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Coronary insufficiency (Cl) isthe state in which an
imbal ance occurs between the supply and demand of oxy-
gen, which preventsadequate maintenance of themetabolic
needs of the myocardium, resultinginischemiaof several
degrees of intensity.

ClI has numerous causes among which are cardiac
valvular diseases (aortic stenosis), hypertrophic cardio-
myopathy, microvascul ature diseases (diabetes mellitus,
syndrome X), anomalous origin of coronary arteries, and
coronary fistulas. However, the most important cause, be-
causeof itsfrequency and theresulting morbidity and mor-
tality, isatherosclerotic obstructive Cl. Therefore, thisdis-
cussionwill bespecifically about coronary atherosclerosis.
Themain objectiveisnot to suggest practical applications
for specific situations, but to outline concepts, based on
critical analysisof dataintheliterature, whichmay provide
abasisfor conducting further investigation and for provi-
ding treatment of coronary artery disease (CAD).

Pathophysiology

Human atherosclerosisisachronic, progressive and
systemic process characterized by an inflammatory and
fibroproliferative response of the arterial wall caused by
aggression against the arterial surface. Asasystemic pro-
cess, it frequently attacksall arterial beds, including the
aortaanditsmainbranches; carotid, renal, iliacandfemoral
arteries. Amongtherisk factors (RF) for arterial lesionsare
hypercholesterolemia, arterial hypertension (AH), diabetes,
smoking, immunological andinflammatory reactions, and
individual genetic susceptibility *.

The coronary vascular alterationspresent in atheros-
clerosisderivefromthreefundamental components: 1) en-
dothelial dysfunction, which starts early, altering the
reactivity of thevessel and causing paradoxical vasocons-
triction following stimuli with acetyl choline, and exacerba-
tion of reactivity to epinephrineand angiotensin; endothe-
lial dysfunction alsoleadstolossof thenatural antithrom-
botic properties and of the selective permeability of the
endothelium; 2) obstruction of the lumen of the vessel by
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theatherosclerotic plagueand 3) thrombosisat thelocation
of thelesion. Any of thesecouldindividually trigger Cl, but
they often occur at the sametime.

Response of the arterial wall to aggressive
agents

Endothelial cellsplay several physiological rolesin
maintaining theintegrity of thearterial wall and constitutea
permeablebarrier through which diffusion and exchanges
or activetransportation of several substancesoccur. They
provideanon-thrombogenic and hon-adhesive surfacefor
platel etsand leukocytes; they operateto maintain vascular
tonushby releasing nitric oxide(NO), prostacyclin (PGl,) and
endothelin-1; they produce and discharge growth factors
and cytokines and maintain the integrity of the basal
membrane rich in collagen and proteoglycans on which
they are supported?. Alterationsin one or more of these
functions represent initial manifestations of endothelial
dysfunctions and may trigger cellular interactions with
monocytes, platel ets, smooth muscle cells and lympho-
cytes, causing an atheromatous plaque to be formed?34,

One of thetriggering factors of endothelial dysfunc-
tionis hypercholesterolemia, followed by the increase in
transportation by transcytosisof LDL totheintima; thisis
followed by the accumulation of such lipoproteinsbothin
their nativeformandintheoxidizedform, with peroxidation
of the phospholipids composing them, and forming parti-
clesand compact myceliaor larger vesicles named extra-
cellular liposomes®. Thecytotoxic effect of thelipoproteins
causes endothelial dysfunction, which translates into
hyperplasiaof thebasal layer, which detachesitself fromthe
endothelium, and also the proliferation and reorganization
of the extracellular matrix now containing the liposomes.
Another consequenceisthe stimulation of theendothelium
to cause chemotaxisand adherence of molecul es of leuko-
cytesto the endothelial surface3®.

Several studies™° have shown the presence of mole-
culesthat induce the adherence of leukocytesto atheroscle-
rotic lesionsin their various evolutionary phases. These
molecul esattract leukocytes, more specifically monocytes,
and are expressed and detected onthe surfaceintheinitial
phases of arterial lesionsor onlesion proneareas, such as
those next to junctions of arterial branches. Among the
main adhesion mol eculeswe canidentify thevascular cell
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adhesionmolecule-1 (VCAM-1); theintercellular adhesion
molecule-1 (ICAM-1); theE-selectin, dso called acutepha:
se adhesion molecule; and the endothelium-leukocyte ad-
hesionmolecule(ELAM-1), among others. Thebelief isthat
thedischarge of adhesion moleculesisregul ated by cytoki-
nessynthesizedin small concentrationsby thearterial en-
dothelium. Important amongtheseareinterleukin-1 (I1L-1),
interleukin-4 (IL-4), a phatumor necrosisfactor (TNF-a)
and gammainterferon (INF-g). During endothelia dysfunc-
tion, the concentration of cytokinesrises, stimulating the
production of adhesion molecules, thusfavoring therecrui-
ting and adhesion of monocytesto the endothelial surface.
Luscinskas et a ° studied the sequence of eventstrig-
gered by theinteraction of monocytesand endothelial cells
activated by IL-4. Four distinctive phases can be noticed.
Thefirst, called the rolling phase, establishestheinitial
contact between monocytes and theendothelial surfacein
normal hemodynamic conditions, and is mediated by L-
selectin; the interaction iswith the glycidic part of the
glycoproteins present in the leukocyte membrane. The
second phase, calledthe stop phase, ischaracterized by the
activation of monocytes, caused by chemotaxis and/or
accessory molecules that activate adhesion molecules.
Onceactivated, such molecul esare connected to themono-
cytes, characterizing the strong adhesion phase, also
called stop phase. Thisstage dependson integrins, such
asalphadB1, present in the monocytes and endothelial
VCAM-1. Adhered monocytes can spread on the apical
surface of the endothelium, which represents the third
phase, called spreading. This process depends on beta2
integrins synthesized by monocytes and on ICAM-1 and/
or ICAM-2 presentintheendothelial cells. Themonocytes
that have already spread migratetointercellular junctions
and gain subendothelial space by diapedesis; thisfinal
phaseisknown asthe diapedesis phase and seemsto be
dependent on the endothelium-platel et cell adhesion
molecule (EPCAM-1) expressedinleukocytesand endothe-
lial cells. The adhesion molecules can foster endothelial
lesions by reducing the distance between monocytes and
endothelial cells, and easing theattack of theoxygen active
speci es, such assuperoxideanion, hydrogen peroxideand
hydroxyl radicals originated from activated monocytes,
constituting an added factor favoring atherogenesis®t.
High concentrationsof plasmatic L DL easethe pene-
tration of these particlesinto the subendothelial area. In
contact with the endothelia cells, macrophages or smooth
musclecdls theL DL particlessuffer progressveoxidation; ini-
tialy only of their lipids(minimally oxidized LDL ) andlater also
of their proteincomponent (totally oxidized LDL -LDL ).
The particle becomesrecognizable by acetylated receptors™®
and CD-36%, anL DL ox receptor, onthesurfaceof macropha-
ges. Such receptors are not regulated by the intracellular
cholesterol concentration; so, macrophagesincorporate
largeparticlesof LDL ox and becomerichinlipid content.
Thenfoam cellsareformed and they arecharacteristic of the
fatty streak, whichistheearliest lesion known at the onset
of atherosclerosis. Table | provides a summary of the
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Table I - Development of the fatty streak
1) Lipoprotein transportation
2) Lipoprotein retention
3) Lipoprotein modification
4) Monocyte adherence
5) Monocyte migration
6) Monocyte differentiation
7) Formation of foam cells

