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acterised by separation of the survival curves in the first 6-18 months after randomisation.""”
This was too soon to be fully explained by changes in disease progression, so the concept of
plaque stabilisation arose, described largely in terms of cap strength and lipid pool.”* ** This
concept, however, has no direct parallel in acute coronary syndromes because the plaque has, by
definition, already ruptured and thrombosis has occurred with variable obstruction of the arterial
lumen.'* The process of plaque rupture occurs against a background of inflammation and
endothelial dysfunction which are generalised throughout the coronary arteries, accounting for
recent intravascular ultrasound findings of multiple ruptured plaques in patients with acute cor-
onary syndromes, often located remotely from the index artery.’ In order to achieve plaque stabili-
sation, therefore, with healing of the ruptured plaque and restoration of luminal patency, the fol-
lowing targets must be achieved:
> Dissolution of thrombus
> Reduction of inflammatory activity
> Passivation of the coronary endothelium.

These targets are not mutually exclusive and most of the strategies used clinically for secondary
prevention are effective through several different mechanisms. Timing is critical because event
rates are not a linear function of time, but are front-loaded, the period of greatest risk being the
early hours and days after presentation (fig 1). Nearly all these events are caused by thrombus
extension or re-thrombosis, usually in relation to the index plaque or, less often, to ruptured
plaques elsewhere in the coronary circulation. Clearly, therefore, plaque stabilisation must be
achieved very early after presentation if lives are to be saved, and the main target must be the
thrombus itself and those mechanisms which are driving the thrombotic process.

The large secondary prevention trials of statin treatment in coronary artery disease were char-
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Thrombolytic treatment

Thrombolytic treatment is well established for plaque stabilisation in the acute phase (first 12
hours) of ST elevation myocardial infarction,™ although it does not improve the course of less
severe coronary syndromes."” These drugs activate plasminogen to form plasmin which degrades
fibrin. Treatment is directed at dissolution of coronary thrombus and restoration of luminal patency
in order to achieve at least TIMI (thrombolysis in myocardial infarction) III flow when appreciable
reductions in myocardial injury occur.”® The most effective thrombolytic regimen in the GUSTO
(global use of strategies to open occluded coronary arteries) trial was accelerated tissue plasmino-
gen activator (t-PA) plus intravenous heparin which achieved 54% TIMI I11 patency, associated with
effective preservation of left ventricular function, and a 30 day mortality of only 6.3% compared
with > 7% for the other thrombolytic regimens under investigation.” More recently “single shot”
t-PA mutants (reteplase, tenecteplase) have been shown to have similar efficacy and are now pre-
ferred because they are easier to use.™* ™"

Percutaneous intervention

TIMI III flow is achieved in only about half of patients treated with accelerated t-PA," but in > 80%
of patients who receive percutaneous coronary intervention (PCI), presumably accounting for its
superiority for reducing mortality in acute myocardial infarction.™ ™" PCI is legitimately regarded
as plaque stabilising treatment in acute coronary syndromes, first by mechanical dispersal of
thrombus, second by increasing coronary flow in the expanded lumen and discouraging rethrom-
bosis, and third by stent induced plaque compression to seal the intimal tear and allow healing.*

Antiplatelet drugs

Aspirin irreversibly inhibits platelet cyclooxygenase, blocking thromboxane synthesis and inhibit-
ing platelet aggregation and thrombus formation. Endothelial prostacyclin production is also par-
tially blocked and ADP induced platelet activation unaffected, ensuring that antithrombotic effects
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Figure 1 Recurrent events in the first six months after acute coronary syndromes. Date from Newham General Hospital coronary care unit

database.

are sufficiently modest to promote plaque stabilisation in
acute coronary syndromes without substantial bleeding risk.
Thus pre-treatment with aspirin reduces the thrombotic
response to plaque rupture and increases the odds of present-
ing with non-ST elevation rather than ST elevation myocardial
infarction.’ * Treatment in the acute phase reduces biochemi-
cal markers of injury® and improves survival across the whole
range of acute coronary syndromes. Long term treatment
reduces the risk of recurrent events.™"*

