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Angioplasty for the treatment of acute myocardial
infarction

K J Beatt, F Fath-Ordoubadi

In principle, any innovative treatment that is
to be accepted into clinical practice should be
justified on the basis of the following criteria: a
sound pathophysiological mechanism for its
beneficial effect, safety and efficacy in the clin-
ical setting, a financial cost that justifies the
benefit to the targeted patient population, and
the ability to apply the treatment in a practical
manner. The first of these, encompassing the
concept of early and sustained patency, pro-
vides the basis for understanding why primary
angioplasty is so effective at treating acute
myocardial infarction.
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Early patency
The global utilisation of streptokinase and tis-
sue plasminogen activator (t-PA) for occluded
coronary arteries (GUSTO I) trial' has shown
the regimen of accelerated t-PA to be superior
to other tested thrombolytic strategies in terms
of achieving higher early patency and lower
mortality. Perhaps more importantly the study
demonstrated that suboptimal reperfusion
with compromised flow is little better than an
artery that remains occluded.2 The early (90
minute), complete (TIMI grade 3 flow), and
sustained reperfusion of the infarct related
artery are the most crucial factors in prevent-
ing death and impairment of cardiac function
following an acute myocardial infarction.3
Even with optimal thrombolytic therapy only
54% of the patients eligible for thrombolytic
treatment in the GUSTO I trial achieved early
high grade patency. In contrast, current pri-
mary angioplasty studies show that reperfusion
rates are generally greater than 90%, and in
some studies as high as 98%.4 Whereas
improvements in time to thrombolytic treat-
ment and new thrombolytic agents may signif-
icantly improve patency, it is unlikely to
approach that achieved by primary angioplasty
and may increase the risk of fatal or disabling
strokes. The aggressive use of anticoagulants
and antiplatelet agents has led to only a modest
increase in arterial patency at the expense of
an exponential increase in intracranial bleeds.5
There are now several clinical trials assessing
treatments with new thrombolytics,
antithrombins, and antiplatelet agents for
acute myocardial infarction that have been
prematurely terminated because of excessive
bleeding. There is hope that newer agents will
provide higher patency rates with an accept-
able risk profile, but the use of these agents
remains speculative, whereas the risk profile as
well as the benefits for angioplasty are well
documented.

Sustained patency
Having demonstrated a superior early patency
rate, is the advantage of primary PTCA sus-
tained? The reductions in recurrent ischaemia

and the need for further hospital admissions
have been striking and provide the basis for an
effective one stop strategy for treating acute
ischaemia (fig 1). The ability to assess the
extent of the disease and to treat effectively on
day 1 reduces the need for the traditional non-
invasive investigations that may be repetitive,
unreliable or frankly misleading in an appre-
ciable number of patients.

Again the mechanism of benefit is through
the maintenance of arterial patency. Repeat
angiography has demonstrated that patients
having primary angioplasty maintain patency
better than those receiving thrombolysis and
this is reflected in clinical outcome. In the
Zwolle trial arterial patency at 20-80 days was
68% in the thrombolytic group and 91% in the
angioplasty group (P = 0001) with corre-
sponding reinfarction rates of 19% and 3%.
(P = 0.001).46 The figures for the combined
endpoint of nonfatal myocardial infarction and
death was 28% and 7%, respectively, giving a
relative risk for thrombolysis compared with
angioplasty of 4-3 (95% confidence interval
(CI) 2-2 to 8 3). The ability to discharge
patients from hospital secure in the knowledge
that a further unheralded event is unlikely is
reassuring for both the patient and the physi-
cian.

Current status ofprimary angioplasty
The stimulus for the current interest in pri-
mary angioplasty came in 1993 from the land-
mark publications of the three prospective
randomised trials, two from the United
States78 and one from the Netherlands.4 More
recently, the results of the GUSTO IIb angio-
plasty substudy have been reported.9 This is by
far the largest of the completed trials recruiting
1138 patients from centres around the world
representing a variety of experience and vary-
ing clinical practice. The study was powered
to show a difference in the primary composite
end point of death, non-fatal reinfarction, and
disabling stroke at 30 days. The results show
that this end point was reached in 9-6% of the
angioplasty group and 13-7% of the acceler-
ated t-PA group (P = 0 033). Mortality was
5*7% and 7%, respectively (NS). Eighty two
per cent of those randomised to angioplasty
received this treatment 3-8 hours following the
onset of pain and 1-3 hours following ran-
domisation. However, the success rate in
terms of TIMI-3 flow was only 73%. This was
significantly lower than the 90% plus TIMI-3
flow achieved in other contemporary ran-
domised trials and is highly relevant as mortal-
ity in the patients with TIMI-3 flow in the
GUSTO IIb study was 1 6%, while those with
TIMI-0, 1, and 2 flows had a mortality
increase of more than 10-fold to 21%, 14%,
and 20%, respectively.9 This is, perhaps, the
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Figure 2 Comparison of number of lives saved per 1000 patients treated at 30 da
following acute myocardial infarction (MI) for different reperfusion strategies and a

