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Background: Meta-analyses of trials have shown greater benefits from angioplasty than thrombolysis after an
acute myocardial infarction, but the time delay in initiating angioplasty needs to be considered.

Objective: To extend earlier meta-analyses by considering 1- and é-month outcome data for both forms of
reperfusion. To use Bayesian statistical methods to quantify the uncertainty associated with the estimated
relationships.

Methods: A systematic review and meta-analysis published in 2003 was updated. Data on key clinical
outcomes and the difference between time-to-balloon and time-to-needle were independently extracted by
two researchers. Bayesian statistical methods were used to synthesise evidence despite differences between
reported follow-up times and outcomes. Outcomes are presented as absolute probabilities of specific events
and odds ratios (ORs; with 95% credible intervals (Crl)) as a function of the additional time delay associated
with angioplasty.

Results: 22 studies were included in the meta-analysis, with 3760 and 3758 patients randomised to primary
angioplasty and thrombolysis, respectively. The mean (SE) angioplasty-related time delay (over and above
time to thrombolysis) was 54.3 (2.2) minutes. For this delay, mean event probabilities were lower for primary
angioplasty for all outcomes. Mortality within 1 month was 4.5% after angioplasty and 6.4% after
thrombolysis (OR=0.68 (95% Crl 0.46 to 1.01)). For non-fatal reinfarction, OR=0.32 (95% Crl 0.20 to
0.51); for non-fatal stroke OR=0.24 (95% Crl 0.11 to 0.50). For all outcomes, the benefit of angioplasty
decreased with longer delay from initiation.

Conclusions: The benefit of primary angioplasty, over thrombolysis, depends on the former’s additional time
delay. For delays of 30-90 minutes, angioplasty is superior for 1-month fatal and non-fatal outcomes. For
de|qys of around 90 minutes thrombo|ysis may be the preFerred option as assessed by 6-month mortality;
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n the UK, at least 87 000 people under the age of 75 years

have an acute myocardial infarction (AMI) each year.' The

relationship between normal coronary artery blood flow and
mortality after MI is well documented,” so early restoration of
normal myocardial blood flow is a prime therapeutic goal for
the management of MI. Pharmacological treatment with
thrombolytic therapy and primary angioplasty are two different
modes of reperfusion treatment for ST elevation MI (STEMI).

Meta-analyses of the various randomised trials comparing
thrombolysis and primary angioplasty have shown substantial
improvements in mortality, non-fatal reinfarction and stroke
from the use of angioplasty’”; and they have also shown that
angioplasty has lower recurrence rates and less residual
stenosis.® 7 Despite the apparent clinical superiority of primary
angioplasty, thrombolytic treatment is the default treatment
option in many countries because of practical limitations on the
use of percutaneous interventions, including a shortage of
cardiac catheter facilities and appropriately skilled staff. The
choice of appropriate management also needs to consider the
possible time delay in initiating reperfusion with primary
angioplasty compared with thrombolysis. The effect of this
angioplasty-related time delay in reducing the mortality benefit
of angioplasty relative to thrombolysis has been demonstrated
using meta-regression methods.*”’
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there is considerable uncertainty for longer time delays.

This work has been influential in clinical guidelines for the
management of AML' " For example, European guidelines
suggest that primary angioplasty is the “preferred treatment if
performed by an experienced team less than 90 minutes after
first medical contact”." However, there are some limitations in
the analyses informing these guidelines. A key meta-analysis
only had abstracts available for some trials,” and inaccuracy in
data extraction has been observed.” The quantification of the
relationship between the benefit of angioplasty and time delay
until its initiation did not measure the uncertainty around this
relationship, and the analysis was restricted to a subset of
major clinical events.®

This paper seeks to build on these previous analyses by
extending their scope and statistical rigor. It assesses how the
treatment effect of angioplasty on fatal and non-fatal outcomes
(reinfarctions and strokes) relates to the additional delay in
initiating angioplasty. It also considers both the I-month and
the 6-month outcome data reported in randomised clinical
trials. Furthermore, in using Bayesian statistical methods, the
paper is able to quantify more fully the uncertainty associated
with the estimated relationships.