Clopidogrel

The benefits of aspirin have prompted development of further
drugs to increase antiplatelet activity and achieve more effec-
tive plaque stabilisation through reductions in thrombosis. In
every case, however, clinical benefit has been bought at the
cost of an increased bleeding risk. Inhibition of ADP induced
platelet activation in the CURE (clopidogrel in unstable
angina to prevent recurrent events) trial, for example,
confirmed that in patients with non-ST elevation coronary
syndromes treated with aspirin, the addition of clopidogrel
reduced by 20% the risk of the primary end point (death, non-
fatal myocardial infarction, stroke), regardless of TIMI risk
scores.” " The risk reduction, however, was driven almost
exclusively by reductions in non-fatal myocardial infarction,
there being no clear mortality benefit, and was associated with
a 37% increase (1% absolute) in the risk of major bleeding.
This raised concerns about the clinical value of treatment with
clopidogrel™; however, confidence in the drug is now increas-
ing with the recent publication of follow up data for the CURE
cohort which has confirmed clear prognostic benefit out to 12
months for combination treatment with aspirin and
clopidogrel.®

Glycoprotein lIb/llla inhibitors

Yet more profound inhibition of platelet aggregation occurs in
response to glycoprotein IIb/IIla inhibition. The benefits of
these drugs for patients undergoing coronary stenting are now
well established,”” but indications for their use in acute
coronary syndromes have been slower to develop, bleeding
risk again weighing against clinical benefit in many cases.

Aspirin in acute coronary syndromes
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> Increases odds of presenting with non-ST elevation
> Reduces biochemical markers of injury

> Reduces risk of recurrent events

> Improves survival

Indeed, oral glycoprotein IIb/IIla inhibitors have been either
unhelpful or harmful in acute coronary syndromes, but in
high risk patients with non-ST elevation coronary syndromes,
particularly troponin positive or diabetic patients or those
with ST segment changes, the benefits of intravenous
treatment with tirofiban or eptifibatide for reducing death or
myocardial infarction are generally accepted.™® Certainly, for
any patients requiring urgent percutaneous intervention,
infusion of glycoprotein IIb/II1a inhibitors (evidence is best for
abciximab) should be regarded as mandatory.""

Thrombin inhibitors

Indirect thrombin inhibition with unfractionated heparin has
a time honoured and evidence based role in the management
non-ST elevation acute coronary syndromes,™ but has been
largely superseded by low molecular weight heparin. Thus
randomised trials have confirmed the superior efficacy of
enoxaparin (not dalteparin or nadroparin) compared with
unfractionated heparin for preventing recurrent ischaemic
events."' " Randomised trials have also confirmed superior
efficacy for direct thrombin inhibitors compared with hepar-
in,"* although bleeding risk is increased significantly and a
clear clinical role has yet to be identified for this class of
drugs.”

REDUCTION IN INFLAMMATORY ACTIVITY

In acute coronary syndromes, inflammatory processes interact
importantly with thrombus development, such that the
antithrombotic interventions described above are all variably
anti-inflammatory.’ Thus endothelial cells and smooth muscle
cells express tissue factor in response to various inflammatory
mediators found in coronary plaques, and on exposure to
blood following plaque rupture thrombosis ensues. Products
of thrombosis, including thrombin and platelet derived
growth factor, cause vascular smooth muscle cells to augment
interleukin (IL)-6 production inducing an acute phase
response with increased hepatic synthesis of fibrinogen, plas-
minogen activator inhibitor (PAI)-1, and C reactive protein
(CRP). In this way the products of coronary thrombosis serve
to amplify inflammatory responses and promote a systemic
procoagulant effect, representing a truly vicious cycle of
thrombosis and inflammation (fig 2). Breaking this cycle with
antithrombotic treatment, therefore, passively reduces inflam-
mation which contributes to risk reduction. Interestingly,
aspirin may also have direct anti-inflammatory effects, even at
the low doses used clinically. Thus, in acute coronary
syndromes CRP concentrations are lower in patients pre-
treated with aspirin,' while in stable angina aspirin lowers
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Figure 2 Inflammation and
thrombosis in acute coronary
syndrome: the cloth thickens. CRP,

. C reactive protein; IL, inferleukin; PAI,
IL6 Dpisine proges gl ez plasminogen activator inhibitor;
V(Sfﬁgs) »  Fibrinogen PDGF, platelet derived growth factor;
PAL-1 (CRP) VSMCs, vascular smooth muscle cells.
Adapted from Libby et al.’
Local procoagulant effect
Plaque rupture:
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VSMCr _— factor B rombosis
Endothelial
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CRP and proinflammatory cytokines." The more recent
findings that low dose aspirin inhibits cell proliferation? and
also suppresses vascular inflammation with increases in
plaque stability in murine atherosclerosis” suggests that these
clinical observations might indeed reflect direct anti-
inflammatory effects.

