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Aims Although outcomes after acute myocardial infarction (AMI) seemed to be superior with primary
percutaneous coronary intervention (PPCI) relative to fibrinolysis (FL), the extent to which treatment
delay modulates this treatment effect is unclear.
Methods and results Twenty-five randomized trials (n ¼ 7743) testing the efficacy of PPCI vs. FL were
identified in journal articles and abstract listings published between 1990 and 2002. Of these, individual
patient data from 22 trials (n ¼ 6763) were pooled, and multi-level logistic regression assessed the
relationship among treatment, treatment delay, and 30-day mortality. Treatment delay was divided
into ‘presentation delay’ [symptom onset to randomization; FL: median 143 (IQR: 91–225) min; PPCI:
140 (91–220) min] and hospital-specific ‘PCI-related delay’ [median time from randomization to PPCI
minus median time to FL per hospital; median 55 (IQR: 37–74) min]. PPCI was associated with a signifi-
cant 37% reduction in 30-day mortality [adjusted OR, 0.63; 95%CI (0.42–0.84)]. Although, there was no
heterogeneity in the treatment effect by presentation delay (pBreslow-Day ¼ 0.88), the absolute mor-
tality reduction by PPCI widened over time (1.3% 0–1 h to 4.2% .6 h after symptom onset). When the
PCI-related delay was ,35 min, the relative (67 vs. 28% pBreslow-Day ¼ 0.004) and absolute (5.4 vs.
2.0%) mortality reduction was significantly higher than those with longer delays.
Conclusion PPCI was associated with significantly lower 30-day mortality relative to FL, regardless of
treatment delay. Although logistic and economic constraints challenge the feasibility of ‘PPCI-for-all’,
the benefit of timely treatment underscores the importance of a comprehensive, unified approach to
delivery of cardiac care in all AMI patients.
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Introduction

‘Time is myocardium’, a familiar adage in the cardiovascular
community, is central to the controversy of the best
modality of reperfusion after acute myocardial infarction
(AMI).1,2 Although numerous pharmaceutical and mechanical
treatment strategies have helped to further the quest for an
absolute 1% mortality reduction after AMI, shortening the
time to treatment may make this reduction attainable.
Several studies, for example, have established that if fibri-
nolytic therapy is initiated within 3 h of symptom onset,
early mortality can be reduced by 25–30% as compared
with conservative therapy. If treated later, only a 15%
reduction may be observed.3–5

Obtaining and maintaining arterial patency, however,
remains a formidable challenge to fibrinolytic therapy.3,6,7

Whereas normal coronary flow, as measured by Thrombolysis
in Myocardial Infarction (TIMI) grade 3, is restored in 29–54%
of patients receiving fibrinolysis (FL), primary percutaneous
coronary intervention (PPCI) is associated with normal epicar-
dial flow in more than 90% of patients.7,8 PPCI, however, is not
without limitations. Although normal coronary flow may be
achieved in the epicardial arteries, flow in the distalmicrovas-
cular beds may be compromised in a considerable portion of
patients by microscopic atherosclerotic debris which
becomes dislodged during the procedure.9,10 Similarly, mech-
anical reperfusion is also associated with major systemic
bleeding in excess of 2% relative to pharmacologic strat-
egies.11 The treatment delay associated with mobilizing
the interventional team and arranging patient transfer to
the nearest interventional facility also presents a considerable
challenge to timely treatment, especially as most facilities
do not operate during ‘off-hours’. Under optimal circum-
stances, this will lead to at least a 30 min treatment-related
delay as compared with in-hospital initiation of fibrinolytic
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therapy.12 When compared with pre-hospital treatment
with FL, this delay may range from 60 to 90 min. Outside
of the clinical trial setting, fewer than 30% of PPCI patients
had a door-to-balloon time less than 90 min according to
findings from the National Registry of Myocardial Infarction
(NRMI).13 Transfers from other institutions lengthened
door-to-balloon time considerably, with less than 5% of
transfer patients undergoing PPCI within 90 min after first
medical contact.14

