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Secondly, we should consider whether we would be
concentrating resources in the wrong area. From commu-
nity studies of acute myocardial infarction, we know that
mortality is highest soon after acute myocardial infarction
and that despite a steady fall in hospital mortality, particu-
larly in those patients enrolled in thrombolysis trials, the
overall risk for an individual who has a heart attack has
altered very little.89 We are therefore in danger of doing
more and more in the way of treatment for fewer and
fewer patients. Is this really the right way forward?

CONCLUSIONS
It has been suggested that primary PTCA is in danger of
being "buried alive".'0 An alternative view is that the pro-

1 Grech ED, Ramsdale DR. Angioplasty and acute myocardial infarction.
Lancet 1994;342:191.

2 Grines CL, Browne KF, Marco J, et al. A comparison of immediate angio-
plasty with thrombolytic therapy for acute myocardial infarction. N Engl
JMed 1993;328:673-9.

3 Zijlstra F, de Boer MJ, Hoorntje JCA, Reiffers S, Reiber JHC,
Suryapranata H. A comparison of immediate coronary angioplasty with
intravenous streptokinase in acute myocardial infarction. N Engl J Med
1993;328:680-4.

4 Gibbons RJ, Holmes DR, Reeder GS, Bailey KR, Hopfenspirger MR,
Gersh BJ. Immediate angioplasty compared with the administration of a
thrombolytic agent followed by conservative treatment for acute myocar-
dial infarction. NEnglJMed 1993;328:685-91.

5 A report of a working group of the British Cardiac Society: Cardiology in the

British
Heart
Journal

cedure is in suspended animation and there it should
remain until further large-scale trials guide us as to the
best way forward, particularly in relation to patient selec-
tion. If primary PTCA is to be adopted into routine prac-
tice then it should be in the context of a strategy covering
all opportunities for intervening from the moment symp-
toms begin. Such a strategy might reduce the high mortal-
ity in many patients with acute myocardial infarction
more than the introduction of a single, expensive proce-

dure for those that have already survived the period of
highest risk.
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Experience ofprimary angioplasty in the United Kingdom
Spectre of an overwhelming increase in workload

The benefits of reperfusion therapy for acute myocardial
infarction are well established and most patients should
now receive thrombolytic agents to achieve recanalisation
of the occluded infarct-related vessel.' However, throm-
bolytic therapy does have several limitations. Firstly,
recanalisation is not achieved in at least 20%-30% of
patients2 and only 50% will achieve TIMI grade 3 flow in
the first 90 minutes.3 Secondly, of those patients in whom
recanalisation occurs, 10%-30% will have early or late
reocclusion (despite treatment with aspirin and heparin)
leading to reinfarction, worsening left ventricular
function, and death.45 Thirdly, intracranial bleeding can
occur in 1% of patients, causing death in 35%-40%.
In addition, 15%-20% of patients with myocardial infarc-
tion will have some contraindication to thrombolytic
therapy.7
Though primary (or direct) percutaneous transluminal

coronary angioplasty (PTCA) offers an opportunity to
overcome most of these problems, major issues need to be
addressed before this form of treatment can be applied
nationwide.

Direct PTCA has been shown to have a high primary
success rate (90%-99%) with few procedural complica-
tions and a low in-hospital mortality.89 It can establish
TIMI grade 3 flow in up to 95% of patients within two
hours of hospital admission'0 and this has been our experi-
ence. Thrombolytic agents cannot achieve this. Primary
angioplasty has a more rapid action and greater success
because it can dislodge and mechanically disrupt throm-
bus as well as reduce any residual coronary stenosis
caused by atheroma. These actions reduce the risks of
recurrent ischaemia, reocclusion, and reinfarction."'
Primary PTCA also avoids the significant bleeding risks
associated with systemically administered thrombolytics

and reduces the formation of a haemorrhagic myocardial
infarction.'2 If necessary, residual intracoronary thrombus
seen angiographically can be simultaneously, effectively,
and more reliably treated with small doses of clot-specific
thrombolytic drugs administered directly down the
relevant vessel.

Primary PTCA leads to a reduction of infarct size and
improved left ventricular function when compared with
streptokinase therapy, with the most pronounced benefits
being in those with anterior myocardial infarction pre-
senting within two hours after the onset of symptoms."3
These impressive results are presumably the result of a
rapid and effective restoration of blood flow to jeopar-
dised myocardium. In addition to reducing the likelihood
of recurrent myocardial ischaemia and reinfarction,
immediate PTCA reduces the need for early additional
revascularisation procedures and reduces in-hospital mor-
tality, compared with intravenous thrombolytic therapy.
Again these effects are a consequence of improved coro-
nary blood flow and better left ventricular function."3
Brodie et al showed that after primary PTCA, patency of
the infarct-related artery is the most important determi-
nant of hospital survival and that left ventricular function
measured after recovery is the most important determi-
nant of late cardiac survival.'4 The beneficial effects of
primary PTCA were sustained (up to 36 months) after
discharge"3 '5 although as many as 28% of patients require
a repeat PTCA for restenosis.

