SYMPOSIUM ON ACUTE HEART FAILURE

Optimal reperfusion strategy
for acute myocardial infarction

Primary percutaneous coronary intervention has proved to be a superior intervention strategy for acute
myocardial infarction than pre-hospital thrombolysis. Both strategies are being used in the UK in parallel, and
time to intervention is crucial with both strategies. The Myocardial Infarction National Audit Project registry is
showing a gradval move towards percutaneous coronary intervention as the sirategy of choice when available.

he main goal of early reperfusion therapy is to
Tachieve full coronary blood flow in the infarct-

related artery. Reopening an acutely occluded coro-
nary artery saves myocardium, reduces mortality, reduces
reinfarction and stroke, and improves outcomes in acute
myocardial infarction. Both interventional and pharma-
cological therapy have their place in the management of
patients with acute myocardial infarction but there is still
debate about what kind of reperfusion therapy is optimal
and what is immediately available. There are two parallel
initiatives in England and Wales aiming at fast reper-
fusion in acute myocardial infarction: pre-hospital
thrombolysis and primary percutaneous coronary inter-
vention. All myocardial infarcts are now audited as part
of the Myocardial Infarct National Audit Project
(MINAP). At present approximately 80% of infarcts are
dealt with by thrombolysis (either pre-hospital or in-hos-
pital). This percentage is just beginning to fall as the
primary percutaneous coronary intervention workload
and workforce expand (MINAP Steering Group, 2006).

Thrombolytic therapy

Publication of the ISIS II trial established the value of
thrombolysis in reducing myocardial infarction mortality.
Early administration of the thrombolytic agent was vital
and Boersma et al (1996) emphasized that the maximum
efficacy of thrombolytic therapy is achieved when treat-
ment is initiated within the first hour of symptom onset.
Very early thrombolysis in the first hour after symptom
onset could save up to 65 lives/1000 treated: the concept
of ‘the golden hour’. In the second hour after the onset of
symptoms, this benefit is reduced by 50%.

More recently, a substudy of the second Assessment of
the Safety and Efficacy of a New Thrombolytic Trial
(ASSENT-2) showed an independent association between
1-year mortality and ST-segment resolution on a 24-hour
electrocardiogram as well as a prognostic association
between time-to-treatment and ST-segment resolution.
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Almost 56% of patients treated within 2 hours from pain
onset had ST-segment resolution, compared with 52% of
patients treated within 2—4 hours, and only 43% of
patients treated between 4 and 6 hours (Fu et al, 2001).

Pre-hospital thrombolysis

Pre-hospital thrombolysis was first tried in the UK in the
GREAT trial in Scotland where the results of pre-hospi-
tal thrombolysis were compared with in-hospital throm-
bolysis. Although the study showed a reduced mortality
with pre-hospital thrombolysis the results did not quite
reach statistical significance. However, follow up for
1 year after thrombolysis showed a remarkable benefit
from pre-hospital treatment (Figure I).

A subsequent meta-analysis in 2000 of 6434 patients
in six trials (Figure 2) showed a relative risk reduction in
mortality of 17% and an absolute risk reduction of 2%
in those patients receiving pre-hospital thrombolysis. A
median 1 hour was saved by pre-hospital treatment and
an estimate of one life saved/62 treated (Rawles, 1994;
Morrison et al, 2000).

Pre-hospital thrombolysis is a rapidly expanding initia-
tive in England and Wales with almost all ambulance
services able to deliver thrombolysis by trained paramed-
ics. Reteplase and tenecteplase were approved for use by
paramedics in 2003, and changes to the prescriptions only

