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ABSTRACT
PURPOSE: Patients with unstable angina or non-ST-segment elevation myocardial infarction (MI)

may be managed with either an “invasive” or “conservative” strategy. It is unclear which of these
strategies is superior.

METHODS: We identified studies with MEDLINE and EMBASE searches (1966–September 2003)
and by reviewing reference lists. Studies were included if they were randomized controlled trials
comparing management strategies for patients in the early post-unstable angina/non-ST-segment
elevation MI period and had follow-up data for at least 3 months.

RESULTS: Seven trials that randomized a total of 9212 patients were included. The pooled odds ratio
(OR) for all-cause mortality was 0.96 (95% confidence interval [CI]: 0.72 to 1.27). The occurrence of
fatal or nonfatal re-infarction was reduced with an invasive strategy (OR 0.73; 95% CI: 0.61 to 0.88)
as was readmission to hospital (OR 0.67; 95% CI: 0.48 to 0.94). The endpoints of nonfatal MI and the
composite of death or nonfatal MI showed nonsignificant trends favoring an invasive strategy. Trials
that included a higher proportion of patients with ST-segment depression on admission and trials in
which a larger proportion of patients underwent revascularization showed a greater magnitude of benefit
for an invasive strategy.

CONCLUSION: For patients with unstable angina/non-ST-segment elevation MI, an invasive strategy
reduces rates of fatal or nonfatal re-infarction and hospital readmission, but not all-cause mortality,
when compared with a noninvasive strategy. These results suggest that an invasive management
strategy should be considered for all patients with unstable angina/non-ST-segment elevation MI and
perhaps in particular those with ST-segment depression.
© 2005 Elsevier Inc. All rights reserved.
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There are two approaches to managing patients with
nstable angina or non-ST-segment elevation myocardial
nfarction (MI). In an “early invasive” strategy, coronary
ngiography is routinely performed in all patients. In an
arly “conservative” or “noninvasive” strategy, angiogra-
hy is conducted only on patients who are at high risk of
ardiovascular morbidity and mortality. In both cases, sub-
equent revascularization is guided by angiographic find-
ngs.

The American College of Cardiology/American Heart
ssociation and the European Society of Cardiology rec-
mmend that an invasive strategy be used selectively for
atients with certain features based on history (ie, percuta-
eous coronary intervention within the preceding 6 months,
rior bypass surgery), admission characteristics (ie, elevated
evels of cardiac enzymes, new ST-segment depression),
ospital course (ie, hemodynamic instability, sustained ven-
ricular tachycardia, recurrent angina or ischemia at rest or
ith low-level activities despite intensive anti-ischemic

herapy, recurrent ischemia-induced heart failure or mitral
egurgitation), or diagnostic testing (ie, high-risk findings
n noninvasive stress testing, depressed left ventricular sys-
olic function).1-3 For lower risk patients, the European
ociety of Cardiology recommends that a noninvasive strat-
gy be used, and the American College of Cardiology/
merican Heart Association recommends that either risk

tratification strategy would be appropriate.1,3 Making more
efinitive recommendations has been challenging because
he randomized controlled trials that have attempted to ad-
ress this issue provide conflicting results.4-10

We performed a systematic review and meta-analysis of
hese trials to clarify the advantage of one strategy over
nother, if such an advantage exists. This is of particular
mportance because the trials enrolled all unstable angina/
on-ST-segment elevation MI patients and not just those at
igh risk. Thus, a finding of superiority of an invasive
trategy would mean that low and intermediate risk unstable
ngina/non-ST-segment elevation MI patients should un-
ergo routine angiography as well.

ethods

We searched the MEDLINE and EMBASE databases
Ovid Technologies, 1966–September 2003; English lan-
uage) for keywords related to acute coronary syndromes
eg, coronary artery disease, myocardial infarction, unstable
ngina), medical therapy (eg, platelet aggregation inhibitor,
ntithrombotic, thrombolysis), interventional therapy (eg,
ngioplasty, percutaneous transluminal coronary angio-
lasty, coronary angiography), and risk stratification. Two
nvestigators independently reviewed the search results to
elect articles. After retrieval, the reference lists of all iden-
ified articles were reviewed to identify other studies that
ay have been missed. Studies were included if they were
andomized controlled trials whose objective was to com- s
are noninvasive and invasive management strategies for
atients in the early post-unstable angina/non-ST-segment
levation MI period; measured mortality, re-infarction or
e-hospitalization as outcomes; and had follow-up data for
t least 3 months. Trials were excluded if they dealt with
atients with ST-segment elevation MI, stable angina or
ardiogenic shock, or if all patients underwent angiography.

Two investigators independently extracted data on pa-
ient characteristics, outcomes, and study quality from each
rial. Disagreements were resolved by consensus. The qual-
ty of each trial was assessed with respect to blinding,
reatment allocation, withdrawals, and standardization of
ssessment using an instrument based on the Cochrane
ollaboration Handbook to Systematic Reviews.11

tatistical analysis

Odds ratios (OR) with 95% confidence intervals (CI) were
alculated for the outcomes in each study, based on intention-
o-treat principles. After visually inspecting the plot of odds
atios, the two strategies were compared by combining the
esults from different trials with both a fixed effect and a
erSimonian and Laird random effects model.12 Given the

elatively small number of trials included, conclusions were
rawn based on the results of the random effects calculations,
s these provide the most conservative estimates of effect size.
or trials that reported data at multiple time-points, those
ndpoints with the longest length of follow-up that still had a
ess than 15% rate of loss to follow-up were used. The length
f follow-up ranged from 3 months to 2 years.

