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Coronary artery disease has a heterogeneous range
of clinical presentationsthat variesfrom asymptomatic pa-
tientswith multivessel diseaseto patientswith one-vessel
disease with acute myocardial infarction (AMI) and even
sudden death. Other patients have stable anginathat has
evolved over many years, even decades, without progres-
singtounstableanginaor myocardid infarction (M1). Even
more serious, onethird of the casesof coronary diseasehas
sudden death asitsfirst and only manifestation.

Despite being the main cause of death in devel oped
countries, more people live with coronary atherosclerosis
than dieof it*2. Therefore, themost rel evant questionisnot
why atherosclerosis devel ops, but why a quiescent athe-
rosclerotic plaque suddenly ruptures and, on top of it,
occlusive or subocclusive coronary thrombosis devel ops.

Tounderstand thisremarkableclinical heterogeneity
isnot easy, and only therecent advancesin vascul ar biolo-
gy havealowed the understanding of important aspects of
thiscomplex disease. Thistext focusesonly on oneform of
this disease presentation, which is the acute ischemic
syndrome(AlS).

Pathogenesis

The atherosclerotic plaque consists of two parts: the
core(atheroma), whichisrichinextracelular lipids, hasasoft
consistency, and occupies onethird of the total volume of
theplague, and the peripheral component (sclerosis), which
isformed by fibroustissue, hasahard cons stency, and occu-
piestwothirdsof thetotal volumeof theplague. Therelative
proportion of each component variesgreatly, and thereisno
relation between plaquesizeand itscongtitution 34,

The possibility of developing AlS does not depend
solely on the number, distribution, and degree of stenosis
caused by the atherosclerotic plaque. More than that, a
complex balancebetween factorsextrinsictotheplaqueand
their attributes not revealed by coronary angiography are
currently considered.

Currently, theconcept that Al Sisusually precipitated
by occlusive or subocclusive thrombosis on top of acom-
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plicated atherosclerotic plaqueiswidely accepted. Accor-
ding to this concept, plaque’ s disruption and the conse-
guent exposure of its components to blood precipitates
thrombosis3®.

The factors determining rupture and subsequent
thrombosiscan beboth extrinsicandintrinsictotheplague.

Extrinsic factors

The extrinsic factors comprise the aterations of the
formed elementsand chemical componentsof thebloodin
addition to hemodynamic alterations. Several triggers of
acute ischemic events have been identified 2. Half of the
acuteischemiceventsdo not occur at random, being trigge-
red by external factors. AMI occursmost frequently inthe
morning *°, on Mondays**, during thewinter 213, and du-
ring emotional ¥4 and physical %" stress. Physiologically,
all these conditionshavein commontheincrease of sympa-
thetic tonus.

Muller et al 2 clearly documented thedaily variationin
theincidenceof M1, whichtendsto occur moreofteninthe
first hours of the morning than in any other period of the
day. Thisobservation confirmedthat thetypical adrenergic
stimulus of waking up promotes platel et alterations and
triggerscoronary thrombosis. Thisevidencewasconfirmed
by the observation that acetylsalicylic acid attenuated the
morning peak of theoccurrenceof MI.

Later, Leor et al ® observed anincreaseintheincidence
of infarctionin LosAngelesin thehoursand daysfollowing
the Northridge earthquake. Curiously, these authors also
noted areduction ininfarctionincidencein theweeksand
months that followed the earthquake. This observation
suggests that the adrenergic stimulus associated with the
natural disaster complicated anumber of theatherosclerotic
plaquesvulnerableto disruption.

AI'S can also be precipitated by hemodynamic chan-
gesthat can cause modificationsof the physical forcesthat
operate on the atherosclerotic plague. Bioengineering
studies have documented amarked differencein physical
stressin distinct regions of the plagque, contributing to its
disruption and subsequent thrombosis. These studies
revealed that thethicker thefibrouscapthat coversthelipid
core, the smaller the circumferential stress of thewall. In
addition, thegreater thevolumeof thelipid core, thehigher
the circumferential stress, especially at the transition bet-
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weentheplagueand thenormal vascular wall. Morecurious,
and less expected, is the observation that the degree of
stenosishasasmall influence on the physical stressof the
plaque®%, It wasrecently demonstrated that the maximum
circumferential stress of the plagues responsible for fatal
Ml isthreetimeshigher thanthat of uncomplicated plagues.
Furthermore, thedisruption site coincided with theregion
of higher circumferential stress.

Inaddition to theprothromboticinfluence of theadre-
nergic stimulusdescribed above, therearea so concomitant
hemodynamic changes that probably increase the risk of
plaguedisruption. Accordingto Laplace slaw, thecircumfe-
rentia stressof thewall variesdirectly with theintraluminal
pressure. Thus, the increase of blood pressure increases
the circumferential stressin the plague. The increase of
inotropism and chronotropism that accompany theeleva
tion of theadrenergictonusalsoincreasesthe compressive
forces upon the plague, favoring its disruption. Although
intuitive, thereisstill lack of evidenceof theimportance of
the hemodynamic changesin the increase of therisk of
plaguedisruption.

Another extrinsic factor to the plaquethat influences
its thrombotic potential is the alteration of the formed
elementsof theblood. Itiscurrently known that the plasma-
tic concentration of fibrinogen increasestherisk of corona-
ry eventsindependent of other factors®. Thereisacorrela
tion betweenthevariationinthelevelsof theplasminogen
activator inhibitor 1 (PAI-1) and acute ischemic events,
particularly M| inyoung individua s, Another plasmatic
factoristheincreaseof L p(a) that competeswith plasmino-
gen and, therefore, inhibits plasmin activation. Because
thisisafibrinolytic enzyme, thefinal fibrinolytic capacity is
depressed.

This set of extrinsic factorsto the plague influences
the precipitation of AlS because they disrupt the natural
balance between thrombosisand fibrinolysis.

Other plasmatic factorsthat can affect plaque stability
arethe plasmaticlevelsof cytokinesand endotoxins. These
mediators of inflammation and systemic responseto virus
and bacteriacan precipitate AlSwhen aseveresystemic di-
seaseoceurs. Interleukin-6, in particular, actuatesintheliver,
promoting acute phase protein synthesis. Another isfibrino-
gen, aplasmacomponent surely related toischemic events.

Althoughimportant, theextrinsic factorsdo not have
aninfluenceintheprecipitation of AlSif thereisnovulne-
rable plaque asasubstrate.

Intrinsic factors

Contemporary pathological studies have established
that the loss of integrity of the atherosclerotic plaque and
subsequent thrombosi sisthe mechani sm of themajority of
AlSs. There aretwo forms of loss of physical integrity of
the plague: erosion and disruption.

Erosion consistsof asuperficial lossof integrity with
exposure of the subendothelial basement membrane. The
exposed collagen activatestheplatel etsand thevon Wille-
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brand factor promotes their aggregation. Atherosclerotic
plaqueerosionisresponsiblefor approximately onethird of
fatal coronary thrombosesin autopsy studies.

Another form of loss of physical integrity isthedis-
ruption of thefibrous cap and subsequent wide exposure of
itshighly thrombogenic lipid core. Tissuefactor, a potent
procoagulant, significantly contributesto lipid corethrom-
bogenic potential %, Tissue factor activates factor VI
beginning the cascade of eventsthat |eadsto the activation
of factor X, thrombin, and finally to thrombus formation.
Thistypeof wider disruptionisresponsiblefor two thirdsof
thefatal coronary thromboses.

Thedisrupting region of the plague usually exhibits
inflammatory characteristics, especially thewider form of
disruption through the fibrous cap®. Inflammation at the
most vulnerabl e region of the plaqueis characterized by
elevated concentrations of macrophagesand T lympho-
cytes, being independent from the plague’ smorphol ogy.

