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Objectives: The objective of this study was to collect all systematic reviews on invasive
strategies for acute coronary syndromes (ACS) and reanalyze the data in these reviews to
reach combined estimates, as well as to make predictions on the effectiveness and risk of
harm so as to facilitate relevant decision making in health care.
Methods: The data sources used were the following electronic databases, searched from
1994 to September 2004: Cochrane Database of Systematic Reviews; Cochrane Central
Register of Controlled Trials; DARE, HTA, EED (NHS CRD); MEDLINE(R) In-Process,
Other Non-Indexed Citations, MEDLINE(R), and PubMed (2000 to 2004). References to
the identified systematic reviews were checked. An ancillary search to identify recent
randomized controlled trials (RCTs) covering the period from January 2003 to January
2006 was done in MEDLINE(R). We included systematic reviews of RCTs on patients with
ACS. In unstable angina and non–ST-elevation myocardial infarction (UA/NSTEMI),
eligible reviews had to compare early routine invasive strategy with early selective
invasive strategy. In ST-elevation myocardial infarction (STEMI), a comparison between
primary percutaneous coronary intervention (PCI) and thrombolytic therapy was required.
The methodological quality of the reviews was assessed, and a standardized data
extraction form was used. Results for the main outcomes of the RCTs in the reviews were
reanalyzed. An additional search of those RCTs not included in the meta-analyses was
performed for UA/NSTEMI and short-term morality data on STEMI. Bayesian models were
constructed to estimate the uncertainty about a possible treatment effect and to make
predictions and probability statements. Main results are based on these analyses.
Mortality was considered as the primary outcome measure.
Results: One systematic review on invasive strategies was identified for UA/NSTEMI and
nine on invasive strategies for STEMI. Five reviews of the latter that were published after
the year 2000 were included for the final analysis. The median quality score was 10.5
(range, 7–13; n = 6) on a scale from 0 to 18 points. An updated literature search identified
one further RCT on UA/NSTEMI. Regarding NSTEMI and mortality, the average risk
difference favoring an early invasive treatment strategy compared with early conservative
strategy was .6 percent (95 percent credible interval [CrI], −2.1 to 1.0). Predicted risk
(relative risk/risk difference scales) of doing harm was 26.7/26.6 percent. Regarding
STEMI and mortality, the absolute risk reduction in favor of primary PCI over thrombolysis
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was 4.1 percent (95 percent CrI, −7.1 to −1.1) when PCI was compared with
streptokinase and 1.2 percent (95 percent CrI, −2.7 to .2) when compared with
fibrin-specific thrombolytics. Predicted risk of harm was 8.9/5.3 percent and 8.0/13.3
percent, respectively.
Conclusions: There seems to be at present no solid evidence for survival benefit on
early invasive strategy for UA/NSTEMI as a broad diagnostic group, and the risk of doing
harm should be considered. Also, the evidence for PCI to decrease early mortality after
STEMI is scanty. Estimations of predicted harm may further aid decisions on whether to
implement the new treatment over the old one. It may also give an additional dimension
for interpreting the results of any meta-analysis.

Keywords: Acute coronary syndrome, Myocardial infarction, Unstable angina,
ST-elevation, PCI, Thrombolysis, Invasive, Conservative, Strategy

Acute coronary syndromes (ACS) are a major health prob-
lem in industrialized countries, and it is becoming an in-
creasingly significant problem in developing countries with
a large number of hospitalizations (2;9). In 2001, there were
1,680,000 unique discharges for ACS in the United States.
Applying a conservative estimate of 30 percent of the ACS
patients, an estimated 500,000 ST-elevation myocardial in-
farction (STEMI) events are encountered per year in the
United States (American Heart Association, 2004). Thus,
ACS represents the most common diagnosis for hospital ad-
mission, and although improvements in medical therapy have
resulted in a dramatic decline in mortality from acute my-
ocardial infarction (MI), it remains the most common cause
of in-hospital death in industrialized nations (5).

In patients with ACS without STEMI (NSTEMI), the
early selective invasive strategy includes ischemia-guided
use of medical therapy followed by angiography and revascu-
larization for angina or stress-induced myocardial ischemia
if necessary. The early routine invasive strategy includes car-
diac catheterization followed by percutaneous coronary inter-
vention within 48 hours of symptom-onset. FRISC-II, TAC-
TICS, TIMI-18, and RITA-3 were the first studies indicating
that high-risk patients benefit from early revascularization
and that medical therapy is also important. Although these
trials support an early invasive approach in intermediate- and
high-risk patients, other trials support a more conservative
approach in those without electrocardiographic changes or
enzyme elevations (6).

The target of reperfusion therapy for STEMI is to get
rapid and constant patency of the infarct-related artery.
Thrombolytic therapy is quickly available, but it restores
flow in only approximately 60 percent of cases. Primary per-
cutaneous coronary intervention (PCI) is successful in over
90 percent of cases but requires the availability of an ex-
perienced interventional team (28). Individual trials had not
shown a clear mortality benefit with primary PCI, but a recent
meta-analysis of twenty-three trials comparing primary PCI
with fibrinolytic therapy estimated that PCI was associated
with improved survival (24).