processof fatty streak formation. L DL ox performsimpor-
tant actions, such as. forming foam cells, producing subs-
tancesthat promote chemotaxislikethe monocytechemo-
taxisprotein - which attractsmonocytesto the subendothe-
lial area, reducing therecirculation of resident monocytes,
whichretain monocytesinthe sub-endothelium; and finally,
oxidized LDL istoxictothetissues®. Thistoxicity resultsin
astructural lesionintheendothelium.

Among the alterations caused by the presence of
LDLox isa sotheproductionof interleukin-1, stimulating
themigration and proliferation of smooth musclecellsof the
medialayer. When these migrate to theintimalayer, they
proliferate and start producing not only cytokines and
growthfactors, but al so extracellular matrix, mainly compo-
sed of collagen and proteoglycans, whichwill form part of
thefibrous cap of the mature atherosclerotic plague®. The
endothelial erosioninduced by L DL ox can also causethe
formation of platelet microthrombi, whichwill inturn produ-
cegrowthfactors, such asthe platel et-derived growth fac-
tor (PDGF) 2. At thismoment theendothelium may present
extensive lesions, true erosions. Theinteraction between
platel ets, endothelium, smooth muscle cellsand macropha:
geswill determine the degree of cellular proliferation,
extracellular matrix secretion, and consequently the
extension of thematureplague. Tablell presentsthemain
phases of formation of the atherosclerotic plaque?.

Anatomy of the atherosclerotic plaque

The evolution of the fatty streak atherosclerotic
lesion into the fibrous plaque is quite slow. Pathol ogical
studiesin human beings and animals have shown that the
growth of the atherosclerotic plaque initially occurs
towardsthe outer part of the vessel. Glagov et a *® have
demonstrated remodeling of thearteriad wall inatherosclero-
tic plagues, with wall expansion towards the outside and
lumen preservationin thebeginning of theprocess. There-
fore, the plague can take yearsin this continuous remode-
ling processuntil it causesluminal stenosis.

Thematureatherosclerotic plague shows, in addition
to cells, two distinctive structural components: aslightly
denselipid nucleusand thefibrouscap, whichisitsfibrotic
component. Thisfibrouscomponent representsabout 70% of
the plague’ stotal size 6%, and thelarger the plagueis, the
lessproneitistorupture. Thefibrouscapisbasically formed
by smoothmusclecdlls, extracellular matrix andinflammatory
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Table II - Possible sequence of events in the theory of
"response to lesion"

Lesion factors (lipids, hemodynamic, immunologica reactions, etc)

Functional endothelial lesion

Infiltration and activation of macrophages -> foam cells

Growth factor secretion (PDGF and other peptides)

Migration and multiplication of smooth muscle cells

Plaque growth

Secondary endothelial lesion

Platelet adhesion and activation

Ulterior plaque growth

Modified from Ross R, 1986 *.

cells. Thematrix consistsof collagen, elagtin, proteoglycans
and protein microfibriles. Cytokines and growth factors
regulatethe synthesisof thematrix components™.

Thelipid nucleusishypocellular andrichinextrace lu-
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lar lipids, mainly crystalsand cholesteryl esters. Itspatho-
genesisiscontroversial, for it can derive both from lipids
imprisonedintheextracellular spaceandfromthenecrosisor
apoptosis of thefoam cells®. The content of thislipid nu-
cleusis highly thrombogenic. When in contact with the
blood stream, dueto rupture of thefibrous cap or endothe-
lial erosion, the phenomena of platelet adhesion and
aggregation occur, along with generation of thrombin and
fibrin, with superjacent thrombusformation, representing
the common starting point of acute coronary syndromes.
Tablelll illustratesthe phasesof formation of atherosclero-
tic plaque, according to the classification of the American
Heart Association?.

Thesequence of progression of lesions, fromtypel to
typelV isby the progressive accumulation of lipids. This
evolutionisglow; it startsinthefirst decade of lifeand goes
until thethird decade; thisisthesilent period of the disea
se. When it reaches phase 1V, it grows by the accel erated
accumulation of smooth muscle cellsand collagen, going
ontotypeV lesion; orinamore abrupt way, by instability,
withtheoccurrence of rupturesand thrombosisor hemato-
maand then lesionstype VI areformed. In the latter, the
thrombi can become incorporated into the lesion, which
growsand becomesagaintypeV. Thisoscillation between
typeV and VI plaquesisthemaingradua occlusion mecha-
nism of advancedlesionsinmedium caliber arteries.

Table III - Phases of atherosclerosis (American Heart Association classification) 2?

Type of lesion Characteristics

Initial lesions

up to 8 months old.
Type Il (fatty stresk)

Intermediary lesions

Typel Increase in the number of macrophages and appearance of foam cells, distributed at random. These are present in 45% of children

First visible lesion. Layers of foam cells and drops of fat inside the the smooth muscle cells, and in the extracellular space and
minute lipid particles with rough and heterogeneous aspect. These are present in 65% of teenagers.

Ila With intimal thickening. Lesions tending to progress.
Ib With tunica intima thinner and few smooth muscle cells.

Typelll

Advanced lesions
TypelV (atheroma)

TypeV
Va (fibroatheroma)

Vb
Ve

Complicated lesion
TypeVI

Via

Vib

Vic

Vlabc

Lesions similar to those of Type Il, together with extracellular lipid collections.

The confluence of the lipid collections of type Il lesions creates an extracellular dense accumulation of fat in a well-determined
area of the tunicaintima, the lipid nucleus. There is no marked fibrous tissue nor presence of complications such as flaws on the
surface of the plague or thrombosis. Between the lipid nucleus and the endothelial surface, there is the extracellular matrix rich
in proteoglycans and cells, such as lymphocytes, macrophages and foam cells. Usually they are not associated with the vessel’s
lumen stricture. On the contrary, there may be an increase in diameter when measured from the adventitia.