Microscopicaly, the complicated plaguesresponsible
for fatd i schemic eventshavethefollowing characteri stics?°2;
1) thinfibrous cap®®®*,; 2) largelipid core***; 3) abundance
of macrophages31%; 4) paucity of smooth musclecel | 3%,

Themainfactor responsiblefor theintegrity of thefi-
brouscapistheinterstitial collagen, particularly types! and
[11, which are predominantly synthesized by the smooth
musclecells. Therefore, any factor that reducestheamount
of collageninthefibrous cap can endanger itsintegrity.

Thereduction of collageninthefibrouscap can occur
dueto threemechanisms: 1) synthesisreduction; 2) degra-
dationincrease; and 3) reduction intheamount of smooth
muscle cells. Synthesis reduction can be mediated by
interferon gammathat isproduced by activated T lympho-
cytesdueto chronicinflammation *. Degradationincrease
dependsonaset of proteolytic enzymesnamed matrix me-
talloproteinases (MMP). These enzymes, usually present
in minimal amounts, have their synthesis increased by
macrophages, particularly inthe form of foam cells“+,
Although migration and proliferation of smooth muscle
cellsare an important component of the atherosclerotic
plaqueformationand growth 44, these cellsare characte-
ristically scarceintheplaguesresponsiblefor fatal ischemic
events. This must weaken the plague because these cells
arethe main source of collagen. The probable mechanism
for thereduction of the number of smooth musclecellsisin-
terferon gamma cytokine synthesized by the activated T
lymphocytes. Interferon gammainhibitsthe proliferation of
these cells and also activates their programmed death or
apoptosis *“". Three cytokines (interferon gamma, IL-
1beta, and TNF-alpha) were recently observed to activate
the apoptosisviathe smooth muscle cell .

Theoretically, alesscommonform of plagueruptureis
called centrifuge, becauseit occursinside the plaque to-
wardsthearterial lumen. Thistypeof rupturerequiresthat
theintraplaque pressuresurpasstheintraluminal pressure.
Thiscan be precipitated by hemorrhage originating inthe
intraplague vasa vasorum %, This hypothesis, however,
till awaitsconfirmation.
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Another factor often considered as a cause of acute
ischemic eventsiscoronary spasm®%2, Eventhoughtheco-
existence of spasm and plaqueruptureisacommon finding,
the observations suggest that the first is more a conse-
guencethan acauseof thesecond **%. Inredlity, it hasbeen
shown that drug-induced spasmrarely causes M| %,

Clinical repercussions of plaque rupture

Plague rupture, most of the time, isacommon and
asymptomatic phenomenon. Itsclinical repercussion de-
pends on the degree of coronary flow limitation caused by
subsequent thrombosis, which isvery variable®. Autopsy
studiesreveal that 9% of “normal” individualswho die of
noncardiac causeshave coronary plague complicated with
rupture. Thisfindingincreasesto 22%inindividual swith
diabetesor hypertension *. Ontheother hand, intwo other
studies of individuals who died from coronary artery
disease, many coronary plaques complicated by rupture
were found %%, The complicated plaques that caused the
death showed intense thrombosis with coronary flow
limitation, and themgjority of the other complicated plaques
had discreet or nothrombosis.

Therefore, after plaque rupture, the degree of throm-
bosisdeterminestheclinical repercussion. Thethreemain
factorsthat determinetheintensity of the thrombotic res-
ponseto ruptureare: 1) ruptureextension and composition
of plaque contents®°; 2) the degree of stenosisandirregu-
larity of the plaque surface®:%2; 3) bal ance between throm-
botic and thrombolytic factorsat the moment of rupture®*.

Inthemajority of patientswith unstableangina, plague
erosionor ruptureresolveswiththevascular reparation pro-
cessthat resultsin an increase of the degree of obstruction.

Thetype of AlSthat agiven patient develops after
rupture and subsequent thrombosisis determined by four
factors: 1) vessdl occlusion velocity; 2) degree of obstruc-
tion: total or partial; 3) magnitudeof collatera circulationto
the distal bed of the occluded artery; and 4) occlusion
stability: long-standing or transitory.

Coronary thrombosis in unstable angina and
AMI: similarities and differences

Today itiswell establishedthat AlSconsistsof acon-
tinuum spectrum ranging from unstable anginato AMI.
These syndromeshave several aspectsin common, such as
variabledegreeof plaquerupture, variabledegree of subse-
quent thrombosis, ischemiausual ly determined by primary
reduction of oxygen supply duetolong-lasting or transito-
ry coronary occlusion or subocclusion. Thereare, however,
important differencesin pathophysi ol ogy, which determine
fundamentd differencesinclinical features, responsetotrea
tment, and prognosi s (between unstableanginaand AMI).

Clinically, unstable angina has several forms of pre-
sentation resulting in different definitions and classifica-
tions. On the other hand, AMI hasaform of presentation
that enablesamore specific definition.
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Several classificationsfor unstable anginahave been
developed, according to clinical, pathophysiological, and
prognostic criteria® ™. The classification that has been
most used by clinicians and epidemiologistsisthe one by
Braunwald ™. Thisclassification encompassesthree crite-
ria: 1) severity of pain: recent effort angina(<2 months) or
progressive angina(aggravation of previousstableangina)
(class|1), subacute angina at rest, with the last painful
episodemorethan 48 hoursbefore(classll), acuteanginaat
rest, with the last painful episode within thelast 48 hours
(classll); 2) clinical circumstance of anginaoccurrence;
secondary (A), primary (B), and postinfarction (C); 3)
presence of any form of treatment at the moment of angina
presentation: none(1), oral treatment (2), maximum pharma:
cological treatment (3). In each of these criteria, thereisa
progressivescal e of prognosisaggravation. Therefore, the
most benign unstableanginaisclass|A1; theonewiththe
worst prognosisisclass!1C37. Accordingto dataobtained
intheGloba Unstable AnginaRegistry and Treatment Eva:
luation (GUARANTEE Study) ™, which involved almost
threethousand patients, two thirds of the casesareclassl|
or 111 (subacute or acute angina at rest) and onethirdis
class| (recent effort anginaor progressiveangina).

Myocardial ischemiain AlSs, such asischemiainany
tissue, canresult fromincreasein oxygen demand or reduc-
tioninoxygensupply. Theincrease of oxygen demand cau-
sesapproximately onethird of the casesof unstableangina
(Braunwaldclassl) andrarely AMI. Ontheother hand, the
reduction of the oxygen supply accountsfor two thirds of
unstable anginacasesand amost all of the AMI cases.

Classll and I11 unstable anginaand AMI are caused
by atherosclerotic plague rupture and subsequent subo-
cclusive and occlusive thrombosis, respectively. Asabove
described, plague complication occursin variable degrees
from small erosion and localized fissure to extensive and
deeprupture. Thereisaclear relation between the degree of
the plague’ s anatomical complication and the clinical
expression of thiscomplication. A great number of thesmall
erosionsand ulcerationsof theplaqueareclinicaly silent.
Falk ™ and several other researchers™ havehistologically
and angiographically demonstrated that coronary stenosis
causing unstableanginaresultsfrom repetitive epi sodes of
plague ul ceration and healing, which causeas ow increase
of theplaque’ svolume. Vascular repair subsequent to ulce-
ration and thrombosis can increase the fibrous content
through thrombus organization and incorporation to the
plague. Thisnot only limitsthe extension of the subsequent
complication, but al so makesthe plaquelessvulnerableto
future ruptures, which can beinterpreted asanatural me-
chanism of arteria passivation.