Abbreviations: AMI, acute myocardial infarction; Crl, credibility interval;
OR, odds ratio; STEMI, ST elevation myocardial infarction
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METHODS

Search strategy and data extraction

To identify trials comparing intravenous thrombolysis and
primary angioplasty in patients with STEMI, the analysis used
an earlier review” as a starting point. To update this review, the
following databases were searched: Cochrane Controlled Trials
Register, UK National Research Register, Medline, Embase,
Database of Abstracts of Reviews of Effects, UK National Health
Service Economic Evaluation Databases, and the Health
Technology Assessment Database. The searches were restricted
to English language studies published between 2002 and 2004.
The inclusion criteria were consistent with those used
previously.” > Full details of the search strategy are available
in a technical report (available at http://heart.bmj.com/supple-
mental).

Two researchers (YBV, CA) independently extracted the
clinical data. Outcomes of interest were mortality, non-fatal
reinfarctions, fatal and non-fatal strokes and haemorrhagic
strokes, as well as any data about time delay to treatment
initiation. Discrepancies were resolved by consensus, and a
third researcher (SP) was consulted when necessary. Data were
also extracted on the difference between time-to-balloon in
angioplasty and time-to-needle in thrombolytic treatment. This
definition emphasises the differences in times to initiation of
treatment between the two reperfusion strategies, thus avoid-
ing the problem of different timing definitions across studies.
Mean times to treatment, together with their standard
deviations, were preferred in the analysis, but medians and
quartiles were used when these were not available. Where the
carlier review® had used preliminary data from conference
abstracts, these were updated with final trial reports; the earlier
data extraction was also checked and any inaccuracies were
corrected.

Statistical methods

The comparison in the meta-analysis was between primary
angioplasty and thrombolysis (regardless of type of drug).
Because only a limited number of trials reported 6-month data
on fatal or haemorrhagic strokes, these end points were
excluded from the meta-analysis. Thus three outcomes (death,
non-fatal strokes and non-fatal reinfarctions), for which
sufficient data were available, were analysed using an inten-
tion-to-treat principle.

The analysis was undertaken using Bayesian statistical
methods."”" These methods were used because they are more
suitable for synthesising evidence when there are differences
between trials in, for example, follow-up times and reported
outcomes. An important feature of Bayesian methods is that
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they use external evidence (so called “‘prior distributions”),
which represent beliefs about the evidence and its uncertainty
external to the data extracted from the trials. This analysis has
used “non-informative” prior distributions so that the data are
dominant in the results presented. A sensitivity analysis was
undertaken to verify that changing the specification of the prior
distribution did not alter the results substantially. Bayesian
methods also enable direct probability statements to be made
about quantities of clinical interest—for example, the prob-
ability that one intervention is better than another.” '

Full details of the statistical methods are presented in the
technical report (http://heart.bmj.com/supplemental). Briefly,
the meta-analysis models all outcomes of interest as probabil-
ities on a log odds scale, and results are reported as the absolute
probability of specific events and odds ratios (ORs; with 95%
credible intervals (CrI)). It is assumed that baseline event rates
(ie, clinical events in the thrombolysis arms) vary randomly
between trials, where the degree of variation is estimated from
the data (a “random effect’” assumption). That is, although the
patient populations in different trials are not identical, they are
similar to each other. So the results of the analysis are only
valid for patient populations similar to a hypothetical “average”
trial population.

For each outcome measure, the relative treatment effect of
primary angioplasty compared with thrombolytic treatment is
modelled as a “random effect”; similar but not identical
between trials. This relative treatment effect is estimated as a
function of the time delay related to the initiation of
angioplasty. This relationship is used to establish the extent
to which any additional effectiveness of angioplasty is affected
by the additional time it takes to deliver the intervention
compared with thrombolysis, while taking into account the
uncertainty surrounding the average delay in each trial. When
interpreting the results of such a “meta-regression”, caution is
needed in extrapolating the relationship beyond the data on
time delay observed in the trials. Also, it should be recognised
that, at the extremes of the time-delay data, uncertainty in the
estimates relationship will be greater than around the
midpoint.

A feature of the evidence base is that some trials report
outcomes at 1 month'’s follow-up, some at 6 months’ follow-up
and some at both. In order that all these data can be used,
outcomes at 1 month and 6 months are assumed to differ by a
random effect.'® This reflects the fact that clinical events are
more likely to occur within the first month after an AMI and,
by allowing a relationship between outcomes at the two time
points, more of the data can be used in the analysis. Thus, those
studies which do not report at 6 months can ““borrow strength”
both from those that do and from their own results at 1 month.