The close interaction between thrombosis and inflamma-
tion in acute coronary syndromes is itself inseparable from the
influence of the coronary endothelium, which is the source of
multiple mediators that modify platelet function, fibrinolytic
balance, and vascular tone, as well as the inflammatory status
of the vessel wall. The coronary endothelium is, therefore, a
primary therapeutic target in acute coronary syndromes and
many of the anti-inflammatory and anti-thrombotic proper-
ties of angiotensin converting enzyme (ACE) inhibitors and
statins are mediated directly or indirectly by its passivation.

Angiotensin converting enzyme inhibition

The demonstration that ventricular remodelling is modified
in response to ACE inhibition following experimental coronary
occlusion led to clinical trials in acute myocardial
infarction.”” " These confirmed that ACE inhibition reduced
mortality, but this was largely independent of the severity of
ventricular injury and started too early to be wholly explained
by effects on the remodelling process.”” Indeed in ISIS-4
(fourth international study of infarct survival), survival curves
for captopril versus placebo were separating within the first few
days, a time frame favouring plaque stabilisation as the likely
mechanism of early benefit, mediated presumably by the
anti-inflammatory and antithrombotic effects of treatment.”
Thus, ACE inhibition has important vasculoprotective effects
and in experimental models modifies inflammatory mediators
in the vascular endothelium and reduces prothrombotic activi-
ty."* Similar benefits have been confirmed clinically in acute
coronary syndromes—for example, ramipril improved fibrino-
lytic balance by reducing the activity of plasminogen activator
inhibitor in the first 24 hours after myocardial infarction."” In
another clinical study,"* administration of enalapril in the first
two weeks after infarction reduced tissue factor expression and
ameliorated the prothrombotic state (fig 3). The anti-
inflammatory, antithrombotic effects of ACE inhibition in acute
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coronary syndromes are complemented by—indeed largely
caused by—passivation of the coronary endothelium. This was
confirmed in the TREND (trial on reversing endothelial
dysfunction) study in which patients with coronary artery dis-
ease randomised to treatment with quinapril showed variable
recovery of vasodilator responses when challenged with intrac-
oronary acetylcholine.”

Clearly, therefore, the plaque stabilising effects of ACE
inhibitors are achieved not only by anti-inflammatory activity
but also by other important mechanisms that combine to
reduce mortality in acute myocardial infarction. Current
recommendations are for ACE inhibition in all patients with
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Figure 3 Enalapril versus placebo in acute myocardial infarction:
effects on ACE activity and tissue factor (n = 32). N indicates normal
range. Adapted from Soejima et al.**°
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Figure 4 Llipid lowering treatment and early mortality after acute
coronary syndromes: GUSTO llb and PURSUIT. Adapted from
Aronow et al.**®

ST elevation acute myocardial infarction, treatment starting
within the first 24 hours if blood pressure permits. Evidence
for ACE inhibition in the acute phase of less severe coronary
syndromes is unavailable, although the HOPE (heart out-
comes prevention evaluation) study showed that treatment
protects these high risk individuals in the longer term and
should be considered as part of the secondary prevention
regimen.'

Statins

The value of lipid lowering treatment for secondary prevention
of coronary artery disease is well established. Data from
GUSTO ITb (global use of strategies to open occluded coronary
arteries)” and PURSUIT (platet glycoprotein IIb/Illa in
unstable angina: receptor suppression using Integrilin thera-
py)"” for patients with acute coronary syndromes discharged
on lipid lowering treatment showed clearly that outcome in
the first six months was significantly better for treated
patients, with very early separation of the survival curves