Inunstableangina, coronary thrombosisisusualy su-
bocclusiveor transitorily occlusive. Thistype of thrombus
istypically fragileand can cause periodsof occlusion of 10
to 20 minutes™, frequently withaconcomitant and transito-
ry coronary spasm component. Spasm can becaused by re-
lease of vasoactive substances by platel etsand endothelial
dysfunction 7.
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Innon-Q M, thedegreeof plaqueinjury ismoresigni-
ficant thanin unstableangina, resultingin more persistent
occlusivethrombosis, lasting up to onehour . Approxima-
tely oneforth of the patientswith non-Q infarction havea
persistently occluded coronary artery responsiblefor the
infarction, but also havethe distal bed partially protected
by collateral circulation.

In AMI, plague rupture is often more extensive and
deeper, with intense collagen, cholesterol crystals, and
tissuefactor exposure, and consequent |ong-1asting occlu-
sivecoronary thrombosis. Itisimportant to emphasizethat
no rel ation exists between the degree of stenosiscaused by
aplagueand theextension and depth of an eventual ruptu-
re. It wasrecently observed that 40% of thefatal occlusive
coronary thrombi occurredin plaguescomplicated only by
erosion 8, This observation led to the consideration that
circulating or systemic (monocytes, infection, hypercholes-
terolemia, etc) hemostatic factorscan play asignificantrole
inthesecases. Inaddition, half of the AM| casesare caused
by atherosclerotic plaquesthat reducethelumina diameter
to 50% or less, being therefore considered of little prognos-
ticvalueininfarction-preceding angiographies™.

Some cases of sudden death probably involverapidly
progressivecoronary injury, where plaqueruptureand the
resulting occlusivethrombosislead to myocardia ischemia
andfatal ventricular arrhythmiaintheabsenceof collateral
circulation™.

Thrombosisfollowing plaqueruptureisaprocessthat
evolvesin stages and begins with exposure of subendo-
thelial components, suchascollagen, von Willebrand factor,
fibronectin, and vitronectin. These extracellular matrix
componentsare recognized by the surface receptorsof the
platel ets, which then adhere to the plague and become
activated. Theactivated platel etsrelease aset of substances
from their alphagranules, causing vasoconstriction, che-
motaxis, mitogenesis, and more platelet activation. The
substancesinvolved in this process are thromboxane A2,
seratonin, fibrinogen, plasminogen-activator inhibitor (PAI-
), and growth factors. Platel et activation leadsto exposure
of aparticular surfacereceptor, glycoproteinl1b/ll1a. This
integrinisthe viafina common pathway of al platel et
aggregation agonists, andisal so known asfibrinogen recep-
tor &, Aggregation consists of ligation and connection bet-
weenmultipleplatel ets, occurring throughfibrinogenbridges
and accel erating thrombin production. Inareci procal manner,
the generated thrombin is a potent platel et activator that
stahilizesthethrombus, converting fibrinogenintofibrin.

Sherman et al & performed angioscopy on 10 patients
withunstableangina. Angioscopy revea ed exuberant struc-
tural abnormalitiesintheintimaof all patientsand thrombus
inseven. Patientswith progressiveanginahad plagueswith
complex morphology, and those with angina at rest had
nonocclusivethrombusat themoment of theexamination.

As coronary thrombosisisresponsible for the great
majority of AlSs, someresearcherstried toidentify plasma-
ticmarkersof thrombosisand platel et aggregation. Fibrino-
peptide A (FPA) isapolypeptideresulting from thetrans-
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formation of fibrinogeninto fibrin mediated by thrombin.
Patients with unstable angina have serum levels of FPA
much higher than patientswith stable anginaor with chest
pain of noncardiac origin®. Other authorsreproducedthese
findings 8. Zalewski et al & observed elevated levels of
PAI-I, amarker of platelet aggregation, in patients with
unstableangina. Fitzgerald et al # verified that 84% of the
episodes of anginaat rest were associated with transitory
elevation of thromboxane, suggesting atemporal relation
between platel et activation and aclinical event. Somecon-
troverda datainreationtothepresenceof plasmaticmarkers
of activethrombosi scan beattributed to the heterogeneity of
the patients with unstable angina studied, to the small
amount of thrombus present in some lesions, and to the
trangitory presenceof thehemogtaticfactorsincirculation®.

Epidemiology

AlSsarethemain causeof adult hospitalizationinthe
United States. I n recent years, theincidence of unstablean-
ginahasrapidly increased. With better populationinforma-
tion, longer survival of patientswith AMI, population
aging, and better diagnostic efficiency of chest pain of is-
chemicorigin, thisincidenceshould continuetoincrease. In
many coronary care units, unstable angina surpassed AMI
asthemain cause of hospitalizationinthelast decade®.n
theUS, itisestimated that thereare 700 000 hospitalizations
annually dueto unstableanginaand another 700 000 cases
occur inwhichthediagnosiseither isnot madeor the patien-
tsaretreated on an outpatient basis. It isal so estimated that
1.5millioncasesof AMI occur and that 20% of patientsdie
prior to medical care®. Only 30% to 50% of the patients
hospitalized with a suspicion of AMI have the diagnosis
confirmed ™. Therefore, AlSoccursin epidemic proportions.

Clinical, electrocardiographic and enzymatic
features

Chest pain of unstableanginadiffersfromthat of sta-
bleanginamainly becauseitismoreunpredictable, intense
and longer lasting. On the other hand, patientswith AMI
present with atypically more intense and longer-lasting
chest pain, accompanied by other clinical signals, such as
dyspnea, nausea, vomiting, and intense sweating. Howe-
ver, the presentation can besimilar to that of an episode of
unstableangina. Inthiscase, diagnostic differentiationin
the emergency room is provided by electrocardiogram
(ECG), whichischaracterized by ST segment elevation.

ST segment elevation inthe presence of precordial
painisgenerally interpreted astransmural infarction caused
by occlusivethrombosis of the coronary artery responsible
fortheinfarction. Ontheother hand, ST segment depression
indicates subendocardial ischemiaof unstable anginaor of
non-Q infarction caused by coronary subocclusive or
transitory and recurrent occlusivethrombosis.

Therefore, no matter what theclinical presentation of
the Al Sat theemergency roomis, themaininformationfor
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theimmediate diagnostic definition in order to guide the
treatment of recanalizationisthe presenceor absenceof ST
segment elevation. Lesscommonistheclinical presentation
of AMI and ECG withleft bundlebranch block, asituation
that has the same interpretation and treatment as that of
patientswith ST segment elevation ™.

Among the patientsintheemergency roomwith chest
painthat causes suspicion of coronary artery disease, there
aretwo aspects of evaluation that are complementary and
equally important: evaluation of therisk of coronary artery
disease and evaluation of therisk of unfavorable clinica
evolution . Attheend of thiseva uation, thediagnosiscan
be one of the following: chest pain of noncardiac origin,
stableangina, unstableangina, or AMI.