Recent evidence from several large trials suggests that
the maximum benefits of either treatment strategy may
occur at different time points after symptom onset. With
transportation times of up to 2 h, the clinical benefits of
PPCI over FL were not modified.15,16 In contrast, the
PRimary Angioplasty in patients transferred from General
community hospitals to specialized PTCA Units with or
without Emergency thrombolysis (PRAGUE)-2 study observed
no difference in 30-day mortality between PPCI and FL for
patients presenting within 3 h,17 and the Comparison of
Primary Angioplasty and Prehospital Thrombolysis in the
Acute Phase of Myocardial Infarction (CAPTIM) trial provided
evidence for a better outcome in patients receiving pre-
hospital FL as compared with PPCI, provided that fibrinolytic
therapy is initiated within 2 h after symptom onset.18,19

Given these recent findings, the aim of the current study
was to assess whether the clinical benefit of PPCI compared
with in-hospital FL is modulated by the time to treatment in
a pooled analysis of randomized clinical trials reported since
1990 (Figure 1).

Methods

Trial selection

All randomized trials that enrolled at least 50 patients presenting
with AMI assigned to treatment with FL or PPCI were considered.

Trials published between January 1990 and December 2002 were
identified by OVID MEDLINE and ISI Web of Sciencew using a broad
range of key words, including ‘(acute) myocardial infarction’,
‘FL’, ‘fibrinolytic’, ‘thrombolysis’, ‘thrombolytic’, ‘streptokinase’,
‘tissue plasminogen activator’, ‘accelerated tissue plasminogen
activator’, ‘t-PA’, ‘rt-PA’, ‘primary’, ‘angioplasty’, ‘stent’, and
‘PCI’. Non-English articles were not excluded. References of identi-
fied papers and abstract listings of annual meetings of the American
Heart Association (Circulation), American College of Cardiology
(Journal of the American College of Cardiology), and European
Society of Cardiology (European Heart Journal) were also examined
during the same period. Each trial identified in this search was
critically and independently evaluated by three investigators
(E Boersma, RJ Simes, and CM Westerhout) for patient population,
study treatment, protocol, and endpoints. The primary investigators
of these studies were contacted for verification and access to
individual patient data.

Twenty-five trials, which enrolled 7743 patients, met the above-
mentioned search criteria (Appendix B, Table B1).15–18,20–40

Individual patient data were unavailable in two trials (DeWood
et al.,27 n ¼ 90; Morais et al.,32 n ¼ 50) and the CAPTIM investi-
gators judged that their protocol was incompatible with the other
trials included in this pooled analysis, which excluded an additional
840 patients. Thus, individual patient data from 22 trials (n ¼ 6763)
were pooled for the primary analysis. Data were assessed for com-
pleteness, internal consistency of patient records, and consistency
with published reports. Any discrepancies between analysis of the
data provided and previously published results were queried and
resolved with the primary investigator of the trial.

Endpoint definition

The primary endpoint of this pooled analysis was all-cause mortality
at 30 days. Individually, most trials were not designed (and were
underpowered) to evaluate differences in mortality between the
treatment strategies; however, pooling these studies provided suffi-
cient power, particularly for subgroup analyses such as those invol-
ving time. Other endpoints (i.e. re-infarction and stroke) remained
defined according to the original trial-specific criteria.

Statistical analysis

Continuous data were summarized and presented as median values
with corresponding IQR, whereas dichotomous data were presented
as counts and percentages. Differences in baseline characteristics
between subgroups of patients were evaluated by Wilcoxon’s rank
sum tests, Kruskal–Wallis tests or x2 tests as appropriate.