Intraplaque thrombus
Troponin -ve ACS

Acute treatment Aspirin +

First 24 hours clopidogrel +
LMWH

12-36 hours ACE inhibition
Statin
f3 Blocker

Benefits of ACE inhibition in acute myocardial

infarction

> Protects against ventricular remodelling
> Reduces inflammation

> Reduces prothrombotic activity

> Passivates coronary endothelium

within days of discharge (fig 4)."” In order to get closer to the
acute event when event rates are at their height, the MIRACL
(myocardial ischemia reduction with aggressive cholesterol
lowering) investigators randomised patients with non-ST
elevation acute coronary syndromes to atorvastatin or placebo
within 96 hours of presentation.™ Atorvastatin treatment was
associated with a 16% risk reduction for the combined end
point of death, non-fatal myocardial infarction, cardiac arrest
or worsening angina, driven largely by reductions in worsen-
ing angina. Mechanisms of this early benefit cannot easily be
attributed to altered lipid profiles, but more likely reflect pas-
sivation of the coronary endothelium and effects on platelet
aggregation. Thus in the placebo controlled RECIFE (reduc-
tion of cholesterol in ischemia and function of the endothe-
lium) trial in patients with acute coronary syndromes, pravas-
tatin treatment for six weeks produced significant increases in
flow mediated dilatation of the brachial artery whereas
placebo produced no change.”” This effect of pravastatin
reflected a significant early improvement in endothelial func-
tion, arterial responses to glyceryl trinitrate remaining
unaffected.

Markers of platelet activation and coagulation factors were
unaffected in the RECIFE trial, but in an experimental model
utilising porcine aortic media, pravastatin reduced to normal
platelet deposition from the blood of hypercholesterolaemic
subjects at low and high sheer rates, indicating that
antithrombotic effects may indeed contribute to the early
benefits of statins in acute coronary syndromes."*

Whatever the precise contributions of anti-inflammatory
and antithrombotic responses to statin treatment in stabilis-
ing plaques early during the course of acute coronary

Occlusive thrombus
ST elevation AMI

Subocclusive thrombus
Troponin +ve ACS

Aspirin + Aspirin *
clopidogrel + clopidogrel +
LMWH * 1° PCI

Gp lIB/IIA or thrombolysis

inhibitor and PCI

ACE inhibition ACE inhibition
Statin Statin
f3 Blocker f3 Blocker

Figure 5 Plaque stabilisation in acute coronary syndromes. ACE angiotensin converting enzyme; ACS, acute coronary syndrome; AMI, acute
mycocardial infarction; GP, glycoprotein; LMWH, low molecular weight heparin; PCl, percutaneous coronary intervention.
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syndromes, the evidence is overwhelming that longer term
benefits are directly attributable to low density lipoprotein
reduction which doubtless produces further plaque stabilisa-
tion through reductions in the lipid pool as well as slowing the
progression of disease. Certainly, the risk profile of patients
with acute coronary syndromes demands that all should
receive statin treatment, and the data from MIRACL confirm
that treatment can safely be started early after hospital
admission.

3 Blockers

B Blocker treatment in the acute phase of myocardial
infarction™ and early afterwards reduces mortality,
although the mechanism is unclear. There is no evidence for a
direct effect of the sympathetic nervous system on endothelial
function, although indirect effects on the endothelial produc-
tion of vasoactive substances, mediated by variations in blood
flow and sheer stress, are well documented." **' Direct effects
of B blockade on platelet function have also been postulated,
but although B receptors have been identified on platelets,
antithrombotic effects have been hard to confirm."**
Certainly, B blockers reduce sympatho-adrenal activation
and it is likely that the predictable haemodynamic and
antiarrhythmic consequences, rather than any direct plaque
stabilising attributes, largely account for the benefits of treat-
ment in acute myocardial infarction.

w38 w39
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CONCLUSION

Plaque stabilisation in acute coronary syndromes demands
early and effective antithrombotic treatment which should
always include aspirin with the addition of thrombolytic
treatment, and other antiplatelet agents (clopidogrel, glyco-
protein I1b/II1a receptor inhibitors), depending on the mode of
presentation and the need for invasive management (fig 5).
Additional treatment with ACE inhibitors and statins passi-
vates the coronary endothelium, reducing inflammation and
providing further antithrombotic support.

REFERENCES

1 Davies MJ, Thomas AC. Plaque fissuring: the cause of acute myocardial
infarction, sudden ischaemic death, and crescendo angina. Br Heart J
1983;50:127-34.