Figure 1. Late follow up of GREAT trial. Long-term benefit of
pre-hospital thrombolysis (home treatment) over in-hospital
thrombolysis. Absolute relative risk 15%, confidence interval 6~25%
P=0.0014. From Rawles (1994).
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medicines (human use) legislation were passed by parlia-
ment in 2004. A rigorous check list of indications and
contraindications is used by the paramedics (7zble 1), and
early data from MINAP show substantial reductions in
mortality in those patients receiving pre-hospital throm-
bolysis compared with in-hospital thrombolysis. Pre-hos-
pital thrombolysis accounts for 18% of all thrombolysed
patients in the UK with a median door-to-needle time of
38 minutes. A total of 7005 patients had been treated by
pre-hospital thrombolysis by the end of December 2006,
and 3035 in 2006 alone (253/month). In 88% of hospi-
tals in-hospital thrombolysis was delivered to 75% of
patients within 30 minutes of their arrival at hospital
(MINAP Steering Group, 2006). In contrast in 2006, in
the UK, 1647 patients were treated with primary percuta-
neous coronary intervention in preference to a fibrinolytic
strategy, compared with 1087 in 2005.

Failed thrombolysis
Maintaining arterial patency remains a challenging task
for fibrinolytic therapy. Although thrombolysis is easy to
perform, normal TIMI (Thrombolysis In Myocardial
Infarction) grade 3 flow is restored in only 40-50% of
patients whereas primary percutaneous coronary inter-

Table 1. Paramedic check list for use of

pre-hospital thrombolysis in England and Wales

Age <80 years old
Pain <6 hours

Indications
Typical distribution

Onset rapid but not abrupt
Not influenced by breathing
Heart rate 40180 bpm

Systolic blood pressure
>80-180 mmHg

Diastolic blood pressure
<110 mmHg

ST elevation >2 mm in
two or more leads

No bundle—branch block
Contraindications  Atrioventricular block

Signs

Electrocardiogram

Pregnancy or delivery

Peptic ulcer in the last 6 months
Stroke in last year

Bleeding tendency

Warfarin

Surgical operation in last month
Head injury or brain disorder
Streptokinase or previous lysis
Cardiopulmonary resuscitation
Organ failure

From Joint Royal Colleges Ambulance Liaison Committee (jrcalc.org.uk/)
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Figure 2. Meta-analysis of six trials of pre-hospital thrombolysis vs in-hospital
thrombolysis. From Morrison et al (2000). Full details of trials analysed are accessible in
Morrison et al (2000).

vention is associated with normal epicardial flow in more
than 90% of patients (GUSTO Investigators, 1993).
Patients who fail reperfusion by thrombolysis (continu-
ing pain, or persistent ST elevation) must be treated with
immediate coronary angioplasty (rescue percutaneous
coronary intervention). The REACT trial has convinc-
ingly shown that rescue percutaneous coronary interven-
tion is far superior to conservative management with
heparin or a repeat dose of a thrombolytic agent.

Primary percutaneous coronary intervention
Several meta-analyses and randomized clinical trials con-
firmed the superiority of primary percutaneous coronary
intervention over fibrinolysis in acute myocardial infarc-
tion (Brodie et al, 2006). An early meta-analysis by Dalby
et al (2003) (Figure 3) of seven trials showed a clear ben-
efit for primary percutaneous coronary intervention.

An example of a primary percutaneous coronary inter-
vention is shown in Figure 4. A totally occluded right
coronary artery just distal to the margin has been re-
opened by angioplasty and stenting.

Figure 3. Meta-analysis of seven early trials comparing thrombolysis with primary
percutaneous coronary intervention (PCI). There is a highly significant reduction in relative
risk of the composite endpoint with primary PCl. See fext for details. From Dalby ef al (2003).

Trial PCl Lysis

No events/No randomized
Maastricht 8/75 14/75
PRAGUE * 8/101 23/99
Air-Pami - 6/71 9/66
CAPTIM * 26/421  34/419
DANAMI 2 63/790  107/782
PRAGUE 2 36/429  64/421
Total 0.58 P<0.001 147/1887 251/1863
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The Danish trial in Acute Myocardial Infarction-2
(DANAMI-2) (Andersen et al, 2003) analysed whether
transfer of patients to a high volume centre within
3 hours of pain onset offered benefit over pharmaco-
therapy (intravenous alteplase given on admission). The
primary end point at 30 days was significantly higher in
the thrombolysis group vs primary percutaneous coro-
nary intervention group (14.2% vs 8.5%; P=0.002) and
the study showed that mortality increased significantly
with symptom duration.

