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ABSTRACT 
Acute coronary syndromes occur when an unstable 
atherosclerotic plaque erodes or ruptures, exposing the 
highly thrombogenic material inside the plaque to the 
circulating blood and triggering rapid formation of a 
thrombus that occludes the artery. This understanding is 
leading to a wide variety of new therapies. It is hoped that 
further research into the pathogenesis of acute coronary 
syndromes will lead to more accurate markers of risk and 
more specific preventions and treatments. 

KEY POINTS 
In distinguishing among the acute coronary syndromes, 
cardiologists have come to rely less on creatine kinase 
elevations alone and more on the electrocardiographic 
findings and abnormal troponin levels. 

Although for many years non-Q-wave Ml was considered 
prognostically similar to unstable angina, evidence from recent 
studies suggests it is prognostically similar to Q-wave Ml. 

Plaque rupture may be the predominant trigger for 
thrombosis in men, and plaque erosion may be the more 
frequent causative factor in women. 

The degree of vessel wall injury and the balance between 
activation of the coagulation system and endogenous 
fibrinolysis at the time of plaque disruption determine the 
clinical course in acute coronary insufficiency. 

Markers of Ml include elevations in creatine kinase, the CK-
MB fraction, troponin I, troponin T, and myoglobin. 

UR UNDERSTANDING of acute coronary 
syndromes—from unstable angina to 

myocardial infarction (MI)—has been trans-
formed in recent years. We now have a clearer 
understanding of how plaque forms, from the 
first subtle change in the arterial endothelium 
to a cascade of molecular changes involving 
white blood cells, smooth muscle cells, 
platelets, and a vast array of inflammatory mol-
ecules. Further, we now understand how vul-
nerable plaque is eroded or abruptly ruptures, 
leading to rapid formation of a thrombus and 
occlusion of the artery. 

Although researchers have made tremen-
dous progress in understanding acute coronary 
syndromes, which has already yielded novel, 
more effective therapies, we need to understand 
this process better. Acute coronary syndromes 
are still the leading cause of death in the 
Western world. Moreover, they often strike 
unpredictably: in many cases an artery that 
appears to be perfectly normal on angiography 
can become completely occluded in only a few 
months. In fact, two thirds of cases of acute coro-
nary syndromes may arise from small plaques.1 

This article discusses the classification of 
the acute coronary syndromes (unstable angi-
na, non-Q-wave Ml, and Q-wave MI) , what is 
now known about their pathophysiology, and 
the impact of this new knowledge on their 
diagnosis and treatment. 

• W H A T ARE THE ACUTE C O R O N A R Y 
S Y N D R O M E S ? 

T h e acute coronary syndromes—unstable 
angina, non-Q-wave MI, and Q-wave M I — 
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T A B L E 1 

Braunwald classification system 
for unstable angina 
Severity 
I Symptoms with exertion beginning in past 2 months 
II Symptoms at rest in the past month but not the past 48 hours 
III Symptoms at rest within the past 48 hours 

Precipitant 
A Secondary (extrinsic conditions aggravating symptoms) 
B Primary (no contribution of extrinsic conditions) 
C Postinfarction (within 2 weeks of index Ml) 

Treatment during symptoms 
1 No treatment 
2 Usual angina treatment 
3 Maximal treatment 

SOURCE: BASED ON BRAUNWALD E. UNSTABLE ANGINA. A CLASSIFICATION. 
CIRCULATION 1989; 80:410-414 

are a continuum, all involving occlusion of a 
coronary artery. The difference is the degree 
and duration of the occlusion and the damage 
it causes. In unstable angina, occlusion is brief 
and no myocardial necrosis occurs. In non-Q-
wave MI, blockage is more prolonged and 
necrosis occurs but does not extend to the full 
thickness of the myocardium. In Q-wave MI, 
necrosis extends through the full thickness of 
the myocardium. 

In distinguishing among the acute coro-
nary syndromes, cardiologists have come to 
rely less on creatine kinase elevations and 
more on the electrocardiographic findings 
(ST-segment elevation, ST-segment depres-
sion, or T-wave inversion)2'3 and on more sen-
sitive serum markers of myocardial necrosis 
(eg, the creatine kinase-MB fraction, troponin 
I, troponin T).4>5 As a result, many patients 
who would have been diagnosed with Linstable 
angina because they had no creatine kinase 
elevation are now known to have had Mis and 
to be at increased risk for future events. 