A diagnostic and prognostic resource of growing use
in the evaluation of patients with unstable anginaisthe
dosage of theenzymetroponin T and . Theseenzymesare
usually absent or presentin very small amountsintheplas-
ma. | nthe presenceof chest pain that causesasuspicion of
unstable angina, the abnormal presence of these enzymes
isanimportant marker for the occurrenceof futureclinical
events such asinfarction and death®-,

Coronary angiography

Coronary angiography hascontributedinasignificant
way totheunderstanding of Al Ssthroughthehistorical stu-
diesof Dewood * and Ambrose . Serial angiographies of
patientswith unstabl e anginahave shown one, two or three
vess diseasein 15%, 35%, and 50%, respectively %%, Co-
ronary artery diseaseextensionin patientseval uatedinthe-
sestudiesisgreater than that observedin patientswith sta-
bleanginaandMI. TheTIMI 1A study *, which evaluated
the effect of thrombolysisin unstable angina showed one,
two or threevessel diseasein 35%, 39%, and 26%b, respecti-
vely, whichissimilar tothefindingsin patientswith stable
angina. When all the patients with unstable anginawho
underwent coronary angiography areconsidered, asignifi-
cant stenosis of theleft main coronary artery isobservedin
5% to 10% of the patients, but 10% to 15% exhibit normal
coronary arteries or nonsignificant stenoses.

Theincidence of thrombus reveal ed by coronary
angiography in unstable angina varies from <10% in
patients with pain in the 30 days preceding the catheteri-
zation ™ until >50%, inthosewith painat restinthelast 24
hours 101-103_

Animportant aspect that favorstheindication of early
coronary angiography in patientswith unstable anginais
that almost half of these patientshave coronary multivessel
diseaseor stenosisof theleft main coronary artery, benefi-
ting, therefore, fromearly surgical revascularization.

Coronary angiography inthefirst hoursof theevolu-
tion of infarction was first described by DeWood et a %,
who verified that occlusive coronary thrombosiswas pre-
sent in 85% of the caseswith transmural infarction. With
time, spontaneousrecanalization occursinupto half of the
patients. Thesefindings had agreat impact inthemodern
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treatment of AMI, concentrating all effortsintheearly res-
toration of thecoronary flow with thrombolysisor coronary
angioplasty.

Treatment

The pathophysiological substrates of unstable angi-
naand AMI havesimilaritiesthat alsolead to astrategy of
pharmacol ogical treatment with similarities. Thepathophy-
siological similaritiesof plaquerupture, subsequent throm-
bosis, and ischemiaof supply dueto coronary occlusionor
subocclusion demand control of the thrombotic process
and reestablishment of the bal ance between oxygen supply
and consumption. Theseobjectivesaremet with antithrom-
botic and antiischemic drugs. The basic pathophysiol ogi-
cal difference between unstable anginaand AMI, however,
isthatin unstableangina, thecoronary flowisonly transito-
rily interrupted, butin AM1 thereisalasting coronary occlu-
sion dueto thethrombus. Therefore, in AMI the primary
andimmediatetreatment goal istoreestablishtheflow with
reperfusiontherapy. Ontheother hand, in unstableangina,
the treatment aims to avoid the progression of the sub-
occlusive or transitorily occlusive coronary thrombosisto
stableand long-lasting coronary thrombosis. Thisstrategy
ismainly based on the data analysis of the Fibrinolytic
Therapy Trialists' Collaborative Group*®. This group of
investigators combined the results of ninelarge scale
studiesof thrombolysis, including 58.6 thousand patients,
of whom 32,346 with AISST segment el evation and 4,237
with depression of the ST segment. The group with ST
segment elevation treated with thrombolysis had a 19%
higher survival rate than that treated with placebo. The
group with ST segment depression had a 10% smaller
survival rate.

Asthisisafundamental and urgent difference, at the
emergency room Al S should be seen as composed of two
distinct groupsbased onthe ECG: AlSwithandwithout ST
segment elevation. Thefirst group should be consistently
considered for chemical or mechanical recanalization, and
the second group should be considered only for anti-
platel et, antithrombin, and antii schemictherapy.

Unstable angina

Immediateclinical treatment must beinitiated in any
patient suspected of unstableangina. Thetreatment objec-
tivesarethe control of myocardial ischemiasymptoms, and
prevention of evolutionto M| and death.

The antii schemic treatment consists of reduction of
physical activity, BP control, and administration of antian-
gina drugs.

Patientswith progressing or recent angina(Braunwald
classl) canbeinitially treated on an outpatient care basis.
The majority of these cases have agood response and the
pati ents become asymptomatic or olygosymptomatic with
acetylsalicylic acid, beta-blocker and nitrates by oral or
topical via. If clinical risk assessment isfavorable, these
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patientsremainthisway; if itisunfavorable, they should be
referred for catheterization, followed or not by percuta-
neousor surgical revascul arization, depending ontheana
tomy and extension of the coronary artery disease.

Patients with anginaat rest and last painful episode
morethan 48 hoursbefore (Braunwald class|1) should also
initiate outpatient care treatment, except if considered of
intermediate or highrisk for M1 or death. Inthiscase, they
must be hospitalized, begin oral trestment with acetylsalicy-
licacid, heparin, beta-blocker and nitrate, and be carefully
observed for 24 to 48 hoursfor recurrence of symptomatic
myocardial ischemiaand dynamic el ectrocardiographic
abnormalities.

Patients with angina at rest and painful episodes
within the last 48 hours (Braunwald class 111) should be
admitted to the coronary unit, begintreatment with acetyl-
salicylicacid, heparinand nitroglycerinintravenously, and
beta-blocker, intravenously or orally. Patientswho evolve
with recurrent angina, despite the treatment, should
undergo urgent catheterization aiming to define the
coronary anatomy and, if indicated, proceed to percuta-
neousor surgical revascularization.

These recommendations were published in 1994 1%
and have usually been questioned or even ignored becau-
se of the recent and dramatic pharmacol ogical advances
(platelet glycoprotein I1bllainhibitors, low-molecular-
weight heparin) and improvement of theresultsof coronary
angioplasty due to the widespread use of stents. These
advanceshaveledtoamoreaggressiveinitial strategy with
early catheterization followed by angioplasty and early
hospital discharge, frequently before 48 hours. Although
attractive and apparently more economical becausethis
strategy shortens hospitalization, one should wait for
evidence coming fromlarge-scal erandomized multicenter
clinical trialsbeforeuniversally recommendingit.

Nitrate administration continuesto beroutineboth for
treatment and for prevention of anginal crises. Nitratescan
be administrated topically, by oral or sublingual via, or
intravenously. Through therel axation of the endothelium-
independent smooth muscle cell, nitrates reduce the ve-
nousreturn andthe BP. Thesetwo effectsdecreasethewal |
stressand, therefore, myocardia oxygendemand. Clinicaly
lessimportant isthe coronary vasodilating effect, particularly
upon spasm-aggravated stenosis. | ntravenousnitroglycerin
isindicatedfor high-risk patientsor thosewithrecurrent angi-
naat rest. In additiontoanginacontrol, nitrateshelpto con-
trol BPandventricular dysfunction. Astoleranceto hemody-
namic effectsdevel opsquickly, aninterruptionisrecommen-
ded after 24 to 48 hours of use®. In regard to hemostasis,
nitroglycerin was observed to have atransitory platel et-
antiaggregating effect on the one hand, but it can also
induce resistanceto the anticoagul ant effect of heparin.

