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T

he open artery hypothesis suggests that establishing
reperfusion as soon as possible after the onset of
symptoms of acute myocardial infarction should be a
priority; this has been highlighted as an important objective
in the National Service Framework document in the UK.1
Currently, patients with acute myocardial infarction are
treated with thrombolytic therapy or by percutaneous
coronary intervention (PCI). The vast majority at the present
time receive in-hospital thrombolysis. With thrombolytic
treatment, the earlier that patients are treated, the better
their outcome. As a result, there has been a move towards the
administration of thrombolytic treatment before hospital
admission.

THROMBOLYTIC TREATMENT
There are many large randomised clinical trials which have
shown benefit for thrombolytic treatment in acute myocardial infarction. These are summarised in the fibrinolytic
therapy trialists collaborative group publication2 which
demonstrated an overall risk reduction in 35 day mortality
of 18% with thrombolytic treatment.2 The beneficial effect of
thrombolysis includes patients presenting within 12 hours of
the onset of symptoms, but it is clear that the earlier patients
are treated the better their outcome. Thrombolytic treatment
saves about 30 lives in 1000 patients presenting within six
hours of symptom onset, but only 20 lives per 1000 when
treatment is given between 6–12 hours. Beyond 12 hours,
benefit is uncertain.
Fibrin specific lytics such as tissue plasminogen activator
(t-PA) and reteplase should, in theory, be more effective at
opening coronary arteries than streptokinase. Angiographic
studies have shown a higher percentage of patients with
patent arteries after t-PA treatment than with streptokinase
(around 70% v around 35%).3 In the GUSTO (global
utilization of streptokinase and t-PA for occluded coronary
arteries) trial, where a more aggressive regimen was
compared to standard streptokinase, there was a small but
significant mortality benefit favouring t-PA (6.3% v 7.3%).4
Although there was an excess of strokes in the group treated
with accelerated t-PA, this group still derived benefit when
the end point was combined death and strokes. The ‘‘open
artery’’ theory suggests that the short and longer term
outcome after acute infarction is determined predominantly
by the degree of patency obtained. The angiographic
appearance at 90 minutes post-thrombolysis correlates with
outcome. Patients with TIMI (thrombolysis in myocardial
infarction) grade 0 flow (that is, complete occlusion) had a 30
day mortality of 8.4% whereas in those with TIMI grade 3
flow (that is, flow equivalent to that in unaffected arteries) it
was only 4%.5 A retrospective meta-analysis showed that
mortality was 3.7% for patients with TIMI 3 flow, 6.6% for
those with TIMI 2 flow, and 9.2% for those with TIMI 0/1

flow.6 Five and 10 year follow up has indicated a continued
benefit for those with initial TIMI 3 flow.
Unfortunately, thrombolytic treatment is unable to produce TIMI 3 flow in all patients. It occurs in 54% of patients
treated with accelerated t-PA, 56% treated with reteplase, and
only 30% treated with streptokinase.7 The second limitation
relates to vessel re-occlusion. Repeat angiographic study at
three months of those patients who had a patent artery at 90
minutes has shown a re-occlusion rate of 30%.8 Patients who
re-occlude by three months have a lower one year event-free
survival (63% v 83%) compared to those whose infarct related
artery remained patent. Our goal in acute infarction management should be to achieve optimal TIMI flow initially and to
reduce the incidence of re-occlusion.