Data from the PRAGUE 2 trial, a randomized control-
led study comparing long distance travel for percutaneous
coronary intervention s thrombolytic therapy in the
nearest available hospital, suggested that provided the
patient was treated within 3 hours of symptom onset the
mortality with the two procedures was the same
(Widimsky et al, 2003). With longer delays primary per-
cutaneous coronary intervention was superior. The study
was stopped prematurely because of a 2.5-times higher
mortality in the fibrinolysis group in patients treated

Figure 4. a. Primary percutaneous coronary angioplasty of occluded right coronary artery.
b. 2 hours from symptom onset.

I Thrombus

Figure 5. Algorithm for reperfusion therapy in acute myocardial infarction. From Silber ef al
(2005). PCI = percutaneous coronary intervention.
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more than 3 hours after the onset of pain (15.3% throm-
bolysis vs 6% percutaneous coronary intervention).

A small French study, the Comparison of Primary
Angioplasty and Pre-hospital Thrombolysis in the Acute
Phase of Myocardial Infarction (CAPTIM), compared
pre-hospital thrombolysis to transfer to interventional
centres for primary percutaneous coronary intervention
in patients presenting within 2 hours of symptom onset.
(Steg et al, 2003). CAPTIM showed a lower 30-day
mortality in the pre-hospital thrombolysis group (2.2%
vs 5.7%; P=0.05), and suggested that thrombolysis
might be even superior within the first 2 hours of pain
onset. However, the results should be interpreted with
caution as over two-thirds of the patients allocated to
pre-hospital thrombolysis underwent percutaneous coro-
nary intervention within 30 days.

A much quoted meta-analysis of 23 trials by Keeley et
al (2003) comparing the two reperfusion methods in
7739 patients showed a definite benefit of primary per-
cutaneous coronary intervention with a lower mortality,
a lower incidence of recurrent ischaemia, reinfarction
and stroke. Although this meta-analysis included many
trials with small numbers it has become the gold stand-
ard meta-analysis proving the superiority of primary
percutaneous coronary intervention over thrombolysis.

A strategy currently used in Europe is shown in Figure
5, demonstrating that almost all patients eventually have
a percutaneous coronary intervention procedure.

Time delay in primary percutaneous
coronary intervention
Primary percutaneous coronary intervention-related
delay is an important factor in selecting the optimal
reperfusion strategy, but it is still not clear how long the
initiation of reperfusion can be delayed in patients hav-
ing a primary percutaneous coronary intervention.
Unfortunately neither PRAGUE-2 nor DANAMI-2
provided a clear answer as to how long the door-to-bal-
loon time could be delayed to maintain the superiority of
primary percutaneous coronary intervention over throm-
bolysis. Time from onset of pain to balloon inflation was
initially thought to be less important than pain to throm-
bolysis time. This is not the case — delay in delivering a
primary percutaneous coronary intervention procedure
increases mortality. One study suggested that a percuta-
neous coronary intervention-related delay of >1 hour
negates the advantage of the procedure. The best solution
is for ambulance personnel to deliver the patient to the
catheter laboratory rather than to accident and emergency
or the coronary care unit where inevitable delays occur.
In the MINAP registry there is an inevitable percuta-
neous coronary intervention-related delay over pre-
hospital thrombolysis (Figure 6) of 96 minutes. This
delay is the sum of the transfer time from home to the
admitting hospital, the time in the admitting hospital,
the transfer time to the interventional centre, and the
delay in the interventional centre catheter laboratory.
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Delayed percutaneous coronatry intervention
after thrombolysis

In the past few years a number of studies have confirmed
the relationship between pain onset to reperfusion time
and mortality (Giugliano and Braunwald, 2003; Gersh
and Antman, 2006). The outcomes from several meta-
analyses have demonstrated that delayed percutaneous
coronary intervention may have benefits over immediate
percutaneous coronary intervention after thrombolytic
therapy (Boersma, 2006; Di Pasquale et al, 2000).