When the fibrous capsule develops, it usually causes lumen stricture and can suffer fissures, hematomas or thrombosis.

Fibrous tissue containing the lipid nucleus. New lipid nuclei can appear in different locations and planes, creating an asymmetric
lesion.

Cdcification of the fibrous nucleus or of other parts of the lesion.
Absence or minimal presence of lipid nucleus.

These are usudly type IV or V lesions presenting rupture on the surface, hematoma or hemorrhage and aso thrombus.
Surface rupture

Hematoma or hemorrhage

Thrombosis

Rupture, hemorrhage and thrombosis.
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Atherosclerotic plaque instability factors: the
vulnerable plaque

Theinstability of the atheromatous plaque, although
unpredictablein regard to time, hasreasonably defined mar-
kers: thecomposgitionandrelationship of thelipid nucleicmass
withthetotal |esion mass; thethicknessof thefibrouscapand
the presence of inflammatory activity. Other factorsarethe
degreeof stenosisand thehemodynamicdisorder relatedtoit.

Instability happens more often with plagues whose
nuclei arerichinmorefluidlipids® andwithalarger massin
relation to the lesion*®. Asfor the thickness of thefibrous
cap, instability occursin thinner plaques and in the junc-
tionwith thenormal wall of thevessel, the* shoulder” 24;in
addition, unstable plagues present smaller amounts of
collagen and glycosaminoglycans compared with more
stable plagues. These characteristics are more frequently
associated with ruptures, fissures and thrombosis and
occur more often in acute syndromes. Patientswith stable
anginahavetheaccumulation of extracellular matrix asthe
main mechanismfor arterial obstruction.

Thefibrous cap of ruptured plagues shows activated
macrophageinfiltration, indicatinginflammationwherethe
ruptureislocated?. T-lymphocytesarealso presentinthe
fibrous cap, attracted by adhesion molecules expressed in
the endothelium?. Ineccentric plagues, theinflammatory
cellsaremainly located in the shoulder area, whichisthe
place most likely to rupture. A study made with samples
gathered by atherectomy, in patients with stable and
unstableanginaand non-Q AMI demonstrated that arteries
responsible for acute syndromes contained more macro-
phages than samples responsible for stable angina?.
Accordingto Libby %, the | F-gammaproduced by lympho-
cytes blocks collagen production by the smooth muscle
cells. On the other hand, activated macrophages cause
extracel lular matrix degradation; both factorscontributeto
theweakening of the plague’ sfibrouscap.

Macrophages may degrade the extracellular matrix
through two distinct mechani sms: fagocytosisor metallo-
proteinases secretion; these are enzymes able to digest
almost all substancespresent intheextracellular matrix 3,
Themetalloproteinasesoperateinaneutral pH intheextra-
cellular space, wherethey arerel eased asproenzymes®. So
far, twelve different enzymes from the metall oproteinase
family have beenidentified, each with apreferential subs-
trate, but not asingleone. Collagentypel, aprominent com-
ponent of the fibrous cap, can be degraded by metallopro-
teinases1and 8. Galiset a ¥ havedemonstratedthat itis
ontheplague sshoulder areathat thereisan excessof acti-
vity. Increased activity of metalloproteinases2to 9 hasal so
been documented in human plasma, in unstable angina®.
Themacrophagesarenot theonly cellsableto produceand
secret these enzymes. Smooth muscle cellsalso discharge
metalloprotei nases, thus a so contributing to the homeos-
tasis of thefibrous cap.

Recent studieshave shownthat patientswith unstable
anginaand AMI havehighlevel sof C-reactiveproteinand
amyloid-A protein, reflecting a systemic inflammatory
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Table IV - Relationship between previous stenosis and acute
coronary syndrome

Author No <50% 50%-70% >70%

Unstable angina

Ambrose et a " 25 72 16 12
Acute infarction

Ambrose et a " 23 48 30 22

Little et al 3¢ 41 66 31 3

Giroud et a * 92 78 9 13

Nobuyoshi et a “° 39 59 15 26
Average 65 20 15

process *233, Thisrise, evenin normal individuals, was
related to ahigher incidence of myocardial infarction and
strokes*. The sameauthorshave shown that thereduction
of therisk of thefirst AMI, throughthe use of aspirin, seems
toberelatedto alower level of C-reactiveprotein, sugges-
ting the possibility that anti-inflammatory drugs may
contribute to the prevention of cardiovascular diseases.

Anintriguing finding concernsthelevel of stenosisin
unstable plagues; it was noticed that patients with acute
coronary syndromes show a predominance of slight
(<50%) or moderate (<70%) lesions*4. Table 1V below
illustratesthisfact.

Several explanations have been suggested for acute
syndromesinvolving slight to moderatelesions®. Among
these arethe higher ratio of theselesionsinrelationto the
total number of lesionsand theabsenceof collatera circula-
tion. Another theory isthat the tension on the fibrous cap

W kot e P ol
Figure 1 — Representative sections of stable (A) and unstable (B) plague. A) Seethe
significant thickness of the fibrous cap. B) Seethe site of plaque rupture. (Material
from the Pathology L aboratory of Incor).
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isdirectly proportional to thediameter of theartery and to
theintracoronary pressure, according to Laplace’ slaw %;
therefore, thetension ishigher in smaller lesionsthanin
larger ones, dueto the luminal ray. Figure 1 exemplifies
stable and unstablelesions.

Coronary reserve, obstructive lesion and
ischemia

Asan atheroscleroticlesion devel opsin an epicardial
artery, luminal tightening occurs. Insignificant obstructions
the vessel beginsto greatly resist coronary flow. Within
physiological limits of perfusion pressure, the coronary
auto-regul ation allowsarteriolar resi stance adjustmentsto
maintain the proper bal ance between flow and demand for
myocardia oxygen*. Astheresistanceof theepicardial ar-
tery increasesdueto ahigher degree of stenosis, the distal
arteriolar resistance declinesto keep the flow at normal
levels. Whenthearteriolar vasodilation reserveisexhaus-
ted, themyocardial perfusionislinearly dependent onthe
perfusion pressure. In such conditions, dropsin arterial
pressure (AP) caninduceischemia®.

The decline of coronary reserve starts when lesions
occupy at least 70% of the vessel diameter. In concentric
lesions, the coronary flow depends on the degree of the
lesion and perfusion pressure. In eccentric lesions, the
degree of obstruction can be dynamic, because the part of
the plague |east affected by the atherosclerotic process
may suffer dilation or constriction, and thus vary the
effectivevessel lumen.