PRE-HOSPITAL THROMBOLYSIS
Reteplase (r-PA) is the first member of the third generation
thrombolytics. It has an angiographic patency rate which is
similar to t-PA, but it is easier to administer (as two boluses).
Tenecteplase has been evaluated more recently9 and can be
given as a single bolus. Both of these agents are easier to
administer than the earlier thrombolytics and therefore may
be preferred when treatment is given before hospitalisation—
that is, pre-hospital thrombolysis.
The early trials of thrombolysis introduced the concept that
‘‘time is muscle’’, based on the fact that benefit from lytic
therapy became less significant with time, even within the
first six hours. The greatest reduction in mortality appears to
occur when the thrombolytic is administered within the first
1–2 hours from the onset of pain. Studies have indicated that
the time the patient takes to call for help (the ‘‘pain to call
time’’) accounts for about one hour10—patient education is
required to reduce this delay. The MITI (myocardial infarction triage and intervention) trial demonstrated that initiating treatment before arrival in hospital reduced the period
from onset of symptoms to thrombolysis treatment by 33
minutes.11 Although there was no overall benefit in mortality,
this was not the case in those patients who received
treatment early (within 70 minutes) from the onset of pain.
These ‘‘very early’’ patients had outcomes that were
significantly better in terms of mortality (1.2% v 8.7%) and
infarct size (4.9% v 11.2%). Such data confirm the importance
of overall time (that is, onset of symptoms to administration
of thrombolysis). The administration of thrombolysis prehospital should result in a shorter time than in-hospital
treatment.
Abbreviations: EMIP, European myocardial infarction project; GUSTO,
global utilization of streptokinase and t-PA for occluded coronary
arteries; MITI, myocardial infarction triage and intervention; PCI,
percutaneous coronary intervention; PRAGUE, primary angioplasty vs
immediate thrombolysis vs combined strategy for patients with acute
myocardial infarction
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PRIMARY ANGIOPLASTY
Currently, the only treatment shown to be better than
thrombolysis is to open the infarct related artery at the time
of presentation with coronary angioplasty/stenting. If the
patient is taken to the catheter laboratory within 12 hours of
the onset of pain (and within two hours of arrival in hospital)
and the artery successfully opened and the stenosis dilated,
then TIMI grade 3 flow can be obtained in 80–97% of cases.13
While re-occlusion of the vessel remains a problem with
thrombolysis, this is not the case with PCI. The three month
vessel patency after PCI is between 87–91%.14
The pooled data from trials comparing PCI with thrombolysis suggest an improved outcome for angioplasty in terms of
mortality (2.5% v 6.4%), re-infarction (2.0% v 7.9%), and
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Figure 1 Results of randomised trials of pre-hospital thrombolysis on hospital mortality. Panel A: z score = 22.14; p = 0.03. Panel B: z score = 2.06;
p = 0.04. Panel C: z score = 21.73; p = 0.005. CI, confidence interval; EMIP, European myocardial infarction project; GREAT, Grampian region early
anistreplase trial; MITI, myocardial infarction triage and intervention; OR, odds ratio.
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stroke (0.3% v 2.5%)13 (table 1, fig 2). Recurrent ischaemia
occurs in between 9–15% of patients undergoing PCI and 27–
36% of those receiving thrombolysis. The two year follow up
data demonstrate that this early separation of the outcome
curves is maintained. Treating the underlying stenosis as well
as ‘‘rescuing’’ any patients who have not reperfused are the
likely mechanisms of benefit from PCI.
The trials of PCI, however, have included a smaller number
of patients than the trials of thrombolysis. When the data are
pooled, it appears that the high risk patients (older age, larger
infarcts, and anterior infarcts) benefit from PCI both in terms
of mortality and re-infarction, whereas the low risk group
benefit only in terms of re-infarction. With PCI for acute
myocardial infarction, time is also important—the ‘‘door to
balloon’’ time should be less than 120 minutes. In a large
study of patients treated by angioplasty, the door to balloon
time was a significant factor in predicting outcome (adjusted
odds of mortality 1.41 (95% CI 1.08 to 1.84) for times . 2
hours, and 1.61 (95% CI 1.25 to 2.08) for times . 3 hours).15
The more recent trials in which stenting has been employed
have shown significant improvement in immediate patency
rates. One study demonstrated an event-free survival at six
months of 81% in those stented as compared with 73% in
those treated by balloon angioplasty alone.16
The case for treating patients with acute myocardial
infarction by PCI is strong, particularly when patients are
treated within 12 hours of the onset of symptoms, when the
door to balloon time is short (that is, , 2 hours), and when
optimal techniques are used (that is, stents).17 It may be
possible to improve the results of PCI further by using
additional pharmacological treatment, such as the glycoprotein IIb/IIIa inhibitors or low dose thrombolysis. The biggest
problem with the use of PCI for acute myocardial infarction is

The EMIP (European myocardial infarction project) group
randomised over 5000 patients to either pre-hospital lysis or
in-hospital treatment. The time to treatment saving was 55
minutes and there was a significant reduction in cardiac
mortality (8.3% v 9.8%, a relative reduction of 17%).12 In a
meta-analysis of pre-hospital thrombolysis, it was shown
that the overall time to thrombolysis was 104 minutes for
pre-hospital treatment and 162 minutes for those treated inhospital. All cause mortality was significantly reduced (odds
ratio 0.83, 95% confidence interval (CI) 0.70 to 0.98) (fig 1).
Despite such data, pre-hospital thrombolysis is currently
being administered to only a minority of eligible patients.
This is now being addressed and the infrastructure is being
developed (for example, training of paramedics) to enable
thrombolysis to be administered appropriately and safely
before hospital admission. The introduction of the lytic
agents which can be given as a bolus (for example, reteplase
or tenecteplase) will facilitate this development.
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GP, glycoprotein; LBBB, left bundle branch block; MI, myocardial infarction; PTCA, percutaneous transluminal coronary angioplasty; t-PA, tissue plasminogen activator; USK, units of streptokinase
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the mismatch between the availability of interventional
facilities and where patients normally present—that is, to
non-interventional centres.