Unstable angina 
Unstable angina has a range of presentations. 
Initially, Braunwald6 divided it into three 
classes according to its severity and clinical 
presentation (TABLE 1 ) . In 1994, the National 
Heart, hung, and Blood Institute (NHbBI) 

Incipient lesions 
are present 
even in infants 

practice guidelines7 defined it as having three 
possible presentations: 

• Angina at rest (usually lasting more 
than 20 minutes) 

• Exertional angina of new onset (with-
in 2 months) of at least class III in severity by 
the criteria of the Canadian Cardiovascular 
Society Classification (CCSC) 

• Recent (within 2 months) worsening 
of angina as reflected by an increase in severi-
ty of at least one CCSC class to at least C C S C 
class III.7 

Both classification systems are currently 
in use. Although the Braunwald system is 
quoted more often, the NHbBI system is easi-
er to follow. Both have similar merit. 

In addition, unstable angina can be classi-
fied as primary or secondary. Primary unstable 
angina results from progressive mechanical 
obstruction (ie, a nonocclusive thrombus) or 
dynamic obstruction (ie, vasoconstriction). In 
contrast, secondary unstable angina is due to 
increased myocardial oxygen demand caused 
by tachycardia in conjunction with coronary 
stenosis or chronic stable angina.8 

In clinical terms, unstable angina implies 
symptoms of myocardial ischemia of new onset 
or a change from the usual pattern of chest 
pain, and it serves as a herald of infarction. 

N o n - Q - w a v e Ml 
(ST-segment depression M l ) 
In ST-segment depression MI, commonly 
called non-Q-wave MI, there is objective evi-
dence of myocardial necrosis. The clinical pre-
sentation is similar to that of unstable angina; 
however, the pain may last longer, with occhi-
sion lasting up to an hour.9'10 It can arise spon-
taneously or following procedures such as per-
cutaneous coronary intervention or noncar-
diac surgery. 

The diagnosis is based on the clinical pre-
sentation and on objective evidence such as 
the electrocardiographic findings and eleva-
tions in plasma levels of creatine kinase, the 
creatine kinase-MB fraction, troponin I, or 
troponin T. 

Although for many years non-Q-wave MI 
was considered relatively benign, with a prog-
nosis similar to that of unstable angina, evi-
dence from recent studies suggests it is prog-
nostically similar to Q-wave MI ( F I G U R E 1 ) . 7 . 1 1 
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Non-Q-wave myocardial infarction is not as benign as once thought 
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FIGURE 1A. Cumulative 6-month mortality from 
ischemic heart disease based on diagnosis on 
admission to hospital. Acute Ml includes non-Q-
wave and Q-wave Ml. 

SOUSCE: REPRODUCED WITH PERMISSION FROM THEROUX P, FUSTER V. 
ACUTE CORONARY SYNDROMES: UNSTABLE ANGINA AND NON-Q-WAVE 

MYOCARDIAL INFARCTION. CIRCULATION 1998; 97:1195-1206. 

FIGURE 1B. Cumulative 1-year death or Ml in 
patients with non-Q-wave and Q-wave Ml treat-
ed with fibrinolytic therapy. 

SOURCE: REPRODUCED WITH PERMISSION FROM AGUIRRE FV, YOUNIS LT, CHAITMAN 
BR, ET AL. EARLY AND 1-YEAR CLINICAL OUTCOME OF PATIENTS' EVOLVING NON-Q-

WAVE VERSUS Q-WAVE MYOCARDIAL INFARCTION AFTER THROMBOLYSIS. 
RESULTS FROM THE TIMI II STUDY. CIRCULATION 1995; 91:2541-2548. 

Q - w a v e Ml (ST-segment e levat ion Ml ) 
ST-segment elevation Ml, often called Q-
wave MI, refers to transmural myocardial 
necrosis due to total occlusion of a coronary 
vessel. In more than 80% of patients the 
occlusion lasts longer than 1 hour.10 

On the electrocardiogram, ST-segment 
elevations appear rapidly with progression to 
Q-waves if rapid reperfusion fails to occur. 
This process can. be curtailed if prompt thera-
py is given and complete reperfusion is estab-
lished either by pharmacologic or catheter-
based therapy. 

