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Thrombosis is the key pathological process in
both unstable angina and acute myocardial inf-
arction (MI). Treatment directed against the
thrombus may consist of thrombolysis by plas-
minogen activators, thrombin inhibition, or
platelet inhibition. Data from the TIMI IIIA
and IIIB trials have shown conclusively that in
contrast to their proven benefits in acute MI,
plasminogen activators make the prognosis
worse in unstable angina.1–3 Thrombolytic
treatment is therefore contraindicated in unsta-
ble angina, but new types of antithrombotic
and antiplatelet agents now oVer alternatives to
heparin and aspirin.

Thrombin inhibitors
Specific thrombin inhibitors directly inhibit
thrombin without the need for cofactors such
as antithrombin III, and unlike heparin they
inhibit both free and clot bound thrombin. In
theory, this should result in superior eYcacy,
but clinical trials to date have failed to show
that the theoretical advantages provide better
results in practice. A major problem with all
direct thrombin inhibitors is that they have a
narrow therapeutic window, and at present
they do not oVer an alternative for unfraction-
ated heparin (UFH) as the standard treatment
for unstable angina.

The prototype direct thrombin inhibitor is
hirudin, a naturally occurring polypeptide with
a plasma half life of about one hour. The
majority of clinical trials in this area have com-
pared hirudin with UFH, but early trials in
acute MI using hirudin (bolus of 0.4–0.6 mg/
kg and infusions of 0.15–0.2 mg/kg/h for 48–96
hours) in conjunction with thrombolytics
found that the rate of intracranial haemorrhage
was unacceptably high.4–6 In response to these
results, the first trial in unstable angina,
GUSTO-IIb, used much lower doses of
hirudin (bolus of 0.1 mg/kg followed by
infusion of 0.1 mg/kg/h).7 However, the results
were not very impressive with only a moderate
reduction in the rate of death or MI at 30 days.

OASIS TRIALS

It is thought that the disappointing results of
GUSTO-IIb may have been because the
dosage reduction was too stringent, resulting in
suboptimal treatment for those patients treated
with hirudin. Higher doses (both the initial
bolus and the infusion) were therefore used in
the pilot OASIS trial.8 In this trial, 909 patients
with unstable angina were treated with either
hirudin (0.2–0.4 mg/kg bolus followed by 0.1–
0.15 mg/kg/h infusion) or UFH (5000 IU
bolus followed by 1000–1200 IU/h infusion).
Using a combined end point of death, MI, or
refractory angina, the event rate at seven days

was reduced by about 50% in the group treated
with hirudin. Benefits persisted for at least six
months. These results are not only significant
but also clinically relevant. There was no excess
of major haemorrhage with hirudin, and no
intracranial bleeds were recorded, although the
rate of minor haemorrhage was higher with
hirudin than with UFH.

These results were felt to warrant further
investigation and a much larger trial, OASIS-2,
was set up. This major trial of over 10 000
patients has now been completed and the
results were recently published.9 Cardiovas-
cular death or new MI within seven days
occurred in fewer hirudin treated patients than
UFH treated patients (3.6% v 4.2%,
p = 0.077). The proportion of patients with
cardiovascular death, new MI, or refractory
angina at seven days was also lower with hiru-
din than with UFH (5.6% v 6.7%,
p = 0.0125). Hirudin was associated with a
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higher rate of minor and major bleeding
episodes (1.2% v 0.7%, p = 0.01). This diVer-
ence was observed entirely in the first 72 hours
with no excess in the subsequent period. The
number of patients with life threatening bleeds
was the same in both groups. The OASIS-2
investigators concluded that recombinant hiru-
din is superior to UFH in preventing cardiovas-
cular death, MI, and refractory angina, with an
acceptable safety profile in patients with unsta-
ble angina or acute MI without ST elevation.

OTHER DIRECT THROMBIN INHIBITORS

In addition to hirudin, a number of synthetic
thrombin inhibitors have been produced. In
general, the synthetic products have been
found to be less eVective than hirudin.