Acc-tPA, accelerated tPA; SK, streptokinase; Asp, asprin. The figures have been a
by taking the overall mortality rate in control patients as 11-5% for all MIs and 16
anterior MIs (taken from FTT's collaborators study21). Mortality rate for primary
angioplasty for the overall population andfor anterior MIs was taken as 4-4% (fro
meta-analysis ofprimary PTCA') and 7 1% (taken from GUSTO IIb9), respectiz
accelerated tPA as 6-3% and 8-6%, respectively (taken from GUSTO I'); for
streptokinase with aspirin as 8% and 10%, respectively; for streptokinase alone 10
and 11-3%; andfor aspirin as 10-7% and 12 8%, respectively (taken from ISIS-2
study2).

of primary angioplasty in the total patient pop-
ulation, something that becomes apparent
with a more critical analysis of the randomised
trial in acute ischaemia.

27 Limitations of randomised trials in acute
myocardial infarction
The results of well conducted randomised
clinical trials are widely accepted as the most
appropriate method of evaluating clinical prac-
tice. An important and overriding principle in
the conduction and interpretation of these trials
is that the recruited trial population should be a
true sample population reflecting the charac-
teristics of the population of interest, and ide-
ally all patients should receive the treatment
allocated at randomisation. Most recent stud-

ring ies assessing the effect of invasive investigation
fall well short of meeting these criteria.
Obtaining representative populations becomes

rial in particularly difficult once there is the percep-
ffective tion, by either physician or patient, that one or
rapy a other of the treatment arms is superior. In par-
ust be ticular, those at highest risk are preferentially

offered the "optimal' treatment and are there-
ig this fore not recruited for the trial. This concept,
f 2606 which is self evident to those recruiting
~rgoing patients for trials, is often not appreciated by
-d with statisticians and non-involved commentators.
s (34% Studies assessing the effects of thrombolytics
n-fatal in acute myocardial infarction have consis-
11-9% tently selected a population at lower risk than
For the the true myocardial infarction population; an
rrhagic observation that is confirmed by the compara-
uction, tively low mortalities recorded in both treat-
Tsis are ment arms.' 1112 Recent intervention studies
ate the where records have been kept of the total pop-
A con- ulation show that the sample population may
cardial be as low as 4% of recruitable population.
f these Most studies do not document this important
iselves, detail, which has major implications in the way
benefit the results are interpreted.

The problem is compounded by crossover
from one treatment arm to another, which may
be as high as 50% in some trials, and again will
occur more frequently in the patients at highest
risk.'3 14 In a recent study concluding that pri-
mary angioplasty offered no additional benefit
compared to thrombolytic therapy, 30% of
those receiving thrombolysis underwent angio-
plasty in the first 24 hours.'5 This subgroup
may influence the favourable outcome of the

41 thrombolysis group, and a more appropriate
conclusion from the dataset provided (which is
also a selected dataset) would be to argue that
the outcomes of patients receiving thromboly-
sis are similar to those having primary angio-
plasty if, and only if, immediate angioplasty is
available to the thrombolytic group who most