• ATHEROSCLEROTIC LESIONS 
PROGRESS THROUGH STAGES 

In a large series of autopsy studies, Stary12 

found that intimal thickening was present 
even in infants, and identified five types of 
lesions that were present in successively older 

groups of patients, suggesting that these types 
represented stages of progression. 

Type I: Endothel ial d a m a g e 
Atherosclerosis begins with functional alter-
ations of endothelial cells without significant 
morphologic changes.12 The endothelium 
becomes more "porous" and "sticky," allowing 
lipids to accumulate and monocytes to adhere 
to the intima.12'13 

Type II: Fatty streak 
As monocyte-derived macrophages release 
inflammatory products, smooth muscle cells 
migrate into the lesion and begin to prolifer-
ate, and a capsule begins to surround the 
lesion. 

Type III: Preatheroma 
With time, a lipid core forms in the musculo-
elastic layer. Extracellular lipid droplets and 
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C-reactive 
protein is a 
predictor of 
future adverse 
events 

particles disrupt the coherence of some inti-
mal smooth muscle cells. 

Type IV: A t h e r o m a 
The lipid core enlarges and further disrupts 
the intimal smooth muscle cells. This is a cel-
lular lesion with a great deal of extracellular 
lipid. 

Type V: F ibroatheroma 
A fibrous cap forms. The lesion now consists 
of a lipid core with thick layers of fibrous con-
nective tissue or with a thin capsule that can 
be easily disrupted, leading to thrombus for-
mation and more extensive smooth muscle 
cell proliferation.12 If the thrombi are small, 
then they can become organized and con-
tribute to the growth of the atherosclerotic 
plaque. When the thrombi are large, they can 
occlude the arterial lumen and lead to acute 
coronary syndromes.14 

• WHAT FACTORS TRIGGER 
A N D PROMOTE ATHEROSCLEROSIS? 

Plaques often develop at sites of high shear 
stress and high oscillation, such as the outer 
wall of a coronary bifurcation, the inner wall 
of a curved segment of an artery, and proximal 
to areas of myocardial bridging.15-17 This 
observation suggests that the type 1 lesion is a 
result of chronic minimal injury to the 
endothelium mainly due to a disturbance in 
blood flow. Secondary factors such as smoking, 
hyperlipidemia, infection, and vasoactive 
amines potentiate the process.12-18 

Is atherosclerosis an in f lammatory process? 
The role of inflammation and infection in 
acute coronary syndromes is currently being 
investigated. Studies in patients with unstable 
angina have shown systemic activation of 
inflammatory cells and the following changes: 

• Increased blood neutrophil elastase 
levels. 

• Increased expression of adhesion mol-
ecules such as CD1 lb/18, intercellular adhe-
sion molecule-1, vascular cell adhesion mole-
cule-1, endothelial selectin, and leukocyte 
selectin. 

• Increased acute-phase reactants such 
as C-reactive protein and fibrinogen.19.20 C-

reactive protein.may prove to be a good clini-
cal predictor for future adverse events in 
patients with acute coronary syndromes. C-
reactive protein levels have been reported to 
be higher in patients with unstable angina and 
myocardial infarction than in those with sta-
ble angina.21 Further, no increase in C-reac-
tive protein was detected in patients with pri-
mary vasospastic angina or after percutaneous 
transluminal coronary angioplasty in stable 
patients. Also, patients with unstable angina 
and elevated levels of C-reactive protein 
before angioplasty exhibited a further striking 
increase in C-reactive protein levels peaking 
at 24 hours after the procedure.22'23 

• Endothelial activation. Adhesion 
molecules can activate the endothelium, 
which is normally antiadhesive and anticoag-
ulant, making it more adhesive and procoag-
ulant. The activated endothelium subse-
quently can promote expression of genes 
important in the atherogenic process by 
means of transcription factors such as nuclear 
factor-KB and release mediators of smooth 
muscle hyperreactivity such as endothelin-1. 
Endothelin-1, expressed by the activated 
endothelium, is a potent vasoconstrictor and 
also potentiates the effects of other vasocon-
strictors such as catecholamines, serotonin, 
and angiotensin ll.24 