One such agent, inogatran, was compared to
UFH in patients with unstable angina.10 At
both seven and 30 days, outcomes were better
in the group of patients who had received UFH
(bolus of 5000 IU followed by infusion of
1200 IU for 72 hours), and there was no
evidence that inogatran (bolus of 1.1–5.5 mg/

kg followed by infusion of 2–10 mg/kg/h for 72
hours) had any dose related eVect.

Low molecular weight heparins
The principal action of the low molecular
weight heparins (LMWHs) is thought to be
inhibition of factor Xa early in the coagulation
cascade, ultimately inhibiting the generation of
thrombin. This indirect thrombin inhibition is
dependent on the presence of antithrombin III.
Rebound thrombin activation with an increase
in the clinical event rate after the cessation of
UFH treatment is a recognised problem.
Cessation of treatment with LMWHs is less
likely to induce rebound since the half life of
LMWH is prolonged in comparison to UFH.11

A further advantage of LMWHs is that they are
much easier to use than UFH or direct
thrombin inhibitors, since they can be given by
subcutaneous injection once or twice daily and
do not require routine laboratory monitoring.

TRIAL RESULTS

Published clinical trials have compared
LMWHs with both placebo and UFH in
patients with unstable angina and non-Q wave
MI. In the FRISC trial, a combination of aspi-
rin and the LMWH dalteparin was found to
reduce significantly the incidence of a com-
bined end point of death or MI compared to
aspirin alone.12 Benefits were concentrated
among patients who had more severe acute
coronary syndromes, as indicated by raised
serum troponin T.13 A comparison of
dalteparin with UFH in the FRIC trial found
no significant diVerence between the two treat-
ment groups for any of the clinical end points.14

However, the ESSENCE trial, which com-
pared the LMWH enoxaparin with UFH
found that both the rate of a combined clinical
end point (death, MI, or recurrent angina) and
the revascularisation rate at 30 days were
significantly reduced by enoxaparin.15 The 30
day event rate (triple end point) among
patients treated with enoxaparin was 19.8%
compared to 23.3% among patients treated
with UFH (p = 0.02), and revascularisation
rates at 30 days were 27.0% and 32.2%,
respectively (p = 0.001). The time to first event
was also delayed in patients treated with
enoxaparin, relative to those treated with UFH
(fig 1).

Antiplatelet treatment: glycoprotein
IIb/IIIa inhibitors
Glycoprotein (GP) IIb/IIIa receptor inhibitors
represent a major improvement over aspirin as
antiplatelet agents. They act at the final
common pathway in platelet aggregation, and
early clinical trial results are very promising.
The first of these agents, abciximab, is an anti-
body but there are also several semisynthetic
non-antibody compounds with GP IIb/IIIa
inhibition properties. Early agents all required
parenteral injection, but some oral compounds
are now undergoing clinical trials.

An overview of published trials of GP
IIb/IIIa receptor inhibitors is shown in fig 2.16

This figure includes diVerent trials with diVer-
ent agents in diVerent indications. Overall, the

Figure 1 Kaplan-Meier plot of time to first event over a period of 30 days (composite end
point of death, MI, or recurrent angina) in the ESSENCE trial. Reproduced from Cohen et
al15 with permission of the Massachusetts Medical Society.
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Figure 2 Incidence of death and myocardial infarction in an overview of trials of GP
IIb/IIIa receptor inhibitors in acute coronary syndromes. Reproduced from Topol et al16 with
permission of the Lancet.
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odds ratio from trials in over 30 000 patients
was 0.79 in favour of GP IIb/IIIa inhibitors.
The figure shows a class specific eVect that
there is a benefit of GP IIb/IIIa inhibitors over
placebo. Trials of parenterally administered
abciximab show a much greater qualitative
reduction in adverse events than trials of other
parenterally administered agents such as lami-
fiban and tirofiban.17–20 These four trials have
all been done in patients undergoing percuta-
neous coronary intervention and show a drug
specific eVect; there was a more pronounced
reduction in the end point of death or non-fatal
MI at 30 days than that seen with other agents
in this setting.