Time to treatment was categorized into ‘presentation delay’ (i.e.
time from symptom onset to randomization) and ‘treatment delay’
(i.e. time from randomization to treatment). Patients were further
categorized for presentation delays as 0–1, .1–2, .2–3, .3–6, and
.6 h, which was determined a priori and based on previously
published studies. Unlike presentation delay, the interval between
randomization and treatment is influenced by allocated treatment,
and analyses that are based on these observations after randomization
in individual patients can result in biased estimates of treatment
effect. Analyses based on observations at a hospital level may help
to overcome this. Thus, the median time between randomization
and the start of treatment (i.e. first injection of the fibrinolytic
agent or the first balloon inflation) was calculated for each of the
153 hospitals. The hospital-specific difference between these median
times was then determined, which is hereafter referred to as
‘PCI-related delay’, and assigned each patient within that hospital.
PCI-related delay was then grouped into quintiles: 0–35, .35–50,
.50–62, .62–79, and .79 min. PCI-related delay should be inter-
preted as the additional time that is needed to start the PCI procedure
after treatment with a fibrinolytic agent could have been started.

All analyses were performed according to intention-to-treat
principles. Trial-specific outcome data were pooled using theFigure 1 Flowchart of trial search and selection for the pooled analysis.
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Cochrane–Mantel–Haenszel method, and OR and 95%CI for 30-day
death are reported. The Breslow-Day test was applied to examine
the statistical evidence of heterogeneity among the trial-specific
OR. It should be noted that statistical tests for heterogeneity
often lack power, and fail to elucidate differences which may be
clinically important.41

Initially, the influence of presentation delay, as well as
PCI-related delay, on the treatment effect at 30 days (i.e. death)
was examined using single-level logistic regression. However,
given the hierarchical nature of these data (i.e. patients nested
within hospitals), multilevel logistic regression was then applied
to address random and fixed effects at the patient and hospital
levels of the study. At the patient level, age, gender, weight, dia-
betes mellitus, previous MI, prior revascularization [PCI or coronary
artery bypass graft (CABG)], anterior MI at presentation, heart rate,
systolic blood pressure, presentation delay, and study treatment (FL
or PPCI) were considered fixed effects, and statistical significance
was evaluated using the t-ratio.42 At the hospital level, the
average annual PCI volume and PCI-related delay were available
at each of the 153 hospitals. The annual PCI volume (on study
only) was calculated as the average number of patients randomized
to PPCI per year, which was then grouped into tertiles of its distri-
bution (,10, 10–23, �24 PPCI/year). At the study level, the likeli-
hood of PCI within 30 days after initial FL, use of stents, use of
glycoprotein (GP) IIb/IIIa inhibitors, type of fibrinolytic agent used
(streptokinase, t-PA, or accelerated t-PA), single-centred vs. multi-
centred trial, and the year of publication were considered. When
three-level models were tested, there was no variance at the study-
level, which provided statistical support that these studies could be
pooled for analysis. In addition to these main effects, two inter-
actions were considered: (i) study treatment and presentation
delay (patient-level interaction); and (ii) study treatment and
PCI-related delay (patient/hospital-level interaction). MLwiN&

(version 1.10.0007) statistical software, with residual iterated
generalized least squares and pseudoquasi-likelihood model
specifications, was used for the multilevel modelling.

Further analyses of the presentation delay treatment association
were performed in a priori-selected patient subgroups [,65 vs.
�65-years-old; female/male; diabetes mellitus; previous MI; anterior
vs. non-anterior MI location; systolic blood pressure (,130 vs.
�130 mmHg); heart rate (,70 vs. �70 bpm)], hospital-level average
annual PCI volume and study-level type of fibrinolytic agent used.

Two sensitivity analyses, using single-level logistic regression
were performed: (i) impact of exclusion of three trials without indi-
vidual patient data;18,27,32 and (ii) type of fibrinolytic agent used
(i.e. streptokinase, t-PA, accelerated t-PA). Given the 15% reduction
in 30-day mortality with ‘accelerated’ tPA as compared with
streptokinase in the GUSTO-I trial, the former has become the
‘gold’ standard for pharmacological reperfusion therapy.3 Thus, a
sensitivity analysis was performed to evaluate if results of the
primary analysis were consistent in the studies that compared
PPCI with accelerated tPA.