• Nuclear factor-icB activation. Nuclear 
factor-KB normally resides in an inactive form, 
bound to the inhibitory protein IKB in the 
cytoplasm of lymphocytes, monocytes, 
endothelial cells, and smooth muscle cells. 
Once stimulated, nuclear factor-KB transcrip-
tionally activates interleukins, interferons, 
tumor necrosis factor alpha, and adhesion 
molecules, hence promoting the ongoing 
process of rapid atherogenesis.25 A recent 
study26 reported that nuclear factor-KB was 
selectively and markedly activated in patients 
with unstable angina. Furthermore, available 
evidence suggests that expression of nuclear 
factor-KB in unstable angina is a causative fac-
tor rather than a casual association.25-26 

Therefore, nuclear factor-KB could also serve 
as a marker of coronary disease activity. 

Does infect ion cause atherosclerosis? 
Infections with organisms such as Chlamydia 
pneumoniae, Helicobacter pylori, and 
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cytomegalovirus have been implicated as trig-
gering or contributing to inflammation in 
acute coronary syndromes.26-29 Specifically, 
high titers of antibodies to C pneumoniae 
have been shown in patients with sympto-
matic atherosclerotic coronary disease.30 A 
recent study confirmed the association of 
increased Chlamydia titers in patients with 
acute coronary syndromes.31 In addition, 
there was an independent association 
between increased C pneumoniae IgA anti-
body titers and fibrinogen levels (an acute-
phase reactant), suggesting that infection was 
promoting inflammation. 

The role of antibiotic therapy to prevent 
acute coronary syndromes remains unclear. In 
a clinical trial,32 azithromycin therapy 
reduced the levels of inflammatory markers 
(C-reactive protein, interleukin 1, interleukin 
6, and tumor necrosis factor alpha) at 6 
months compared with placebo, but did not 
have any significant effect on clinical events. 

• THE DISRUPTION 
OF VULNERABLE PLAQUE 

Acute coronary syndromes arise when a vul-
nerable plaque develops fissures or erosions or 
when it completely ruptures.33 Vulnerable 
plaques commonly contain a lipid core in the 
intima and inflammatory cells at the site of 
disruption, which frequently occurs at the 
junction of the fibrous cap with the adjacent 
normal arterial wall.1-14'15 

Although a variety of terms are used to 
describe plaque disruption (rupture, intimal 
fissures, tears, rents, and ulcers34), they are not 
all synonymous. 

Plaque fissure or erosion refers to super-
ficial ulceration of the endothelium covering 
the plaque and further erosion of a portion of 
the fibrous cap without exposure of the lipid 
core to the circulating blood. 

Plaque rupture refers to a complete 
breach of the fibrous cap over a lipid core 
resulting in direct communication between 
the circulation and the lipid core.34'35 

Angiographic and pathologic studies have 
demonstrated an association between primary 
plaque erosion or rupture and development of 
unstable angina.36.37 Postmortem angiograph-
ic analysis of 166 patients whose death was 

caused by coronary artery thrombosis demon-
strated plaque rupture as the precipitating fac-
tor in 124 of the cases, while superficial ero-
sion of the endothelium overlying the plaque 
accounted for the remaining 42 cases.38 More 
recent studies suggest that plaque rupture may 
be the predominant trigger for thrombosis in 
men,39 and erosion of the endothelium to be 
the more frequent causative factor in 
women.35 The coronary vasa vasorum—tiny 
blood vessels within the artery wall itself— 
can also rupture and hemorrhage into the 
plaque, contributing to the process. 