» The classic observations of Michael Davies that revolutionised our
understanding of pathogenic mechanisms in acute coronary
syndromes. This in turn revolutionised our approaches to plaque
stabilisation.

2 Fuster V, Lewis A. Conner Memorial Lecture. Mechanisms leading to
myocardial infarction: insights from studies of vascular biology. Circulation
1994,;90:2126-46.

3 Rioufol G, Finet G, Ginon |, et al. Multiple atherosclerotic plaque rupture
in acute coronary syndrome: a three-vessel intravascular ultrasound study.
Circulation 2002;106:804-8.

www.heartjnl.com

4 Ambrose JA, Martinez EE. A new paradigm for plague stabilization.
Circulation 2002;105:2000-4.

» A useful review article explaining why novel approaches are
necessary for plaque stabilisation in the context of acute coronary
syndromes.

5 Kennon S, Suliman A, MacCallum PK, et al. Clinical characteristics

determining the mode of presentation in patients with acute coronary

syndromes. J Am Coll Cardiol 1998;32:2018-22.

Kennon S, Wilkinson P, Suliman A, et al. The influence of prior aspirin

therapy and smoking on the electrocardiographic manifestations of injury

in acute myocardial infarction. Heart 2000;84:41-5.

7 Yusuf S, Zhao F, Mehta SR, et al. Effects of clopidogrel in addition to

aspirin in patients with acute coronary syndromes without ST-segment

elevation. The clopidogrel in unstable angina to prevent recurrent events

(CURE) trial. N Engl J Med 2001;345:494-502.

Yusuf S, Mehta SR, Zhao F, et al. Early and late effects of clopidogrel in

patients with acute coronary syndromes. Circulation 2003;107:966-72.

» The recent trial that reinforced unequivocally the value of

clopidogrel in addition to aspirin across the range of acute

coronary syndromes.

Libby P, Simon PI. Inflammation and thrombosis: the clot thickens.

Circulation 2001;103:1718-20.

» All you need to know about the interaction of inflammation and
thrombosis in acute coronary syndromes—clearly written in a
language nearly all of us can understand.

10 Kennon S, Price CR, Mills PG, et al. Interaction between aspirin and
C-reactive protein release in non-ST-elevation acute coronary syndromes.
J Am Coll Cardiol 2001;37:1266-70.

11 lkonomidis |, Andreotti F, Economou E, et al. Increased proinflammatory
cytokines in patients with chronic stable angina and their reduction by
aspirin. Circulation 1999;100:793-8.

12 Redondo S, Santos-Gallego CG, Ganado P, et al. Acetylsalicylic acid
inhibits cell proliferation by involving transforming growth factor-beta.
Circulation 2003;107:626-9.

13 Tillmann C, Sung S, Zhao L, et al. Effect of low-dose aspirin on vascular
inflammation, plaque stability, and atherogenesis in low-density lipoprotein
receptor-deficient mice. Circulation 2002;106:1282-7.

14 1S1S-4 (Fourth International Study of Infarct Survival) Collaborative
Group. A randomised factorial trial assessing early oral captopril, oral
mononitrate, and intravenous magnesium sulphate in 58,050 patients with
suspected acute myocardial infarction. Lancet 1995;345:669-85.

» This trial should have (but didn’t) put to rest any lingering
arguments about which patients with acute myocardial infarction
should receive ACE inhibition and how soon it should be given.
Answers: “everyone” and “early”.

15 Mancini GB, Henry GC, Macaya C, et al. Angiotensin-converting enzyme
inhibition with quinapril improves endothelial vasomotor dysfunction in
patients with coronary artery disease. The TREND (trial on reversing
endothelial dysfunction) study. Circulation 1996;94:258-65.

» The first trial to confirm that ACE inhibition improves coronary
endothelial function in humans with coronary artery disease.

16 Yusuf S, Sleight P, Pogue J, et al. Effects of an
angiotensin-converting-enzyme inhibitor, ramipril, on cardiovascular events
in high-risk patients. The heart outcomes prevention evaluation (HOPE)
study investigators. N Engl J Med 2000;342:145-53.