Results

Of 6763 patients, 3383 were randomized to FL and 3380 to
PPCI. The distribution of baseline patient characteristics
among patients randomized to FL and PPCI was well
balanced, with prior CABG as the exception. (Table 1)
Younger, male patients and patients with a history of
previous MI, or PCI presented earlier, whereas those with
diabetes mellitus appeared to have arrived later, especially
after 6 h. Patients with an anterior MI tended to present
either very early (0–1 h) or very late (.6 h) after symptom
onset. In trials with available data, 3.3% of patients random-
ized to FL actually receive PPCI, whereas 12.1% of patients
randomized to PPCI did not receive the assigned treatment.
Overall, the median presentation delay was 142 (IQR:

91–221) min, which did not differ significantly between FL
[143 (91–225) min] and PPCI [140 (91–220) min], P ¼ 0.30.
Nearly 11% of the 6763 patients were randomized within
the first hour after symptom onset, with the majority sub-
sequently randomized between 1 and 3 h after symptom
onset (Figure 2). As also shown in Figure 2, the time from
randomization to the start of either FL or PPCI was not influ-
enced by the length of time from symptom onset. Given the
inherent logistics of the different modalities, the median
time to FL was significantly shorter than that of the
beginning of PCI [respectively, 19 (10–30) min vs. 76
(61–95) min; P, 0.001], which gave an overall PCI-related
delay of 55 (37–74) min.

Table 1 Baseline characteristics of the study population according to study treatment and presentation delay

FL PPCI Presentation delay

0–1 h .1–2 h .2–3 h .3–6 h .6 h

n 3383 3380 747 2000 1712 1640 664

Demographics and co-morbidities
Age (years)a 62 (53–71) 63 (53–71) 60 (52–68) 61 (53–70) 63 (54–71) 65 (55–73) 65 (54–74)c

Male (%) 73.2 72.6 76.6 74.8 73.2 69.5 70.6c

Diabetes mellitus (%) 12.4 13.5 11.1 9.8 13.1 14.7 20.0c

Previous MI (%) 13.2 12.5 14.1 13.5 12.6 11.9 12.5c

History of PCI (%) 4.0 3.6 3.5 5.1 3.3 2.9 3.6d

History of CABG (%) 2.1 1.2b 1.3 2.1 1.5 1.6 1.4

Clinical examination
Body weight (kg)a 79 (75–80) 79 (75–80) 79 (77–82) 79 (75–80) 79 (75–80) 79 (73–80) 79 (72–80)
Systolic blood

pressure (mmHg)a
133 (120–145) 133 (120–145) 133 (115–140) 133 (120–140) 133 (120–146) 133 (120–148) 133 (120–150)

Heart rate (bpm)a 76 (66–82) 76 (66–84) 76 (64–80) 76 (63–80) 76 (67–84) 76 (68–84) 76 (70–90)
Anterior MI (%) 45.8 46.5 49.4 46.2 43.1 44.6 52.4

aContinuous data are presented as median values (IQR).
bDifference between patients assigned to FL or PPCI, P, 0.05.
cDifference across subgroups according to time from symptom onset to randomization, P, 0.05.
dDifference across subgroups according to time from symptom onset to randomization, P, 0.001.
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Thirty-day adverse events and the influence of
presentation delay