FACILITATED PCI
Thrombolytic treatment is easy to administer and restores
patency in a substantial proportion of patients. While PCI is
more effective at achieving vessel patency and dealing with
the underlying stenosis, it requires specialist facilities and
cannot be provided as rapidly as lytic therapy. It has been
suggested that a combination of thrombolysis followed by
PCI may be optimal.18
A recent study demonstrated no significant benefit of PCI
compared to pre-hospital lysis.19 There was an 8.2% incidence
of the primary end point in the pre-hospital lysis group and
6.2% in those undergoing PCI. One of the problems with this
study is that neither pre-hospital lysis nor PCI were optimally
time mandated. Secondly, since stents and the adjunctive use
of glycoprotein IIb/IIIa inhibitors are standard treatment
options during PCI, the treatment in the PCI arm may not
have been optimal.
The PRAGUE (primary angioplasty vs immediate thrombolysis vs combined strategy for patients with acute
myocardial infarction) study20 compared the outcome in
patients randomised to immediate thrombolysis (group 1),
thrombolytic treatment during transfer for PCI (group 2), or
immediate transfer for PCI (group 3) in patients presenting
to a district general hospital. Therefore, patients had to be
transferred to a specialist centre for PCI, and some of these
(group 2) received thrombolysis on route. Interestingly the
need for transport did not seem to impact significantly on the
admission to reperfusion times. The combined end point of
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death, re-infarction, or stroke was reached in 23%, 15%, and
8% of patients, respectively. Others have demonstrated that
adjunctive lysis before PCI increased the initial patency rate
(61% compared to 34% in those receiving placebo), with PCI
then restoring TIMI grade 3 flow in 77% and 78% of patients,
respectively.18
There are, in addition, some observational studies that
support the concept of combination therapy. One group21
reported patients treated with pre-hospital lysis administered
150 minutes after the onset of chest pain. Angiography at 90
minutes post-lysis revealed a TIMI grade 3 flow of 64% and
TIMI 0/1 in 29%. PCI was undertaken successfully in 49 out
of 50 patients in this latter group to give an overall TIMI
grade 3 flow of 91%. The overall in-hospital mortality was
4.1% and was similar to a ‘‘matched cohort’’ of patients
receiving primary angioplasty. The study suggests that
patients receiving pre-hospital thrombolysis may need
angiography and possibly PCI to achieve optimal patency
rates. In another observational study, 49% of patients
receiving pre-hospital lysis had TIMI grade 3 flow which
increased to 92% with PCI.22
The ADMIRAL trial23 showed a reduction in primary end
point (death, reinfarction, and need for urgent revascularisation) in those patients treated with glycoprotein IIb/IIIa
inhibitors (7.4%) as compared to placebo (15.9%) before PCI
for acute myocardial infarction. The benefit at six months
was only seen in those receiving the agent from a ‘‘mobile
intensive care team’’ who went to the patient. To administer
this drug in this way routinely would be difficult logistically,
with complex training issues. It is therefore unlikely to
happen routinely in the foreseeable future. There are,
however, ongoing studies of facilitated PCI, including the
FINESSE and ASSENT 4 trials.
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Thrombolytic treatment is effective for the treatment of
patients with acute myocardial infarction. The earlier treatment is administered, the better is the outcome and we
should move towards the routine use of pre-hospital
thrombolysis for most patients. Investment should be made
to establish the infrastructure (including training, etc) for
this treatment to be available.
Percutaneous coronary angioplasty offers additional benefit since it enables TIMI grade 3 flow to be established in the
vast majority of patients, including those who did not
reperfuse following thrombolysis, as well as treating the
underlying stenosis.24 Most patients should therefore receive
pre-hospital thrombolysis (although some will be ineligible
for lytic therapy), with a view to immediate angiographic
evaluation and PCI where indicated. Again investment will
be required to establish such a service in the UK. Studies
have shown that patients can be transferred safely and
rapidly between hospitals to enable optimal therapy to be
administered.