Culprit lesions are o f ten small 
Remarkably, the lesions responsible for acute 
coronary syndromes are often small. 
Retrospective studies of angiograms per-
formed before patients suffered acute coronary 
syndromes demonstrated that, before the 
acute event, the culprit lesion had been caus-
ing less than 50% stenosis in two thirds of 
cases.38-40 In patients with acute MI who 
received fibrinolytic therapy, a considerable 
number had underlying lesions with less than 
70% stenosis after fibrinolysis, even with 
residual thrombus partially occluding the 
lumen.41 

Degree of p laque disruption 
determines the clinical symptoms 
The degree of plaque disruption influences 
the size of the thrombus that forms and hence 
the clinical symptoms.42 

With superficial plaque erosion, a nonoc-
clusive mural thrombus forms that in most 
cases does not cause a clinical event. However, 
in some cases, plaque erosion leads to a tran-
siently occlusive thrombus or prolonged occlu-
sion, resulting in acute ischemia or infarction. 
Furthermore, studies have shown that coro-
nary stenoses of unstable angina are the result 
of repeated episodes of plaque ulceration and 
healing resulting in a gradual increase in 
plaque volume with incorporation and organi-
zation of mural thrombi.43'44 

Postinfarction angina following pharma-
cologic or spontaneous thrombolysis can 
result from incomplete resolution of throm-
bus, the presence of a residual mural throm-
bus, or local vasoconstriction, increasing the 
likelihood of reocclusion. 

A study found 
high Chlamydia 
titers in 
patients with 
acute coronary 
syndromes 
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Plaques in acute 
coronary 
syndromes have 
more 
macrophages 

In contrast, with deep plaque rupture, the 
lipid core with its highly thrombogenic 
atheromatous gruel is exposed, leading to 
platelet activation and often rapid thrombotic 
occlusion of an artery. 

Other factors that influence the clinical 
presentation include the blood viscosity, 
platelet aggregability, distal vasoconstriction, 
and the balance between endogenous hemo-
static and thrombolytic factors. 

W h a t makes a p laque vulnerable 
to disruption? 
Extrinsic factors such as emotional stress, 
physical activity, sympathetic overactivity, 
elevated diastolic blood pressure, blood flow 
shear stress, and circumferential wall stress 
might potentially trigger an acute event. 
However, factors intrinsic to the plaque itself 
make the plaque vulnerable in the first place. 
These include the consistency and contents 
of the atheromatous plaque, the thickness of 
the fibrous cap, and the balance between 
inflammation and the repair process of the 
fibrous cap. 

Consistency and contents of the plaque. 
Plaques that are prone to disruption are rela-
tively soft, predominantly due to a high con-
centration of cholesteryl esters. 

Thickness of the fibrous cap. Vulnerable 
plaques have thin fibrous caps and are often 
eccentric in shape.39 The fibrous cap varies in 
thickness, strength, cellularity, and stiffness. 
The tensile strength and thickness of the 
fibrous cap depend on the interplay between 
smooth muscle cells, collagen synthesis, fac-
tors that inhibit collagen synthesis, matrix 
metalloproteinases, and macrophages (which 
produce inflammatory cytokines). 

Accumulation of smooth muscle cells 
contributes prominently to plaque growth and 
fibrous cap formation.45 Pathologic studies of 
rupture-prone plaques have shown a paucity of 
smooth muscle cells at the site of rupture.46 

Collagen, proteoglycan, and elastin are vital 
components of the plaque matrix, and smooth 
muscle cells are the source of these molecules. 
The relative paucity of smooth muscle cells 
may promote thinning of the fibrous cap by 
reducing collagen and other matrix proteins. 
The potential mechanisms that lead to pauci-
ty of smooth muscle cells in a plaque include 

inhibition of smooth muscle cell replication 
by gamma interferon, and the process of apop-
tosis influenced by tumor necrosis factor alpha 
and interleukin-1.47'48 

In addition, degradation of fibrillar colla-
gen by proteolytic enzymes such as interstitial 
collagenase further weakens the fibrous cap. 
Collagenase, gelatinase, and stromelysin are 
metalloenzymes—enzymes of the matrix met-
alloproteinase family that require a zinc atom 
for their activity. Under normal circum-
stances, cells in human arteries have negligi-
ble amounts of active metalloenzymes. 
However, in vulnerable regions of human ath-
erosclerotic plaques, these active proteolytic 
enzymes are highly expressed, leading to 
breakdown of fibrillar collagen in the fibrous 
cap.49 

Inflammation appears to be an important 
component in the pathogenesis of acute 
coronary syndromes. Inflammatory molecules 
influence macrophages, endothelial cells, 
and smooth muscle cells, leading to weaken-
ing of plaque integrity (plaque rupture), 
release of procoagulant factors (thrombosis), 
and endothelial dysfunction (vasoconstric-
tion). 