There is controversy about the effect of an early routine
invasive strategy on mortality in patients with NSTEMI (3).

Similarly, current evidence on the widespread implementa-
tion of primary PCI over thrombolytic therapy for STEMI
is widely discussed (8;10;13;23;36). Our aim was to collect
all systematic reviews on invasive strategies for ACS and
reanalyze the data in these reviews so as to reach combined
estimates, as well as to make predictions on the effective-
ness and risk of harm, so as to facilitate relevant decision
making in health care. An update of the meta-analyses for
UA/NSTEMI and short-term morality data on STEMI was
also done by searching the latest randomized controlled trials
(RCTs).

METHODS

Paper selection, validity assessment, data abstraction, and
qualitative synthesis of the data were performed inde-
pendently by two of the authors (P. Kuukasjärvi and A.
Malmivaara). The selections made and the data collected
were compared in each phase, and consensus was required
from the two authors on each item. Disagreements were
solved in a consensus meeting by checking the original data
once more. This study is structured according to the recom-
mendations of the QUOROM statement (32).

Searching

Electronic databases were searched for meta-analyses and
systematic reviews of ACS without language restriction
from 1994 to September 2004. The databases used for the
search were EBM Reviews—Cochrane Database of System-
atic Reviews (2nd Quarter 2004) (OVID); EBM Reviews—
Cochrane Central Register of Controlled Trials (2nd Quarter
2004) (OVID); DARE, HTA, EED (NHS CRD); Ovid MED-
LINE(R) In-Process, Other Non-Indexed Citations, Ovid
MEDLINE(R) to August, Week 4, 2004. In addition, PubMed
from 2000 to 2004 was searched. References in the system-
atic reviews were checked.

Search strategies were planned by an information spe-
cialist for each database. The following Medical Subject
Heading (MeSH) search terms were used: angina, unstable;
Exp Myocardial infarction; acute disease; meta-analysis.
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Figure 1. Posterior density of relative risk on log-scale (logRR) for updated non–ST-elevation myocardial infarction (NSTEMI)
meta-analysis (nine randomized controlled trials) and predictive density for new study. The dark gray area gives the probability
that an early invasive treatment strategy is harmful compared with an early conservative treatment strategy based on the
original studies. The light gray area gives the additional risk of doing harm by inference for a new study effect, exchangeable
with studies performed.

Selecting

The abstracts identified were reviewed using the screen-
ing criteria regarding study design, population, interven-
tion, control intervention, and outcome. We included system-
atic reviews of RCTs on patients with ACS. For NSTEMI,
the early selective invasive strategy had to be compared
with early routine invasive strategy. For STEMI, a com-
parison between primary PCI and thrombolytic therapy
was required. At least one of the following outcomes
had to be reported: mortality, myocardial infarction (MI),
angina pectoris, revascularization, or stroke. All studies
judged to be potentially relevant were retrieved for detailed
evaluation.

Systematic reviews before 2000 were excluded if RCTs
in these reviews were covered by the later works included
in this review. We excluded studies focusing on economic
evaluation. To be eligible, a systematic review had to have
intent to cover all relevant studies and to do a qualitative or
quantitative synthesis of the included studies. Researchers
were not precluded from knowing the journal or authors of
the reviews.

Validity Assessment

The methodological quality of the reviews was assessed by
using a modified version of a quality scale of research

overviews. The scale combines nine items, each ranging from
zero to two points, resulting in a maximum score of eighteen
points (34).

Data Abstraction

The following main topics were covered in the standardized
data-extraction form: framing the study question, identifying
relevant literature, inclusion criteria for articles, assessing
the quality of the literature, data synthesis, and results and
applicability.

Study Characteristics

The baseline characteristics of the included systematic re-
views were tabulated.

Data Synthesis and Reanalysis

The primary outcome measure was mortality; other out-
comes that were considered as secondary outcome measures
are not reported here. Mortality refers to all-cause mortal-
ity, although this definition is not explicitly defined in all
the papers. In systematic reviews using individual patient
data (IPD), no further analyses were made and these re-
views are presented separately. We reanalyzed mortality data
as given in the reviews by using Bayesian random effects
meta-analysis. WinBUGS 1.4.1 (39) software was used by
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Potentially relevant publications 
identified and screened for 
retrieval (n = 938)

Papers excluded on basis of title and 
abstract (n = 884)

Papers retrieved for more detailed 
evaluation (n = 54)

Excluded:
- Not systematic review on RCTs  
(n = 33) 
- Criteria for patient population, 
intervention contrast or outcome not met 
(n = 11) 

Publications included (n = 10) 

Excluded:
Systematic review before year 2000 and 
RCTs included in later systematic reviews 
(n = 4). 