Asp need it.
When assessing the true benefit of primary

ys angioplasty, care should be taken to avoid
2spirin. using selected data from unrepresentative
lerived sample populations that fail to adhere to their
5i9% for randomised treatments. In this respect the
,m Zwolle study deserves special consideration.
)ely; for Conducted at a time when there was genuine
40 doubt concerning the benefit of primary

angioplasty, it is unusual in that virtually all
eligible patients admitted to hospital were
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recruited, irrespective of their underlying risk.
A 50% reduction in mortality was demon-
strated with primary angioplasty at a mean fol-
low up of 30 months; a reduction considerably
greater than the meta-analysis has deter-
mined.4
The point is further illustrated by analysing

the subset of patients with the highest mortal-
ity. In the Primary angioplasty in myocardial
infarction (PAMI) trial patients older than 70
years with an anterior myocardial infarction
and a heart rate faster than 100 beats/min
treated with thrombolysis had a mortality of
10-4% compared to 2-0% with angioplasty.
The current meta-analysis shows that

although the relative mortality reductions are
impressive they translate into only a modest
absolute benefit because of low mortalities
inherent in preferentially recruiting low risk
patients into randomised clinical trials.
However, critical analysis of the data available
suggests that these relative reductions also
apply to high risk patients, where the benefit
becomes far more substantial than the figures
that are quoted in fig 2. The difficulties of per-
forming randomised trials where interven-
tional procedures are involved have forced
trials designs that are impractical and difficult
to implement according to protocol and may
therefore not answer the relevant questions. In
this situation more attention should be paid to
the mechanisms of benefit and the surrogates
of favourable clinical outcomes, avoiding the
often heard cry for additional randomised
trials, without full understanding of the limita-
tions of their predecessors.

Practical and cost issues
As the data on the benefit of primary angio-
plasty has become favourable the arguments
opposing the use of the procedure have cen-
tred on the costs and the difficulty of providing
access for most if not all patients. The two
most comprehensive primary angioplasty stud-
ies have shown that primary angioplasty is no
more expensive than thrombolysis particularly
if costs are adjusted for survivors and the
expenses are considered over one year.16 17 The
higher initial cost of primary angioplasty is off-
set by the increased costs of re-admissions for
recurrent ischaemia in the patients treated
with thrombolysis. Further cost savings can be
achieved by concentrating expertise so that
more patients are admitted to fewer, more
experienced units. The recognition that many
of the traditional non-invasive tests become
redundant following the initial determination
of coronary anatomy and LV function will
allow further refinement of postmyocardial
infarction management with further efficiency
and cost savings.
Most of the data on primary angioplasty

comes from centres experienced in invasive
procedures. Performing primary angioplasty is
more demanding than the elective use of the
procedure. It should be recognised that experi-
ence, expertise, and an adequate throughput
of patients are essential components for
achieving acceptable standards in primary
angioplasty, as is the case for elective angio-

plasty. A recent registry documenting primary
angioplasty in 4625 patients showed that units
performing more than 40 angioplasties annu-
ally for acute myocardial infarction demon-
strated significantly better outcomes,'8 while
the GUSTO II trial showed improved results
in centres performing more than 625 angio-
plasty procedures a year.7

Implications for current practice
Over the past 20 years angioplasty has devel-
oped from a crude technique limited in its
application to the most common revascularisa-
tion procedure for coronary artery disease. It is
broadly most effective at treating acute
ischaemia, and the greatest mortality benefit is
achieved treating acute myocardial infarction.
There can no longer be disagreement that for
many high risk patients, primary angioplasty
offers a cost effective mortality benefit many
times greater than conventional treatment.
Even more compelling is the use of the proce-
dure for treating patients in situations where
there is no effective alternative-where throm-
bolysis is contraindicated or where complica-
tions develop as a result of failed thrombolysis.
Units that are able to offer this treatment will
achieve substantially better results than those
that are only able to offer treatment with intra-
venous thrombolysis.

In 1971 the benefits of thrombolysis were
demonstrated in a controlled randomised
trial'9 and in 1985 an overview established the
message beyond doubt.20 Yet it took many
more years for the treatment to become estab-
lished practice for all patients. There is now a
need to evaluate a further change in treatment
and to establish how this can be made avail-
able for those who most stand to benefit. The
indicators are that with a willingness to change
and an appropriate reallocation of current
resources the necessary progress can be made.
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Is primary angioplasty feasible or will we provide a
two-tier service?
Pascal Chatelain, Philip Urban