» The importance of HOPE cannot be over emphasised. This trial
revolutionised our attitudes to ACE inhibition in high risk patients
with coronary artery disease.

o

[ee]

e

Additional references appear on the Heart
website—www.heartjnl.com/supplemental.

oA

uBLAdod Aq paldalold 1sanb Ag TZoz ‘€T aung uo /wod lwg ueay//:dny woly papeojumoq €002 Jaquwaldas GT U0 89ZT 0T 68 Meay/9eTT 0T Se pausiand isiy :LeaH


http://heart.bmj.com/

Web-only references

Plaque stabilisation in acute coronary syndromes: clinical considerations
Adam D Timmis

1. The Scandinavian Simvastatin Survival Study (4S) Investigators. Randomised
trial of cholesterol lowering in 4444 patients with coronary heart disease. Lancet

1994;344:1383-9

2. The Long-Term Intervention with Pravastatin in Ischaemic Disease (LIPID)
Study Group. Prevention of cardiovascular events and death with pravastatin in
patients with coronary heart disease and a broad range of initial cholesterol

levels. N Engl J Med 1998;339:1349-57.

3. Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG, Brown
L, Warnica JW, Arnold JM, Wun CC, Davis BR, Braunwald E. The effect of
pravastatin on coronary events after myocardial infarction in patients with
average cholesterol levels. Cholesterol and Recurrent Events (CARE) Trial

Investigators. N Engl J Med 1996;335:1001-9.

4. Brown BG, Zhao XQ, Sacco DE, Albers JJ. Lipid lowering and plaque
regression. New insights into prevention of plaque disruption and clinical events

in coronary disease. Circulation 1993:1781-91.



5. Libby P, Schoenbeck U, Mach F, Selwyn AP, Ganz P. Current concepts in
cardiovascular pathology: the role of LDL cholesterol in plaque rupture and

stabilization. Am J Med 1998;104:14S-18S.

6. Second International Study of Infarct Survival (ISIS-2) Collaborative Group.
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither
among 17,187 cases of suspected acute myocardial infarction. Lancet 1988;

2(8607):349-60.

7. Thrombolysis in Myocardial Ischemia (TIMI) Investigators. Effects of tissue
plasminogen activator and a comparison of early invasive and conservative
strategies in unstable angina and non-Q-wave myocardial infarction. Results of

the TIMI 1IB Trial. Circulation 1994;89:1545-56.

8. Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO)
Investigators. The effects of tissue plasminogen activator, streptokinase, or both
on coronary-artery patency, ventricular function, and survival after acute
myocardial infarction. The GUSTO Angiographic Investigators. N Engl J Med

1993;329:1615-22.

9. Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO)
Investigators. An international randomized trial comparing four thrombolytic

strategies for acute myocardial infarction. N Engl J Med 1993;329:673-82.



10. Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO)
Investigators. A comparison of reteplase with alteplase for acute myocardial
infarction. The Global Use of Strategies to Open Occluded Coronary Arteries

(GUSTO Ill) Investigators. N Engl J Med 1997;337:1118-23.

11. Assessment of the Safety and Efficacy of a New Thrombolytic (ASSENT)
Investigators. Single-bolus tenecteplase compared with front-loaded alteplase in
acute myocardial infarction: the ASSENT-2 double-blind randomised trial. Lancet

1999;354:716-22.

12. Stone GW, Grines CL, Browne KF, Marco J, Rothbaum D, O'Keefe J,
Hartzler GO, Overlie P, Donohue B, Chelliah N, et al. Predictors of in-hospital
and 6-month outcome after acute myocardial infarction in the reperfusion era: the
Primary Angioplasty in Myocardial Infarction (PAMI) trial. J Am Coll Cardiol 1995;

25:370-7.

13. Zijlstra F, Beukema WP, van't Hof AW, Liem A, Reiffers S, Hoorntje JC,
Suryapranata H, de Boer MJ. Randomized comparison of primary coronary
angioplasty with thrombolytic therapy in low risk patients with acute myocardial

infarction. J Am Coll Cardiol 1997;29:908-12.

14. Antiplatelet Trialists’ Collaboration. Collaborative overview of randomised

trials of anti-platelet therapy 1: prevention of death, myocardial infarction, and



stroke by prolonged anti-platelet therapy in various categories of patients. BMJ

1994,308:81-106.