Overall, 6.6% of 6763 patients died within 30 days of ran-
domization (Table 2). According to randomized treatment,
the 30-day death rate was 7.9% of FL patients and 5.3% in
those randomized to PPCI (P , 0.001). In patients random-
ized to FL, 30-day mortality increased two-fold as the
presentation delay increased from less than 1 to over 6 h
(P, 0.001). A similar, yet non-significant trend was
observed in patients assigned to PPCI (P ¼ 0.06).
Re-infarction occurred in 6.7% of FL patients and in 2.4%

of PPCI patients during 30-day follow-up (P, 0.001).
Among FL patients, re-infarction occurred in 10.4% of
patients enrolled within 1 h after symptom onset, and in
6.3% of patients enrolled at more than 6 h after symptom
onset (P ¼ 0.007). In those randomized to PPCI, there was
no difference in the re-infarction rate at 30 days according
to presentation delay (P ¼ 0.5).
The combined endpoint of 30-day death and re-infarction

occurred in 13.5% of FL patients and in 7.3% of PPCI patients
(P, 0.001). In both treatment groups, there appeared to be
an increasing trend in 30-day death or re-infarction with
longer presentation delay; however, this was only statisti-
cally significant in the FL group (P, 0.001).

Treatment, time to treatment, and 30-day mortality

Overall, PPCI patients had a 37% relative lower odds of
30-day mortality than those randomized to fibrinolytic
therapy after multi-level covariate adjustment [adjusted
OR 0.63; 95%CI (0.42–0.84); P, 0.001]. According to pres-
entation delay, the treatment effect consistently favoured
PPCI in all the subgroups, and there was no evidence of
heterogeneity (pBreslow-Day ¼ 0.9) (Figure 3, left panel).
The absolute mortality reduction by PPCI increased from
1.3% in patients randomized in the first hour after symptom
onset to 4.2% in those randomized after 6 h. Consequently,
with increasing delay, the number needed treat to prevent
a death, decreased from 77 to 24 patients.
According to quintiles of site-specific PPCI-related delay,

the risk of 30-day death was consistently reduced in PPCI

patients, and there was evidence of heterogeneity across
the quintiles (pBreslow-Day ¼ 0.05) (Figure 3, right panel).
In particular, PPCI was associated with a 67% reduction in
the odds of 30-day mortality when the PPCI-related
delay was less than or equal to 35 min and with a 28%
reduction in patients with a longer PPCI-related delay
(pBreslow-Day ¼ 0.004 for the comparison of the first
quintile with quintiles 2–5).

Subgroup and sensitivity analyses

The relationship between relative treatment effect and
presentation delay (less than or equal to/greater than 2 h)
were examined within selected patient-, hospital-, and
study-level characteristics (Figure 4). In general, treatment
with PPCI was consistently favoured over FL in the subgroups
considered, regardless of presentation delay. The average
annual PCI volume did not influence the relative treatment
benefit of PPCI over FL. The relative treatment effect
appeared to decline with the use of accelerated t-PA and
the year of randomization; however, these trends were not
statistically significant.

Ten of the 22 studies (n ¼ 4172) compared PPCI with
accelerated t-PA (Appendix B, Table B1). In these trials,
PPCI was associated with a 29% relative reduction in
mortality [7.4% FL vs. 5.6% PPCI; adjusted OR: 0.71;
95%CI (0.46–0.98)]. Similar to the primary analysis, there
was no evidence of heterogeneity in the treatment effect
according to presentation delay (pBreslow-Day ¼ 0.9;
Figure 5). Also, as seen in the primary analysis, the treat-
ment effect in favour of PPCI was highest in the first quintile
of PCI-related delay. The 95%CI, however, were wide and
largely overlapping, resulting in lack of heterogeneity
(pBreslow-Day ¼ 0.3).

Although individual patient data for three of the 25 trials
originally identified were not available, tabular data for
980 patients were extracted from published reports and
analysed for potential bias based on their exclusion.15,23,28

Overall, a 31% reduction in 30-day death was observed
in the PPCI group [7.5% FL vs. 5.3% PPCI; OR: 0.69,
95%CI (0.58–0.83)]. The CAPTIM trial was of particular

Figure 2 Distribution of patients (bars) and median (25th, 75th percentile)
time to treatment [FL (B)] or [PPCI (B)] according to presentation delay and
study treatment.