Primary PTCA can also be used successfully when
thrombolytic therapy is contraindicated by a high risk of
bleeding or an adverse haemodynamic state such as
cardiogenic shock.'6 '7-9 Indeed, it is probably the best
treatment for achieving rapid reperfusion in such high risk
subsets. '9
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Although the initial costs of primary PTCA are higher
than thrombolytic therapy with streptokinase, use of
anistreplase and r-tPA (alteplase), which are more expen-
sive, will narrow the gap. Moreover, the in-hospital stay is
shorter and readmission rates lower after PTCA than
after thrombolytic therapy'3 20 and at one year the costs of
primary PTCA were similar to streptokinase therapy and
cheaper than treatment with r-tPA."3

Over and above these benefits, the necessary immedi-
ate coronary arteriography provides crucial information
for treatment stratification. Those patients with left main
coronary artery stenosis, severe three vessel coronary
artery disease, or occluded vessels that are unsuitable for
PTCA can be referred for coronary artery bypass surgery.
Conversely, those with a patent or insignificant infarct-
related vessel may be selected for medical treatment
rather than unnecessary thrombolytic therapy.

There are overwhelming advantages to primary PTCA
in acute myocardial infarction but there are also draw-
backs. Some of these are consequent to the nature of the
procedure whereas others are major resource and man-
power issues. Complications include those of cardiac
catheterisation and PTCA."32 Procedures can be simple
and short (<20 minutes) or complex and prolonged (>2
hours), even though it is usual to attempt only the infarct-
related vessel. Prolonged procedures, although infre-
quent, increase the exposure of the interventional
cardiologist to radiation. Ventricular arrhythmia not
uncommonly occurs shortly after coronary reperfusion
but in the catheter laboratory this can be promptly treated
by intravenous drug therapy or DC cardioversion. Right
coronary artery procedures are more often troublesome
than those in the left coronary artery and are more com-
monly associated with sinus arrest, atrioventricular block,
idioventricular rhythm, and severe hypotension."2

". . . it soon became obvious that
resources were not-sufficient to offer a

district service, let alone a regional one"

Temporary pacing, inotropic support, and intra-aortic
balloon pumping may be necessary. When much intra-
coronary clot is present, additional intracoronary throm-
bolytic therapy may be combined with PTCA; however,
this increases the risk of femoral artery bleeding and
haematoma formation. Primary coronary angioplasty, like
elective PTCA, is associated with an operator-dependent
morbidity and mortality that varies with the skill and
experience of the interventional cardiologist."32' It should
only be considered in patients presenting early and when
an experienced angioplasty team is available. Cardiac sur-

gical back-up is essential if risks are to be minimised.'0
Because facilities in the United Kingdom are limited,
those interventional cardiologists who currently perform
primary PTCA carefully select patients for this procedure
rather than offer it to allcomers. Ideal patients might
include those who are aged less than 60 years, who pre-
sent within four hours of the onset of chest pain associ-
ated with acute ST segment elevation, and who have no

previous acute infarction or a long history of angina.
Patients with anterior infarction or contraindications to
thrombolytic therapy may be particularly suitable.
However, treatment of patients with previous myocardial
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infarction, a long history of angina, previous coronary
artery bypass surgery, or proven multivessel or diffuse
coronary disease is not contraindicated. Though such
patients are technically unattractive prospects for primary
PTCA they may benefit considerably from prompt reper-
fusion by this procedure.

