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Abstract

Antiplatelet and antithrombotic treatment is successful in minimising acute and subacute stent thrombo-
sis as well as reducing recurrent cardiac events and mortality in PCI. In this review we explore the evidence
for different treatment strategies.

Aspirin and clopidogrel together with heparin at the time of the procedure are now well established.
Glycoprotein (GP) llb/Illa blockers have been shown to reduce events in high risk patients. However, their
routine use has been questioned in recent studies.

Clopidogrel 600 mg given at least 2 hours preprocedure negates the need for additional routine GP IIb/llla
blockade in elective, even diabetic patients. Bivalirudin is equivalent to the routine use of GP lIb/llla blockade
in both elective and ACS patients. Replacing routine GP IIb/llla blockade in these patients would be signif-
icantly cost saving, reduce bleeding complications and facilitate rapid discharge policies. However, these
studies do not have the patient selection to advocate the wholesale replacement of GP Ilb/llla blockade
since high risk patients were excluded. Furthermore, with the advent of drug eluting stents, progressively
more complex lesions are being treated that are underrepresented in these trials. Therefore, there still
remains a rational for continuing to use GP IlIb/llla blockade in high risk subsets of both elective and ACS
patients. These subsets are yet to be defined. In the setting of primary PCI clear benefits have been shown
for the use of adjunctive abciximab, with the greatest benefits seen for upfront treatment. Future studies
will test combinations of GP IIb/llla blockade and thrombolytic treatment in these patients.
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Early studies - Aspirin and clopidogrel

The efficacy of aspirin in percutaneous coronary intervention has
mainly been shown in the pre-stent eral2. With the introduction
of stents early studies described acute and subacute thrombosis
in up to 18% of procedures when aspirin was used alones.
Anticoagulation with warfarin in addition to aspirin was found to sig-
nificantly reduce major adverse events in patients undergoing PCI
with or without stent at the cost of increased bleeding rates and
access site complications*®. Subsequently, dual antiplatelet therapy
with aspirin and post procedural ticlopidine was shown to be
superior to aspirin and warfarin®1°. Clopidogrel has now replaced
ticlopidine following studies demonstrating equivalent efficacy with
fewer side-effects!12. With the widespread adoption of stenting in all
lesion subsets, aspirin and clopidogrel have remained the mainstay
of adjunctive medical therapy in percutaneous coronary intervention.

Glycoprotein IIb/IIIa blockade

Periprocedural intravenous glycoprotein Ilb/llla blockade has been
investigated in several randomized studies. These studies have
included patients with acute coronary syndromes (CAPTURE!,
RESTORE!M); and both stable and acute patients (EPILOG!®,
EPISTENT!6, IMPACT 1117, ESPRIT!®, EPIC!9). The results have
conclusively shown reductions in death and MI associated with
these agents leading to their widespread use. However, subsequent
analyses have suggested that the most pronounced effects are seen
in the highest risk patients. Bhatt et a/.2° examined the effect of diabetes
in the EPIC, EPILOG and EPISTENT trials and found a significant
reduction in death in the 1,462 diabetics (4.5% to 2.5%, p=0.003)
but a nonsignificant reduction in death in the 5,072 non-diabetics
(2.6% to 1.9%, p=0.099). The mortality benefit of glycoprotein
IIb/llla blockade in diabetic patients with multivessel disease was
also especially marked (7.7% to 0.9%, p=0.018). Similarly Cura
etal?! reported that abciximab reduced death or MI by 50%
in patients with complex lesions in the EPISTENT and EPILOG trials
(15% to 7.7%) with a lesser 36% reduction in simple lesions (9.7%
to 6.1%). Thus relative as well as absolute benefits of these agents
appear to be greater in higher risk subgroups.

A head to head comparison of abciximab with tirofiban in the
TARGET#? study in 4809 patients (62% with acute coronary
syndromes) showed higher event rates (composite of death, M,
urgent TVR) in those treated with tirofiban compared to abciximab
(7.6% versus 6.0%, p=0.038).