Beta-blockers are widely used in unstable angina be-
causethey increasethethreshold for anginaoccurrence, pre-
vent recurrent ischemiaand death following M1, They are
specificaly effectivewhenthereisevidenceof sympetheticto-
nusincrease characterized by tachycardiaandhypertension.
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Calcium antagonistsareeffectiveinthe prevention of
recurrentischemia, particularly those having anegativech-
ronotropic effect. Nifedipine, however, should only beused
in association with abeta-blocker, because, isolated, itin-
creasestheincidenceof clinical events, asdemonstratedin
theHINT (Holland Interuniversity Nifedipine/Metoprol ol
Trial) %. Antithrombotic trestment i n unstableanginacon-
sists of administration of antiplatelet and antithrombotic
agents, aiming to control plague thrombosis. Ascoronary
flowisusualy preserved, thereisnoindication of recanali-
zation. Infact, thethrombolytic agent iscontraindicated be-
causeit increases platel et activation and aggregation lea-
ding, therefore, to more thrombosis and worse clinical
outcome 104109,

Thestandard antiplatel et agent in Al Sisacetylsalicy-
lic acid. Itsefficacy has been consistently proved. Acetyl-
salicylic acid reducestherisk of fatal and nonfatal Ml in
71%intheacute phase®, in 60% inthree months!112,
and in 52% in two years 3, The beneficia mechanism of
acetylsdicylicacidistheirreversibleinhibition of cyclooxy-
genase, blocking the formation of thromboxane A2 and
platelet aggregation. In order to achieve the cyclooxyge-
naseblockademorerapidly, aninitial doseof 160to 325mgis
recommended. The maintenance dose canvary from 80to
160mg daily. Thedoseof 80mgdaily isaseffectiveashigher
dosesand causesfewer collateral effects. Another antipla-
telet agent usedwhen acetylsalicylicacidiscontraindicated
isticlopidine, whichinhibitsplatel et aggregation mediated
by ADPandinhibitsplatelet glycoprotein | 1bll1aactivation.
Ticlopidineat adoseof 250 mg twiceaday reducedin 46%
therisk of fatal and nonfatal M1 insix months, when compa-
red to placebo . The benefit, however, only became appa-
rent 10 daysafter the beginning of treatment, which suppor-
tsthealready known late onset of activity of thisdrug.

Thedevel opment of anew group of antiplatel et agen-
ts, theplatelet glycoprotein I bllainhibitors, haschanged
the treatment scenario and perspective of AlSs, focusing
thestrategy moreonthe control of thethrombuswhite (pla-
telet) component 15, Thefirst compound of thisgrouptobe
widely tested in randomized multicenter trial swas abcixi-
mab, which isamonoclonal antibody against the platel et
glycoproteinlibllla, thefinal common pathway of platel et
aggregation. Other molecules of parenteral use are eptifi-
bati deor integrilin, apeptide, andtirofibanandlamifiban, non-
peptide compounds. Abciximab was tested with huge suc-
cess, asan adjunct of coronary angioplasty, aimingtoreduce
itscomplications, such asacuteocclusion, AMI and urgent
reintervention 1817, A particular study, CAPTURE 8 tes-
ted abciximabinapopulationwithrefractory unstableangi-
na, whose vesselsresponsiblefor the clinical event were
adequateto percutaneousrevascul arization. Thedrug was
administered for 18 to 26 hoursprior to angioplasty, follo-
wed by infusion during onehour after the procedure. There
wasreduction of the combined objectives (death, non-fatal
infarction, or emergency revascularization) from 15.9%to
11.3% (p=0.012) at the 30th day and no benefit at the sixth
month.
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Tirofiban, usedin association with acetylsalicylicacid
and heparin, wasrecently tested in thetreatment of unsta-
ble anginaand non-Q MI. It proved efficient in reducing
death andincidenceof nonfatal M1 in48 hoursfrom 2.6%to
0.9% (reduction of 66%), andin 30 daysfrom 11.9%t08.7%
(reduction of 30%), when compared to the combined use of
only acetylsdicylicacid and heparin®. Eptifibatide, usedin
association with acetylsalicylic acid and heparin, wasal so
tested in unstableanginaand al so proved efficient in redu-
cingnonfatal M1 and deathfrom 15.7%to 14.2% (reduction
of 9%) . Inthisstudy, refractory ischemiawasnot consi-
dered in the combined objective, which might explain the
smaller reduction of eventsof 9%, instead of 30% of PRISM-
PLUS™, Inboth studies, the benefit wasmoreevidentinthe
group of patientsthat later underwent coronary angioplas-
ty, which comprised onethird of the cases. Inview of these
favorable results, tirofiban and eptifibatide were recently
approvedfor clinical use. However, in patientssurviving an
episode of unstableanginaor M, local activation of thehe-
mostatic system lasts for months, causing recurrence of
acuteischemicevents. Twotrialswith platel et glycoprotein
[1blllainhibitors, RESTORE ! and CAPTURE 8, and one
withthrombindirect inhibitor, GUSTO |1b'%, consistently
showed early benefit. Thisbenefit, however, wasvariable
and declined considerably over time, coinciding with the
interruption of the administration of the drug. Therefore,
more than one dozen oral platelet glycoprotein l1bllla
inhibitorsthat might be activefor along period are being
exhaustively investigated.

Heparinisrecommended for thetreatment of unstable
anginabased oninnumerousrandomized studiesof mode-
ratesizethat are strengthened by metaanalysis'?*'24, Hepa-
rinisusually intravenously administeredin bolusof 5thou-
sand units, followed by continuousinfusion in the neces-
sary doseto keep the activated partial thromboplastintime
two timesthe basal value. Dueto low bioavailability and
necessity of monitoring the anticoagulation of unfractio-
ned heparin, theefficiency of low-molecul ar-weight hepa
rinshasbeentested. The FRISC Study % showed therapeu-
tical equival ence between dalteparin and unfractioned he-
parin. The ESSENCE Study *?® showed the superiority of
enoxiparin, which reduced theincidence of nonfatal M,
death and recurrent anginafrom 23.3%1t0 19.8%in 30 days,
an absolutereduction of 3.5% andrel ativereduction of 15%
(p=0.019). In these two studies, low-molecul ar-weight
heparinwasadministered for afew daysand new studiesare
assessing the possibility of extending the benefit, maintai-
ning the administration for several weeks after hospital
discharge. The advantages of low-molecular-weight he-
parinsareits subcutaneous administration and predicting
degree of anticoagulation, which eliminatesthe need for
monitoring.

Another antithrombotic drug still under research is
hirudin, adirect thrombininhibitor. A preliminary study with
high doses was prematurely interrupted due to the occur-
rence of hemorrhagic complications*?. A low-dose study
showed benefitsin thefirst days, but these benefitssignifi-

130

Arq Bras Cardiol
volume 72, (n° 2), 1999

cantly decreased inthefollowing 30 days'#. A great study
testing amoderate dose of hirudin is being carried out
based on the favorable results of apilot study .

Considering the placebo group of several recent mega
trials on unstable angina, the prognosis of this syndrome
with conservativetreatment with acetylsalicylic acid, hepa
rin, nitrate, beta-blockersand cal cium antagonistsispoor,
evolvingtodeath or mainly nonfatal M1 in 11% of the cases.
Aimingtoimprovethisprognosis, two randomized studies
comparedtheconservativeclinical trestmentwithaninvas-
veinitial strategy of myocardial revascularization: the
National Cooperative Study andthe Veterans Administra-
tion Cooperative Study °*?°. Both studies reported that
survival issimilar withthetwo strategies. Inthefirst study,
theone-year survival was92% and 93%inthesurgica and
clinical groups, respectively. Therewas, however, conside-
rabletransfer fromtheclinical tothesurgical group, inthese
two studies, and thisindex was19%in oneyear and 34%in
twoyears. Inthe Veterans Administration Cooperative Stu-
dy, theadvantageof surgical comparedtoclinical treatment
intwo groupsof patientswasparticularly significant. The
five-year survival of patientswith multivessel diseasewas
89% for thegroup that underwent surgery and 75%for the
group clinically treated *. Among patientswith ventricular
dysfunction and gjection fraction between 30% and 49%,
the survival for the surgical group was 86% compared to
73%fortheclinica one.