Sensitivity analysis was conducted by sequentially elim-
nating low quality studies and those with atypical inclusion
riteria to determine whether this had any effect on our
ooled results.

For each analysis, heterogeneity was explored in 3 ways.
irst, a plot of the odds ratios was visually inspected. Sec-
nd, the heterogeneity Q statistic was calculated and com-
ared with a chi-squared distribution with k � 1 degrees of
reedom, where k is the number of trials in the analy-
is; heterogeneity was considered to be present when

� k � 1.13

Third, sources of systematic heterogeneity were assessed
y performing univariate meta-regression analyses.14 Meta-
egression attempts to identify significant relations between
reatment effects and covariates of interest and, as such, to
ssess whether subsets of patients demonstrate a particular
enefit of treatment. We conducted our meta-regression
nalysis using Bayesian hierarchical models with the soft-
are hblm in S-Plus (Mathsoft, Inc., Seattle, WA).15

mong the advantages of the Bayesian approach are the
ore realistic incorporation of between-study variability

nd the ability to directly report the probability that, for
xample, an odds ratio is less than 1.16 Diffuse normal
riors were used for all regression parameters and the Pareto
rior distribution was used for the variances.14 We assessed
he relationship between study outcomes and the following

tudy characteristics: the proportion of patients in the non-
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nvasive group of each trial who received angiography; the
roportion of patients with multi-vessel coronary artery
isease; mortality in the noninvasive group (ie, baseline
ortality); the proportion of patients in either group who

nderwent revascularization; the proportion of patients who
ad ST-segment depression or positive cardiac enzymes on
dmission; the mean time to angiography in the invasive
trategy; and the length of follow-up. Insufficient data were
vailable in the trial reports to assess the impact of de-
ressed left ventricular systolic function, recent percutane-
us intervention, or prior bypass surgery on study outcomes.
he small number of studies included in the analyses meant

hat it was feasible to perform meta-regression with only
ne predictor at a time.

We report an association between a study characteristic
nd an outcome if in the Bayesian model there is a low
osterior probability (at most 10%) that the slope relating
he log odds ratio to the study characteristic is in the direc-
ion opposite to that expected or, equivalently, there is a
igh likelihood that the association between the study char-
cteristic and outcome is in the expected direction.

The presence of publication bias was assessed using the
egg17 and the Egger18 techniques with a funnel plot.

esults

rial characteristics and methodological quality

Our initial search yielded 382 citations, of which 328
rticles were excluded on the basis of an abstract review. Of
he remaining 54 references, 42 were excluded because they
eported trials that enrolled patients with ST-segment ele-
ation MI, did not report the results of a clinical trial, were
uplicate publications, described studies that only random-
zed patients with cardiogenic shock or high risk post-MI
atients, were not published in English, or did not fulfill
nclusion criteria for other reasons. The 12 reports of 7
linical trials that were left formed the basis of our results.
hese trials are described in Table 1.

The trials randomized a total of 9212 patients (4608 to
nvasive and 4604 to noninvasive management) and
anged in size from 131 to 2457 patients. The mean age
f the study participants was 62 years. The proportion of
atients with ST-segment depression associated with
heir unstable angina/non-ST-segment elevation MI ad-
issions ranged from 21% to 47%. The proportion of

atients with cardiac enzyme elevation associated with
heir unstable angina/non-ST-segment elevation MI ad-
issions ranged from 18% to 100%. There were a total of

98 deaths by the end of follow-up time (247 deaths in
he invasive groups and 251 in the noninvasive group).
verage baseline rates of the endpoints (ie, rates in the
oninvasive group) were: 28% for hospital re-admission,

0% for fatal or nonfatal re-infarction, 10% for nonfatal c
e-infarction, and 16% for the combined endpoint of
eath or nonfatal re-infarction.

Six of the 7 trials were of high methodological quality.
he Value of First Day Coronary Angiography/Angioplasty

n Evolving Non ST-Segment Elevation Myocardial Infarc-
ion: An Open Multicenter Randomized (VINO) trial did
ot report the type of analysis (ie, intention-to-treat) or the
egree of follow-up but was otherwise of adequate quali-
y.10 Begg’s and Egger’s tests did not demonstrate any
vidence of publication bias, although statistical power for
hese tests is limited with a small number of studies.

ffect of treatment strategy on outcomes

Study-specific and pooled results are presented in Table
. All 7 trials measured all-cause mortality as an outcome
nd when combined showed no difference between strate-
ies with respect to this outcome (OR 0.96; 95% CI: 0.72 to
.27; Figure 1).