15. Budaj A, Yusuf S, Mehta SR, Fox KA, Tognoni G, Zhao F, Chrolavicius S,
Hunt D, Keltai M, Franzosi MG. Benefit of clopidogrel in patients with acute
coronary syndromes without ST-segment elevation in various risk groups.

Circulation. 2002;106:1622-6.

16. Khot UN, Nissen SE. Is CURE a cure for acute coronary syndromes?

Statistical versus clinical significance. J Am Coll Cardiol 2002;40:218-9.

17. The Evaluation of Platelet lIb/llla Inhibitor for Stenting (EPISTENT)
Investigators. Randomised placebo-controlled and balloon-angioplasty-controlled
trial to assess safety of coronary stenting with use of platelet glycoprotein-Iib/llla

blockade. Lancet 1998;352:87-92.

18. Cannon CP. Small molecule glycoprotein llb-llla receptor inhibitors as
upstream therapy in acute coronary syndromes; Insights from the TACTICS

TIMI-18 Trial. J Am Coll Cardiol 2003 (suppl S):;43S-48S.

19. Moliterno DJ, Chan AW. Glycoprotein llb-llla inhibition in early intent-to-stent
treatment of acute coronary syndromes: EPISTENT, ADMIRAL, CADILLAC, and

TARGET. J Am Coll Cardiol 2003 (suppl S):;49S-54S.



20. Oler A, Whooley MA, Oler J, Grady D. Adding heparin to aspirin reduces the
incidence of myocardial infarction and death in patients with unstable angina.

JAMA 1996;276:811-5.

21. Kaul S, Shah PK. Low molecular weight heparin in acute coronary syndrome:
evidence for superior or equivalent efficacy compared with unfractionated

heparin? J Am Coll Cardiol 2000;35:1699-712.

22. Zed PJ, Tisdale JE, Borzak S.Low-molecular-weight heparins in the

management of acute coronary syndromes. Arch Intern Med. 1999;159:1849-57.

23. White HD, Aylward PE, Frey MJ, Adgey AA, Nair R, Hillis WS, Shalev Y,
Brown MA, French JK, Collins R, Maraganore J, Adelman B. Randomized,
double-blind comparison of hirulog versus heparin in patients receiving
streptokinase and aspirin for acute myocardial infarction (HERO). Hirulog Early

Reperfusion/Occlusion (HERO) Trial Investigators. Circulation 1997;96:2155-61.

24. Eikelboom J, White H, Yusuf S. The evolving role of direct thrombin inhibitors

in acute coronary syndromes. J Am Coll Cardiol 2003;41 (suppl S):70S-78S.

25. Pfeffer MA, Pfeffer JM, Steinberg C, Finn P. Survival after an experimental
myocardial infarction: beneficial effects of long-term therapy with captopril.

Circulation 1985;72:406-42.



26. Sweet CS, Emmert SE, Stabilitoll, Ribeiro LG. Increased survival in rats with
congestive heart failure treated with enalapril. J Cardiovasc Pharmacol

1987;10:636-42.

27. Pfeffer MA, Braunwald E, Moye LA, Basta L, Brown EJ Jr, Cuddy TE, Davis
BR, Geltman EM, Goldman S, Flaker GC, et al. Effect of captopril on mortality
and morbidity in patients with left ventricular dysfunction after myocardial
infarction. Results of the survival and ventricular enlargement trial. The SAVE

Investigators. N Engl J Med1992;327:669-77.

28. Timmis AD, Sayer J. ACE Inhibition and Coronary Artery Disease. London.

Science Press 1997.

29. Vaughan DE, Rouleau JL, Ridker PM, Arnold JM, Menapace FJ, Pfeffer MA.
Effects of ramipril on plasma fibrinolytic balance in patients with acute anterior

myocardial infarction. HEART Study Investigators. Circulation. 1997;96:442-7.

30. Soejima H, Ogawa H, Yasue H, Kaikita K, Takazoe K, Nishiyama K, Misumi
K, Miyamoto S, Yoshimura M, Kugiyama K, Nakamura S, Tsuiji I. Angiotensin-
converting enzyme inhibition reduces monocyte chemoattractant protein-1 and
tissue factor levels in patients with myocardial infarction. J Am Coll Cardiol

1999;34:983-8.