With the devel opment and wide spread utilization of
coronary angioplasty, theclinical trialswerereoriented to
comparetheclinical treatment and theinvasivetreatment
with angioplasty or surgery, depending on coronary anato-
my. On the other hand, the Veteran Affairs non-Q Wave
Infarction Strategiesin Hospital Study (VANQWISH) %0
reported abetter hospital and oneyear clinical outcomewith
the conservative strategy. The incidence of death and
nonfatal M| during the hospital phase was 3% and 8%,
respectively, inoneyear, and 18.5% and 24% with clinical
and early invasive (surgery or angioplasty) treatment,
respectively. Itisimportant to stressthat therevasculariza-
tionindex in 18 monthswas44%in the randomized group
for the early aggressive strategy and 33% (p=NS) in the
randomized groupfor theinitial conservativestrategy. The-
refore, thisdataanalysissuggeststhat clinical andinvasive
(angioplasty or surgery) treatments are more additive or
complementary than competitive therapeutical options.
When the revascul arization option isrequired, the choice
between angioplasty or surgery isguided by coronary di-
sease extension, morphological aspectsof thelesions, esti-
mated risk and awaited benefit of each procedure, and, not
rarely, by the patient’ s preference, when both options are
equivalent and this option is offered to the patient by the
assistant physician. Infact, the compari son between angio-
plasty and surgery in patientswith multivessel diseasehas
shown asimilar survival, except for the patients with | eft
main coronary arterial disease and diabetic patients with
multivessel disease®11%2, Themajority of patientswith uns-
table angina are well-controlled with clinical treatment,
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without recurrence of themyocardial ischemiaand havea
favorable prognosis. These patients may not need routine
catheterization and can beproperly stratified with noninva-
sivetestsof ischemia. A negativeexercisetest after stabili-
zation of eliminatesthe possibility of demand myocardial

ischemiarel ated to severe stenosisandisassociated witha
low incidence of clinical eventsin thelate follow-up. Pa
tientswith positiveexercise(or any other imagingischemic
test) test areindicative of severe stenosis and should be
referred for invasive stratification with catheterization.
Patientswith anginaafter M| or thosewho do not stabilize
with clinical treatment are considered high-risk for Ml

recurrence or death, and should al so undergo catheteriza-
tionaiming toidentify acritical coronary stenosisthat can
benefit from percutaneous revascul arization or surgery.

Recurrenceof ischemiain unstableanginainthepresenceof

clinical treatment indicateslack of diseasecontrol, presence
of critical coronary stenosis, or multivessel disease. Intra-
aortic balloonisoftenindicated to stabilizethemore unsta-
ble patients, asabridging procedurefor themoredefinitive
treatment of the disease*3,

Acute myocardial infarction

Three contributionshad ahugeimpact onthemodern
treatment of AMI: first, DeWood et a ** performed coronary
angiography in patientswith AM| and verified that 85% of
the cases had evidence of occlusive coronary thrombosis
inthefirst hoursof onset; second, Rentrop et al *3* demons-
trated acute reperfusion with intracoronary infusion of
streptokinase; third, Reimer et a *** demonstrated that, in
dogs, coronary occlusion causes awave of necrosisthat
progressesfromtheendocardiumtotheepicardium,inafew
hours, and that flow restorationinthefirst threehourspre-
servespart of themyocardium at risk. Theseanatomical and
pathophysiological observations guideall established or
under investigation treatment strategies.

Thrombolysis

Morethan 200 000 patientswerestudiedin randomized
clinical trialsinorder totest theefficiency of thethromboly-
tictreatment. Around 65000 wererandomizedto compare
thrombolysiswith placebo or control trestment, and therest
was randomi zed to compare different thrombolytic drugs
andregimens. Hospital mortality of AMI wasreduced from
around 15%t0 8% with thrombolytic treatment 163", Despi-
tethisbrilliant clinical result, the hypothesisof theopen ar-
tery inthe AMI had often been questioned. Initial studieson
early coronary patency reveaedthat t-PA (tissueplasmino-
gen activator) was more efficient than streptokinase®1%,
However, there was no difference in the mortality indices
between thesetwo thrombolytic agentsinlarge-scalerando-
mized studies, suchasGISS| [1'*and I SISII 1, Then, the
hypothesisthat t-PA doseand admini stration regimen may
have beeninadequateinthese studiesappeared, leading to
the speculation that t-PA superiority may have been mas-
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ked. Theseconsiderationsstimulated thedesign of GUSTO
| (Global Utilization Strategiesto Open Occluded Coronary
Arteries) 2, Thisclinical trial wasenriched withan angio-
graphic substudy investigating the relation between early
coronary patency and clinical outcome!®, In GUSTO I,
41,021 patientswererandomized for four different thrombo-
lytic strategies: streptokinase plusintravenousor subcuta-
neous heparin, accel erated t-PA plusintravenousheparin,
and streptokinase plust-PA plusintravenousheparin. The
regimen presenting the highest reperfusion index at 90
minuteswast-PA plusintravenous heparin. Thiswasthe
regimenwiththesmallest mortality rate (6.3 versus7.3for
streptokinase plusintravenousheparin, p=0.001). Mortality
reduction wasalready evident after 24 hours. Normal coro-
nary flow inangiography (TIMI 111) at 90 minutesoccurred
in54% witht-PA, versus 31% with streptokinase (p<0.001).
However, there was no difference at 180 minutes (43%
versus38%, p=NS), suggesting that the difference between
thetwo thrombolytic agentsliesin theprecocity of recana-
lization and not in the recanalization rate. These angio-
graphic observations emphasized the importance of the
precocity of coronary patency caused by thrombolysis.
The difference in 30-day mortality can be accurately
anticipated (r2=0.92), based onthedifferenceof the TIMI 111
flow index, at 90 minutes'*. The coronary artery patency
related to theinfarction was al so associated with a higher
latesurvival. Amongthe 12,864 patientsof GUSTO | who
underwent angiography, the mortality at one year was
smaller whentheartery wasfound patent thanwhenit was
closed: 3.3% versus8.5% intheclinically treated patients,
2.5% versus8.5%in thosewho underwent angioplasty, and
4.2% versus 9.6% in those who underwent myocardial
revascularization 5. Early and thorough reperfusion not
only reduces 30-day and one-year mortality, but it also
resultsin decreased cardiac morbidity 6, with asmaller
incidenceof heartfailure, atria fibrillation, atrioventricular
andintraventricular conducting disorders, and ventricul ar
arrhythmia

To confirm the open artery hypothesis, it was obser-
ved that reocclusion eliminates the benefit of theinitially
successful thrombolysis®#. Inaddition, independent from
thethrombolytic regimen used, the 30-day mortality of the
patientswithout recanalization or with only partial recanali-
zation was 8.9% and of the patientswith thorough recana-
lizationwas4.0%.

GUSTO I isalandmark study inthemoderntreatment
of AMI becauseit demonstrated that reperfusion obtained
with thrombolysis preserves myocardium and lives, and
that thisbenefit dependsprimarily onitscapacity for early,
thorough and maintained reperfusion.

The choice between streptokinase and t-PA, the two
most commercially avail ablethrombolytic agents, should
involveconsideration of theclinical benefitsdesired and the
cost:effectivenessratio. These considerations haveled to
theproposition of anindividualized strategy determined by
theinitial risk stratification 8, The high risk markersfor
death are: age® 65years, femalegender, previousventricu-
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lar dysfunction, anterior wall infarction, complete left
bundlebranch block, marked ST segment el evation, diabe-
tes, heart rate® 100bpm, and systolicBP(SBP) <100mmHgat
themoment of hospital admission. In patientswith painfor
lessthan 4 hours, the reperfusion speediscrucial, recom-
mending the accelerated t-PA, except in patientswith low
risk of death (young peoplewithinferior infarction) and high
risk of cerebral hemorrhage(BP3 170/110mmHg). Inthese
patients, t-PA and streptokinase are equivalent options,
except for the higher cost of t-PA. For patientswith pain
between 4 and 12 hours, low risk of death, but high risk of
cerebral hemorrhage (age>65yearswithinferior infarction,
and SBP>100mmHg), streptokinasemust bethethromboly-
ticagent of choice.