Four trials reported rates of nonfatal re-infarction, and
hen pooled these trials demonstrate a nonsignificant trend

owards reduction in this outcome with an invasive strategy
OR 0.79, 95% CI: 0.53 to 1.16). The composite endpoint of
onfatal and fatal MI was significantly reduced with an
nvasive strategy (OR � 0.73; 95% CI: 0.61 to 0.88; P

0.001) in the 3 trials that reported this outcome.
Five trials reported the impact of treatment strategy on

ospital re-admission. The pooled estimate from these stud-
es demonstrates a significant reduction in the rate of read-
ission with an invasive strategy (OR � 0.67; 95% CI: 0.48

o 0.94; P � 0.02).
The combined endpoint of re-infarction or death was

eported in all 7 trials. Overall, the OR for this outcome was
.84 (95% CI: 0.68 to 1.02; P � 0.08), demonstrating a
onsignificant trend in favor of the invasive strategy (Fig-
re 2).

ensitivity analysis

As noted above, the VINO trial was of lower method-
logical quality than the other included studies. In addi-
ion, the Medicine versus Angiography in Thrombolytic
xclusion (MATE) trial was qualitatively different be-
ause its primary objective was to assess the impact of
isk-stratification strategy for patients who were ineligi-
le to undergo thrombolysis. Seventy-nine percent of
hese patients were deemed ineligible because they had
on-ST segment elevation events. All of our results were
imilar when these trials were excluded individually and
imultaneously.

eta-regression analysis

Significant heterogeneity was present in the trials report-
ng results for all-cause mortality, re-hospitalization, and the

omposite endpoint of re-infarction or death (Table 2).



Table 1 Study design and quality assessment of included trials

VINO10 RITA-39 TACTICS-TIMI 186 FRISC II4 VANQWISH8 MATE5 TIMI IIIB7

Type of ACS included Non-ST-elevation
acute myocardial
infarction

UA Unstable angina/
non-ST-segment
elevation acute
myocardial infarction

Unstable angina/
non-ST-segment
elevation acute
myocardial infarction

Non-Q-wave myocardial
infarction*

Acute coronary
syndromes
ineligible for
thrombolysis†

Unstable angina/
non-ST-segment
elevation acute
myocardial infarction

Publication year 2002 2002 2001 2000 1998 1998 1995

Number of patients 131 1810 2220 2457 920 201 1473
Duration of follow-up

(months)
6 12 6 12 23 21 12

Patient characteristics 59 (NA)
Mean (� SD) age

(years)
66 (� 11) 62 (� 10) 62 (� 12) 66‡ 62 (� 10) 59 (� 10)

Male sex (%) 74 62 66 70 97 75 66
Diabetes mellitus (%) 25 13 28 13 26 18 NA
Previous myocardial

infarction (%)
26 28 29 23 43 21 41

Cardiac enzyme
elevation (%)

100 18 54 58 100 53 NA

ST-depression (%) 47 37 39 46 38 21 33
Multivessel or left

main coronary
disease (%)§

70 46 43 57 74 40 45

Baseline mortality
(%)��

13.4 3.9 3.5 3.9 10 10 4.4

Interventions
Thrombolysis No No No No Some** No Randomized to

thrombolysis
Gp IIb/IIIa

inhibitors
No If appropriate

with
percutaneous
intervention

Yes With angioplasty No No No

Anticoagulants Unfractionated
heparin

Low
molecular
weight
heparin

Unfractionated
heparin

Randomized to low
molecular weight
heparin

Unfractionated heparin Unfractionated
heparin

Unfractionated
heparin

Angiography in non-
invasive arm (% of
patients)

55 48 61 52 48 60 73

468
The

Am
erican

Journal
of

M
edicine,

Vol
118,

No
5,

M
ay

2005



Table 1 Study design and quality assessment of included trials Continued.

VINO10 RITA-39 TACTICS-TIMI 186 FRISC II4 VANQWISH8 MATE5 TIMI IIIB7

Median (interquartile
range) time to
angiography in
invasive arm
(hours)

6.2 (0.5–22) 48 (NA) 22 (18–39) 96(24–144)†† NA 16 (�14)‡‡ 36 (NA)‡‡

PTCA in invasive arm
(%)§§

52 36 42 44 21 43 39

PTCA in non-invasive
arm (%)§§

13 16 29 21 12 30 32

CABG in invasive arm
(%)§§

35 22 22 38 21 16 30

CABG in non-invasive
arm (%)§§

30 12 16 23 19 8 30

Quality assessment
Analysis by intention

to treat principle?
Not described Yes Yes Yes Yes Yes Yes

Loss to follow-up Not described �5% None None �1% None �5%
Outcome assessors

blinded?
Yes Yes Yes Yes Yes Yes Yes

FRISCII � Fast Revascularization During Instability in Coronary Artery Disease II Trial; MATE � Medicine versus Angiography in Thrombolytic Exclusion Trial; RITA 3 � Randomized Intervention Trial of
Unstable Angina 3 Trial; TACTICS-TIMI 18 � Treat Angina with Aggrastat and Determine Cost of Therapy with an Invasive or Conservative Strategy – Thrombolysis in Myocardial Infarction 18 Trial; TIMI IIIB
� Thrombolysis in Myocardial Infarction IIIB Trial; VANQWISH � Veterans Affairs Non-Q-Wave Infarction Strategies in Hospital Trial; VINO � Value of First Day Coronary Angiography/Angioplasty In Evolving
Non ST-Segment Elevation Myocardial Infarction. An Open Multicenter Randomized Trial; NA � data not available; PTCA � percutaneous transluminal coronary angioplasty; CABG � coronary artery bypass
grafting.