Thereduction of the coronary reserveisprogressive;
initially ischemiaoccursinintense oxygen demand situa
tions (tachycardia, exercises), and then in situations of
lower demand until thecoronary reserveistotally impaired
when thelesion occupies90% of thevessel diameter.

Collateral circulation

Collatera circulationisblood circul ation between two
vesselswithout an intermediary capillary network. The
mechanismsresponsiblefor the devel opment of collateral
circulation arenot well known. Ischemiaand the pressure
gradient between normal and obstructed vessels seem to
beimportant, becausetheirrigation of theareasupplied by
collateral vesselsis more deficient in endocardial layers.
The functional significance of collateral circulation has
been assessed in various manners. The backward flow
following acute coronary occlusionindogsvariesfrom8to
36% of thenormal flow. Thisflow may increaseupto 40%
with the use of drugs, such as verapamil, during acute
ischemia®. Collateral vesselsthat have devel oped slowly
also respond to vasodilating drugs and to tachycardia®.
With collateral coronary circulation, between 28 and 50% of
silent coronary occlusionsin humansarenot accompanied
by aventricular mechanical deficit, suggesting that the
presenceof pre-existing collateral circulation may protect
themyocardium,

26

Arq Bras Cardiol
volume 72, (n° 1), 1999

On the other hand, myocardia scintigraphy studies
withthallium-201, during exercise, have shownthat when
thereisan occlusion of the anterior descending artery, the
anterior myocardial area shows signs of ischemiain the
occlusion, eveninthepresenceof collatera circulation. The
other areasaretotally protected by collateral circulation, as
demonstrated by Baroldi “¢, who noticed that in 44% of the
patients with up to two occluded vessel s there was no
histological evidence of amyocardial infarction. This
suggeststhat collateral circulation may beadequateat rest
but insufficient during intense exercise, mainly when the
areairrigated by theoccluded artery islarge. Right after an
infarction, collateral circulation may appear; however, only
later doesthis collateral circulation influence ventricular
mechanical function. For protectionfrom thebeginning, it
should be present before the occlusion.

Risk factors

Advanced age, family history of CAD andmalesex are
commonly recognized RF#%8, Asfor AH, MacMahoneta *
demonstrated inametanalysisof morethan 400,000 persons
that aclose correl ation existsbetween hypertension, systo-
licordiastolic,and CAD. Itisavery prevalent factor among
patients with CAD. Although its control isfollowed by
decreased mortality dueto stroke, lower incidence of kid-
ney insufficiency and heart failure, agreat reductionin acute
coronary events has not been proved. On the other hand,
themetabolic alterations present in diabetesmellitus®, the
generalized glycolysation of proteins, insulin resistance
andthealteration of themetabolism of theremaining chylo-
microns, lead to accentuated and diffuse atherosclerosis of
all vessels. Atherosclerosisis even greater, however, in
averageand small caliber arteries. Thus, atherosclerosisis
the cause of 80% of deaths®*5 in persons with diabetes.
Persons with non-insulin dependent diabetes mellitus
(NIDDM) (type Il diabetes), although they have lower
levels of glycemia, have greater cardiovascular risk than
thosewithinsulin-dependent diabetesmélitus(IDDM) (type
| diabetes), because atherosclerotic alterationsin their ar-
teriesaregreater %2. Thesesamedisturbancesseemto beres-
ponsiblefor endothelial dysfunction and microangiopathy.
Control of post-prandia glycemiaand theresulting metabolic
disturbancesthat follow it hasproventobethemost effective
way of reducing complicationsin personswith diabetes®>%,

Cigarette smoking, another risk factor, altersLDL 4,
reducing the endothelium-dependent relaxation induced by
acetylcholine, in asimilar way to oxidized LDL, without
altering the non-endothelium dependent relaxation. Both
active and passive smoking *® are associated with the
development of several clinical formsof CAD and diffuse
atherosclerosisin men and women.

Therateof progression of atherosclerosis, determined
by measuring thethicknessof thelayersmediaandintimaof
thecarotid artery inthe AtherosclerosisRisk In Communities
(ARIC) Study, inrelationtothosethat arenormal, was50%
higher in active smokers®, 25% in ex-smokersand 20%in
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individual sexposed to passivecigarette smoke. Theimpact
of cigarettesmokingwasgreater in personswith diabetesand
hypertension. Theduration and degree of exposure, but not
theexposurecontinuation or interruption, corre atedwiththe
progression of atherosclerosis. The benefits of smoking
cessation and the decrease in coronary events are well
established. Hasdai et al 57 showed a higher incidence of
non-Qwaveinfarctionand of deathin patientswho continued
smoking compared with ex-smokers and non-smokers. In
women theincreasein cigarette smoking coincideswith an
increaseintheincidenceof atherosclerosis.

Dydlipidemiaisperhapsthemost frequent RF . Coun-
tlessexperimental and epidemiologicd studies®® haveesta-
blished theinfluenceof hyperlipemiaon thedevel opment of
atherosclerosis and its cardiovascular complications. In
somecasesit islinkedto genetic alterations (seebel ow); but
inmost casesitisdueto anincreasedintakeof saturatedfat.

Therelationship between triglycerides and coronary
disease is somewhat controversial ®. In aunivariate ana-
lysis, triglycerides usually predict the disease, but when
other RF, mainly HDL levels, arefactoredinto multivariate
analysis, triglyceridel osesitspredictive power. However, a
recent study 2indicatesthat evenwithinlevelsconsidered
normal, individual swithtriglyceridelevels>100mg/dl have
more coronary eventsin the long-range than those with
levels<100mg/dl. Thisisvery suggestiveof thelong-range
predictivevalueof hypertriglyceridemia.

A sedentary way of life and obesity go hand in
hand %%, Regular exercisereducesconsderably theincidence
of coronary events; however, acumuletiveeffect hasnot been
noticed, except in preventing obesity from thefifth decade
inlifeon. Of practical importanceisthedemonstration that
even light intensity exercise as often astwice aweek, al-
though it does not lead to physical conditioning, does po-
sitively influencelipid profiles®. Onthe other hand, body
mass indexes >27 are associated with anincreasein total
and cardiovascular mortality, mainly in young people .
Emotiona stressrel ated tothework environment, personal
and family problems®®isdsoaRF.