Primary angioplasty for acute myocardial
infarction has its fans, its doubters, and those
(the majority) who belong to neither camp
because they have no choice other than
thrombolysis to achieve myocardial reperfu-
sion in their institution. Should they feel inad-
equate and guilty not to be in a position to
offer the "best" treatment? Should they all
start a hard and long fight with their adminis-
tration for an increased share of scarce
resources? In other words, should the clinical
superiority of primary angioplasty, be used as
an argument for the availability of catheterisa-
tion laboratories and interventionists in every
hospital? A responsible answer to these ques-
tions should probably be negative.
To abandon thrombolysis as the treatment

of choice for acute myocardial infarction
would certainly be a mistake as it has several
advantages over primary angioplasty. First, if
appropriately prescribed, its administration by
a general practitioner or a junior casualty doc-
tor will be as effective as when given by the
most experienced cardiologist. Second,
thrombolysis can be administered out of hos-
pital when geographical constraints make this
necessary.' Third, new thrombolytic agents
are under investigation with the common aim
to achieve TIMI-3 flow more rapidly in a
larger number of patients.2
On the other hand, several advantages of

primary angioplasty remain. Overall analysis
of more than 2000 patients randomised in
eight studies so far demonstrates a significant
mortality reduction of angioplasty compared
with thrombolysis, and the rare but devastat-
ing occurrence of intracerebral bleeding is
also avoided.3 Coronary anatomy and left ven-
tricular function are assessed immediately,
allowing better therapeutic decisions includ-
ing early discharge.4 The efficacy of reperfu-
sion can be monitored directly and eventually

modified by further mechanical and pharma-
ceutical interventions. Finally, this treatment
allows the patient to be in expert hands during
the acute phase of the disease.

However, recent multicentre data from the
GUSTO IIb trial5 suggest that the overall dif-
ferences between primary angioplasty and
accelerated tissue plasminogen activator (t-
PA) are rather small, and point to the need for
subgroup analysis. High risk patients, and
probably patients with a contraindication to
thrombolysis, are emerging as those with the
best indications for primary angioplasty.

After a rather unequal competition between
both strategies during the first 10 years of the
reperfusion era, an unpleasant and unjustified
feeling of revenge has been perceptible behind
several affirmations favouring primary angio-
plasty. We should stop competing and con-
centrate on the real issues. These include
making primary angioplasty available for the
subset of patients most likely to benefit from
the procedure, and organising adequate refer-
ral networks. It must then be the responsibility
of every physician to make the best decision
after a thorough (but swift) evaluation of the
individual patient's situation.
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Letters to the Editor

vascular disease, risk factors, interventions,
and prognosis, fulfilling criteria for a suitable
non-invasive assessment of endothelial func-
tion. Furthermore, several groups have tar-
geted this molecule as a means of
intervening in the thrombotic process.'6 The
next five years will tell if this approach is
successful.
The non-invasive approach outlined by

Mullen and colleagues has provided invalu-
able opportunities to dissect the pharmacol-
ogy of the endothelium. However, by its
very nature such an approach is unlikely to
provide epidemiological data or even data to
compare groups with large numbers of sub-
jects. We submit that plasma markers such
as von Willebrand factor and soluble throm-
bomodulin are likely candidates for provid-
ing data of this nature.

ANDREW BLANN
GREGORY LIP

Haemostasis, Thrombosis and Vascular Biology Unit,
University Department ofMedicine,

The City Hospital, Dudley Road,
Birmingham B18 7QH, UK
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This letter was shown to the authors, who reply
as follows:

We read with interest the letter from Drs
Blann and Lip regarding the advantages and
limitations of plasma markers of endothelial
cell function. We share their interest in this
area of research and its potential clinical
application. We feel, however, that evalua-
tion of nitric oxide mediated arterial physiol-
ogy in large conduit arteries using the
non-invasive techniques described' may
provide insight into the pathophysiology
of vascular disease, be an early marker of
endothelial injury, and a means of evaluating
interventions early in the natural history of
atherogenesis.
The value of these measures in predicting

disease development and outcome is not
known and is central to current research
efforts. Our published data, however, indi-
cate that this technique can be used to study

endothelial function in large groups of sub-
jects from early in childhood, to provide
epidemiological data, compare groups of
subjects with risk factors, and demonstrate
beneficial response to interventions.2-5
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CORRECTION

Pregnancy and congenital heart disease
CM Oakley Heart 1997;78:12-14.

The first sentence of the section Atrial sep-
tal defects should have read:

"The only frailty of patients with unrepaired
atrial septal defects is intolerance of blood
loss that can force left to right shunting, to
the sudden detriment of left ventricular and
coronary flow."

And not as published. The error is regretted.
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