*30% of patients had ST-segment elevation at admission.
†79% of the patients were felt to be ineligible for thrombolysis by ECG criteria; 11% of the patients had persistent ST-elevation but were ineligible for other reasons (eg, timing, age, bleeding risk).
‡Median age. Interquartile ranges for entire cohort not presented in the trial report.
§Multivessel defined as 2 or 3 vessel disease; data presented for patients randomized to invasive strategy.
�Mortality rate in non-invasive group by end of follow-up.
**97 of 272 (36%) patients with ST-elevation in addition to 18 subjects without ST-elevation.
††Range presented is for the 10th to 90th percentile.
‡‡Mean (SD) time to catherization.
§§By end of follow-up time.
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ources of the observed heterogeneity were identified in our
eta-regression analysis. Trials that included a higher pro-

ortion of patients with ST-segment depression on admis-
ion demonstrated a greater magnitude of benefit for an
nvasive strategy with respect to all 3 outcomes (posterior
robabilities 0.075 for all-cause mortality, 0.025 for re-
ospitalization, and 0.010 for the composite endpoint of
eath or nonfatal myocardial infarction). As an example,
igure 3 provides a graphical representation of this relation-
hip for the combined endpoint of death or nonfatal myo-
ardial infarction.

Trials in which a greater proportion of patients were
evascularized after being randomized to an invasive strat-
gy also showed a greater magnitude of benefit for an
nvasive strategy (posterior probabilities 0.005 for all-cause
ortality, 0.007 for re-hospitalization, and 0.03 for the

omposite endpoint or death or nonfatal re-infarction; Fig-
re 4).

Trials with a longer average time to cardiac catherization
n the patients randomized to an invasive strategy showed
reater reductions from an invasive strategy on the odds of
e-hospitalization (posterior probability 0.007) but not the
ther two outcomes (posterior probabilities 0.24 for all-
ause mortality and 0.35 for re-hospitalization). Trials with
onger follow-up times also showed greater reductions from
n invasive strategy on the odds of re-hospitalization (pos-
erior probability 0.06) but not the other two outcomes
posterior probabilities 0.65 for all-cause mortality and 0.79
or re-hospitalization).

There were no associations between any outcomes and
tudy level differences in the proportion of patients with

Table 2 Summary of treatment effects of invasive vs. noninva
elevation MI

Trial name

Odd

All-cause mortality Non-fatal MI

TIMI IIIB 0.93 (0.56–1.54) NA
VANQWISH 1.42 (0.98–2.04) 0.87 (0.62–1.24
MATE 1.09 (0.44–2.72) 1.64 (0.29–9.19
FRISC II 0.67 (0.45–0.98) NA
TACTICS-TIMI 18 0.94 (0.59–1.49) NA
VINO 0.21 (0.04–1.00) 0.18 (0.04–0.88
RITA 3 1.17 (0.74–1.85) 0.78 (0.49–1.23
Combined or all trials

(random effects)
0.96 (0.72–1.27) 0.79 (0.53–1.16

P value for
heterogenity

0.06 0.23

FRISC II � Fast Revascularization During Instability in Coronary A
Exclusion Trial; RITA 3 � Randomized Intervention Trial of Unstable Ang
of Therapy with an Invasive or Conservative Strategy – Thrombolysis in M
IIIB Trial; VANQWISH � Veterans Affairs Non-Q-Wave Infarction Strategie
In Evolving Non ST-Segment Elevation Myocardial Infarction. An Open
available.

*Data presented as a ratio of the odds of the outcome in the invasi
such that an odds ratio (OR) of �1 indicates that the invasive strateg
superior.
ardiac enzyme elevation on admission (posterior probabil- o
ties 0.50 for all-cause mortality, 0.40 for re-hospitalization,
nd 0.57 for the composite endpoint or death or nonfatal
e-infarction), baseline mortality rates (posterior probabili-
ies 0.78 for all-cause mortality, 0.68 for re-hospitalization,
nd 0.84 for the composite endpoint or death or nonfatal
e-infarction), the percentage of patients in the noninvasive
roup who underwent angiography (posterior probabilities
.28 for all-cause mortality, 0.88 for re-hospitalization, and
.37 for the composite endpoint or death or nonfatal re-
nfarction), the portion of patients in the noninvasive group
ho were re-vascularized (posterior probabilities 0.16 for

ll-cause mortality, 0.55 for re-hospitalization, and 0.27 for
he composite endpoint or death or nonfatal re-infarction),
r the proportion of patients with multi-vessel disease (pos-
erior probabilities 0.63 for all-cause mortality, 0.13 for
e-hospitalization, and 0.67 for the composite endpoint or
eath or nonfatal re-infarction).

iscussion

This meta-analysis demonstrates that when compared
ith a conservative strategy, an invasive management

trategy reduces rates of re-hospitalization and the com-
ined endpoint of fatal and nonfatal re-infarction for
atients with unstable angina and non-ST-elevation MI.