(Vaitkus 1995[40], Michels 1995[31],  
Weaver 1997[42], Cucherat 1999[15])

Included studies (n = 6) 

Figure 2. Flow diagram of inclusion/exclusion of systematic reviews. RCTs, randomized controlled trials.

applying the absolute risk difference model (method[b]) and
the log relative risk scale model of Warn et al. (41), with
their adjustment suggestions for zero counts in the treatment
group also being adopted. Vague uniform priors were used
for the between-study variance τ 2 (a Uniform[0,2] prior on
τ in the risk difference model and a Uniform[0,10] prior
on τ in the log relative risk model). A sensitivity check was
done by also applying an Inverse Gamma(.001,.001) prior on
the between-study variance τ 2 in the log relative risk model,
and as in Warn et al. (41), we observed similar log relative
risks but slightly smaller values for the between-study vari-
ance τ 2. For the inference, two MCMC chains were run and
convergence was assessed by evaluating graphically the Gel-
man and Rubin statistic after 10,000 samples. If convergence

could be assumed, 50,000 samples per chain were run for
summary statistics.

Simultaneously, uncertainty about the probable treat-
ment effect in a particular population outside the study
population was expressed by inference for a new study effect,
exchangeable with the studies performed. This predictive
distribution achieved by simulation may be a more appropri-
ate summary of the treatment effect than the mean summary
effect per se (12;38). The risk of doing harm by the new treat-
ment when compared with the old treatment (early invasive
strategy over early conservative strategy, primary PCI over
thrombolysis) was estimated by posterior distribution densi-
ties (see Figure 1). Codes used for WinBUGS are available
from the authors. All plots were made with R 2.1.0 (35).
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Table 1. Characteristics of the Systematic Reviews.

Paper Objective of the paper Information source
No. of studies

included
Population

sum

Bavry et al. 2004 (3) The primary aim was to determine
whether a routine invasive
approach, with adjunctive use of
glycoprotein IIb/IIIa inhibitors and
intracoronary stents, improves
survival over standard medical
therapy. Modification of treatment
effect across additional variables
that are available from patient trials,
such as gender and troponin status,
will also be assessed.

MEDLINE, EMBASE, CRISP,
metaRegister of Controlled Trials,
and Cochrane databases for
randomized clinical trials.
Hand-searched relevant journals,
corresponded with investigators and
experts in the field, and used the
Science Citation Index to
cross-reference any articles that met
selection criteria.

5 RCTs 6,766

Keeley et al. 2003 (24) The aim was to provide an updated
quantitative analysis of the results
of the randomized trials of primary
PTCA versus thrombolytic therapy
in AMI.

Medline. Searched scientific sessions
abstracts in the New England
Journal of Medicine, Journal of the
American College of Cardiology,
Circulation, European Heart
Journal, Heart, and Clinical
Cardiology, and questioned the
principal investigators of most trials
to ensure validity of the data, obtain
additional unpublished data, and to
verify that the study was
randomized in design.

23 RCTs 7,739

Dalby et al. 2003 (16) The primary aim of the meta-analysis
was to compare immediate local
thrombolytic drug treatment with
transfer for primary PCI in the
treatment of AMI.

Medline. Papers from major cardiac
conferences. Cochrane Database
was searched and national and
international colleagues were
consulted.

6 RCTs 3,750

Grines et al. 2003 (21) Primary PCI versus thrombolysis with
6-month follow-up. Detailed
overview using individual patient
data.

Medline Jan 1985 to Jan 1998. Hand
search Circulation, JACC, Eur
Heart J Jan 1993 to Jan 1998.
Expert contact.

11 RCTs 2,725

Wiseth et al. 2002 (43) An attempt was made to identify and
retrieve all RCTs that compare acute
PCI with thrombolysis in AMI.

Studies referred to in the Cochrane
report on PCI for AMI (43).
Medline, EMBASE. Assessed the
abstracts from the most important
international cardiological
conferences in 2001 and 2002
(European Society of Cardiology,
American College of Cardiology,
and American Heart Association).

17 RCTs 6,873

Zijlstra et al. 2002 (44) The clinical characteristics and
outcome of patients with early
(<2 hr), intermediate (2–4 hr), and
late (>4 hr) presentation treated by
primary angioplasty or thrombolytic
therapy for acute myocardial
infarction were examined.

Medline. Scientific session abstracts
in Circulation, JACC, Eur Heart J
Jan 1993 to Mar 1996. Contact to
primary investigator for each trial
for data, additional studies or
problems with any published study.

10 RCTs 2,635

RCTs, randomized controlled trials; PTCA, percutaneous transluminal coronary angioplasty; PCI, percutaneous coronary intervention; AMI, acute
myocardial infarction.

Both relative risks (RR) and risk differences (RD)
are shown. In the results section, risk differences are
given offering direct access to number needed to treat
(NNT) formulation (NNT = 1/RD). Predicted risk of harm
is estimated by a Bayesian model 2 on RR and RD
scales.

Ancillary Search for RCTs

An additional MEDLINE search by an information special-
ist was conducted later during the publication process to
identify recent RCTs covering the period from January 2003
to January 2006. Search strategy included MeSH terms exp
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Myocardial Infarction, exp Angina, Unstable and Acute Dis-
ease. Possible new RCTs were considered as additional data
to update the meta-analyses identified by the first-line litera-
ture search.

