¢ In the United States, however, thePercutaneous transluminal coronary angioplasty
proportion of low-risk patients with acute coronarkPTCA) has become a standard treatment option for
syndromes who undergo invasive cardiac procedu@@tlents with coronary heart disease. Following wide-

exceeds that of high-risk patients. Whereas high&pread acceptance of the procedure has been the emer-
rates of invasive and revascularization procedures &@nce of the aggressive (“drive-through”) approach to
associated with lower rates for refractory angina arf@ronary angioplasty for many patients presenting
readmission for unstable angina, it is also true that t§éth an acute Ml. The routine early invasive strategy
higher rates of angiography and revascularization i?,%typlcally defined as cardiac catheterization followed
not associated with lower rates of cardiovascular deat¥f Percutaneous coronary intervention in all patients
or recurrent myocardial infarction (MI). Moreover,W'thOUt a clinical contraindication within the first 24

complications of increased stroke and major bleedifffpurs Of presentation. Those who favor this strategy

may negate the marginal benefit of percutaneous ¢ 2lieve it is appropriate for all patients presenting with
acute coronary syndromes, including those with non—

ST-segment elevation MI. Clinicians who favor the
more invasive approach to treatment tend to argue that
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any form of risk stratification should be abandoned.
The rationale behind this concept is that once angiog-
raphy is performed, the cardiologist can tailor therapy
more appropriately to the findings of coronary angiog-
raphy. Whether improved clinical outcomes can be
demonstrated with an aggressive early revasculariza-
tion approach in all subsets of patients remains to be
determined, however. In the final analysis, with regard
to an early invasive approach, there may be a differ-
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ential effect—a real benefit if the initial risk is high, TABLE 1 Invasive V c ive Strateaies in Pafient
and potential harm if the inital risk is low. T e e el St n Pl

In this overview, the more conservative approaghOutcomes at 6 Weeks in the Thrombolysis in Myocardial
will be recommended for routine management of un-nfarction (TIMI) llIB Trial
complicated patients with non—ST-segment elevation o (%)
acute coronary syndrome, that is, an ischemia-guided
strategy with aggressive medical therapy. Random- Invasive Conservative
ized clinical trials focused on the various treatment (:’ffﬁ%) (HST';%) .
approaches will be reviewed. A conservative strategy
includes intensive antiplatelet, antithrombotic, and'ﬁA‘T“*h :‘;S g‘]‘; lg g;} Hg
anti-ischemic therapy combined with careful clinicgl p cive ek ETT 64 (8.6) 73(10.0) NS
assessment and provocative testing (e.g., myocardi@bmbined 120 (16.2) 133 (18.1) NS
perfusion imaging with use of treadmill exercise of . —
pharmacologic vasodilator stress testing). Selecti/e’[] - Sxerise lolerance tes NS = nof significant

; : . . . pted from Circulation.
catheterization and, if necessary, revascularization are
performed only if spontaneous angina occurs or there
is objective evidence of stress-induced myocardial
ischemia. TABLE 2 Clinical Outcomes of Patients Who Underwent
Coronary Angiography Versus No Angiography (No

INVASIVE VERSUS CONSERVATIVE Eevcscylarjzol_t'ion):.Tvle;\if&s()ﬂ\iclnsiﬁ)I\_qunl—Q-che Infarction
STRATEGIES IN CLINICAL TRIALS frategies in Mospita na

The Thrombolysis in Myocardial Infarction llIB trial: Conservative Strategy
No significant differences in outcome between the Invasive Strategy* (Without
invasive and conservative strategies for treating pa- (With Angiography), Angiography),
. . : n = 238 (52%) n = 236 (52%)
tients with unstable angina and non—-Q-wave MI weie
shown in the Thrombolysis in Myocardial Infarctiony 30-Day event rate . .
(TIMI) I1IB trial, which was published in 1994.Inthe | Serdiac event 15 (5o >
trial, 1,473 patients who were considered to have|y, event rate § §
unstable angina or non—-Q-wave Ml were randomly Cardiac event 56 (24%) 26 (11%)
assigned to receive (1) tissue plasminogen activajorbeath 31 (13%) 15 (6%
(tPA) versus placebo as initial therapy; and (2) an +spe; angiography.
early invasive strategy (cardiac catheterization, lgft tAfer randomization.
ventricular angiography, and coronary arteriography Modified from N Engl J Med.®