nonsignificant trend favoring an invasive strategy for
educing the composite endpoint of death or nonfatal
e-infarction was also observed, but there was no advan-
age of either strategy with respect to all-cause mortality

anagement of patients with unstable angina/non-ST

(95% confidence intervals)*

atal and non-fatal MI Death or MI Readmission

.88 (0.61 to 1.26) 0.88 (0.64–1.21) 0.72 (0.58–0.91)
A 1.13 (0.85–1.49) NA
A 1.12 (0.49–2.58) 1.02 (0.52–1.98)
.69 (0.53–0.89) 0.70 (0.56–0.88) 0.45 (0.38–0.53)
.68 (0.47–0.97) 0.75 (0.55–1.01) 0.78 (0.60–1.00)
A 0.23 (0.07–0.74) 0.69 (0.19–2.56)
A 0.91 (0.65–1.28) NA
.73 (0.61–0.88) 0.84 (0.68–1.02) 0.67 (0.48–0.94)

.51 0.05 0.0002

isease II Trial; MATE � Medicine versus Angiography in Thrombolytic
ial; TACTICS-TIMI 18 � Treat Angina with Aggrastat and Determine Cost
al Infarction 18 Trial; TIMI IIIB � Thrombolysis in Myocardial Infarction
spital Trial; VINO�Value of First Day Coronary Angiography/Angioplasty
enter Randomized Trial; MI � myocardial infarction; NA � data not

p as compared with the odds of the outcome in the noninvasive group
uperior and an OR of �1 indicates that the conservative strategy was
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onsignificant results indicate that although we are un-
ble to exclude small but clinical meaningful differences
etween treatment strategies, large differences are un-
ikely.

The magnitude of benefit from an invasive strategy was
reater for trials in which a higher proportion of patients
nderwent subsequent revascularization. Therefore, it ap-
ears that the advantage of an invasive management strat-
gy results from the ability to intervene appropriately using
rognostic information arising from a direct assessment of
oronary anatomy.

Our results suggest that unstable angina/non-ST-segment
levation MI patients of all risk levels, not only those who
re considered to be at high risk, may benefit from early
ngiography with subsequent revascularization, if appropri-
te. Although the presence of high-risk features may be
seful for prognostication and to institute specific therapy
eg, ACE inhibitors), our analysis indicates that these char-
cteristics should not necessarily influence whether or when

igure 1 Comparison of invasive and noninvasive strategies
ith respect to the likelihood of all-cause mortality. Data are
resented as a ratio of the odds of all-cause mortality in the
nvasive group as compared with the odds of the outcome in the
on-invasive group such that an odds ratio (OR) of �1 indicates
hat the invasive strategy was superior and an OR of �1 indicates
hat the conservative strategy was superior. The hollow circles
epresent the ORs from the individual trials, with the size of the
ircles reflecting the sample sizes of the trials. The solid circle
epresents the summary odds ratio. The horizontal bars extending
rom the circles represent the 95% confidence intervals for the OR.
RISC II � Fast Revascularization During Instability in Coronary
rtery Disease II Trial; MATE � Medicine versus Angiography in
hrombolytic Exclusion Trial; RITA 3 � Randomized Interven-

ion Trial of Unstable Angina 3 Trial; TACTICS-TIMI 18 � Treat
ngina with Aggrastat and Determine Cost of Therapy with an

nvasive or Conservative Strategy–Thrombolysis in Myocardial
nfarction 18 Trial; TIMI IIIB � Thrombolysis in Myocardial
nfarction IIIB Trial; VANQWISH � Veterans Affairs Non-Q-

ave Infarction Strategies in Hospital Trial; VINO�Value of
irst Day Coronary Angiography/Angioplasty In Evolving Non
T-Segment Elevation Myocardial Infarction. An Open Multi-
enter Randomized Trial; MI � myocardial infarction.
ngiography should be performed. M
Trials that enrolled a higher proportion of patients with
T-segment depression demonstrated a greater benefit for
n invasive strategy. This finding supports the current Eu-
opean Society of Cardiology1 and American College of
ardiology/American Heart Association2,3 guidelines.
owever, our results showing no association between the
roportion of patients with cardiac enzyme elevation on
dmission and the magnitude of benefit with an invasive
trategy are in contrast with these guidelines and results
rom the Treat Angina with Aggrastat and Determine Cost
f Therapy with an Invasive or Conservative Strategy –
hrombolysis in Myocardial Infarction 18 (TACTICS-TIMI
8) trial.19 Many of the trials reported in our analysis relied
n creatinine kinase levels for biochemical evidence of
yocardial injury. Troponin is a better prognostic marker,20

ut there were, unfortunately, too few studies to perform
dditional analysis that may have added further insight into
his issue.