RESULTS

Trial Flow

In the primary searches, 938 potentially relevant publications
were identified: 9 in the Cochrane Database of Systematic
Reviews; 76 in the Cochrane Central Register of Controlled
Trials; 412 in DARE, HTA, EED (NHS CRD); 369 in Ovid
MEDLINE(R) In-Process, Other Non-Indexed Citations and
Ovid MEDLINE(R), and 72 in PubMed. The flow diagram
of inclusion/exclusion of the systematic reviews is shown in
Figure 2.

We found one systematic review on UA/NSTEMI com-
paring early selective invasive strategy to early routine in-
vasive strategy (3). Nine systematic reviews were identified
on invasive strategies for STEMI with a comparison between
primary PCI and thrombolytic therapy. Five (16;21;24;43;44)
of these systematic reviews were published in or after 2000
and were taken for the final analysis. The trials in the four
(15;31;40;42) excluded systematic reviews were covered in
the included systematic reviews but not two (17;33) rather
old trials.

In the ancillary search for RCTs, we found 704 po-
tentially relevant publications. A total of 686 papers were
excluded on the base of title and abstract. Eighteen papers
were retrieved for more detailed evaluation. No RCTs were
found to add to the meta-analysis for short-term outcome
on STEMI by Keeley et al. (24). One RCT (ICTUS-study
[18]) was found in addition to the trials identified by Bavry
et al. (3) for the meta-analysis on UA/NSTEMI. A 5-year
follow-up for RITA-3 data was noted (20).

Study Characteristics

Table 1 shows the study characteristics of the systematic
reviews and contains information describing the objective
of the study, the information source, the number of studies
included, and the sum of the population.

The quality of the six systematic reviews included in this
overview is summarized in Table 2. Median quality score was
10.5 (range, 7–13) on a scale with a maximum of 18 points.
Selecting papers for systematic reviews was done by two
assessors in only two of the included systematic reviews.
Quality assessment, even if described, was not reported in
any of the six reviews.

Data Synthesis

Reanalyses of the mortality data available in the included
systematic reviews are shown in Table 3. From Keeley’s
meta-analysis, the SHOCK trial was excluded because of
distinct patient characteristics (cardiogenic shock).
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Table 3. Relative Risks and Absolute Risk Differences for Mortality.

Paper Focus of the review RR (CrI) RD (CrI)
Risk of

harm (RR)
Risk of

harm (RD)

A. Bavry et al. (2004) Early invasive versus early
(5 RCTs)a conservative strategy in

NSTEMI
Bayesian model 1 .62 (.17 to 1.53) −.010 (−.050 to .016) 9.0% 14.5%
Bayesian model 2 .64 (.04 to 6.69) −.010 (−.089 to .054) 24.5% 26.7%
B. Updated meta-analysis Early invasive versus early

(9 RCTs)b conservative strategy in
NSTEMI

Bayesian model 1 .84 (.56 to 1.10) −.006 (−.021 to .010) 8.9% 16.2%
Bayesian model 2 .85 (.32 to 1.87) −.006 (−.045 to .034) 26.7% 26.6%
C. Keeley et al. (2003) (24)

(22 RCTs)
Primary PCI versus

thrombolytic therapy
in AMI

Bayesian model 1
All studies 63 (.47 to .79) −.019 (−.032 to −.008) .0% .1%
Streptokinase 45 (.19 to .80) −.041 (−.071 to −.011) .9% .7%
Fibrin-specific 72 (.51 to .92) −.012 (−.027 to .002) .5% 4.5%

Bayesian model 2
All studies .65 (.31 to 1.13) −.019 (−.046 to .006) 4.6% 5.1%
Streptokinase .46 (.07 to 2.25) −.041 (−.097 to .016) 8.9% 5.3%
Fibrin specific .73 (.35 to 1.27) −.012 (−.041 to .015) 8.0% 13.3%

D. Dalby et al. (2003) (16) PCI center transport versus
(6 RCTs) immediate thrombolysis

in AMI
Bayesian model 1 .77 (.51 to 1.13) −.012 (−.039 to .013) 6.9% 16.6%
Bayesian model 2 .77 (.32 to 1.80) −.012 (−.065 to .039) 14.9% 23.8%
E. Wiseth et al. (2002) (43) PCI versus thrombolysis

(6 RCTs) in AMI with at least
12 months of follow-up

Bayesian model 1 .69 (.42 to 1.03) −.040 (−.084 to .001) 3.0% 2.6%
Bayesian model 2 .70 (.24 to 1.78) −.040 (−.131 to .046) 12.0% 10.1%

Note. Bayesian model 1 indicates Bayesian random effect meta-analysis. Bayesian model 2 indicates Bayesian random effect meta-analysis with prediction.
a FRISC-II, TRUCS, TACTICS-TIMI 18, VINO, RITA-3.
b TIMI IIIb, VANQVISH, MATE, FRISC-II, TRUCS, TACTICS-TIMI 18, VINO, RITA-3, ICTUS.
RR, relative risk; CrI, 95% credible interval; RD, risk difference; RCT, randomized controlled trials; NSTEMI, non–ST-elevation myocardial infarction;
PCI, percutaneous coronary intervention; AMI, acute myocardial infarction;

The meta-analysis by Bavry et al. (3) identified eight
RCTs, but they excluded the three oldest trials (TIMI IIIB (1),
MATE (27), VANQVISH (7)) before the era of stents and gly-
coprotein inhibitors. We included these trials and the ICTUS-
trial (18) for our updated meta-analysis. Mortality data were
extracted from the original trials (1;7;11;18;19;26;27;30;37).