Table 2 Estimated absolute probabilities of the occurrence of various end points 1 month or
6 months affer angioplasty or thrombolytic treatment, together with the odds ratios comparing
primary angioplasty and thrombolysis and probabilities that angioplasty is superior

Probability Probability Probability
(angioplasty)* (thrombolytics)* Odds ratio angioplasty
End points Mean (95%Crl) Mean (95%Crl) (95%Crl) superior
At 1 month
Death 4.5 (3.0 to 6.5) 6.4 (4.5 10 9.0) 0.68 (0.46 to 1.01) 0.97
Non-fatal reinfarction 2.0(1.2t03.1) 6.1 (4.1 to 8.5) 0.32 (0.20 to 0.51) 1.00
Non-fatal stroke 0.5(0.2 10 0.9) 1.9(1.0t0 3.2) 0.24 (0.11 to 0.50) 1.00
At 6 months
Death 5.5 (3.4 t0 8.8) 7.7 (5010 11.8) 0.70 (0.42 to 1.18) 0.93
Non-fatal reinfarction 2.6 (1.4104.8) 6.9 (4.410 10.7) 0.33 (0.20 to 0.67) 0.99
Non-fatal stroke 0.8 (0.2 10 1.0) 2.8(1.11t06.9) 0.26 (0.08 to 0.72) 0.99

*Results are given as percentages.

The results are for the average observed “angioplasty-related time delay’” (ie, 54.3 minutes).

www.heartjnl.com
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Table 3 Absolute probability differences (thrombolysis minus angioplasty), odds ratios for the 6-month treatment effects of
angioplasty compared with thrombolytic treatment (mean and 95% credibility interval (95% Crl)) and probability that angioplasty is
superior at assumed “‘angioplasty-related time delays’ of 30, 60 and 90 minutes

Primary angioplasty-related time delay

30 Minutes 60 Minutes 90 Minutes
Probability Probability Probability

Probability angioplasty Probability angioplasty Probability angioplasty

difference* is a better  difference* is a better  difference* is a better
End point  (95% Crl) Odds ratio treatment  (95% Crl) Odds ratio treatment  (95% Crl) Odds ratio treatment
Death -3.7 (-7.2t0 -0.5) 0.54 (0.29 t0 0.92) 0.98 -1.8 (-5.6t0 +1.7) 0.77 (0.44to0 1.29) 0.87 +0.7 (-4.6 to +8.1) 1.15(0.49 to 2.36) 0.44
Non-fatal ~ —4.6 (-8.2t0-2.2) 0.30 (0.14 10 0.59) 0.99 -4.2 (-7.5t0-1.6) 0.39(0.21 t0 0.72) 0.97 -3.1 (7.1 to +1.6) 0.55(0.29 to 1.27) 0.93
reinfarction
Non-fatal  -1.7 (-5.8 to -0.5)  0.47 (0.05 t0 0.69) 0.99 -2.0 (-5.6t0-0.4) 0.56 (0.09 to 0.75) 0.98 -1.6 (-5.3t0 +0.8) 0.79 (0.08 to 1.43) 0.93
stroke

*Results are shown as percentages.

RESULTS

Summary of the trial evidence

A total of 24 studies met the inclusion criteria. Two of the
studies were subsequently excluded from the meta-analysis.
One of these was excluded because it did not report times to
treatment and thus could not provide data on the delay to
primary angioplasty.'”” The SHOCK study' was also excluded
because the primary comparison was between emergency
revascularisation without differentiating results by type of
intervention (angioplasty 64%, surgery 36%), and hence this
treatment strategy was not directly comparable with primary
angioplasty in the other trials.

Table 1 lists the remaining 22 studies included. In compar-
ison with the earlier review,” one additional trial” was
identified which had not been published at the time. In
addition, full trial results were available for three studies that
had previously been reported in abstract form only.***

Table 1 lists the data extracted from the 22 trials. In total,
these trials included 3760 and 3758 patients randomised to
primary angioplasty and thrombolysis, respectively. Eight of the
22 trials used streptokinase as the form of thrombolysis, and 14
used tissue plasminogen activator. For angioplasty, 13/22 trials
used coronary stents, and eight studies used glycoprotein IIb/
IITa antagonists. The mean (SE) value of angioplasty-related
time delay (over and above time to thrombolysis) was 54.3
(2.2) minutes. All trials reported outcomes at between 30 days
and 6 weeks (both are referred to as ““1 month” in the meta-
analysis results) after the initial MI; 10/22 trials also reported
outcomes at 6 months’ follow-up.