Our meta-regression analysis also demonstrates that an
nvasive strategy leads to greater reductions in rates of

igure 2 Comparison of invasive and noninvasive strategies
ith respect to the likelihood of the composite endpoint of death or
onfatal myocardial infarction. Data are presented as a ratio of the
dds of the composite endpoint in the invasive group as compared
ith the odds of the outcome in the noninvasive group such that an
dds ratio (OR) of �1 indicates that the invasive strategy was
uperior and an OR of �1 indicates that the conservative strategy
as superior. The hollow circles represent the ORs from the

ndividual trials, with the size of the circles reflecting the sample
izes of the trials. The solid circle represents the summary odds
atio. The horizontal bars extending from the circles represent the
5% confidence intervals for the OR. FRISC II � Fast Revascu-
arization During Instability in Coronary Artery Disease II Trial;

ATE � Medicine versus Angiography in Thrombolytic Exclu-
ion Trial; RITA 3 � Randomized Intervention Trial of Unstable
ngina 3 Trial; TACTICS-TIMI 18 � Treat Angina with Aggra-

tat and Determine Cost of Therapy with an Invasive or Conser-
ative Strategy – Thrombolysis in Myocardial Infarction 18 Trial;
IMI IIIB � Thrombolysis in Myocardial Infarction IIIB Trial;
ANQWISH � Veterans Affairs Non-Q-Wave Infarction Strate-
ies in Hospital Trial; VINO�Value of First Day Coronary An-
iography/Angioplasty In Evolving Non ST-Segment Elevation
yocardial Infarction. An Open Multicenter Randomized Trial;

I � myocardial infarction.
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e-hospitalization for trials that had longer follow-up times.
his may reflect the observation within the clinical trials

hat although the risk of re-infarction and death from acute
on-ST-segment elevation MI is greatest in the early postin-
arct period and the value of early intervention is maximal
hen intervention is carried out by 48–72 hours postin-

arct,21,22 the benefit from intervention with regard to clin-
cal events increases over time.

The results of the TACTICS-TIMI 18 and FRISC II
rials have been criticized because of their use of a higher
hreshold for diagnosing re-infarction in those patients
ndergoing angioplasty or coronary-artery bypass.9,23,24

his may have falsely lowered the reported rates of
e-infarction in the invasive arms of these trials and may
ave biased our re-infarction analyses in favor of an
nvasive strategy. Others suggest that this use of different
efinitions for patients postintervention is prognostically
ppropriate.24 In a post hoc analysis, we excluded the
ACTICS-TIMI 18 and FRISC II trials and found that

he OR for the composite endpoint of death or re-infarc-
ion was 0.92 (95% CI: 0.70 to 1.20). The loss of statis-
ical significance reflects the fact that these two trials
ere the most heavily and third most heavily weighted

rials in our analysis and demonstrated the second and
hird largest magnitude of benefit from an invasive strat-

igure 3 The effect of management strategy on the odds of the
omposite endpoint of death or nonfatal infarction as a function of
he percentage of patients in each of the trials with ST-segment
epression. Data are presented as a ratio of the odds of the com-
osite endpoint in the invasive group as compared with the odds of
he outcome in the noninvasive group such that an odds ratio (OR)
f �1 indicates that the invasive strategy was superior and an OR
f �1 indicates that the conservative strategy was superior. Each
ircle represents the OR from the individual trials, with the area of
he circles being proportional to the inverse of the variance of the
og OR. The curve is the best-fit line from the meta-regression
nalysis and suggests that trials with a higher proportion of pa-
ients with ST-segment depression demonstrate a greater benefit of
n invasive strategy. MI � myocardial infarction.
gy. Our findings regarding rates of nonfatal re-infarction c
re not subject to this potential bias, as neither TAC-
ICS-TIMI 18 nor FRISC II reported this outcome and
ere thus not included in our analysis.
The nonsignificant results for all-cause mortality

nd the combined endpoint of death or re-infarction
or unstable angina/non-ST-segment elevation MI
UN/NSTEMI) patients may have been due, in part, to the
eterans Affairs Non-Q-Wave Infarction Strategies in
ospital (VANQWISH) trial. In this trial, patients who
nderwent revascularization had a 30-day mortality rate
f 4.8%, as compared with 1.3% in conservatively man-
ged patients. This early hazard was not observed in any
f the other included trials and may have masked the
enefit of an invasive strategy. In addition, approxi-
ately 30% of patients in both the VANQWISH and
ATE trials had ST-segment elevation on admission.

hese patients may represent “completed” infarction and
ccordingly may not have benefited from angiography (in
articular because it was performed on average at 16
ours after admission and thus was not used as a primary
eperfusion strategy).

The management of UA/NSTEMI has changed substan-
ially with the advent of interventions that were not used in
ome of the trials included in our analysis. Coronary stents

igure 4 The effect of management strategy on the odds of
ll-cause mortality as a function of the percentage of patients in the
nvasive arms of the trials that were revascularized. Data are
resented as a ratio of the odds of death in the invasive group as
ompared with the odds of the outcome in the noninvasive group
uch that an odds ratio (OR) of �1 indicates that the invasive
trategy was superior and an OR of �1 indicates that the conser-
ative strategy was superior. Each circle represents the OR from
he individual trials, with the area of the circles being proportional
o the inverse of the variance of the log OR. The curve is the
est-fit line from the meta-regression analysis and suggests that
rials with a higher proportion of patients that were revascularized
emonstrate a greater benefit of an invasive strategy. MI � myo-

ardial infarction.
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educe rates of re-stenosis following angioplasty25 but were
nly routinely used in the 3 most recent trials.6,9,10 Our
eta-regression analysis demonstrated a greater magnitude

f benefit in those trials in which a greater proportion of
atients underwent revascularization. Therefore, the routine
se of stents would be expected to lead to greater benefits
rom invasive management. Drug-eluting stents, which
ere not used by any of the included trials, may further