NSTEMI, Mortality

The average risk difference favoring early invasive treat-
ment strategy compared with early conservative strategy was
1.0 percent (95 percent credible interval [CrI], −5.0 to 1.6)
(Table 3; Figure 3). Predicted risk (RR/RD scales) of do-
ing harm was 24.5 percent/26.7 percent. The updated meta-
analysis with nine RCTs showed an average risk difference
of .6 percent (95 percent CrI, −2.1 to 1.0), and the predicted
risk of doing harm was 26.7/26.6 percent (Table 3, Figures 2
and 4).

STEMI, Mortality

Average risk difference favoring primary PCI over throm-
bolysis was 4.1 percent (95 percent CrI, −7.1 to −1.1) when
PCI was compared with streptokinase and 1.2 percent (95
percent CrI, −2.7 to .2) when compared with fibrin-specific
thrombolytics. Predicted risk of harm was 8.9 percent/5.3
percent and 8.0 percent/13.3 percent, respectively (Table 3;
Figure 5).

Absolute risk reduction favoring PCI center transport
over immediate thrombolysis was 1.2 percent (95 percent
CrI, −3.9 to 1.3) for primary PCI with a predicted risk of
harm of 14.9 percent/23.8 percent (Table 3; Figure 6). In
studies of at least a 1-year follow-up, there was a 4.0 percent
(95 percent CrI, −8.4 to .1) risk difference in mortality favor-
ing primary PCI with a 12.0 percent/10.1 percent predicted
risk of harm (Table 3; Figure 7).

Results from individual patient data meta-analyses com-
paring angioplasty to thrombolysis in STEMI showed a

490 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 22:4, 2006

https://doi.org/10.1017/S0266462306051415 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462306051415


Overview on ACS

Figure 3. Reanalysis of the data of randomized controlled trials adopted from Bavry et al. (3), comparing early invasive strategy
to early conservative strategy in patients with non–ST-segment elevation acute coronary syndrome (follow-up, 6–12 months).

30-day mortality odds ratio = .62 for primary angioplasty;
p = .01 (44). In the other study, the mortality rate at 30 days
was 4.3 percent for percutaneous transluminal coronary an-
gioplasty (PTCA) and 6.9 percent for thrombolytic therapy
(RR = .62, 95 percent confidence interval [CI], .44–.86). At
6 months, the mortality rate was 6.2 percent for PTCA and
8.2 percent for thrombolysis (RR = .73, 95 percent CI,
.55–.98) (21).

DISCUSSION

Our overview of the systematic reviews on invasive strate-
gies for ACS was based on one updated systematic review for
UA/NSTEMI and five systematic reviews for STEMI. The
average risk difference for mortality favoring an early inva-
sive treatment strategy compared with an early conservative
strategy for UA/NSTEMI was .6 percent. At the same time,
predicted risk of doing harm by early invasive strategy was
up to 27 percent. Similarly, risk difference favoring primary
PCI over thrombolysis for STEMI was 1 percent when PCI
was compared with the best medical treatment, here fibrin-
specific thrombolytics. Predicted risk of harm by primary
PCI was up to 13 percent.

Internal Validity

Three recent systematic reviews (4;14;29) for UA/STEMI,
not submitted to reanalysis here, used the same RCTs to
compare an early invasive treatment strategy to an early con-
servative strategy as in the present study. We included the
recent data in the ICTUS-study. No RCTs were found to add
to the Keeley et al. (24) short-term mortality data. A health
technology assessment (HTA) report by Hartwell et al. (22)
published in 2005 was noted as the latest systematic review
comparing primary PCI with thrombolysis for STEMI, with
no trial data to add. Most probably, the present meta-analysis
covers the relevant studies of ACS for these comparisons.
However, the methodological quality scores of the reviews
were mediocre, raising concern about their internal validity,
especially due to the poor reporting of the way of selecting
papers and the lack of reporting of the validity of RCTs.

External Validity

Assessment of the external validity of RCTs is difficult, be-
cause patients in clinical practice are dissimilar, in varying
degrees, to the patients recruited for a trial. Trials usually aim
for efficacy, that is, patients and interventions in an ideal set-
ting. Thus, there is a risk of overestimating the effectiveness
for ordinary practice.
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Figure 4. Updated meta-analysis comparing early invasive strategy to early conservative strategy in patients with non–ST-
segment elevation acute coronary syndrome (follow-up, 6–24 months).