Glycoprotein Ilb/llla blockade has also been tested as upfront
treatment in patients with acute coronary syndromes (PRISM23,
PRISM-PLUS?*, PARAGON-A?%, PURSUIT?¢, PARAGON-B?,
GUSTO-IV ACS?%). A meta-analysis?®® of these trials that included
31,402 patients showed an overall 9% reduction in death/MI at
30days from 11.8% to 10.8%, p=0.015. However the benefit was
restricted to patients who underwent PCIl. Death/MI in the
4,378 patients undergoing PCI within 5 days was significantly
reduced from 14.5% to 11.8%, whereas death/MI| in the
27,024 patients not undergoing PCI within 5 days was not signifi-
cantly different at 11.4% in placebo and 10.7% in treated patients.
The benefits in these studies also appeared to be restricted
to patients with elevated troponin levels. Death/MI at 30 days
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in 4,964 patients with raised troponin fell significantly from 12.0%
to 10.3%; whereas in 6,095 patients without raised troponin,
death/MI rates were similar. It is also of note that upfront tirofiban
and eptifibitide were found to be beneficial in the PRISM-PLUS and
PURSUIT trials, whereas upfront abciximab was not found to be
beneficial in the GUSTO IV ACS trial; However only a minority
of patients in the GUSTO IV ACS study underwent PCI.

The conclusions from these studies are that periprocedural glyco-
protein Ilb/llla blockade significantly reduces event rates with the
benefits concentrated in higher risk patients such as those with dia-
betes, complex lesions and patients with troponin positive acute
coronary syndromes. Upfront glycoprotein llb/llla blockade in ACS
patients appears to be of little benefit if PCl is not performed.
Periprocedural abciximab is superior to tirofiban, however upfront
abciximab without intervention is ineffective. Glycoprotein Ilb/llla
blockade in these studies doubled major bleeding rates that
predominantly occurred at the access site.

Recent studies evaluating preprocedural
clopidogrel

The CURESC trial examined the use of clopidogrel in 12,562 patients
with non-ST elevation acute coronary syndromes associated with
cardiac enzyme elevation or ECG changes. In this study a conser-
vative rather than invasive interventional strategy was adopted with
2,658 patients undergoing PCI. This subset was examined in the
PCI-CURE3! study that reported a reduction from 4.4% to 2.9% in
30 day death/MI rate (p=0.04). Concomitant glycoprotein Ilb/llla
blockade was used in only 21% of these patients and intervention
was performed after a median of 6 days. This study therefore dif-
fered in terms of patient selection, timing of PCI and adjunctive
treatment from current practice that endorses an invasive interven-
tional strategy, routine use of glycoprotein Ilb/llla blockade in troponin
positive patients and early PCI performed within 72 hours of admission.
However, it did suggest a clear benefit from preprocedural clopidogrel
in acute coronary syndrome (ACS) patients.

The benefits of preprocedural clopidogrel were specifically analysed
in the CREDO®? trial that included 694 patients with stable angina
and 1407 ACS patients. Clopidogrel 300mg at least 3 hours prepro-
cedure led to a nonsignificant reduction of 28 day death, Ml
or urgent revascularization from 8.3% to 6.8%, p=0.23. Subsequent
analysis showed that the 893 patients receiving preloading 3-6 hours
preprocedure had no benefit from preloading whereas a strong
trend towards benefit was found in the 851 patients who received
clopidogrel 6-24 hours preprocedure (relative risk reduction 38.6%,
p=0.051). Subsequent investigations with higher doses of clopidogrel
have shown that 600mg may achieve effective platelet inhibition
more quickly than 300mg with maximal inhibition of aggregation
reached within 2 hours®3.

These studies have led to the adoption of clopidogrel preloading
with 300mg in elective patients at least 6 hours preprocedure
or preloading with 600mg if PCl is performed within 6 hours. In ACS
patients, clopidogrel is also commonly started on admission
as in the CURE trial.