In the GRACIA-2 randomized, controlled trial a total
of 212 patients with ST elevation myocardial infarction
(STEMI) were allocated to optimal primary angioplasty
or facilitated intervention. Patients assigned to primary
percutaneous coronary intervention underwent stenting
of the infarct-related artery under the protection of abcxi-
mab within 3 hours of the onset of symptoms. By con-
trast, patients assigned to facilitated intervention received
immediate thrombolysis with tenecteplase plus intra-
venous enoxaparin, followed by percutaneous coronary
intervention performed within 12 hours of the onset of
symptoms. This study showed that routine percutaneous
coronary intervention performed within 3-12 hours of
initial fibrinolysis, with the mean time to percutaneous
coronary intervention 6 hours, was equivalent to primary
stenting in terms of myocardial salvage. Moreover, a com-
bination of immediate thrombolysis and delayed mechan-
ical reperfusion of STEMI was safe. These findings may
widen the time window for primary percutaneous coro-
nary intervention (Fernandez-Avile et al, 2007).

Time to delay in primary percutaneous coronary inter-
vention has been also reflected by the Combined Abciximab
Reteplase Stent Study in Acute Myocardial Infarction
(CARESS in AMI) trial which compared a strategy of early
transfer (2.5 hours) of patients after thrombolysis for
urgent percutaneous coronary intervention (facilitated
percutaneous coronary intervention) s a strategy of medi-
cal treatment at the admission hospital and transfer for
rescue angioplasty only if there is no evidence of reper-
fusion (medical or rescue percutaneous coronary interven-
tion). All patents were treated with half-dose reteplase and
abciximab. However, primary outcome at 30 days showed
that immediate transfer for percutaneous coronary inter-
vention after the start of thrombolysis reduced death,
reinfarction and refractory ischaemia in the facilitated per-
cutaneous coronary intervention group compared to the
group treated with thrombolysis (4.1% vs 11.1%; P<0.001),
and the overall bleeding rates were significantly higher in
the facilitated percutaneous coronary intervention group
than in the medical/rescue group (12.2% wvs 7.4%;
P<0.032) (CARESS in AMI Study Investigators, 2007).

Hopefully, future randomized studies may provide
further answers to questions about the optimal time win-
dow. Some data may come from the Strategic Reperfusion
Early After Myocardial Infarction (STREAM) study
which is planned to begin in early 2008. STREAM is a
prospective randomized trial in which a tenecteplase
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Figure 6. Time delay from symptom onset to thrombolysis or primary percutaneous coronary
intervention (PCl). There is a PCl-related delay of 96 minutes. Data exiracted from MINAP

registry.

bolus will be administered in the pre-hospital setting to
patients presenting within 3 hours after symptom onset.
Patients who cannot undergo percutaneous coronary
intervention within 1 hour will be randomized to pre-
hospital lysis or primary percutaneous coronary interven-
tion. It is important that STREAM is not a trial of lytic-
facilitated percutaneous coronary intervention, in which
patients undergo a full dose of lytic followed by transfer
for immediate percutaneous coronary intervention. In
STREAM, only lytic-treated patients who do not achieve
50% ST resolution after lysis will undergo primary per-
cutaneous intervention; the others will have angiography
at 6-24 hours (STREAM Study Investigators, 2007).