Macrophages play a pivotal role in the 
rapid progression of an atherosclerotic plaque 
to result in acute coronary syndromes. An in 
vivo study revealed that plaques from patients 
with acute coronary syndromes had signifi-
cantly more macrophages than those with sta-
ble angina.50 A recent study demonstrated 
thermal heterogeneity (increased tempera-
ture) in rupture-prone plaques, possibly indi-
cating heat released by activated macrophages 
and ongoing inflammation.51 

Macrophages are activated by: 
• Interferon gamma secreted by T lym-

phocytes 
• CD40 ligand expressed on the surface 

of T lymphocytes 
• Tumor necrosis factor alpha 
• Macrophage-colony stimulating factor 
• Macrophage chemoattractant protein-

i c 
Activated macrophages weaken the 

fibrous cap by secreting matrix metallopro-
teinases, mitogenic factors such as platelet-
derived growth factor, and toxic products of 
lipid oxidation. 
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• H o w p l a q u e r u p t u r e leads t o c o r o n a r y t h r o m b o s i s 
PLAQUE RUPTURE Platelets Increased inflammation 

Increased matrix degradation 
Decreased matrix synthesis 
Increased mechanical stress 
T lymphocytes 
Macrophages 
lnterleukin-1 
Tumor necrosis factor alpha 
Interferon gamma 
Collagenase 
Chlamydia pneumoniae — 

Lipid-rich core 

Fibrous cap 

PLATELET ADHESION 

Thrombospondin 
Vitronectin 
Laminin 
Platelet receptor lb 

Collagen 
Tissue factor 
von Willebrand factor 
Lipid-rich core 

Activated 
platelets PLATELET ACTIVATION 

Thrombin 
Platelet-activating factor 
Shear stress 

Thromboxane A2 
Serotonin 
Thrombin 
Adenosine diphosphate 

PLATELET AGGREGATION 
White clot 

Glycoprotein llb/llla 
expression 

Fibrinogen 
von Willebrand factor VASOCONSTRICTION 

OCCLUSIVE THROMBOSIS 

FIGURE 2. A schematic representation of the pathogenesis of acute coronary syndromes. Plaque rupture 
leads to a cascade of events resulting in coronary thrombosis. 
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Plaque rupture 
or erosion is 
the trigger for 
thrombosis 

• THE CASCADE OF EVENTS 
IN THROMBUS FORMATION 

Disruption of a plaque leads to formation of a 
thrombus through several steps, which tran-
spire within a few minutes (F I G U R E 2 ) . 

Platelets adhere to the vessel w a l l 
When platelets are exposed to components of 
the subendothelial matrix such as collagen, 
von Willebrand factor, and tissue factor, sur-
face receptors on the platelets, primarily gly-
coprotein lb, recognize these components, 
and the platelets adhere to the vessel wall, at 
first in a single layer. 

Platelets become act iva ted 
As the platelets adhere, they become activat-
ed and secrete from their alpha-granules vari-
ous substances (eg, thromboxane Aj , sero-
tonin, thrombin, adenosine diphosphate, fib-
rinogen, platelet-activating factor, and 
platelet-derived growth factor) that lead to 
chemotaxis, vasoconstriction, and activation 
of other platelets,.53.54 

Platelets a g g r e g a t e 
and f o r m a " w h i t e " clot 
Activated platelets change shape and express 
glycoprotein Ilb/IIla surface receptors, which 
allow them to bind to one another and aggre-
gate. The single layer of platelets recruits more 
platelets and grows into a platelet-rich 
"white" thrombus.55"57 (Later, as the throm-
bus grows, red blood cells are recruited). 

Thrombin begets more th rombin 
Platelet aggregation and other cofactors pro-
mote conversion of prothrombin to throm-
bin. In addition, tissue factor, released dur-
ing plaque disruption, combines with coagu-
lation factor VII, activating the extrinsic 
coagulation cascade to form more thrombin. 
Thrombin, in turn, is a potent agonist for 
further platelet activation and thus further 
promotes the process of thrombus forma-
tion.58 It also mediates the conversion of fib-
rinogen to fibrin, which stabilizes the 
thrombus ( F I G U R E B ) . 