ROLE OF REVASCULARISATION

Most trials of GP IIb/IIIa receptor inhibitors
have been undertaken in patients undergoing
percutaneous transluminal coronary angio-
plasty (PTCA). However, PTCA is itself
followed by a cluster of events, and the main
benefits of GP IIb/IIIa receptor inhibitor treat-
ment have been seen after revascularisation.
One interpretation of these findings is that GP
IIb/IIIa receptor inhibition only reduced the
additional risks presented by undergoing a
revascularisation procedure. A full assessment
of the eVects of GP IIb/IIIa receptor inhibitors
in unstable angina therefore requires data from
trials in which patients were treated conserva-
tively. Currently, there are few data of this type
available. The CAPTURE trial18 included a
preintervention phase, but most of the im-
provement was seen after PTCA, and it is not
possible to say whether the benefits were
caused by abciximab or the revascularisation.
PARAGON, one of the few trials to date to
address this issue directly, compared two doses
of the GP IIb/IIIa receptor inhibitor lamifiban
with heparin.21 At 30 days, there was no diVer-
ence between lamifiban (either dose) plus
heparin or heparin alone, although at six
months there was a significant benefit from low
dose, but not high dose, lamifiban treatment.
These findings require further investigation
before any conclusions can be drawn, but it
appears that overall, non-antibody GP IIb/IIIa
receptor inhibitors may be less eVective than
abciximab.1

ORAL AGENTS

Prolonged GP IIb/IIIa receptor inhibition
beyond the acute phase will require agents that
can be given orally. Several such agents have
been evaluated in phase II trials and some are
now entering phase III. The pilot ORBIT trial
evaluated two diVerent dosages of xemilofiban
compared to placebo.22 The trial was under-
powered to detect a diVerence in eYcacy, but
there was a clear diVerence in the rate of minor
haemorrhage, mainly epistaxis and other mu-
cosal bleeds. While the major haemorrhage rate
was not increased, the dose dependent increase
in minor bleeding is likely to have an adverse
eVect on patient compliance, an important
consideration in a drug intended for long term
use.

Two major trials of oral GP IIb/IIIa receptor
inhibitors, involving more than 9000 patients

each, are currently underway (OPUS TIMI
16* and SYMPHONY). When the results
become available, it is hoped that they will
show whether the concept of prolonged GP
IIb/IIIa receptor inhibition is indeed of benefit
for patients.1

Conclusions
Despite the central role of thrombosis in both
unstable angina and acute MI, they are diVer-
ent conditions and require diVerent manage-
ment. Clinical trial programmes have shown
that there are distinct variations between
diVerent agents in the same class, and experi-
mental data relating to one agent cannot be
used to draw any conclusions about another
agent in the same class.

Direct thrombin inhibitors were expected to
oVer a new approach to antithrombin treat-
ment in acute coronary syndromes, but finding
the right combination of safety and eYcacy has
proved diYcult. Hirudin appears to be the
most promising of these agents but the data
currently available still do not justify a
recommendation for routine use. LWMHs
oVer a good alternative to UFH. Their use is
supported by the results of clinical trials show-
ing that they are at least as eVective, and in
some cases—for example, enoxaparin—more
eVective than UFH. LMWHs have a similar
safety profile, but are much easier to use and
reduce the overall medical cost of treatment.

GP IIb/IIIa receptor inhibitors have been
extensively studied in conjunction with PTCA
and are now established as a significant
advance over aspirin for patients undergoing
invasive procedures. However, more data are
still required to establish whether they also
oVer significant benefits to unstable angina
patients treated conservatively. The optimum
duration of treatment with both GP IIb/IIIa
receptor inhibitors and antithrombin agents is
not clear, and trials to investigate whether pro-
longed treatment oVers additional benefits are
ongoing. If it is established that continuing
treatment beyond the acute phase improves the
outcome, then the availability of agents that
can be self administered by the patient at home
will be the key to longer regimens becoming
part of routine clinical practice.
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