The need for adjunctive abciximab on top of clopidogrel preloading
has subsequently been tested in elective patients in the ISAR
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REACT3* and ISAR SWEET?® trials. The ISAR REACT trial examined
the benefit of abciximab in 2,159 elective PCI patients pretreated
at least 2 hours preprocedure with 600mg of clopidogrel. No benefit
of abciximab was found with 30 day death, MI or urgent TVR
in 4.2% of the abciximab and 4.1% of the untreated group. The
case mix included 20% non-insulin dependent diabetics (insulin
dependent diabetics were excluded), 75% had multivessel disease
and 65% had type B2 or type C lesions. Transfusion requirements
were greater in the abciximab group. The ISAR SWEET study exam-
ined the benefit of abciximab in 200 insulin dependent and 501
non-insulin dependent diabetics undergoing elective PCI and simi-
larly detected no benefit in patients treated with abciximab. Death,
MI or urgent TVR at 30 days was 5.7% in the abciximab patients
and 4.3% in the placebo group with 1 year composite event rates of
29.9% and 32.0% respectively. Restenosis rates were reduced with
the use of abciximab, however this effect was negated in patients
treated with drug eluting stents. In this study 69% of patients had
type B2 or type C lesions and 85% had multivessel disease.

These studies do not therefore support the role of routine glycoprotein
IIb/Illa blockade in patients undergoing elective PCl who have been
preloaded with 600mg clopidogrel at least 2 hours preprocedure.
This lack of benefit appears to be present even in patients with mul-
tivessel disease, complex lesions and diabetes. The replacement
of glycoprotein IIb/llla blockade with clopidogrel preloading in these
patients would have significant cost savings, reduce access site
complications and facilitate early discharge and day case angioplasty®°.
However, it should be noted that in particular the ISAR SWEET trial
is relatively underpowered. It had for instance only a 69% power
to detect a 50% reduction in death and MI. These studies have
also specifically excluded ACS patients. In addition, although
the majority of patients had multivessel disease, it is unclear how
many patients underwent multivessel stenting. Therefore, whilst
these trials suggest that routine glycoprotein lIb/llla blockade has
no additional benefit on top of clopidogrel preloading, significant
benefits in higher risk subgroups can not be excluded.

Direct thrombin inhibition

The direct thrombin inhibitor bivalirudin blocks thrombin induced
platelet activation in addition to its anticoagulant effect, by inhibiting
both circulating and clot bound thrombin. Bivalirudin was compared
to routine glycoprotein lIb/llla blockade (abciximab or eptifibatide)
in 1,492 stable patients and 4,510 ACS patients in the REPLACE 1137
study. Diabetes was present in 27% of patients and multivessel inter-
vention was attempted in 16%. Clopidogrel 300mg had been given
at least 2 hours preprocedure. Death, Ml or urgent TVR at 30 days
was 7.6% in patients treated with bivalirudin and 7.1% in patients
treated with glycoprotein llb/llla blockade (p=0.41). This difference
was due to a nonsignificant excess in myocardial infarction (Q wave
and non Q wave MI) in the bivalirudin arm (p=043). Major bleeding
was reduced from 4.1% to 2.4% in patients treated with bivalirudin
(p<0.001). Post hoc analysis showed equivalence of eptifibatide and
bivalirudin (death/Ml/urgent revascularisation 7.0% and 7.1%
respectively, p=0.40), and a trend towards benefit for patients treated
with abciximab compared to bivalirudin (death/Ml/urgent revascular-

isation 7.0% and 8.5% respectively).
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This trial therefore showed equivalence of bivalirudin to the routine
glycoprotein llb/llla blockade in a cohort of predominantly ACS
patients. The nonsignificant excess in non Q Ml was balanced by
a significant reduction in major bleeds. The one year mortality
results presented at the AHA have subsequently shown that equiv-
alence is maintained with a 1.9% mortality in the bivalirudin arm and
a 2.5% mortality in the glycoprotein Ilb/llla inhibitor arm (p=0.16).
These results therefore show an alternative strategy to routine gly-
coprotein Ilb/llla blockade in ACS patients. Bivalirudin is cheaper than
either eptifibatide or abciximab and does not involve a postprocedural
infusion. This would facilitate rapid discharge protocols including
same-day transfer of ACS patients back to community hospital
beds3. However, in view of the nonsignificant excess in myocardial
infarction (p=0.43), the use of abciximab in a proportion of higher
risk ACS patients may still be advocated.