Several studies offer evidence that 
platelet activation, thrombin generation, and 
thrombosis take place in acute coronary syn-

dromes.55'57>59>60 Fitzgerald et al60 reported 
increased urinary levels of thromboxane B2 in 
patients with anginal episodes, suggesting 
platelet activation. Merlini et al59 demon-
strated increased Levels of prothrombin frag-
ment 1+2 (suggesting increased activity of 
factor Xa and thrombin formation) and fib-
rinopeptide A (suggesting increased activity 
of thrombin and fibrin formation) during 
anginal episodes. Angiographic and angio-
scopic studies have confirmed the correlation 
between acute coronary syndromes and intra-
coronary thrombus.57'61 

Protective mechanisms such as sponta-
neous lysis of thrombus (via endogenous tissue 
plasminogen activator) and vasorelaxation 
(via prostaglandin 12 and nitric oxide) 
attempt to halt or reverse the procoagulant 
and vasoconstrictive mediators during acute 
coronary syndromes. The balance erf these fac-
tors determines the clinical presentation and 
degree of myocardial injury. 

• THE ROLE OF VASOCONSTRICTION 
IN ISCHEMIA 

Coronary vasoconstriction also contributes to 
reducing coronary blood flow and causing 
ischemia.62 In acute coronary syndromes, acti-
vated platelets release serotonin, thrombox-
ane A2, adenosine diphosphate, and thrombin 
which, in addition to promoting thrombosis, 
are potent vasoconstrictors.54 In addition, 
atherosclerosis and endothelial dysfunction 
further promote vasoconstriction, as evi-
denced by release of endothelin-1 and by 
paradoxical vasoconstriction upon adminis-
tration of acetylcholine. Overall, the height-
ened vasomotor tone in acute coronary syn-
dromes appears to depend on platelets and 
thrombin.63 The degree and duration of vaso-
constriction at or distal to the site of plaque 
disruption and thrombosis contribute to clini-
cal symptoms of angina. 

1 FUTURE TREATMENT POSSIBILITIES 

Tremendous strides have been made thus far 
in understanding the pathogenesis of acute 
coronary syndromes. Inflammation, vascular 
injury, platelets, and thrombin play a crucial 
role. Various antiplatelet drugs (aspirin, clopi-
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FIGURE 3. Simplified diagram of the coagulation cascade and the central role of 
thrombin. In addition to converting fibrinogen to fibrin, thrombin plays a central role 
in platelet activation and endothelial function and indirectly autocatalyzes its own 
production. 

SOURCE: ADAPTED WITH PERMISSION FROM MOLITERNO DJ. ANTICOAGULANTS AND THEIR USE IN ACUTE CORONARY SYNDROMES. 
IN: TOPOL EJ. EDITOR. TEXTBOOK OF INTERVENTIONAL CARDIOLOGY, 3RD ED. PHILADELPHIA, W.B. SAUNDERS, 1999:25-51. 

dogrel, ticlopidine, and glycoprotein Ilb/IIIa 
antagonists) and antithrombin drugs (unfrac-
tionated heparin, low molecular-weight 
heparin, and direct thrombin inhibitors) are 
already in clinical use. 

Tissue factor contributes substantially to 
the thrombogenic potential of ruptured 
plaques, and therapy that inhibits coagulation 
higher up in the extrinsic pathway may limit 
thrombosis and the likelihood of a clinical 
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event after plaque rupture. Progress is being 
made in better understanding the role of 
inflammation, infection, cytokines, and gene 
promoters. 

These new insights into the mechanism 
of plaque progression and plaque rupture will 
aid in more accurately identifying a vulnera-
ble plaque using magnetic resonance imaging, 
thermal detection, and serum markers of 
inflammation. Advances in detecting vulner-

able plaques will allow physicians to use ther-
apeutic strategies such as gene therapy to sta-
bilize the plaque at risk for rupture using tissue 
inhibitors of matrix metalloproteinases, anti-
sense strategies to inhibit proinflammatory 
molecules (nuclear factor-KB), and overex-
pression of nitric oxide synthase or prostacy-
clin synthase to ameliorate endothelial dys-
function and the associated procoagulant 
state. 11 

Someday, we 
may be able 
to detect and 
treat 
vulnerable 
lesions 
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