18-48 hours after randomization) versus an early
conservative strategy (catheterization and angiogra-
phy only after failure of initial therapy). The composthe efficacy of long-term management strategies in
ite endpoint for the comparison of the 2 strategies @hatients recovering from non-Q-wave MI. The num-
death, MI, or an unsatisfactory exercise stress test abér of patients who had one of the components of the
weeks occurred in 18.1% of patients assigned to tipeimary endpoint and the number of patients who died
early strategy and 16.2% of those assigned to tisere significantly higher in the invasive-strategy
invasive strategy (Table 1). Although the early invagroup at hospital discharge @ 0.004), at 1 month
sive strategy indicated more rapid relief of angina thgip = 0.012), and at 1 year (p 0.052).
the conservative approach, by 6 weeks anginal statusAn overlooked feature of the VANQWISH trial is
was similar between patients, as was the major clinicdlat patients who remained in the conservative treat-
outcome of death or MI. ment arm and did not cross over to cardiac catheter-
The Veterans Affairs Non-Q-Wave Infarction Strate-  ization in the 44 months of follow-up had a remark-
gies in Hospital trial: In the Veterans Affairs Non—Q- ably low cardiac event rate: 2 patients died, and 3
Wave Infarction Strategies in Hospital (VANQWISH)patients had experienced a clinical event at 30-day
trial,®2 which was also conducted during the earljollow-up (Table 2). There was a significant increase
1990s, an unexpected difference was found in outt the number of events documented between 1 month
comes between the 2 approaches. The study compaaed 1 year of follow-up, but that increase was reflec-
early and late clinical outcomes (death or recurretive of a subset of patients. In this case, 52% of the
MI) in 462 patients randomly assigned to the earlgatients in the VANQWISH trial had an acceptable
invasive strategy with 458 patients who received tHew rate of events, despite the fact that they had high
early conservative treatment. Patients treated with thknical comorbidity and an almost 80% incidence of
routine, early invasive strategy (heart catheterizatidriple-vessel and left main coronary disease. Kaplan-
followed by revascularization) had significantly worséleier curves (Figure 1) for 1-year combined event
clinical outcomes during the first year of follow-uprates of death and MI favored the ischemia-guided
than did those treated with a conservative strategpnservative strategy.
(intervention guided by rigorous ischemia manage- An interaction analysis to determine whether any
ment, noninvasive stress testing, and medical themabset of patients benefited with the invasive strategy
py). VANQWISH is the largest trial of its kind to testrevealed no evidence of an interaction that supported
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FIGURE 1. From the Veterans Affairs Non-Q-Wave Infarction Strategies in Hospital (VAN-
QWISH) trial, Kaplan-Meier analysis of the probability of event-free survival according to
strategy group during 1 year of follow-up. Events included in the analysis were death and
nonfatal myocardial infarction (the composite endpoint). The Cox proportional hazards ratio
(CHR) for the conservative versus the invasive strategy was 0.74 (95% confidence interval =
0.56-0.99; p = 0.041).
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FIGURE 2. From the Veterans Affairs Non-Q-Wave Infarction Strategies in Hospital
(VANQWISH) trial, hazard ratios for death in the 2 strategy groups with stratification accord-
ing to 5 specified variables. The interaction analysis was conducted for time to death in sub-
groups, using the Cox proportional-hazards model, to determine whether the main results
were consistent among subgroups. Hazard ratios are shown with 95% confidence intervals.
Hazard ratios that are <1.0 with confidence intervals that do not cross the unity boundary
favor conservative management, and ratios > 1.0 favor invasive management. Ml = myocar-
dial infarction. (Reprinted with permission from N Engl J Med.8) Copyright© 1998 Massachu-
setts Medical Society. All rights reserved.

improved outcomes in the patients with the invasive-3 years. Since these trials were undertaken, glyco-
strategy (Figure 23.In contrast, the ischemia-guidedprotein lIb/llla receptor antagonists have exploded
strategy benefited 4 of 10 prespecified subsets of mmto the scene with a variety of well-documented
tients. secondary prevention triats12 The benefits of low-
Whether the results of TIMI I1IB and VANQWISH molecular-weight heparins, particularly enoxaparin,
are really relevant to the contemporary practice dfave been convincingly demonstratédt> Evidence
managing patients with non—ST-segment elevation Nom the Organisation to Assess Strategies for Isch-
remains unclear. On the one hand, the results are eohic Syndromes (OASIS-2) trial revealed that hirudin
relevant in the sense that both trials were conducté@épirudin), a direct thrombin inhibitor, may have ben-
before the advent of stents and the newer cathetefit, especially in those patients who are biochemi-
based techniques that have proliferated during the paat marker (troponin or creatine kinase—myocardial
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FIGURE 3. From the Fragmin and Fast Revascularisation during InStability in Coronary artery
disease (FRISC lI) study, probability of death or myocardial infarction in the invasive and non-
invasive groups. (Reprinted with permission from Lancet.'8) Copyright by The Lancet Lid,
1999.