Table 2 Adverse events at 30 days according to presentation
delay

Overall Presentation delay

0–1 h .1–2 h .2–3 h .3–6 h .6 h

Fibrinolysis, n 3383 368 997 818 876 324
Death (%) 7.9 6.0 6.2 7.3 9.5 12.7b

Re-MI (%) 6.7 10.4 4.9 7.4 6.9 6.3a

Death or
re-MI (%)

13.5 14.9 10.4 13.6 15.0 17.6a

Stroke (%) 2.2 4.0 0.8 1.0 5.2 0.0
PPCI, n 3380 379 1003 894 764 340
Death (%) 5.3 4.7 4.2 5.1 5.6 8.5a

Re-MI (%) 2.4 1.6 2.9 2.3 2.0 3.0
Death or
re-MI (%)

7.3 6.1 6.8 7.4 7.2 10.3

Stroke (%) 0.5 0.0 0.8 0.0 1.0 0.0

aDifference across subgroups according to presentation delay, P , 0.05.
bDifference across subgroups according to presentation delay,

P, 0.001.
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interest as �55% of the 840 patients were randomized
within the first 2 h after symptom onset. Despite these
additional patients, the relative treatment benefit was
still in favour of PPCI, regardless of presentation delay
(pBreslow-Day ¼ 0.3) (Figure 5). If only accelerated t-PA
trials were analysed, the relative benefit was attenuated
but still without statistical evidence of heterogeneity
(,2 h, OR: 0.98; 95%CI (0.66–1.47); �2 h, OR: 0.72;
95%CI (0.54–0.95); pBreslow-Day ¼ 0.21).

Discussion

Overall, PPCI was associated with a 37% relative reduction
in the odds of 30-day mortality when compared with
in-hospital fibrinolytic therapy, which was slightly attenu-
ated to 28% when only accelerated t-PA trials were con-
sidered. Although these findings are not unlike those found
in previously published meta- and pooled-analyses,11,12,43

this analysis extends beyond these by including individual
patient data from trials reported since 1997 and focusing
on the importance of time to treatment in the reperfusion
debate.
The time-sensitivity of fibrinolytic therapy has been well

established by the substantial reduction in mortality
observed when fibrinolytic treatment is administered within
the ‘golden hour’.5 Yet, regardless of the delay in presen-
tation of the current analysis, treatment with PPCI was uni-
formly associated with lower mortality relative to FL.
These findings were somewhat unexpected given the recently
reported evidence. In the CAPTIM trial, for instance, patients
randomized within 2 h after symptom onset had a strong
trend towards higher 30-day mortality with PPCI when com-
pared with pre-hospital FL [5.7 vs. 2.2%; OR: 2.7; 95%CI
(0.94–7.7); P ¼ 0.06].18 Although our sensitivity analysis
including the tabulated data from the CAPTIM trial suggests
that PPCI provides only a small mortality reduction relative

to accelerated t-PA in patients randomized within 2 h, this
estimate was not adjusted for potential confounders. Also,
from statistical point of view, the estimate of treatment
effect in this subgroup did not diverge from the estimate in
patients randomized after 2 h. Upon more extensive analysis
of the CAPTIM trial, several important details are worth
noting. First, this trial was designed to prove the clinical
superiority of PPCI over pre-hospital FL. Although, 1200
patients were needed to demonstrate a foreseen 44% relative
reduction in the composite endpoint of death, non-fatal myo-
cardial re-infarction and non-fatal stroke, only 67% of the
target sample size was achieved. As a result, only a trend
towards lower event rates after PPCI was observed (6.2 vs.
8.2% events) and the 95%CI of expected and observed treat-
ment effect were largely overlapping. Thus, the CAPTIM find-
ings should be interpreted with caution and in the context of
other pieces of evidence. Finally, over two-thirds of the
CAPTIM patients allocated to pre-hospital FL underwent PCI
within 30 days, which was notably a strong confounder of
treatment effect in our pooled analysis. In fact, the
pre-hospital FL treatment strategy of the CAPTIM trial
closely approximates the strategy of so-called ‘facilitated’
PCI in which patients receive adjunctive pharmacologic
treatment during transfer for the intervention. Some
evidence suggests that such strategy may result in even
better patient outcome than the more traditional PPCI
approach.44,45 On the other hand, preliminary analyses of
the ASSENT-IV trial demonstrated a higher incidence of
major adverse cardiac complications in patients allocated
to the strategy of PPCI after pre-treatment with tene-
cteplase compared with PPCI alone.46 Several trials such as
the Combined Abciximab REteplase Stent Study in
acute myocardial infarction (CARESS in AMI),47 and the
Facilitated Intervention for Enhanced reperfusion Speed to
Stop ischemic Events (FINESSE) trial are underway to
further test this strategy.