educe the rate of re-stenosis.26 Glycoprotein IIb/IIIa ther-
py, in particular during percutaneous coronary interven-
ion, reduces rates of death, myocardial infarction, and ur-
ent revascularization27 but were used by only 3 of the trials
n this analysis.4,6,9 All of these trials had treatment effects
avoring an invasive strategy, and therefore, the routine use
f these agents during percutaneous intervention should
ead to an even greater benefit of an invasive strategy. In
ontrast, glycoprotein IIb/IIIa are also of modest benefit for
atients not scheduled to undergo percutaneous interven-
ion, in particular those at high risk of thrombotic compli-
ations.28 Consequently, greater use of these agents for such
atients may reduce the relative benefit of an invasive strat-
gy. That said, superiority of an invasive management strat-
gy was still observed in the TACTICS-TIMI 18 trial even
hough all patients received tirofiban.

Economic analyses based on the VANQWISH and
hrombolysis in Myocardial Infarction (TIMI IIB) tri-
ls29,30 suggest that the routine performance of coronary
ngiography in all UA/STEMI patients may not be econom-
cally justifiable. However, the trials on which these analy-
es were based did not find reductions in rates of either
e-hospitalization or re-infarction. In contrast, when these
utcomes are included, as was done in cost-effectiveness
nalyses from the TACTICS-TIMI 1831 and FRISC II32

rials, it appears that the benefits of an invasive strategy are
chieved without substantial increases in cost. Moreover,
ny incremental cost associated with routine early angiog-
aphy would have to be weighed against incremental im-
rovements in quality of life. This tradeoff has not been
dequately assessed.

In summary, our analysis demonstrates reductions in
ates of fatal or nonfatal re-infarction and hospital readmis-
ion but not all-cause mortality with the use of an invasive
anagement strategy for patients with unstable angina/non-
T-segment elevation MI. Although patients with ST-seg-
ent depression may particularly benefit from the use of an

arly invasive strategy, our results suggest that routine an-
iography and subsequent revascularization, if appropriate,
hould be considered for all patients with unstable angina/
on-ST-segment elevation acute MI and not only those at
igh risk.

Dr. Choudhry was funded by a Frank Knox Scholarship
rom Harvard University, a Pharmaceutical Policy Research
ellowship from Harvard Medical School and Harvard Pil-
rim Health Care, and a Canadian Institutes of Health Re-

earch Post-Doctoral Fellowship.
eferences

1. Bertrand ME, Simoons ML, Fox KA, et al. Management of acute
coronary syndromes in patients presenting without persistent ST seg-
ment elevation. Eur Heart J. 2002;23:1809–1840.

2. Ryan TJ, Antman EM, Brooks NH, et al. 1999 update: ACC/AHA
guidelines for the management of patients with acute myocardial
infarction: executive summary and recommendations: a report of the
American College of Cardiology/American Heart Association task
force on practice guidelines (Committee on Management of Acute
Myocardial Infarction). Circulation. 1999;100:1016–1030.

3. Braunwald E, Antman EM, Beasley JW, et al. ACC/AHA 2002 guide-
line update for the management of patients with unstable angina and
non-ST-segment elevation myocardial infarction—summary article: a
report of the American College of Cardiology/American Heart Asso-
ciation task force on practice guidelines (Committee on the Manage-
ment of Patients With Unstable Angina). J Am Coll Cardiol. 2002;40:
1366–1374.

4. Wallentin L, Lagerqvist B, Husted S, et al. Outcome at 1 year after an
invasive compared with a non-invasive strategy in unstable coronary-
artery disease: the FRISC II invasive randomised trial. FRISC II
Investigators. Fast Revascularisation during Instability in Coronary
artery disease. Lancet. 2000;356:9–16.

5. McCullough PA, O’Neill WW, Graham M, et al. A prospective ran-
domized trial of triage angiography in acute coronary syndromes
ineligible for thrombolytic therapy. Results of the medicine versus
angiography in thrombolytic exclusion (MATE) trial. J Am Coll Car-
diol. 1998;32:596–605.

6. Cannon CP, Weintraub WS, Demopoulos LA, et al. Comparison of
early invasive and conservative strategies in patients with unstable
coronary syndromes treated with the glycoprotein IIb/IIIa inhibitor
tirofiban. N Engl J Med. 2001;344:1879–1887.

7. Anderson HV, Cannon CP, Stone PH, et al. One-year results of the
Thrombolysis in Myocardial Infarction (TIMI) IIIB clinical trial. A
randomized comparison of tissue-type plasminogen activator versus
placebo and early invasive versus early conservative strategies in
unstable angina and non-Q wave myocardial infarction. J Am Coll
Cardiol. 1995;26:1643–1650.

8. Boden WE, O’Rourke RA, Crawford MH, et al. Outcomes in patients
with acute non-Q-wave myocardial infarction randomly assigned to an
invasive as compared with a conservative management strategy. Vet-
erans Affairs Non-Q-Wave Infarction Strategies in Hospital (VAN-
QWISH) Trial Investigators. N Engl J Med. 1998;338:1785–1792.

9. Fox KA, Poole-Wilson PA, Henderson RA, et al. Interventional versus
conservative treatment for patients with unstable angina or non-ST-
elevation myocardial infarction: the British Heart Foundation RITA 3
randomized trial. Randomized Intervention Trial of unstable Angina.
Lancet. 2002;360:743–751.