Trial data depict the past, whereas decision making aims
to appraise what happens in the future. Therefore, predic-
tion is a reasonable way to interpret the results. A Bayesian
approach gives the possibility to make predictions and prob-
ability statements. Predictive distribution provides a more
comprehensive summary of the treatment effect by includ-
ing heterogeneity between patients, treatment protocols, and
clinical praxis (38). Consequently, uncertainty increases and
credibility intervals become wider. Predictive distribution
may also aid in planning a new study. It may give an ad-
ditional dimension for any meta-analysis.

Interpretation

In patients with UA/NSTEMI, an early invasive treatment
strategy gives no statistically significant survival benefit
when compared with an early conservative strategy. There
is considerable predicted risk that the new approach will
cause more harm than good (up to 27 percent for mortality),
assuming the patient selection and standard of care equals
that in the included trials.

In patients with STEMI, there was no statistically sig-
nificant short-term (4–6 weeks) survival benefit for PCI over
thrombolysis with fibrin-specific drugs and the predicted risk
of harm was up to 13 percent. However, risk reduction for

PCI versus streptokinase thrombolysis studies was statisti-
cally significant (4 percent), although there was still a 9 per-
cent risk of doing harm by PCI. Trials focusing on PCI center
transport showed no statistically significant decrease of mor-
tality, and the risk of predicted harm was here estimated to be
up to 24 percent. Concerning studies with at least 12 months
of follow-up, there was no statistically significant mortality
decrease and the predicted risk of harm is up to 12 percent.

Potential Biases

We have undertaken an overview of systematic reviews and
used data from primary studies given in the reviews, but
not assessed the quality of the original studies. However,
mortality data for the updated UA/NSTEMI meta-analysis
was extracted from original trials. We have used the data on
absolute numbers of patients having the presented outcome
on an intention-to-treat basis and have not done any subgroup
analyses.

Publication bias as an inherent validity issue for any sys-
tematic review may favor the effectiveness of interventions
and cannot be evaluated in this study. The sample size of
many RCTs included in the systematic reviews was small,
and the number of trials in some meta-analyses was few.
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Figure 5. (a) Reanalysis of the data of randomized controlled trials (RCTs) adopted from Keeley et al. (24), comparing
primary percutaneous coronary intervention (PCI) to thrombolytic therapy in acute myocardial infarction (AMI), streptokinase
trials (follow-up 4–6 weeks). (b) Reanalysis of the data of RCTs adopted from Keeley et al. (24), comparing primary PCI to
thrombolytic therapy in AMI, fibrin-specific trials (follow-up, 4–6 weeks).
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Figure 6. Reanalysis of the data of randomized controlled trials (RCTs) adopted from Dalby et al. (16) comparing angioplasty
to thrombolysis in acute myocardial infarction (AMI), with special focus to percutaneous coronary intervention (PCI) center
transport versus immediate thrombolysis (follow-up, 1 month).

Figure 7. Reanalysis of the data of randomized controlled trials (RCTs) adopted from Wiseth et al. (43) comparing primary
percutaneous coronary intervention (PCI) to thrombolytic therapy with at least 12 months follow-up in patients with acute
myocardial infarction (AMI).
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Future Research Agenda

Mortality has been the only end point considered here; there-
fore, other end points (i.e., re-infarction, angina pectoris, re-
hospitalization) should also be analyzed in the way presented
here. Similarly, all the presented intervention comparisons
warrant formal systematic reviews.

Facilitated PCI (thrombolysis plus PCI) to optimize the
benefits of pharmacological and mechanical reperfusion is
an important issue for future studies (25). Organizational
and cost-effectiveness questions need local appraisal. Statis-
tical methods for meta-analysis and the use of a Bayesian
approach need to be further evaluated.

CONCLUSIONS

There seems to be, at present, no solid evidence of a survival
benefit for the early invasive strategy for UA/NSTEMI as a
broad diagnostic group, and the risk of doing harm should
be considered. Also, the evidence of PCI decreasing early
mortality after STEMI is scanty. An estimation of predicted
harm may give an additional dimension for interpreting the
results of any meta-analysis.

POLICY IMPLICATIONS

The analysis method presented here gives information for
the decision maker on the probability of the intervention
being harmful as well as it being beneficial. The current
data show that there is considerable risk of harm (increase
in mortality) if the early invasive strategy for UA/NSTEMI
is applied routinely. The analysis method may aid decision
making on whether to implement a new treatment over the
old one.

CONTACT INFORMATION

Pekka Kuukasjärvi, MD, PhD (pekka.kuukasjarvi@
stakes.fi), Senior Medical Advisor, Finnish Office for Health
Technology Assessment (FinOHTA), Stakes, P.O. Box 222,
FIN-00531 Helsinki, Finland
Klaus Nordhausen, Dipl. Stat. (Klaus.nordhausen@uta.fi),
Researcher, Tampere School of Public Health, University of
Tampere, FIN-33014 Tampere, Finland
Antti Malmivaara, MD. PhD (antti.malmivaara@stakes.fi),
Senior Medical Officer, Finnish Office for Health Technology
Assessment (FinOHTA), Stakes, P.O. Box 222, FIN-00531
Helsinki, Finland

REFERENCES

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

2. Antman EM, Anbe DT, Armstrong PW, et al. ACC/AHA
guidelines for the management of patients with ST-elevation
myocardial infarction: A report of the American College of
Cardiology/American Heart Association Task Force on Prac-
tice Guidelines (Committee to Revise the 1999 Guidelines for
the Management of Patients with Acute Myocardial Infarction).
Circulation. 2004;110:e82-292.