Figure 3 OR and 95% CI for 30-day death in patients randomized to PPCI when compared with FL according to presentation delay (left panel) and PCI-related
delay (right panel). OR were adjusted for patient-, hospital-, and study-level covariates.
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The balance of the treatment effect in the current analy-
sis remained with PPCI when its association with PCI-related
delay was examined, particularly if the delay was 35 min
or less. In 2001, Kent and colleagues48 presented a
‘back-of-the-envelope’ calculation for the benefit of PPCI
over FL in relation to PCI-related delay. Based on a linear
meta-regression on published findings from the first

10 randomized trials of PPCI vs. FL, they concluded that
the absolute survival benefit of PPCI compared with FL
decreased by 1.7% for every additional 10 min PCI-related
delay, and thus, a PCI-related delay exceeding 50 min
would nullify its benefits. Nallamothu and Bates49 recently
repeated the analysis using published data of most of the
trials included in our pooled-analysis and reached similar
conclusions. Our analysis, however, yielded divergent
results which may largely be explained by several methodo-
logical differences. First, Kent and Nallamothu presented
only absolute treatment effects. Second, the estimated
PCI-related delay in their analyses was based on a
combination of median and mean values of time-from-onset-
to-treatment, time-from-randomization-to-treatment, and
time-from-hospitalization-to-treatment, depending on the
available data in the separate clinical trial reports. Finally,
the results of linear (meta-) regression are susceptible to
extreme observations. Although ‘back-of-the-envelope’
calculations based on tabulated data are relatively straight-
forward and easy to understand, the caveats of such
analyses underscores the importance of pooling individual
patient data for these analyses.

PCI-related delay is subject to numerous biases related to
the modalities themselves, which are distinct from those
influencing presentation delays. These biases are often
related to the delivery of these treatment strategies by
the healthcare system; and thus, PCI delay was determined
at the hospital level in the current analysis. This also has the
advantage that PCI delay could be estimated in patients
randomized to PPCI who ultimately did not undergo this
procedure. However, these analyses are limited to the
extent that they are inadequately powered to demonstrate
effects of a delay in treatment. Hence, the observations in
relation to presentation delay should be given more
weight than those regarding PCI-related delay.

One of the most salient messages of the current study is
the importance of timely treatment in AMI patients.

Figure 4 Subgroup analysis of selected patient-, study-, and site-level
characteristics. NNT (number needed to treat): the number of patients who
need to be treated in order to prevent a death. OR were adjusted for
patient-, hospital-, and study-level covariates. *Site volume on-study only,
classified by the number of patients randomized to percutaneous transluminal
coronary angioplasty per site per year: low,,10 patients/site/year; medium,
10–23 patients/site/year; high, �24 patients/site/year.