Itisimportant to note that in about 35% of the docu-
mented casesof CAD, traditional RF arenot found %. Cer-
tain“ genetic alterations’ have already beenidentified °"
that are responsible for dyslipoproteinemia causing athe-
roscleross, amongthesearefamilid dysbetaipoproteinemia,
combinedfamilial hyperlipemia, apolipoprotein A-1, A-l and
apoC-111 deficiency. Onespecia conditionistheoccurrence
of low HDL (<35mg/dl), especialy when followed by in-
creasedtriglycerides; itisfoundin approximately 4%-5% of
the population. In the Prospective Cardiovascular Munster
Study (PROCAM) *itwasassociated with a6-foldincrease
intheincidenceof coronary events. A variation of apoA-I
(deltaK 107) wasassociated with thissyndrome. Increases
of lipoprotein(a) (Lp(a)) , of fibrinogen ™ and plasmaho-
mocysteine "8 may contributeto somecasesof CAD. The
relationship of homocysteineand atherosclerosiswasfirst
reported in 1969, when M cCully® demonstrated precocious
atherosclerosisin children with homocystinuria. Later on,
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the infusion of homocysteinein laboratory animals de-
monstrated therapid formation of typical vascular lesions.
The confirmation of hyperhomocysteinemiaasaRF for ar-
terial disease came from clinical studies, showing the
association of elevated homocysteinelevelswith periphe-
ral vascular disease, stroke and coronary disease®,

Some infectious agents, such as the bacteria Clamy-
dia pneumoniae, and certain viruses have been suggested
aspossible causal agents®8, However, itisnot clear yet if
they are causal agentsor simply coincidewith or heighten
thea ready on-going process. Clearly, theissueof RFisstill
open for discussion. In 1981, Hopkins and Williams &
identified 246 possiblecoronary RF. Itispossiblethat even
moremay bediscovered.

Certain groupsof RF arefrequently foundinoneindi-
vidual. Stress combined with smoking, hypertension or
both are often found in the same individual. A sedentary
life, obesity and hyperchol esterolemiaare al so another
commonly found group of RF. Thisgrouping of RFisim-
portant, becausetherisk of coronary eventsincreases, not
inasimpleadditiveway, butinageometrical progression.

Clinical syndromes in coronary artery disease

Necropsy studiesin children and adolescents®, in
soldierswho participatedintheK orean 8 and Vietham &
wars, and adultsapproximately 25 yearsold, victimsof sud-
den death (SD) %, clearly indicate that coronary atheros-
clerosisbeginsinadolescenceanditsinitia aterationsdate
back to childhood. However, itsclinical manifestationsonly
show up during adulthood, morefrequently fromthefourth
decadeof lifeon. It may then be concluded that the disease
presentsalong period of silent evolution, beforethe mani-
festation of clinical Cl, which cantakevariousforms, inclu-
dingthefollowing:

a) Stable angina - Repeated anginal attacks, which
can develop over monthsor years are referred to as stable
angina. Anincreasein myocardial oxygen consumption
(MVOQ,), usually dueto physical exertionor emotions, trig-
gersischemia. Itisrelieved by rest or theuse of vasodilators.
Thethreshold for anginamay vary. When the ventricular
functionisnormal, asit frequently is, stable anginais
compatiblewith an acceptablequality of life.

b) Heart failure - Heart failureassociated with CAD is
mainly due to two conditions: ischemic cardiomyopathy
and LV akinesia/dyskinesia (aneurysm). Theischemic
cardiomyopathy istheventricular dysfunctionwith diffuse
hypocontractility and dilation of ischemic cause. It canbea
consequence of the replacement of fibrosisin areaswhere
multiple, small infarctions have occurred, or of global
myocardial dysfunction dueto chronic ischemiaand
hibernation. The state of myocardial hibernation®-isof
great practical importance, for it indicatesthe presence of
persistentischemiawith viablemyocardium, thereforeliable
to recovery by restoring the blood flow.
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The other segment of patients with heart failure se-
condary to coronary disease arethosewith akinesiaor ven-
tricular aneurysm. Thistypeof heart failureisasegmentary
mechanical ventricular dysfunctionfollowinganinfarction.
When it is extensive, the aneurysm ends up causing dys-
function of normal, not infarcted segments, leading to chro-
nic Cl. Aneurysmscause seriousalterationsin theventricu-
lar geometry, being also acause of ventricular arrhythmias.

C) Silent ischemia (S1I) - About 3% of thenormal popu-
lationand 30% of asymptomatic patientsexperiencesilent
ischemia(Sl) followinganinfarction of themyocardium 4,
M ost anginapati ents experience multipleischemic episo-
desof painlessischemia, which amountsto 75% to 92% of
thetotal ischemicload. S| canbediagnosed by anergometric
test (ET) and Holter monitor. Theprognosisdependsmainly
onthesize of therisk area. Sl is particularly troublesome
because patientsdo not experiencetheclassicwarning sign:
pain. Therefore, they may beat seriousrisk without knowing
it. Thatiswhy itisthecausefor SDinmany cases.

d) Acute coronary ischemia - Unstable angina, non-
Qwaveinfarction, andinfarctionwith Q-wavearecharacte-
ristics of acute coronary ischemia. They are related to
atherosclerotic plagueruptureand thrombosi ssuperimpo-
sitionin the areas of ischemia. Thrombosis of short dura-
tion orincombinationwith partia arterial occlusionisasso-
ciated with instances of unstable angina; more persistent
thrombosi sand total occlusion areassoci ated with myocar-
dial infarction. These thromboses can occur both in pa-
tients with a history of prior anginaor can be the first
manifestationof CAD.

€) Sudden death (SD) —Asindicated by thename, SD
isan event that naturally evolvesto death, which is not
alwaysobservedin other formsof acuteischemia. Approxi-
mately 1/3 of CAD patientsdieof SD, which canbedueto
primary malignant arrhythmias, such asventricular tachy-
cardiadegenerating into ventricular fibrillation or ventri-
cular fibrillation associated with acuteischemia®.

It must bestressed thatin CAD thereisnopreciserela
tionship between anginal symptoms and the extension of
thecoronary or ventricular functionimpairment. Itisquite
commontofind patientswith recent anginawho maintain
practically normal physical activitiesuntil the onset of the
symptoms. Coronary angiography reveal simportant bi- or
tri-arterial lesionsin such patients. It isobviousthat these
lesions devel oped long before the symptoms. On the other
hand, theventricular mechanical functionmay belittlealte-
red or even entirely normal. Thiscan beexplained because
ischemiais segmentary or because collateral circulation
allowsfor natural compensation of the coronary obstruc-
tion. Hence, certain patientswith seriouscoronary lesions
canmaintain practically normal physical activitiesfor along
period of time. However, when symptomsor signsof heart
failureoccur, significant ventricular dysfunctionispresent.