3. Bavry AA, Kumbhani DJ, Quiroz R, et al. Invasive therapy
along with glycoprotein IIb/IIIa inhibitors and intracoronary
stents improves survival in non-ST-segment elevation acute
coronary syndromes: A meta-analysis and review of the lit-
erature. Am J Cardiol. 2004;93:830-835.

4. Biondi-Zoccai GG, Abbate A, Agostoni P, et al. Long-term
benefits of an early invasive management in acute coronary
syndromes depend on intracoronary stenting and aggressive
antiplatelet treatment: A metaregression. Am Heart J. 2005;
149:504-511.

5. Boden WE. Defining the optimal pharmacotherapy of non-ST-
segment elevation (NSTE) acute coronary syndromes (ACS):
A rapidly moving target. Curr Opin Cardiol. 2001;16:370-
374.

6. Boden WE. “Routine invasive” versus “selective invasive” ap-
proaches to non-ST-segment elevation acute coronary syn-
dromes management in the post-stent/platelet inhibition era.
J Am Coll Cardiol. 2003;41:113S-122S.

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

8. Bogaty P, Brophy JM. Primary angioplasty or thrombolysis? A
topical parable. BMJ. 2004;328:1257-1258.

9. Braunwald E, Antman EM, Beasley JW, et al. ACC/AHA
guideline update for the management of patients with unstable
angina and non-ST-segment elevation myocardial infarction–
2002: Summary article: A report of the American College of
Cardiology/American Heart Association Task Force on Prac-
tice Guidelines (Committee on the Management of Patients
With Unstable Angina). Circulation. 2002;106:1893-1900.

10. Brophy JM, Bogaty P. Primary angioplasty and thrombolysis
are both reasonable options in acute myocardial infarction. Ann
Intern Med. 2004;141:292-297.

11. Cannon CP, Weintraub WS, Demopoulos LA, et al. Compar-
ison of early invasive and conservative strategies in patients
with unstable coronary syndromes treated with the glycopro-
tein IIb/IIIa inhibitor tirofiban. N Engl J Med. 2001;344:1879-
1887.

12. Carlin JB. Meta-analysis for 2 × 2 tables: A Bayesian approach.
Stat Med. 1992;11:141-158.

13. Channer KS. Primary angioplasty should be first line treat-
ment for acute myocardial infarction: AGAINST. BMJ.
2004;328:1256-1257.

14. Choudhry NK, Singh JM, Barolet A, et al. How should patients
with unstable angina and non-ST-segment elevation myocar-
dial infarction be managed? A meta-analysis of randomized
trials.[see comment]. Am J Med. 2005;118:465-474.

15. Cucherat M, Bonnefoy E, Tremeau G. Primary angioplasty ver-
sus intravenous thrombolysis for acute myocardial infarction.
Cochrane Database Syst Rev. 1999:CD001560.

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 22:4, 2006 495

https://doi.org/10.1017/S0266462306051415 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462306051415


Kuukasjärvi et al.

16. Dalby M, Bouzamondo A, Lechat P, Montalescot G. Trans-
fer for primary angioplasty versus immediate thrombolysis
in acute myocardial infarction: A meta-analysis. Circulation.
2003;108:1809-1814.

17. de Boer MJ, Hoorntje JC, Ottervanger JP, et al. Immediate coro-
nary angioplasty versus intravenous streptokinase in acute my-
ocardial infarction: Left ventricular ejection fraction, hospital
mortality and reinfarction. J Am Coll Cardiol. 1994;23:1004-
1008.

18. de Winter RJ, Windhausen F, Cornel JH, et al. Early inva-
sive versus selectively invasive management for acute coronary
syndromes. [see comment]. N Engl J Med. 2005;353:1095-
1104.

19. 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 randomised trial. Randomized Intervention
Trial of unstable Angina. Lancet. 2002;360:743-751.

20. Fox KA, Poole-Wilson P, Clayton TC, et al. 5-year outcome of
an interventional strategy in non-ST-elevation acute coronary
syndrome: The British Heart Foundation RITA 3 randomised
trial. Lancet. 2005;366:914-920.

21. Grines C, Patel A, Zijlstra F, et al. Primary coronary angio-
plasty compared with intravenous thrombolytic therapy for
acute myocardial infarction: Six-month follow-up and analy-
sis of individual patient data from randomized trials. Am Heart
J. 2003;145:47-57.

22. Hartwell D, Colquitt J, Loveman E, et al. Clinical effective-
ness and cost-effectiveness of immediate angioplasty for acute
myocardial infarction: Systematic review and economic evalu-
ation. Health Technol Assess. 2005;9:1-99.