Figure 5 Sensitivity analyses of the use of accelerated t-PA and of the
inclusion of trials with tabular data. OR were adjusted for patient-, hospital-,
and study-level covariates.
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Although the relative mortality reduction by fibrinolytic
therapy (relative to control) is often highest in patients
treated earliest after symptom onset,5 our data also
provides evidence that this is also the case for PPCI, as
the relative treatment effects of PCI over FL were not influ-
enced by presentation delay. Secondly, absolute mortality
rates in patients undergoing PPCI increased with increasing
presentation delay as well as with increasing PCI-related
delay. Although we appreciate that these differences may
be biased by differences in patient risk profiles, such as
the elderly and diabetics who presented later after
symptom onset, it is also important to emphasize that
time to treatment remained an important outcome determi-
nant after adjustment for baseline characteristics. This
observation is consistent with the results from the large
(n ¼ 27 080) NRMI registry and a smaller (n ¼ 1791) registry
from The Netherlands, and confirms that timely treatment
results in improved outcomes.13,50

Limitations

Several limitations of this analysis should be addressed.
First, the selection of trials may be prone to some bias. As
stated earlier, all trials published between January 1990
and December 2002 were considered in the search.
Although some time has elapsed since then, to our knowl-
edge, no additional trials have been reported.
Another implication of including trials published since 1990

may be the challenge of generalizability to current practice,
given the rapid evolution of therapies and overall cardiac
care. Although our analysis revealed no variance across the
22 trials, certain characteristics of recent studies deserve
comment. Enrolment in DANAMI-2 and C-PORT, which when
combined contributed 30% to the total number of patients
in this pooled analysis, was prematurely discontinued owing
to better outcomes in patients randomized to PPCI, which
were largely driven by high re-infarction rates in FL patients
or exclusion of procedure-related re-infarctions. Ideally, a
large randomized trial enrolling a broad spectrum of AMI
patients would be preferable to meta-analyses. A trial with
80% power would need to enrol 4400 patients (2200 patients
in each study arm) to detect a 2% mortality difference.51

Enrolling large numbers of patients, however, has proven in
the past to be a challenge as indicated by the early termin-
ation of such recent trials as DANAMI-2 and C-PORT. Thus,
meta- and pooled-analyses, such as this one, provide our
best estimate of reperfusion strategies in these patients.
Population-based studies such as those from NRMI and
others, however, will provide critical evidence as to how the
broader AMI population and healthcare system factors will
modulate the observations based in the clinical trial setting.
Although the use of individual patient data provided

greater analytic flexibility than traditional meta-analyses,
additional information on the context of treatment may
have been helpful in further elucidating these research
questions. Information on the experience (and personal
characteristics) of the interventionalist (and/or intervention
team), timing of PCI (‘business-hours’ vs. ‘off-hours’), and
geographic-, socio-, and economic-related barriers to care
is rarely collected by clinical trials, but may have profound
implications to the generalizability of the findings which
comes with confusing aggregate and individual effects,
otherwise known the ‘ecological fallacy’.52

Conclusions and clinical implications

Regardless of the therapeutic strategy, the time expired
since the beginning of the coronary occlusion remains
central to the reperfusion debate. With this in mind,
efforts should be increased to enhance early reperfusion
and solutions should involve all stakeholders, from patients
to providers to policy-makers.2 Altering public perception
of AMI and the importance of seeking early treatment is a
complex undertaking which may be overcome through
effective education programming among other behaviour-
changing approaches.
The ‘real world’ poses logistical and economic challenges to

the feasibility of a ‘PPCI-for-all’ approach; however, the
benefit of timely treatment as demonstrated in this study
underscores the importance of developing a comprehensive
and unified approach to improve the delivery of cardiac care
in all AMI patients. Unlike the clinical trial setting, disparities
in ambulatory care and pre-hospital services, and limited
access to tertiary or regional heart centres, both in number
of centres and 24-h/7-day capabilities, represent formidable
challenges to translating treatment benefit into the general
AMI patient population. For example population-based
studies have revealed median treatment delays ranging from
42 to 93 min.53–55 Until these gaps are narrowed, FL still
remains a viable treatment strategy when timely PPCI is not
available. One treatment does not fit all: time matters.
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