TABLE 3 Subset Analysis of Primary Endpoint by Admission Electrocardiogram in the
FRagmin and Fast Revascularization during InStability in Coronary arfery disease

(FRISC 1) Trial

Primary Endpoint (%) Invasive vs. noninvasive
ST-T Changes n Noninvasive Invasive RR (95% Cl)
None 418 9.0 9.6 1.07 (0.59-1.95)
Inverted T only 866 8.5 7.7 0.90 (0.57-1.41)
ST depression 1,100 14.9 10.3 0.69 (0.50-0.95)
All patients 2,457 12.0 9.2 0.77 (0.61-0.97)

Cl = confidence interval; RR = relative risk.
Reprinted with permission from Circulation.20

band) positive and/or those with ST-segment depresve strategy at 6 months (Figure 3). In the trial, 2,457
sion16 The Clopidogrel versus Aspirin in Patientgatients in 58 Scandinavian hospitals were assigned an
at Risk of Ischemic Events (CAPRIE) tr#dlshowed early invasive (1,222 patients) or noninvasive treat-
clopidogrel, a thienopyridine derivative similar toment strategy (1,235 patients) with placebo-controlled
ticlopidine, to be an important adjunctive treatmeribng-term low-molecular-weight heparin (dalteparin)
in the management of patients with acute coronafgr 3 months. In the invasive group, 96% of patients
syndromes. received angiography within 7 days; of those, 71%
On the other hand, the TIMI llIB and VAN- underwent revascularization within 10 days. For the
QWISH? trials are relevant to risk stratification be-noninvasive group, 10% received angiography within
cause they reveal that both high- and low-risk subsetsdays; of those, 9% went on to undergo revascular-
can be identified. In the VANQWISH trial, only 9% ofization procedures. At 6 months, the rate of death, Ml,
patients were excluded during the first 48—72 hous both, was 9.4% in the invasive group (113 of 1,207
for symptoms of refractory angina, persistent isctpatients) and 12.1% in the noninvasive group (148 of
emia, heart failure, or significant ventricular tachyart,226 patients) (risk ratio [RR¥ 0.78, 95% confi-
rhythmia or fibrillation. As shown earlier, the 30-daydence interval [Cl]= 0.62—0.98; p= 0.031).
event rate of death and MI was remarkably low (1%) The results favoring the invasive strategy were not
with the conservative strategy, despite the high preuniformly shown among patient subsets in FRISC-II,
alence of clinical comorbidity and angiographidhiowever. In a substudy examining the influence of
morbidity. troponin levels in study patients, plasma samples for
The Fragmin and Fast Revascularisation during InSta-  central analyses of troponin T levels were available in
bility in Coronary artery disease trial: The Fragmin and 2,230 patients; of those, 42% had troponin-negative
Fast Revascularisation during InStability in Coronarievels (0.1 ug/L)° The 6-month rate of death or M
artery disease (FRISC-II) invasive tAg&lshowed for was 8.3% in patients assigned to an invasive strategy
the first time, in a subset of patients with unstableersus 10.3% in those assigned to a conservative strat-
angina and non—Q wave infarction, a significant eveegy. Although there was a trend toward improvement
rate reduction favoring the invasive over the noninvawith the invasive strategy, the difference between
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groups was not statistically significant (RR 0.80; myocardial band isoenzyme, troponin, myoglobin).
95% CI = 0.054-1.19). Those who have rest angina with hemodynamic insta-
Similarly, in the evaluation of patients who hadility, heart failure, or an ejection fractior0.40, and
ST-segment deviations on the admission electrocdinose with rest angina and prior revascularization (per-
diogram in FRISC I, 418 patients had no demonstrautaneous coronary interventions or coronary artery
ble ST-T wave changes (Table ®)The relative risk bypass grafting) should be sent to the catheterization
of an unfavorable outcome—death or MI at @aboratory and undergo revascularization as indicated.
months—was actually slightly higher for patients in Intermediate-risk patients: Patients with non—-ST-
the invasive group (RR= 1.07; 95% CIl= 0.59—- segment elevation acute coronary syndromes at an
1.95). No significant benefit was shown with the inintermediate level of risk for future cardiac events
vasive strategy in patients who had isolated T waveay benefit from catheterization and early revascular-
inversion only. The early invasive strategy was nazation. This subset includes patients with Canadian
shown to be beneficial in fully 52% of patients whaCardiovascular Society (CCS) class Ill or IV angina
had either no electrocardiographic changes or T wawgthin the past 2 weeks, those with diabetes mellitus,
inversion only. The true benefit of early invasive treaand those who have deep T wave inversions>ia