Ohman et a **° demonstrated that early reocclusion
determines deterioration of the ventricular function and
doublestherate of mortality. Theincidence of reocclusion
variesfrom 4.9% to 25%, depending on the thrombolytic
agent and the adjunct therapy 1%, Reocclusion until one
year after reperfusion can occur in 25-30% of the early
recanalized arteries#5t, Asl|ate patency of theinfarction-
related artery is an independent prognostic factor, even
silent late reocclusion can impair the long-term clinical
outcome 1%, The observation that reductionin mortality
often surpassestheimpact obtai ned in thedegree of ventri-
cular dysfunction stimul ated the hypothesisthat evenlate
reperfusion can causeclinical benefitsthrough mechanisms
different from those of myocardial preservation 52154,
These mechanisms can be: flow provision for collateral
circulation %1%, electrical stability "%, reduction of wall
stressand aneurysm formation, attenuation of ventricular
remodeling and dilation %, At least two studies confir-
med that coronary arteria patency isanimportant predictor
of latesurvival independent from ventricular function 161162,
In order to accel erate reperfusion, reducetheresistanceto
thrombolysisand prevent reocclusion, several new antith-
rombotic agents, such asdirect antithrombinic agents, low-
mol ecul ar-weight heparinsand antipl atel et agents, arecur-
rently being tested in addition to new thrombol ytic agents.

New thrombolytic agents, specifically the plasmino-
gen activators, have been devel oped and have the follo-
wing properties: longer plasmatic half-life, which allows
bolus administration, higher specificity for fibrin, and
higher resistancetothenatural inhibitorsof thethromboly-
ticagents, such asPAI-I. Thefollowing agentsarein diffe-
rent phasesof commercial availability or clinical investiga-
tion and have been comparedin large-scal erandomized stu-
dieswith accelerated t-PA, thethrombol ytic regimen con-
sidered thegol d standard, or with streptokinase: reteplaseor
r-PA (INJECT andGUSTOIII), lanoteplaseor n-PA (INTIME-
2), TNK-tPA (ASSENT-2), saruplase (COMPASS), staphy-
lokinase and an alphal-plasminogen activator derived from
the saliva of the snake Desmodus rotundus. GUSTO 11|
demonstrated equival ence between t-PA and r-PA at the
endpointsof death and disabling stroke. Thefinal resultsof
thestudiesInTIME-2 and ASSENT-2 areexpected during
thefirst semester of 1999.
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All thestudiessearchfor theideal thrombolytic agent,
which should present thefollowing properties. quick reca-
nalization (15-30 minutes), recanalization index closeto
100%, quick administrationinasinglebolus, low index of
cerebral and systemic hemorrhagic complications, specifi-
city for freshthrombus, low index of reocclusion, sustained
late patency, and reasonable cost 1%,

Thebest availabletreatment for AMI istheearly and
immediate administration of thethrombolytic agent to all
patientswithout contraindi cation, who seek theemergency
room within 12 hours of symptom onset and have ST
segment elevation or complete left bundle branch block,
unlessmechani cal recandizationwith coronary angioplasty
isbeing considered to besafely initiated within 90 minutes
of hospital arrival 1,

Coronary angioplasty

Coronary angioplasty can be used after thrombolysis
failureor after successful thrombolysistotreat severeresi-
dual stenosisdespitenormal flow at rest. Angioplasty after
unsuccessful thrombolysis, also known asrescue coronary
angioplasty, was assessed in several small observational
studies?®*. Eventhough the successindex of the procedure
inrestoring flow was80%, thereocclusionindex was 18%
and mortality 10.6%. Considering theseresults, the RES-
CUE Study ***wascarried out. It randomized patientswith
anterior infarctiontreated with thrombolysi s, without evi-
denceof recandlization, for clinical conservativetreatment
and to rescue angioplasty. Thisstudy showed reduction of
the composite endpoint of death and heart failure, in the
grouptreated with angioplasty (16.4% versus6.5%, p=0.05).
Thisdifference was not statistically significant in view of
thelow statistical power of thesamplein detecting adiffe-
rencethat could beclinically significant. Therefore, despite
lack of evidence based onalarge-scalerandomized clinical
trial, rescue angioplasty has been the standard treatment
whenthrombolysisfailsand angioplasty isavailable.

The verification that the reduced mortality obtained
through thrombolysisisprimarily related toitscapacity for
early and thorough recanalization, and the evidence that
thisoccursin morethan half the patientstreated with throm-
bolysis added to the fact that half of the patients are not
eligiblefor thrombolysis, stimulated the investigation of
mechanical recanalization through coronary angioplasty, an
option denominated direct or primary angioplasty in AMI.

Several small observational seriesverified animpor-
tant reductionin mortality with primary angioplasty, leading
to three randomized studies conducted and published
simultaneoudy 1%, These studies, whichrandomized 804
patients, compared different thrombolytic regimenswith
primary angioplasty in AMI and showed that mechanical re-
canalization offersasignificant reductioninmortdity (2.5%
Versus6.4%, p<0.008), ininfarction recurrence (2.0%versus
7.9%, p<0.001), inischemiarecurrence(10.6% versus31.4%,
p<0.0001), andinstroke (0.3% versus2.5%, p<0.007) **°. As
these were small-scal e studies, carried out in centers of
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excellenceininterventional cardiology, and none of them
used the thrombol ytic regimen considered the gold stan-
dard (accelerated t-PA), therewas aconsiderable questio-
ninginregardtothepossibility of generalizing theseresults
to common hospital institutions that had interventional
cardiology services. Thisisacrucial point becauseAMI has
ahighly prevalent occurrence, causing 1.5 millionto 2.0
million hospital admissionsyearly all around the world.
Based onthese premises, GUSTO I 1b wasdesigned, rando-
mizing 1,138 patientsin 57 centers. Inthisstudy, theindex of
normal flow obtainment (TIMI 111) was 73%, quiteinferior to
the indexes >90% reported in the first three studies. The
main analyzed variables showed statistically nonsignificant
reductionsof mortality (5.7% versus7.0%, p=0.37), of the
infarctionrecurrenceindex (4.5% versus6.5%, p=0.13), and
of stroke (0.2% versus 0.9%, p=0.11). When considered
altogether, however, thesevariables occuredlessfrequently
with coronary angioplasty (9.6% versus13.7%, p=0.03).

In the most comprehensive available metanalysis
comprising 10 randomized studies and 2,606 patients,
Weaver et a 1"° observed that primary angioplasty can be
superior to thrombolysis becauseit offerslower mortality
rate (4.4% versus 6.5%, p=0.02), associated with alower
recurrenceof infarction (7.2%versus11.9%, p<0.001),anda
lower incidenceof cerebral hemorrhage.

However, despite the higher efficiency of primary
angioplasty evidencedinsmall and moderaterandomized
studiesand in metanalysis, two registries, NRM -2 and
MITIY2, did not confirm these results, even though the
analysiscomprised around 30 000 patients, 20% of whom
weretreated with angiopl asty and theremaining withthrom-
bolysis. MortalityinNRMI-2was5.4% versus5.2%, andin
MITI it was5.6% versus5.5% for angiopl asty and throm-
bolysis, respectively.