23. Keeley EC, Grines CL. Primary percutaneous coronary inter-
vention for every patient with ST-segment elevation myocar-
dial infarction: What stands in the way? Ann Intern Med.
2004;141:298-304.

24. Keeley EC, Boura JA, Grines CL. Primary angioplasty versus
intravenous thrombolytic therapy for acute myocardial infarc-
tion: A quantitative review of 23 randomized trials. Lancet.
2003;361:13-20.

25. Keeley EC, Boura JA, Grines CL. Comparison of primary and
facilitated percutaneous coronary interventions for ST-elevation
myocardial infarction: Quantitative review of randomised trials.
Lancet. 2006;367:579-588.

26. Lagerqvist B, Husted S, Kontny F, et al. A long-term perspec-
tive on the protective effects of an early invasive strategy in
unstable coronary artery disease: Two-year follow-up of the
FRISC-II invasive study. J Am Coll Cardiol. 2002;40:1902-
1914.

27. McCullough PA, O’Neill WW, Graham M, et al. A prospec-
tive randomized trial of triage angiography in acute coro-
nary syndromes ineligible for thrombolytic therapy. Results
of the medicine versus angiography in thrombolytic exclusion
(MATE) trial. J Am Coll Cardiol. 1998;32:596-605.

28. McLellan CS, Le May MR, Labinaz M. Current reperfusion
strategies for ST elevation myocardial infarction: A Canadian
perspective. Can J Cardiol. 2004;20:525-533.

29. Mehta SR, Cannon CP, Fox KA, et al. Routine vs selective inva-
sive strategies in patients with acute coronary syndromes: A col-
laborative meta-analysis of randomized trials.[see comment].
JAMA. 2005;293:2908-2917.

30. Michalis LK, Stroumbis CS, Pappas K, et al. Treatment of
refractory unstable angina in geographically isolated areas
without cardiac surgery. Invasive versus conservative strategy
(TRUCS study). Eur Heart J. 2000;21:1954-1959.

31. Michels KB, Yusuf S. Does PTCA in acute myocardial in-
farction affect mortality and reinfarction rates: A quantitative
overview (meta-analysis) of the randomized clinical trials. Cir-
culation. 1995;91:476-485.

32. Moher D, Cook DJ, Eastwood S, et al. Improving the quality of
reports of meta-analyses of randomised controlled trials: The
QUOROM statement. Quality of Reporting of Meta-analyses.
Lancet. 1999;354:1896-1900.

33. O’Neill W, Timmis GC, Bourdillon PD, et al. A prospective
randomized clinical trial of intracoronary streptokinase versus
coronary angioplasty for acute myocardial infarction. N Engl
J Med. 1986;314:812-8.

34. Oxman AD, Guyatt GH. Validation of an index of the
quality of review articles. J Clin Epidemiol. 1991;44:1271-
1278.

35. R Development Core Team. R: A language and environment
for statistical computing. Vienna: R Foundation for Statistical
Computing; 2005.

36. Smith D. Primary angioplasty should be first line treatment for
acute myocardial infarction: FOR. BMJ. 2004;328:1254-1256.

37. Spacek R, Widimsky P, Straka Z, et al. Value of first day an-
giography/angioplasty in evolving Non-ST segment elevation
myocardial infarction: An open multicenter randomized trial.
The VINO Study. Eur Heart J. 2002;23:230-238.

38. Spiegelhalter DJ, Abrams KR, Myles JP. Bayesian approaches
to clinical trials and health-care evaluation. 1st ed. West Sussex,
England: John Wiley & Sons Ltd; 2004.

39. Spiegelhalter DJ, Thomas A, Best N, Lunn D. WinBUGS user
manual: Version 1.4.1. Cambridge, UK: MRC Biostatistics
Unit; 2004.

40. Vaitkus PT. Percutaneous transluminal coronary angioplasty
versus thrombolysis in acute myocardial infarction: A meta-
analysis. Clin Cardiol. 1995;18:35-38.

41. Warn DE, Thompson SG, Spiegelhalter DJ. Bayesian random
effects meta-analysis of trials with binary outcomes: Methods
for the absolute risk difference and relative risk scales. Stat
Med. 2002;21:1601-1623.

42. Weaver WD, Simes RJ, Betriu A, et al. Comparison of primary
coronary angioplasty and intravenous thrombolytic therapy for
acute myocardial infarction. JAMA. 1997;278:2093-2098.

43. Wiseth R, Gundersen T, Halvorsen S, et al. PCI for acute my-
ocardial infarction. Oslo: Norwegian Health Services Research
Centre (NHSRC); 2002.

44. Zijlstra F, Patel A, Jones M, et al. Clinical characteristics and
outcome of patients with early (<2 h), intermediate (2-4 h) and
late (>4 h) presentation treated by primary coronary angio-
plasty or thrombolytic therapy for acute myocardial infarction.
Eur Heart J. 2002;23:550-557.

496 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 22:4, 2006

https://doi.org/10.1017/S0266462306051415 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462306051415