ment, when evaluated by electrocardiography, wésads with chest discomfort or pain.
derived only from the subset of patients with ST- Low-risk patients: Patients with non-ST-segment
segment depression MI (RR 0.77; 95% Cl= 0.61- elevation who are not likely to benefit from catheter-
0.97). ization or early revascularization include those with
Several factors account for the improved clinicaCCS | or Il angina, normal or nonspecific electrocar-
outcomes in FRISC II: the high rate of revascularizadiographic changes, T wave inversion without ST-
tion (78% in the invasive arm), or aggressive multisegment depression, and biochemical markers that are
faceted medical therapy with aspirin, intravenous niregative for creatine kinase—myocardial band or tro-
troglycerin, 8 blockers, and dalteparin for 4—6 daysponin levels.
which induced plaque passivation and optimized the
benefit of revascularization. The noninvasive stratedyONCLUSIONS
was likewise doomed to failure in FRISC Il because Risk stratification makes as much sense in 2000 as
only standard exercise testing was used to detect isdtdid 30 years ago because hon—ST-segment elevation
emia, and treadmill exercise testing is far less sensieute coronary syndrome is largely a heterogeneous
tive than thallium perfusion scintigraphy or myocarsyndrome with a spectrum of risk ranging from low to
dial perfusion imaging. In FRISC I, patients couldchigh. Patients with non—ST-segment elevation who
undergo angiography and revascularization only aftare at high risk comprise 25-50% of all patients. In the
a markedly positive exercise stress test with abnormalbre uncomplicated cases, there will not be a flow-
or positive findings of hypotension, exercise-inducelimiting stenosis at coronary angiography. The early
ST elevation,=3 mm ST depression, or ischemiaaggressive or drive-through approach to angioplasty
during the first stage of exercise. Therefore, too fewill inevitably subject low-risk or asymptomatic pa-
patients with moderate-to-severe ischemia in the notients to procedures that may not confer clinical ben-
invasive arm underwent myocardial revascularizaticefit. Since the VANQWISH trial demonstrated that
(25% at 1 month and 38% at 6 months). In othés0% of non—-Q-wave MI patients randomized to the
words, the requirements were too rigid for triggeringschemia-guided strategy had a very acceptable low
appropriate crossovers to the invasive strategy, th88-day event rate (1%), a routine invasive approach
excluding patients with significant inducible ischemiavith acute revascularization for all patients may not be
who might have benefited from revascularization. clinically effective or cost-effective. Finally, a routine
Finally, patients who were troponin-negative anthterventional approach in all patients will likely result
those who had no ST-T wave changes or only isolatéd unnecessary complications such as restenosis, need
T wave inversions ¥50% of all patients) did not for revascularization, and risk of stroke, which could
benefit from an invasive strategy. There are only olbe avoided with risk stratification and the selective use
servational data and registry data available to showo& angiography and percutaneous coronary interven-
reduction of death or MI, or refractory ischemia, irtion. Powerful antiplatelet and antithrombin therapies
non-ST-segment elevation MI patients who undeare presently available, which, if used intensively with
went percutaneous coronary intervention within 2dnti-ischemic invasive dilator therapy, can result in
hours of presentation. Thus, much remains to Isgnificant cardiac event—rate reduction, even in the
proven about the overall benefit of applying an earlgbsence of catheter-based intervention.

aggressive invasive strategy in such patients. Currently, there are no randomized clinical trial
data to support drive-through angioplasty for all Ml
RISK STRATIFICATION patients. The approach of watchful waiting with med-

High-risk patients: High-risk patients with non—ST- ical therapy and no percutaneous coronary interven-
segment elevation acute coronary syndromes wkion, although advocated in the United Kingdom and
clearly warrant catheterization and early revasculasther parts of Europe, has little basis for support.
ization include those with rest angina with ST-segBetween those 2 approaches are the VANQWISH
ment depression and/or elevated serum concentrati@pproach of intensive medical therapy with noninva-
of cardiac markers of ischemic injury (creatine kinasesive risk stratification at 2—3 days and with percuta-
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