Meta-analysis
Table 2 shows the estimated probability of each outcome
occurring within 1 month or 6 months after initial treatment
with primary angioplasty or thrombolytic drugs. These results
are based on the average angioplasty-related time delay of
54.3 minutes reported in the trials, estimated as a weighted
average, the weights being the total number of patients in each
trial. For all outcomes, the mean probability of an event
occurring is lower for patients randomised to primary angio-
plasty. In particular, mortality within 1 month is estimated to
be 4.5% after angioplasty and 6.4% after thrombolysis, with
OR=0.68 (95% Crl 0.46 to 1.01). For non-fatal reinfarction,
OR=0.32 (95% CrI 0.20 to 0.51); and for non-fatal stroke
OR =0.24 (95% CrI 0.11, 0.50). Table 2 also shows estimated
results for the 6-month end points, which are similar to those at
1 month, indicating that most events happen in the first month
after randomisation.

As the additional time delay to initiation of primary
angioplasty is modelled explicitly, it is possible to predict how
particular angioplasty-related time delays influence the clinical

superiority of angioplasty. For angioplasty delays of 30, 60 or
90 minutes, the absolute probability differences and the odds
ratios of angioplasty versus thrombolytic treatment are shown
in table 3. If angioplasty could be initiated within 30 minutes of
possible thrombolysis, the absolute probabilities of mortality,
non-fatal reinfarction and non-fatal stroke at 6 months would
be, respectively, 3.7%, 4.6% and 1.7% lower than those with
thrombolysis. For any of these outcomes, the benefit of
angioplasty decreases with longer delay until its initiation.

Figure 1 shows this effect in more detail. For mortality,
angioplasty is better than thrombolysis, on average, at time
delays up to 90 minutes. Moreover, for the 1-month outcome of
mortality, the probability that it is superior is 97%, for an
additional delay of up to around 60 minutes. For the 6-month
outcome of mortality, there is more than 95% probability that
angioplasty is superior for delays of up to around 45 minutes
and 87% for delays up to around 60 minutes. However, this
probability goes below 50% for delays at 90 minutes and
beyond, where thrombolysis might therefore be the preferred
option at least for the 6-month mortality outcome. For non-
fatal reinfarction and non-fatal stroke, primary angioplasty is
superior, on average, even if it requires an additional time of up
to 2 hours to achieve reperfusion with that method. For both
non-fatal outcomes at 1 month, there was over 95% probability
that angioplasty is superior at additional delays of up to
90 minutes. For the corresponding 6-month outcomes, there
was over 95% probability that angioplasty was superior at
delays up to 80 minutes.

DISCUSSION

The contribution of this review is twofold. First, it updates the
most comprehensive recent meta-analysis of randomised trials
comparing primary angioplasty and thrombolysis in patients
with STEMI.* Second, it extends the evidence synthesis by
evaluating the relationship between the treatment effects of
angioplasty and time delay, expressed as the difference in times
to initiation of treatment between the two reperfusion
strategies. Furthermore, to our knowledge, this is the first
study that explicitly models the measurement uncertainty
associated with angioplasty-related time delay.

Although Keeley ef al* do not deal directly with time delay,
the main results in that study can be compared with those
presented here for the average time delay of 54.3 minutes. For
mortality at 1 month, Keeley ef al found an odds ratio of 0.70
(95% CI 0.58 to 0.85), which is similar to that reported here,
although our estimate does not reach statistical significance.
This lack of significance is likely to be due to differences in the
data extraction,' the inclusion of additional evidence, and also
because the measurement uncertainty in the time-delay
covariate is explicitly considered here. For the outcome of

www.heartjnl.com
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Figure 1 Treatment effect of primary
angioplasty relative to thrombolytic
treatment, shown as the absolute probability
differences for each key outcome (death,
non-fatal reinfarctions, non-fatal strokes) and
point of follow-up (1 month, 6 months). The
graphs show means and 95% credibility