Coronary disease in women - CA D inwomen occurs
about 10 yearslater thanit doesinmen*. Thisisattributed
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to the protective effect of female hormones during the
women’ sreproductive years, because no difference exists
inthe preva ence of RF and typeof lesion between menand
women %, However, the seriousness of theclinical presen-
tation does not differ between the sexes. Actualy, itis
suggested that the post-AMI evolution isworsein women
thaninmen *. However, morecareful analysesshowthat this
worseevolutionismainly dueto other factors, suchasmore
advanced age and diabetes, and not thefemal e sex*® per se.

But cardiovascular diseaseisthe greatest cause of
death in women, even higher than total mortality due to
uterine, breast, and ovarian cancers %2, Therefore, CAD
treatment inwomenmust not differ fromthatinmen, because
thediseasehassimilar evolution or prognosi sin both sexes.

Prognosis

Ejection fraction of the left ventricle - Random compa:
rative studiesof clinical and surgical treatmentshave pro-
ved theundeniableval ueof measuring g ection fraction (EF)
for theprognosisof CAD 1% |n patientsclinically treated
in the Coronary Artery Surgery Study (CASS) 1%, the
survival rateover 4 yearswas 92% for EF >50%, 83%for EF
35-49%, but only 57%if EF was<35%. Hueb et a ** repor-
ted that patientswith few symptomsand preserved ventri-
cular function who had refused surgery showed similar re-
sultsasthosein CASS. Therefore, EF must alwaysbequan-
tified when establishinga CAD prognosis. Figure 2illus-
tratestherel ationship of EF versussurvival rate.

Coronary artery anatomy - Usudly, thehigher thenum-
ber of arterieswith critical lesions, theworsethelong-term
prognosis 194, The European Coronary Study Group 1%,
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however, hasshownthat critical lesions(>50%) intheleft
coronary trunk or the presenceof proximal lesionsinthetwo
great branchesof theleft coronary artery, theanterior inter-
ventricular branch andthecircumflex branchtogether with
lesionsintheright coronary artery show ahigher mortality
rate than other subgroups. This mortality isreduced with
myocardial revascul arization. Later, patientsin CASSwith
few symptomsand presenting uni-, bi- or tri-arterial lesions
had alow mortality rateif they also had agood ventricular
function, an EF over 45% visualized by contrast ventricul o-
graphy or by radioisotopes.

In addition to the prognosis, knowing the coronary
anatomy isfundamental in deciding about the best treat-
ment, whether clinical or revascul arization by angioplasty
or surgery. Not only it isimportant to know where the
lesionsarelocated, but also the characterization of thedistal
bedsand the presenceof collateral circulationarevauable
€lementsin determining trestment.

Risk area— Themyocardia areathat canbeaffected by
ischemiawhen coronary occlusion occursiscalled therisk
area. Theknowledge of coronary artery anatomy or the ex-
tensonandintensity of ischemiainmyocardial scintigraphy
using Thdlium-201or SESTAMIBI-Tc99malowsustoquan-
tify therisk area®®. However, itisalsoimportant to analyze
non-ischemic areas, because they are responsiblefor ven-
tricular adaptati onwhen coronary occlusionoccurs. Itiswell
documented that larger risk areashave aworse prognosis'®.

Electrophysiological status - Thefrequent occurrence
of ventricular arrhythmia, i.e., over 30ventricular extrasysto-
lesper hour, recurrent ventricul ar tachycardia, the presence
of low voltage potentialsinthefinal part of the QRS complex
inthehigh resolution el ectrocardiogram, in patientswith | eft
ventricular aneurysm or left ventricular dysfunction, are
associated with ahigher incidence of cardiovascul ar desth
and SD 109,110_

Age -Inchronic CAD theinfluence of ageisnot sim-
ple. On the one hand results from CASS showed a higher
survival ratein 7 years among young people (84% versus
75%for malesand 90% versus 77%for femal es) . Howe-
ver, thediseaseis, inrelativeterms, more seriousand hasa
Worse prognosisin young people; perhaps becausein this
age group two of the most important RF are prevalent:
smoking andfamily history of CAD. TheBrazilianMedici-
ne, Angioplasty, or Surgery Study (MASS) %2, which ana-
lyzed theinfluence of medical treatment, angioplasty and
surgery in patients with critical lesionsin the anterior
interventricular branch of theleft coronary artery, revealed
ahighrateof progressioninnon-critical lesionsinyounger
patients, most of whom developedtri-arterial lesionsat the
end of the 3yearsof the study. Whereasthe Groupo Italiano
Per o Studio DellaStreptokinase Nell’ Infarto Miocardio-2
(GISSI-2) Horeported that with acutemyocardial infarction
advanced ageisabad prognostic factor.
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Diagnosis

A clinical history may provideimportant information
for thediagnosisof CAD. Anginal pain, fatigue, dyspnea,
and pal pitationsarethe most common complaints. Typical
anginaisthemost easily diagnosed. | dentification of trig-
geringandrelief factors, itsduration and characteristicloca
tion and irradiation areindispensablefor the diagnosis of
typical angina. Itisassociated with coronary diseasein 90%
of men over 55yearsold and 80% of womeninthissameage
group 22, When the pain hassome, but not al of theclassic
characteristics, itiscalled atypical anginaandisassociated
with coronary diseasein 50% of the patientsover 50 years
old. However, many symptomsmirror angina. Sl, wherethe
patient can be totally asymptomatic must not be overloo-
ked. Family history shouldinclude history of infarctionand
SD, in men who are close rel atives below 55 years of age,
andinwomen asowho arecloserel ativesbel ow 65 yearsof
age. Lifestylehabitscanindicatesignificant RF. But physi-
cal examination usually addslittletothediagnosis. Except
in instances of heart failure, the physical examinationis
noticed only for being normal, which ironically contrasts
withthe potentially lethal situation.

Non-invasive examinations - Technical aspectswill
not be discussed here, but only several peculiaritiesof ma-
jorinteresttothecardiologistingeneral .

Electrocardiogram at rest - Most patientswith heart
failurearewithin normal standards. However, thepresence
of inactiveareassuggesting apreviousinfarction, inverted
T waves, downs opeof the ST segment and | eft ventricular
hypertrophy are associated with a higher cardiovascular
mortality rateinthelong- range'®. Thepresenceof extrasys
toles, mainly those of ventricular origin, may suggest co-
ronary disease. Conduction disordersboth atrial -ventricul ar
and fascicular may occur, but these do not contributeto the
detection of coronary disease because they are unspecific.