Facilitated percutaneous coronary
intervention or pharmacoinvasive strategy?
The question is not whether primary percutaneous coro-
nary intervention is better than immediate thrombolysis,
but what reperfusion strategy is more efficient? Will the
combination of both strategies be better than angioplasty
alone in patients with acute myocardial infarction?
Theoretically a combination of pre-hospital lysis fol-
lowed by primary percutaneous coronary intervention
(facilitated percutaneous coronary intervention) should
be superior to either intervention alone. Thrombolysis
would offer the best choice for immediate myocardial
salvage and angioplasty would subsequently deal with the
stenosis preventing reocclusion and reinfarction.
However, the Assessment of the Safety and Efficacy of a
New Treatment Strategy for Acute Myocardial Infarction
(ASSENT-4) trial has shown this is not the case — imme-
diate coronary intervention after the administration of
full-dose tenecteplase was associated with higher rates of
excess abrupt vessel closure, reinfarction and death s pri-
mary percutaneous coronary intervention alone. Moreover,
the additional thrombolytic carried an increased stroke
and intracerebral bleeding risk, and an increase in reocclu-
sion-related events by a transient early prothrombotic
effect that may have increased the percutaneous coronary
intervention risk. The trial was terminated prematurely as
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the primary endpoint of mortality was higher in the
facilitated group compared with percutaneous coronary
intervention alone (6.0% ws 3.8%; P=0.04) at 30 days
(ASSENT-4 PCI Investigators, 2006).

The same approach with a different treatment regimen
was reviewed in the long-awaited Facilitated Intervention
with Enhanced Reperfusion Speed to Stop Events
(FINESSE) study, which results were presented at the
European Society of Cardiology Congress 2007 in
Vienna. The largest trial of facilitated angioplasty to date
was designed to compare whether the combination strat-
egy of reduced-dose reteplase and abciximab would be
better than abciximab alone or whether abciximab facili-
tation would be better than primary percutaneous coro-
nary intervention with abciximab given in the catheter
laboratory (FINESSE Investigators, 2007).

Data at 90 days from FINESSE suggest that neither
facilitated percutaneous coronary intervention strategy
tested had clinical benefit over primary percutaneous coro-
nary intervention with in-lab abciximab. From a safety
perspective, reteplase/abciximab facilitation and abcixi-
mab facilitation significantly increased bleeding compared
to abciximab administration in the catheter lab. Primary
percutaneous coronary intervention with in-lab abciximab
has a better benefit/risk profile than the facilitated strate-
gies in patients who can undergo percutaneous coronary
intervention within 4 hours of first medical contact.

Despite the negative finding for facilitated percutane-
ous coronary intervention, the FINESSE study suggests
that the accepted 90-minute time window (used as a limit
to decide whether patients should be treated with throm-
bolysis or primary percutaneous coronary intervention)
could be safely widened. Following the FINESSE trial
more studies of possible benefits of new drug combina-
tions in facilitated percutaneous coronary intervention as
well as the optimal time frame for percutaneous coronary
intervention after effective pharmacological reperfusion
by thrombolysis are expected.

Table 2. Summary of choices of reperfusion therapy

Thrombolysis
Primary PCl
Rescue PC

Facilitated PCI

Pre-hospital thrombolysis and elective PCl

Immediate (pre-hospital thrombolysis) or in-hospital
Direct transfer to catheter lab for primary coronary angioplasty

Immediate thrombolysis followed by conventional care. Transfer for
angioplasty if failure or reocclusion

A combination of Lytic-facilitated PCl: Immediate full dose
pre-hospital thrombolysis Iytic followed by transfer for immediate PCl

followed by primary PCl - ¢ mbo-fadilitated PCl; Immediate half dose
Iytic with glycoprotein I1b/llla followed by
transfer for immediate PCl

Pharmacoinvasive strategy: PCl delayed for
a few hours after thrombolysis

Immediate thrombolysis followed by
angiography in all patients within 24 hours
followed by PCl if indicated

PCl = percutaneous coronary infervention

Recently published clinical trials, including FINESSE,
suggest that the combination of pre-hospital thromboly-
sis followed by primary percutaneous coronary interven-
tion (combination facilitated therapy) should no longer
be called ‘facilitated percutaneous coronary intervention’,
but ‘pharmacoinvasive strategy’ in which the angioplasty
is delayed for a few hours after thrombolysis (7zble 2
gives a summary of reperfusion choices).

Current guidelines and future trends

The European Society of Cardiology recommends a
pharmacoinvasive strategy for patients treated with fibrin-
olysis with or without evidence of myocardial ischaemia
(Silber et al, 2005).