Primary PCI

Primary PCI involves coronary intervention in the setting of signifi-
cant thrombus load. Consequently the risks of distal embolisation,
no reflow and stent thrombosis are higher than PCI in other settings.
Five trials have examined the role of adjunctive abciximab
(RAPPORT®, ISAR-20, ADMIRAL*!, CADILLAC*? and ACE*).
A meta-analysis of these trials has shown a significant reduction
in death/MI at 30 days from 4.8% to 3.2% with the use of abcix-
imab*. This treatment benefit was sustained up to 6 months
in ADMIRAL and ACE, but not CADILLAC. The weaker treatment
effect in CADILLAC has been related to the lower event rate in this
trial**. However, it is intriguing to note that this was the only trial
in which ticlopidine or clopidogrel was given preprocedure.

The ADMIRAL trial suggested a benefit for upfront treatment with
significantly improved preprocedural flow and more pronounced
clinical benefits in patients in whom abciximab was started at the
point of first medical contact. This finding has been supported
by several additional trials that have compared early and late
administration of llIb/llla blockade in patients undergoing primary
PCIl. A meta-analysis of six trials by Montalescot et al. has shown
increased TIMI flow rates (p=0.01) and a meta-analysis of 11 trials
by De Luca et al. showed a significant reduction in 30 day
(p=0.047) and long-term mortality (p=0.01) with early treat-
ment*>4. These trials have therefore established a clear role for
adjunctive abciximab in patients undergoing primary PCI with greatest
benefits seen with upfront use.

Future directions

The need for glycoprotein llb/Illa blockade in ACS patients preloaded
with clopidogrel will be tested in the ISAR-REACT Il study.
Clopidogrel reloading in elective patients taking 75mg daily has been
investigated by Kastrati et al. who found that platelet aggregation was
reduced by an additional loading dose*’. This suggests not only that
an additional loading dose may be beneficial in elective patients but
also that higher maintenance doses may be appropriate. Studies
using new ADP receptor blockers are also underway. Prasugrel has
a faster onset of action and has potentially more antiplatelet effects
than clopidogrel. This agent has shown promise in the JUMBO-
TIMI 26 trial. A head to head comparison of prasugrel and clopido-



grel is now been tested in 13,000 ACS patients in the TRITON-
TIMI 38 trial. A reversible ADP receptor blocker called AZD6140
is also currently tested being tested in phase Il studies. The role
of glycoprotein Ilb/llla blockade is being further investigated in the
TITAN-TIMI 34 trial including patients with ACS randomised to either
early eptifibatide given in the emergency department or eptifibatide
given in the cardiac catheterization laboratory.

The upfront use of reduced dose thrombolytic combined with
glycoprotein IlIb/llla blockade in patients undergoing primary PCI
(so-called facilitated PCI) is being tested in several large studies.
ADVANCE-MI is comparing eptifibatide with tenecteplase plus eptifi-
batide. FINESSE is comparing no pre-treatment, abciximab and
abciximab plus reteplase. TIGER is comparing full dose tenecteplase
to eptifibatide plus half dose tenecteplase.

Conclusion

The ISAR REACT and ISAR SWEET studies have shown that 600mg
of clopidogrel given at least 2 hours preprocedure negates the need
for additional routine glycoprotein Ilb/llla blockade in elective
patients, even in the presence of diabetes. Similarly, the REPLACE Il
trial suggests that bivalirudin is equivalent to the routine use of gly-
coprotein llb/llla blockade in both elective and ACS patients.
Replacing routine glycoprotein Ilb/llla blockade in these patients
would be significantly cost saving, reduce bleeding complications
and facilitate rapid discharge policies such as daycase elective
angioplasty and daycase transfer of ACS patients to community hos-
pital beds. However, these studies do not have the patient selection
to advocate the wholesale replacement of glycoprotein Ilb/Illa block-
ade since high risk patients were not included. Furthermore, with
the advent of drug eluting stents, progressively more complex
lesions are being treated that are unlikely to have been well repre-
sented in these trials. Therefore, considering the substantial benefits
of glycoprotein lIb/llla blockade previously shown in high risk
patients, there remains a rational for continuing to use these agents
in the higher risk subsets of both elective and ACS patients. These
subsets are yet to be defined. In the setting of primary PCI clear
benefits have been shown for the use of adjunctive abciximab, with
the greatest benefits seen for upfront treatment. Future studies will
test combinations of glycoprotein Ilb/llla blockade and thrombolytic
treatment in these patients.
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