0. Spacek R, Widimsky P, Straka Z, et al. Value of first day angiography/
angioplasty in evolving non-ST segment elevation myocardial infarc-
tion: an open multicenter randomized trial. The VINO Study. Eur
Heart J. 2002;23:230–238.

1. Cochrane Reviewers Handbook 4.1.4. In: Clarke M, Oxman A, eds.
Cochrane Library, Issue 4, 2001. Oxford: Update Software, updated
October 2001.

2. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin
Trials. 1986;7:177–188.

3. Cochran WG. The combination of estimates from different experi-
ments. Biometrics. 1954;10:101–129.

4. Thompson SG, Higgins JP. How should meta-regression analyses be
undertaken and interpreted? Stat Med. 2002;21:1559–1573.

5. DuMouchel W, Normand S-L. Computer-modeling and graphical
strategies for meta-analysis. In: Stangl D, Berry D, eds. Meta-analysis
in Medicine and Health Policy. New York, New York: Marcel Dekker

Inc.; 2000;127–177.



1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

474 The American Journal of Medicine, Vol 118, No 5, May 2005
6. Spiegelhalter DJ, Abrams KR, Myles JP. Bayesian Approaches to
Clinical Trials and Health-Care Evaluation. Chichester, UK: John
Wiley & Sons; 2004.

7. Begg CB, Mazumdar M. Operating characteristics of a rank correlation
test for publication bias. Biometrics. 1994;50:1088–1101.

8. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-
analysis detected by a simple, graphical test. BMJ. 1997;315:629–634.

9. Morrow DA, Cannon CP, Rifai N, et al. Ability of minor elevations of
troponins I and T to predict benefit from an early invasive strategy in
patients with unstable angina and non-ST elevation myocardial infarc-
tion: results from a randomized trial. JAMA. 2001;286:2405–2412.

0. Antman EM, Tanasijevic MJ, Thompson B, et al. Cardiac-specific
troponin I levels to predict the risk of mortality in patients with acute
coronary syndromes. N Engl J Med. 1996;335:1342–1349.

1. Neumann FJ, Kastrati A, Pogatsa-Murray G, et al. Evaluation of
prolonged antithrombotic pretreatment (“cooling-off” strategy) before
intervention in patients with unstable coronary syndromes: a random-
ized controlled trial. JAMA. 2003;290:1593–1599.

2. McCullough PA, Gibson CM, Dibattiste PM, et al. Timing of angiog-
raphy and revascularization in acute coronary syndromes: an analysis
of the TACTICS-TIMI-18 trial. J Interv Cardiol. 2004;17:81–86.

3. Akkerhuis KM, Alexander JH, Tardiff BE, et al. Minor myocardial
damage and prognosis: are spontaneous and percutaneous coronary
intervention-related events different? Circulation. 2002;105:554–556.

4. de Arenaza DP, Bakhai A, Flather M, et al. Comparison of early
invasive and conservative strategies in patients with unstable coronary

syndromes. N Engl J Med. 2001;345:1573–1575.
5. Nordmann AJ, Hengstler P, Harr T, et al. Clinical outcomes of primary
stenting versus balloon angioplasty in patients with myocardial infarc-
tion: a meta-analysis of randomized controlled trials. Am J Med.
2004;116:253–262.

6. Karthikeyan G, Bhargava B. Prevention of restenosis after coronary
angioplasty. Curr Opin Cardiol. 2004;19:500–509.

7. Harding SA, Walters DL, Palacios IF, Oesterle SN. Adjunctive phar-
macotherapy for coronary stenting. Curr Opin Cardiol. 2001;16:293–
299.

8. Boersma E, Harrington RA, Moliterno DJ, et al. Platelet glycoprotein
IIb/IIIa inhibitors in acute coronary syndromes: a meta-analysis of all
major randomised clinical trials. Lancet. 2002;359:189–198.

9. Barnett PG, Chen S, Boden WE, et al. Cost-effectiveness of a conser-
vative, ischemia-guided management strategy after non-Q-wave myo-
cardial infarction: results of a randomized trial. Circulation. 2002;105:
680–684.

0. Desai AS, Solomon DH, Stone PH, Avorn J. Economic consequences
of routine coronary angiography in low- and intermediate-risk patients
with unstable angina pectoris. Am J Cardiol. 2003;92:363–367.

1. Mahoney EM, Jurkovitz CT, Chu H, et al. Cost and cost-effectiveness
of an early Invasive vs conservative strategy for the treatment of
unstable angina and non-ST-segment elevation myocardial infarction.
JAMA. 2002;288:1851–1858.

2. Janzon M, Levin LA, Swahn E. Cost-effectiveness of an invasive
strategy in unstable coronary artery disease; results from the FRISC II
invasive trial. The Fast revascularisation during Instability in coronary

artery disease. Eur Heart J. 2002;23:31–40.


	How should patients with unstable angina and non-ST-segment elevation myocardial infarction be managed? A meta-analysis .....
	Methods
	Statistical analysis

	Results
	Trial characteristics and methodological quality
	Effect of treatment strategy on outcomes
	Sensitivity analysis
	Meta-regression analysis

	Discussion
	References