6-month mortality

Absolute probability difference
Absolute probability difference

intervals plotted against the additional time
° delay to initiating primary angioplasty.
Values above the 0.0 horizontal line indicate
that angioplasty results in fewer clinical

01 events. Each point represents a trial and their
size is proportional fo the trial sample size.
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non-fatal reinfarction, the results here are similar to those of
Keeley et al, for both the magnitude and uncertainty of the odds
ratio. The analysis of the stroke outcome is not comparable to
that in Keeley et al, which included all strokes, compared with
the non-fatal strokes considered here. Although a separate
analysis of the longer-term follow-up data was undertaken by
Keeley et al, these results were not presented in sufficient detail
to allow a reliable comparison between the two sets of analyses
at 6 months. Another reason why there will be slight differences
between the two meta-analyses is that in ours the uncertainty in
the between-study variability of the effect is appropriately taken in
to account, thus producing slightly wider CrIs than those obtained
using classical meta-analysis methods."* "

Based on research undertaken during a similar period to our
own, Boersma et al*' have also recently demonstrated, using
individual patient data from 22 trials, that angioplasty is
associated with significantly lower 30-day mortality, reinfarc-
tion and stroke than thrombolysis, regardless of delay in
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presentation. The main results in that study for the overall
angioplasty-related delay of 55 minutes can be compared with
those presented here for the average time delay of 54.3 minutes
at 1 month (table 2), although there were minor differences in
the trials included in the two studies. The absolute differences
in the risks of non-fatal MI and stroke between angioplasty and
thrombolysis at 1 month were similar (4.3% vs 4.1% for non-
fatal MI and 1.7% vs 1.4% for non-fatal stroke in Boersma ef al
and the current study, respectively). The estimated absolute
reduction in mortality risk with angioplasty at 1 month was
higher in the study of Boersma et al: 2.6% versus 2%. As seen in
previous studies,®** the benefit of angioplasty for mortality
decreases the longer the time delay to initiation of angioplasty.
However, none of these studies (including Boersma et al*')
quantify the wuncertainty in this relationship fully. The
comprehensive handling of uncertainty in the current analysis
allows the precision associated with the relationship to be
presented (fig 1). The Bayesian approach also facilitates the
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presentation of results as the probability of one intervention
being the better treatment.

This is the first study to link explicitly short-term (1 month)
with longer-term (6 months) outcomes using as much of the
available clinical evidence as possible. Although none of the
trial data indicate systematic differences between the relative
treatment effect of primary angioplasty at 1 month and at
6 months, fewer data are genecrally available at 6 months,
resulting in greater uncertainty. It is, therefore, not surprising
that the point estimates of the relative treatment effect of
angioplasty are similar at the two time points, but with greater
uncertainty at 6-month end points. Thus, a probability of the
superiority of angioplasty measured by a 6-month mortality
end point of greater than 0.95 can be identified for delays of up
to around 45 minutes only, while for delays at around
90 minutes thrombolysis appears to be superior. However,
angioplasty appears to be better for achieving 6-month non-
fatal outcomes, on average, for delays up to around 90 minutes.
It should be noted, however, that the uncertainty in these
relationships shown here is less than it would have been had
only 6-month follow-up data been used in the analysis owing to
the paucity of the data.

The analysis suggests, therefore, that angioplasty performs
better than thrombolytic treatment, but this superiority is
related to angioplasty-related time delay. It should be empha-
sised, however, that no trials have been identified which show a
statistically significant advantage for thrombolysis at very long
angioplasty-related time delays. Moreover, the PRAGUE-2 trial
indicates that angioplasty performs better than thrombolysis
even when it involves a patient transfer of up to 3 hours.”
Without more evidence at long angioplasty-related time delays,
the linear regression model estimated here will inevitably
indicate that the relative treatment effect of primary angio-
plasty becomes negative at an unspecified delay. This is not
because of data showing this effect, but simply because a
consistent relationship has been observed for a range of
relatively short time delays. In reality, for delays approaching
2 hours, this study can neither confirm nor refute whether
angioplasty is better than thrombolytic treatment.