The American College of Cardiology and American
Heart Association guidelines indicate that primary percu-
taneous coronary intervention is a preferred reperfusion
strategy in STEMI provided it can be performed within
90 minutes from first medical contact by a skilled team of
interventional cardiologists (operator experience >75 pri-
mary percutaneous coronary intervention cases per year;
team experience >36 primary percutaneous coronary
intervention cases per year). Medical contact-to-balloon
or door-to-balloon time should be <90 minutes and door-
to-balloon time <1 hour. Nevertheless, studies have shown
that if the door-to-balloon time exceeds the optimal
(<90 minutes) the benefit of percutaneous coronary inter-
vention over lysis therapy is reduced. Therefore fibrino-
lysis is recommended when there is a delay in carrying out
invasive treatment, i.e. where the door-to-balloon time is
>1 hour and medical contact-to-balloon or door-to-bal-
loon is >90 minutes (Anderson et al, 2007; Table 3).

The findings from the CARESS in AMI Study
Investigators (2007) suggest that the percutaneous coro-
nary intervention guidelines need to be changed and all
patients with acute myocardial infarction should be
referred for primary percutaneous coronary intervention.

Conclusions

Despite the publication of guidelines of the European
and American scientific societies, treatment of patients
with STEMI is still far from the optimal. Primary angio-
plasty is the gold standard of reperfusion for acute myo-
cardial infarction and remains a better therapeutic option
than fibrinolysis. One of the most important variables in
coronary reperfusion is time; shortening the time to
treatment should reduce mortality after acute myocardial
infarction. Mortality from acute myocardial infarction
remains high, with most deaths occurring before hospital
admission. Despite standard pre- and in-hospital reper-
fusion strategies treatment delays in transferring patients
from non-interventional to interventional centres remain
prolonged. All the trials to date do not provide evidence
that clinical outcomes are better with facilitated percuta-
neous coronary intervention. Therefore, facilitation with
a high-dose thrombolytic, glycoprotein 1Ib/IIla inhibitor
or a combination therapy is not recommended yet and
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should not be used routinely. The only recommended
facilitation is abciximab given in the catheter laboratory
at the time of percutaneous coronary intervention.

Current evidence and American guidelines do not sup-
port the practice of routine percutaneous coronary inter-
vention following the administration of thrombolytics
with successful reperfusion.

In the UK at present rural areas are best served by pre-
hospital thrombolysis and urban ones by primary percuta-
neous coronary intervention. In many countries in Europe
primary percutaneous coronary intervention has largely
taken over from thrombolysis and there is no doubt that
in the UK we shall see a gradual shift towards primary
percutaneous coronary intervention as facilities and the
necessary workforce expand to meet the need. BJHM
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Table 3. American College of Cardiology and American Heart

Association guidelines for optimal reperfusion in
acute myocardial infarction

Fibrinolysis 3 hours from symptom onset and delay to PCI
ssaiuiital i Invasive strategy not available
Vascular access difficulties
Delay to invasive strategy
Prolonged transport (door-fo-balloon) — (door-to-needle) >1 hour
Contact-to-balloon or door-to-balloon >90 minutes
PCl >3 hours from symptom onset
s S Experienced cath lab available
Contact-to-balloon or door-to-balloon <90 minutes
(Door-to-balloon) — (door-to-needle) <1 hour
High-risk patients (cardiogenic shock, Killip class > 3)
Contraindications to fibrinolysis
Diagnosis of ST elevation myocardial infarction not clear

* Minimum requirement is a skilled interventional team: operator experience > 75 primary PCl cases per year, and team
experience > 36 primary PCl cases per year. PCl = percutaneous coronary intervention. From Anderson et al (2007)

KEY POINTS

B Primary percutaneous coronary intervention is superior fo pre-hospital
thrombolysis in acute myocardial infarction.

B Time is crucial in both strategies.

Failed thrombolysis must be followed by urgent angioplasty.
B Facilitated angioplasty (with preceding thrombolysis) is not recommended.
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