ECG Stress test (ST)—Consideringthelow cost, sm-
plicity, sensitivity and specificity, and prognostic val ue of
thistest, and also considering the prevalenceof CAD inthe
population groupto bestudied, the ST isvery useful intra
cking and stratifying coronary atherosclerotic diseaseand
hasan excellent level of reliability . Theinterpretation of
the ST must include not only the analysis of the electrocar-
diogram, but dsothehemodynamicandclinical variables. Itis
usedtotrack CAD in suspect casesand, asascreeningtool in
individual swho arebeginning physical exerciseprogramsor
patientswith RF. Therefore, it predictsapoor prognosiswhen
positiveinlow loads, whenthearterial pressuredoesnot rise
adequately and thework tol eranceislessthan six minutes.

Radioisotopes - Theversatility of radioisotopesallows
them to be used to detect ischemia, fibrosis and to evaluate
theLV mechanical function. Thallium 201 or SESTAMIBI-
Tc99m scintigraphy, duetoitshigh specificity, sensitivity and
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positive and negative predictive valueis considered afun-
damental examinidentifyingthepresenceof coronary disea-
2%, Fixed uptake defects suggest areas of predominant fi-
brosis, whilereversibledefectssuggest anischemic process
andviahility of themyocardial cells. Alterationsinthebalan-
cebetween supply and demand of O, that allow theinduction
of ischemiaand eval uation of theviability may betriggered
both by exercise and drugs such as dipyridamole. The
contrast reinjection techniques, latereading and tomogra-
phic cuts contribute to increase this method’ s anal ytical
capacity 1°. It al so allowsan estimate of theextension of the
risk area. Asitiswell known, thishasgrest prognostic value,
for thelarger thearea, theworsetheprognosis.

Theuseof deoxyfluoroglucose, with radioactivefluo-
ride, of long-chainfatty acids, with C14, or of |abeled ammo-
niapermit theevaluation of theintegrity of cellular metabo-
lism, the presenceof i schemia, and the quantification of the
residual coronary flow inhypocontractileor akinetic areas
fed by coronarieswith critical [esions®. Currently available
computer softwareallowssimultaneousappraisa of thepre-
senceof ischemia, ventricular volumesand ventricul ar seg-
mental contraction. It isundoubtedly amethod of immense
value. Theonly restrictionsareitscost and availability.

Resting and stress echocardiogram - The resting
echocardiogram has considerable applicationinthe diag-
nostic and non-invasive prognostic determination of the
coronary atherosclerotic disease™'®. It allowsthedetection
of segmental thicknessand motility aterations(hypokinetic,
akinetic or aneurysmal areas), which are characteristic of
CAD, inadditionto alowing for the eval uation of volumes
and ventricular mass, and alsothe EF, whichisof acknowled-
ged prognostic value.

However, it wasthe use of physical stress, or rather,
pharmacological stress'®that opened great perspectives
for echocardiography. When administering dobutaminein
increasing doses (upto 40ug/kg/min), threeresponsesmay
betriggered: progressiveimprovement of the contraction,
initial improvement followed by aworsening, and finaly,
progressive worsening %, The response considered typi-
cal of thepresenceof ischemiawith viability inhypokinetic
areasistheinitial improvement followed by aworsening of
thecontraction. However, thelack of an adegquatewindow,
morecommonintheagebracket of coronary diseasepatien-
ts, can prevent resting echocardiogramsfrom being madeor
impair their technical quality. Physical exercisecanasobe
used to provokeischemia, but theincrease of movementsin
thethorax, both dueto hyperpneaand the exercise, makes
thisexammoredifficult to conduct.

Echocardiogram with the use of micro-bubbles - The
development of stable micro-bubbles, not related to the
occurrence of systemic emboli and that reflect the ultra-
sound rays, causing acontrast in relation to the blood and
neighboring tissues, hail anew non-invasive erain the
diagnosis and determination of ischemiaand ventricular
function . Intracavitary bubblesallow ventricul ography
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with contrast and, bubblesintheintratissular vessels, allow
visualization of myocardial perfusion. Thetechnical hin-
dranceto theuse of micro-bubblesistheir low commercia
availability, ahigher number of patientswith inadequate
thorax for theexaminthe age bracket to beinvestigated, and
the low specificity for perfusion defects on lateral wall.
Rapidtechnical developmentinthisareaisexpected, which
will widentheuseof thismethod.

Coronary angiography - Thedefinitiveexam for the
diagnosis of coronary obstructive atherosclerosisis coro-
nary angiography. It aso permitstheeval uation of ventricu-
lar function. It should be performed whenthereisreasona
ble suspicion of coronary disease, to explain precordial
pain of possibleischemic origin, to establishthe prognosis,
and whenever any intervention is considered, whether by
catheter or surgery. It should bestressedthat itisaninvasi-
veexam, and despiteitslow risk, seriouscomplicationsmay
occur, such assystemicembolism, arterial dissections, ven-
tricular fibrillation and death. Studiesrelating thelevel of
stenosiswiththetriggering of ischemiahave shownthat le-
sions > 70% are correlated with the decrease of coronary
flow reserve. Furthermore, certain characteristicsof thele-
sionscan beappraised. Accordingto Ambroseet a 18, the
lesionsmay be concentric, eccentrictypel (asymmetricti-
ghteningwith smooth bordersand largeneck) and eccentric
typell (asymmetric with thin neck or irregular bordersor
both). Thelesionsmost often found in patientswith unsta-
bleanginaaretheeccentrictypell. These, then, arethele-
sionsmost likely to become unstable. Thepresenceof ale-
sion equal to or above 50% in the trunk or the presence of
proximal lesionsabove 70% inthethreemain branches, the
latter with systolicdysfunction of theleft ventricle, areindica
torsof theworst prognosiswithisolated clinical treatment.

Important contributions to the understanding of the
physiopathology of coronary disease were the studies of
endothelium-dependent coronary vasomotion, visualized
during coronary angiography. Paradoxal vasoconstriction
was thus documented, after the administration of acetyl-
choline, in segmentswith stenosisand pre-stenosis*°, with
irregularitiesor being angiographically normal in coronary
atherosclerotic patients.

Magnetic resonance imaging - Magnetic resonance
imaging (MRI) has been usedin two instancesto evaluate
patients with coronary atherosclerotic disease: cellular
metabolic study and cardiac form and function %, The
spectrographi c analysis of phosphoruscompoundsallows
usto measuretherel ationshi p between the phosphocreati-
necellular depositsand adenosinetriphosphate (ATP). So,
inmyocardid ischemiathereisdecreaseinthe peak of phos-
phocresatine, andin fibrotic areasthereis absence of both.
Thismethod islimited becauseit isused only ontheanteri-
or wall, asin other positions the presence of the thoracic
muscles, with ahigh content of these compounds, becomes
the main source of the spectrum held. To the study of the
cardiac form and function, images synchronized with the
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cardiaccycle. areobtainedintheT1 or anatomicrelaxation
phase. Theresult is high fidelity ventriculography. More
recently, non-invasive coronary eval uation with the use of
helicoidal tomography 2 isbeing used asaconvenient way
of detecting coronary atherosclerosis, but the method is
not aroutineclinical application.