This study has some limitations. First, the lack of individual
patient data precludes an analysis of how the relative effect of
angioplasty varies between patient subgroups, and although this
analysis has taken account of the uncertainty in the average time
delay, thus reducing the possibility of ecological fallacy,” the
presence of an ecological bias cannot be entirely eliminated.
However, this is less of a problem when it is recognised that the
aim of this study is to provide evidence to support population-
based decisions using cost-effectiveness analysis as reported in the
companion paper.* However, an analysis of individual patient
data would also enable a more appropriate estimate of the impact
or otherwise of time delay on outcome to be obtained.* *

Second, time-to-needle is a predictor of the success of
thrombolytic treatment, but this effect could not be included
in the analysis explicitly owing to inconsistent reporting of the
data in the trials. Hence the results are based on the average
time-to-needle in the studies considered, which, at 75 minutes,
was shown to be similar to the median call to needle time
(67 minutes) in the UK (personal communication, Dr John
Birkhead, UK Myocardial Infarction National Audit Project).
Further research would be desirable to identify all external
evidence on the effect of time-to-needle on outcomes and
incorporate this into our analysis by appropriate prior distribu-
tions taking account of relevance and quality."”

Third, given this review was an update of those published
carlier, the effect of publication bias, study quality or the
influence of individual studies on the overall meta-analysis
results was not formally assessed.
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Fourth, further exploration of whether the potential relation-
ship between time delay and effect (log odds ratio) is linear
may be of merit.

The final limitation concerns the use of older streptokinase
trials in the meta-analysis. Keeley et al were criticised*” for
including these trials in their meta-analysis because by
effectively averaging across the thrombolytic trials the addi-
tional benefit of angioplasty may have been overestimated.
However, streptokinase is the most common form of thrombo-
lytic treatment used in many countries and is used in about a
third of patients in the UK (personal communication, Dr John
Birkhead, UK Myocardial Infarction National Audit Project). In
the present meta-analysis, the differences between thromboly-
tic drugs were ignored with a focus on primary angioplasty or
thrombolysis as two treatment groups. If only tissue plasmino-
gen activator trials are analysed, the relative benefit of primary
angioplasty is attenuated: 1-month odds ratios for mortality are
found to be 0.71 (95% CrI 0.44 to 1.16); for non-fatal
reinfarction, 0.41 (95% CrI 0.23 to 0.71); and for non-fatal
strokes, 0.23 (95% CrI 0.08 to 0.57). Full details of this
sensitivity analysis are reported in the technical report (http://
heart.bmj.com/supplemental).

The policy implications of this analysis should be seen in the
context of the relevant healthcare system. For example, US
guidelines currently recommend that primary angioplasty
should be used only within an angioplasty-related delay of less
than 60 minutes."” The guidelines, however, seem to be based
largely on the work of Nallamothu and Bates,* and may be
premature because angioplasty seems to convey health benefits
even when the delay is longer than 60 minutes. Even at delays
longer than 1 hour, angioplasty is superior, on average, for all
the I-month outcomes included in this study, although there is
considerable uncertainty associated with these estimates.

What size of treatment effect would be necessary with
primary angioplasty for it to be considered worthwhile, given
the major changes in service organisation necessary for its
implementation? This question is considered directly in the
cost-effectiveness analysis submitted as a companion paper,
which examines whether the health benefits of primary
angioplasty are sufficient to justify its additional cost.** With
respect to the absolute size of treatment effect with primary
angioplasty, our analysis shows that the probability that
primary angioplasty reaches at least a 1%, 2% and 3%
improvement in survival at 1 month relative to thrombolysis
is 0.82, 0.47 and 0.15, respectively, at the average angioplasty-
related time delay. In short, the benefit of timely treatment is
the key: if primary angioplasty can be delivered in a appropriate
fashion, current evidence supports its use; if not, the choice of
treatment probably depends on time from onset of symptoms to
presentation® *' and the availability of pre-hospital thomboly-
sis.”

Decisions about appropriate methods of reperfusion should
consider not only the effectiveness of each treatment option but
also their cost effectiveness. With the quantification of both the
expected treatment effects of angioplasty, with regard to several
possible outcomes, and the uncertainties associated with these
predictions, this meta-analysis using Bayesian methods lays the
foundations for a robust cost-effectiveness analysis, in which
other treatment strategies may be considered, and in which
appropriate account is taken of statistical, clinical and
methodological heterogeneity and all sources of uncertainty.*
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