31. The Global Use of Strategies to Open Occluded Coronary Arteries (GUSTO)
lIb investigators. A comparison of recombinant hirudin with heparin for the

treatment of acute coronary syndromes. N Engl J Med 1996;335:775-82.

32. Kleiman NS, Lincoff AM, Flaker GC, Pieper KS, Wilcox RG, Berdan LG,
Lorenz TJ, Cokkinos DV, Simoons ML, Boersma E, Topol EJ, Califf RM,
Harrington RA. Early percutaneous coronary intervention, platelet inhibition with
eptifibatide, and clinical outcomes in patients with acute coronary syndromes.

PURSUIT Investigators. Circulation. 2000;101:751-7.

33. Aronow HD, Topol EJ, Roe MT, Houghtaling PL, Wolski KE, Lincoff AM,
Harrington RA, Califf RM, Ohman EM, Kleiman NS, Keltai M, Wilcox RG,
Vahanian A, Armstrong PW, Lauer MS. Effect of lipid-lowering therapy on early
mortality after acute coronary syndromes: an observational study. Lancet

2001;357:1063-8.

34. Schwartz GG, Olsson AG, Ezekowitz MD, Ganz P, Oliver MF, Waters D,
Zeiher A, Chaitman BR, Leslie S, Stern T. Effects of atorvastatin on early
recurrent ischemic events in acute coronary syndromes: the MIRACL study: a

randomized controlled trial. JAMA 2001;285:1711-8.

35. Dupuis J, Tardif JC, Cernacek P, Theroux P. Cholesterol reduction rapidly

improves endothelial function after acute coronary syndromes. The RECIFE



(reduction of cholesterol in ischemia and function of the endothelium) trial.

Circulation 1999;99:3227-33.

36. Lacoste L, Lam JY, Hung J, Letchacovski G, Solymoss CB, Waters D.
Hyperlipidemia and coronary disease. Correction of the increased thrombogenic

potential with cholesterol reduction. Circulation 1995;92:3172-7.

37. I1SIS-1. Investigators. Randomised trial of intravenous atenolol among 16 027
cases of suspected acute myocardial infarction: ISIS-1. First International Study

of Infarct Survival Collaborative Group. Lancet 1986;2:57-66.

38. Hjalmarson A, Herlitz J, Holmberg S, Ryden L, Swedberg K, Vedin A,
Waagstein F, Waldenstrom A, Waldenstrom J, Wedel H, Wilhelmsen L,
Wilhelmsson C. The Goteborg metoprolol trial. Effects on mortality and morbidity

in acute myocardial infarction. Circulation 1983;67:126-32.

39. The MIAMI Trial Research Group. Metoprolol in acute myocardial infarction.

Mortality. The MIAMI Trial Research Group. Am J Cardiol 1985;56:15G-22G.

40. Schwartz JS, Baran KW, Bache RJ. Effect of stenosis on exercise-induced

dilation of large coronary arteries. Am Heart J 1990;119:520-4



41. Tousoulis D, Tentolouris C, Crake T, Toutouzas P, Davies G. Basal and
flow-mediated nitric oxide production by atheromatous coronary arteries. J Am

Coll Cardiol. 1997;29:1256-62.

42. Levine SP, Towell BL, Suarez AM, Knieriem LK, Harris MM, George JN.
Platelet activation and secretion associated with emotional stress. Circulation

1985;71:1129-34.

43. Larsson PT, Wallen NH, Martinsson A, Egberg N, Hjemdahl P. Significance
of platelet beta-adrenoceptors for platelet responses in vivo and in vitro. Thromb

Haemost 1992;68:687-93.

44. Catalano M, Russo U, Belletti S, Colombo F, Belloni A, del Rosso G,
Lombardi F, Libretti A. Beta-TG and plasma catecholamines levels after
sympathetic stimuli in hypertensives and patients with peripheral vascular

disease. Thromb Haemost. 1990;63:383-5.

45. Sayer JW, Gutteridge C, Syndercombe-Court D, Wilkinson P, Timmis AD.
Circadian activity of the endogenous fibrinolytic system in stable coronary artery
disease: effects of beta-adrenoceptor blockers and angiotensin converting

enzyme inhibitors. J Am Coll Cardiol 1998;32:1962-8.