Therefore, we can conclude that both recanalization
methodsdtill present important limitations. Thrombolysisis
limited duetothefollowing reasons: it restoresnormal flow
inlittlemorethan half of the patientstreated; only half of the
patientsaredigiblefor thistreatment; fatal or disabling ce-
rebral hemorrhage occursin 1% of the patientstreated this
way; and thereisahighindex of recurrenceof infarctionand
ischemiawith thistype of treatment. On the other hand,
angioplasty islimited for the following reasons: it is not
widely avail able(catheterizationlaboratoriesexist in 20% of
the North American hospital's, 10% of the European hos-
pitals, and 2% of the Brazilian hospitals); when available,
thereisadelay of morethan two hoursfor the beginning of
theprocedure; thereisinfarction recurrencein 3-5% of the
cases, thereisrecurrence of ischemiain 10-15% of the ca-
ses, thereisangiographi c restenosisin 30-50% of the cases;
thetarget vessel needs revascularization in six monthsin
20% of the cases, thereisagreat variability among opera-
torsand institutions.

Therefore, theselimitationsprovide great opportuni-
tiesfor research with thetwo methods of recanalization ai-
mingtotreat thehighest number of patients, inthesmallest
period of time, reducing immediate and mediate mortality
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and morbidity. The clinical research lines concentratein
threeareas: searchfor theideal thrombolytic agent and regi-
men; improvement of primary percutaneousrevasculariza-
tion by the use of stents and adjunct use of platelet glyco-
proteinliblllainhibitors; combination of thrombolysisand
mechanical revascul arization.

The main studiesinvolving the new thrombolytic
agentshavealready been mentioned. However, the newest
concept in chemical revascul arizationisthe association of
thrombolytic agentsin low doseswith the potent platel et
glycoprotein|lblllainhibitors. Theclinical exploration of
this concept aims to make recanalization happen earlier,
increasetherecanalizationindex, promoteasustained reca
nalization, reducetheincidenceof cerebral hemorrhage, and
enablean earlier angioplasty to treat the postthrombolysis
residual stenosis. Threepilot studiesof efficiency and safe-
ty arein thefinal phase of analysis. The preliminary data
have been positivein showing that alow dose of t-PA and
abciximab (TIMI 14), alow dose of r-PA and abciximab
(SPEED Trid or GUSTOIV Pilat), integrilinwithalow dose
of t-PA (INTRO AMI) produced recanalization indexes
equal or superior to those obtai ned with the conventional
doseof thethrombolytic agent, without increasing hemorr-
hagic complications. Therefore, these studiesdemonstrated
that platelet glycoproteinliblllainhibitionfacilitatesthrom-
bolysis. Taking thisinto account, astudy comprising 17 000
patientswill comparetwo thrombolysisregimens(r-PA in
conventional doseandr-PA inhalf of theconventional dose
associated with abciximab) having asitsmain goa theana-
lysisof 30-day mortality. Thisstudy isGUSTO IV AMI and
hasitsrecruiting phase planned for the beginning of 1999.

Theimprovement of primary mechanical revasculariza:
tion hasinvolved the use of primary stent with or without
abciximab, themost exhaustively clinically testedinhibitor
of platelet glycoprotein l1bllla, so far. The use of primary
stentininfarction wastestedin several small studies, such
asFRESCO'?, GRAMI ¥4 PASTA ¥, Stent PAMI Pilot 76,
and the study of Suryapranata et al 7. Hospital and six-
month results have proved the superiority of the stent in
relationto angioplasty, especially for reducingtherecurren-
ceof infarction, therecurrenceof ischemia, and therevascu-
larization of thetarget vessal. The Stent PAMI Study, which
randomized around 900 patientsfor the two techniques of
mechanical recanalization, isinitsfinal phaseof anaysis.
The other investigation line of mechanical revasculariza-
tion isits association with abciximab, and the Controlled
Abciximab and Devicelnvestigationto Lower Late Angio-
plasty Complications(CADILLAC) Study isinitsrecruiting
phase of the 2,000 expected patients, whowill be randomi-
zed into four groups to compare angioplasty versus stent,
with and without the use of abciximab. Another ongoing
study isthe Abciximab Before Direct Angioplasty and
Stenting in Myocardial Infarction Regarding Acute and
Long-term Follow-up (ADMIRAL).

The most recent reperfusion strategy under study is
theassociation of thrombolysi sand mechanical recandiza-
tion. Thisstrategy aimsto maintain the advantage of easy
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andimmediate administration of thethrombolytic agentin
low dose, followed by angiography to document the state
of flow and anatomical stratification. If theflow isadequate,
the dose of the thrombolytic agent is completed and the
patient ismaintained under clinical trestment for six weeks,
whenanevauationwithanischemictestisperformed. If the
flow isinadequate by angiography, angioplasty is perfor-
med. Thisstudy is called Plasminogen Activator Angio-
plasty Compatibility Trial (PACT), and its preliminary
resultshave shown significant benefitsinthe preservation
of theventricular function.

Despite the unquestionable importance of the early
and long-lasting flow obtainment intheinfarction-related
artery, more specific technol ogies to evaluate myocardial
perfusion have shown that there often is dissociation bet-
ween epicardial flow restoration and myocardial perfusion.
Among thesetechnol ogieswe can cite: speed of resolution
of the elevation of the ST segment 7, invasive measure-
ment of theflow speed with Doppler wire”, positron emis-
siontomography ¥, contrast echocardiogram with micro-
bubbles*®182, Theextreme of that phenomenonisknownas
no-reflow phenomenon and it uncommonly complicates
coronary angioplasty.

Conclusion

The recent advancesin vascular biology and thefin-
dingsof early coronary angiography and angioscopy have
allowed the establishment of the erosion or rupture of a
silent atherosclerotic plaque as the common denominator
in AlSs, independent from its degree of stenosis. The
plague complication depends on extrinsic and intrinsic
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factors, and often, but not consistently, resultsin suboc-
clusiveor temporary occlusivecoronary thrombosis, which
leadsto unstable anginaor non-Q MI. When the coronary
thrombosisisocclusiveandlong-lasting, theclinical reper-
cussion isAMI. The difference between unstable angina
and AMI isthe extension of the plague rupture and subse-
guent degree of thrombosis.

Unstableanginatreatment aimsto control thethrom-
bosisprocesswith antithrombotic agentsand to reestablish
the bal ance between oxygen supply and consumption with
antiischemic agents. Theantithrombotic agents, either the
antiplatel et ones (acetylsaicylic acid, ticlopidine, or platel et
glycoprotein|lblllainhibitors) or theantithrombotic ones
(unfractioned or low-molecul ar-weight heparin) are ad-
ministered to avoid the progression tolong-lasting occlusi-
vethrombosi sand consequent M| or death. Theantiische-
mic agents(nitrates, beta-blockers, or calcium antagonists)
areadministeredto abolish or treat theanginal crises.

AMI trestment aimsat theimmediate and stablerees-
tablishment of theflow intheinfarction-related artery. The
most used therapeutical optionto coronary recanalizationis
the intravenous administration of thrombolytic agents
(streptokinase, TPA, or r-PA). Thrombolysisiseffectivein
half of the patients and its main complication istherare
occurrence of fatal or disabling cerebral hemorrhage. In
addition, theearly or latereocclusionisfrequent. Thealter-
nativeto chemical recanalizationismechanical recandiza-
tionwith primary angioplasty. Angioplasty ismoreeffective
than thrombolysisin reestablishing athorough and more
stablerecanalization; however, it islessavailableand has
logistical limitationsin treating adiseasewith such ahigh
prevalenceasAMI.
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