In common with most other UK centres, most of our
patients with acute myocardial infarction are treated with
intravenous thrombolytic therapy. However, in recent
years we have performed primary and rescue PTCA in
over 100 patients. Patients underwent primary PTCA if
they presented when a cardiologist was available and the
cardiac catheter laboratory was unoccupied or about to
become so. Thus most patients were treated in the
evenings, early hours of the morning, and at the weekend.
Initially we were motivated to continue this demanding
activity because of our research interests and because we
were impressed by the angiographic and clinical results
achieved, but it soon became obvious that resources were
not sufficient to offer a district service let alone a regional
one. In the first 50 patients without cardiogenic shock
that we treated by primary PTCA, the median time from
onset of pain to presentation was 120 minutes (range
10-420 minutes) and the median time from presentation
to recanalisation was 90 minutes (range 20-215 minutes).
Recanalisation was usually achieved within minutes of the
patient entering the catheter laboratory. Sixty two per
cent of patients had multivessel disease and PTCA was
performed to the right coronary artery in 40%, left ante-
rior descending in 44%, left circumflex in 12%, inter-
mediate artery in 2%, and saphenous vein graft in 2%.
In 96% of patients only the infarct-related artery was
attempted. The remaining 4% had other critical stenoses
or occluded vessels dilated. Intracoronary thrombus was
seen in 68% of patients and adjunctive intracoronary
thrombolytic therapy was used in 63% of these to help to
disperse persistent thrombus. The primary success rate
with PTCA was high: TIMI 3 flow was achieved in all
patients. In two patients non-occlusive dissection devel-
oped in the right coronary artery (in one this may have
been induced by the guide catheter). Most vessels (92%)
remained patent at 24 hours and in some left ventricular
function showed a considerable visible improvement in
those patients who had prompt reperfusion. Of the four
reocclusions, three were promptly reopened by repeat
PTCA and one in a distal right coronary artery was left
alone. Complications included severe arrhythmias in 18
(36%) and severe hypotension requiring fluids and
inotropes in 10 (20%); however, emergency coronary
artery bypass grafting was not necessary and there were
no deaths. Myocardial rupture and femoral artery compli-
cations did not occur although intravenous heparin was
continued for up to 48 hours after PTCA. The high suc-
cess rate and low major complication rate may be the
result of our careful selection of what we thought to be
"ideal relatively low-risk" cases, yet over 60% of these had
multivessel disease at angiography.

If the mortality associated with myocardial infarction
is confirmed to be significantly lower after PTCA than
after conventional thrombolytic therapy (as a pooled
analysis of the three major prospective clinical trials indi-
cates" 24-26), the Department of Health should allocate
appropriate funding for such a nationwide programme as
part of their contribution to reducing the morbidity and
mortality from heart disease. On a regional scale in the
United Kingdom, this would also require a major com-
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mitment from trained interventionists and a significant
change in working practices if consultants are to be avail-
able around the clock. It would also require additional
catheter laboratory nursing staff, physiological measure-
ment technicians, and radiographers as well as junior
medical staff. In the face of the planned reforms of junior
doctors' hours these staffing arrangements are unlikely to
be achieved. Additional catheter laboratories will be
required in regional centres, to avoid unacceptable com-

petition for laboratory space by patients requiring elective
investigation and intervention. Similarly, an expansion of
high-dependency or coronary care units and additional
cardiac surgical facilities would be needed. Reorganisa-
tion of the transport of suitable patients to interventional
centres would be required and would involve general
practitioners and the ambulance and paramedical ser-
vices. Such personnel and the general public would have to
be further educated in the diagnosis of acute myocardial
infarction and the rationale for rapid treatment by
primary PTCA.

". . . this would also require ... a

significant change in working practices
ifconsultants are to be available round

the clock"

Although evidence is now accumulating that primary
PTCA in experienced hands is the most effective treat-
ment for acute myocardial infarction,'s'6 many questions
need to be answered. These will require carefully con-
trolled clinical trials similar to those conducted on throm-
bolytic agents and fi blockers. Who should be offered
primary PTCA? Should there be age or time limits? When
and where should the procedures be performed? And who
should perform them? Will other interventional devices,
capable of aspirating or mechanically destroying throm-
bus and atheroma prove of value in this group of patients
and will we be able to afford them? Does intra-aortic
balloon pumping improve outcome and if so which sub-
groups benefit the most? For how long should patients be
heparinised after the procedure? Should they be treated
with warfarin as well as with aspirin on discharge and for
how long? Once successfully treated, should those
patients with severe disease in the non-infarct related ves-
sels undergo elective surgery or PTCA, or should symp-
toms, exercise stress testing, or routine angiography be
used to identify those at high risk during follow up?
A lack of enthusiasm for primary PTCA among cardiol-

ogists worldwide has been intensified by the spectre of an
overwhelming increase in workload (often during
extremely unsocial hours) without the prospect of appro-
priate remuneration or additional staff to cope with the
potentially uncontrollable demand. Both in Europe and
the USA there has been little effort to perform clinical
trials to answer many of the important questions raised.
There have been no trials in the United Kingdom, despite
published evidence that suggests that primary PTCA is
better than thrombolytic agents. These studies are

urgently needed. A working party should be set up in the
United Kingdom to address the medical, social, and
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financial implications of a nationwide service for primary
PTCA. Otherwise this effective treatment will continue to
be offered only to select groups of patients by a few
enthusiastic interventional cardiologists.
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