Treatment

Thegreat optionsfor CAD treatmentincludeclinical/
medicinal treatment, angioplasty and surgical revascula
rization. Theclinical treatmentisobviously alwaysused, as
neither PTCA nor surgical revascularization interferesin
the metabolic process of the basic disease.

Clinical treatment

Nitrates - Nitratesareprodrugsthat needto beconver-
ted into nitric oxide (NO) in the endothelial and smooth
muscle cells??, in order to havetheir vasodilating effects.
Their basic actionistherelaxation of vessel smoothmuscle,
Their availability in the venous, oral, sublingual and
transdermic forms makesthem especially versatile. Their
vasodilating action startsquickly, lastinglessin thearteries
than in the veins, whereit lasts for hours. Nitrates act
through various mechanisms: they redistributethe corona-
ry flow preferably to the myocardial hypoperfused zones,
they counteract vasospasm, reduce the venousreturn, the
preload, the ventricle wall tension, and therefore reduce
MV O, they al'so promotepl atel et antiaggregation. They are
excellent for treating stable and unstable angina, SI,
ischemic cardiomyopathy and post-AMI angina. Their
most undesirabl e side effects are headache and hypoten-
sion; thelatter ismore common and more of aconcernwith
older patients. Pulmonary ventilation/perfusion defectsand
methemogl obinemiawere also reported, but their clinical
importanceisquestionable.

Important characteristicsarethe devel opment of tole-
rance and recovery of itsactioninashort period of time*%,
Toprevent medical intolerance”freeintervals’ of 12 hours
every 24 hours should be observed . Despite its proven
actionintherelief and prevention of ischemic symptoms
and in the increase of tolerance to physical exercise, the
decrease in mortality with the use of nitrates still has not
been demonstrated 4,

Beta-blockers - The stimulatory effects of the beta-
receptors by catecholamines are upset by beta-blockers.
Twolargereceptor classesareknown: betal and beta2. The
beta 1 receptors, predominantly cardiac, when stimul ated
respondwithanincreasein heartrate (HR), in contractility
and A-V conduction, releasereninthrough thejuxtaglome-
rular kidney cellsand induce lipolysisin adipocytes. The
stimulation of beta 2 receptors causes bronchodilation,
vasodilation and glycogenolysis.

Because they block the action of catecholamines,
beta-blockersareefficient drugsfor thetreatment of angina,
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essentially because they reduce MV O,, dueto the reduc-
tionof HR. Thisalsoincreasesthediastolic period, increa-
sing the coronary perfusion period. It has likewise been
demonstrated that although beta-blockers reduce total
coronary flow, they improve endocardial perfusion, there-
forefavoring themyocardial region most affected by ische-
mia. They ared sovery efficient medicinesfor thetreatment
of AH and arrhythmias dependent on the sympathetic
action. It has a so been demonstrated that they reduce SD
andre-infarctionspost-AMI 1%, They al so reduce pressure
increase and heart rate during effort. Therefore, they are
especialy useful ineffort angina However, their undesirable
effectscan beextremely limiting. Theseincludeweakness,
sleep and mood alterations; sexual dysfunction, with
impotence and retrograde gjaculation; bronchospasm;
periphera circulatory insufficiency; precipitation of heart
failure; induction or intensification of cardiac blockades;
andintensification of hyperglycemiainduced by insulin.

Cardio-selectiveblockers, such asatenol ol and meto-
prolol, act preferably on beta 1 receptors, having lesseffect
on beta2; therefore, they reduce MV O, with fewer effectson
thebronchia, peripheral circulation or glycogenolysis. On
the other hand, the non-sel ective, such aspropranolol and
nadolol, block the beta 1 and beta 2 receptors. Cardiosel e-
ctivity, however, fromtheclinical point of viewisrelative.

Somebeta-blockers, such aslabetalol, carvedilol and
bucindolol, also cause vasodilation 252", Carvedil ol speci-
fically hasshownbeneficid effectsintresting chronicheart
failure, partially because of itsvasodilating effects. Onthe
other hand, sotal ol hasasignificant anti-arrhythmic effect
(classesll and 11 types), and thereforeisuseful for thetreat-
ment of anginaassociated with ventricul ar arrhythmias.

Individual toleranceto beta-blockerscan vary consi-
derably. Metoprol ol and propranol ol can causevery intense
effects (intense bradycardia) in certain people, known as
“poor metabolizers’; thisis due to a particular genetic
polymorphism that affectsabout 10% of thewhite popula
tion. Therefore, itisalwaysadvisableto start therapeutics
withlow dosagesof these substances. Asfar asmetabolism
is concerned, beta-blockers, especially propranolol, can
increase triglycerides and reduce HDL, without altering
LDL. Thisshould be considered when patientswith CAD
and dydlipidemiaare prescribed thismedication %,

Calcium channel antagonists - Ca++ionsare essen-
tial for contraction of the cardiac muscle and the vascular
smooth muscle. Cat++ blockers represent a heterogeneous
group of substancesthat block the movement of the Cat+
ionsthroughthed ow channel sof thecellular membranesin
cardiac and smooth muscle cells. They are classified into
three basic classes: dihydropyridines, whose prototypeis
nifedipine; phenylalkylamines, of which verapamil isthe
prototype, and benzothiazepines, of which diltiazemisthe
prototype. Phenylalkylaminesalso delay channel recovery,
and therefore depress cardiac pacemakers and the trans-
missionof electrica stimuli. Therefore, it a so hasanti-arrhy-
thmic effects. Thisdoes not occur with dihydropyridines,
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and hence these have little effect on the conduction sys-
tem. Producing coronary and systemic vasodilation, dihy-
dropyridinesincreasethe supply of oxygen tothe myocar-
diumand decreaseMV O, by reducing peripheral resistance
and systolic stress'®. Thecoronary dilating actionisespe-
cialy important in spastic anginaor with variablethreshold
angina. Theblockadeof Cat+ entrancehasanegativeino-
tropic effect; however, thisis counterbalanced by the
sympathetic stimulation induced by hypotension. Nifedipi-
nehasahigher systemic vasodilating effect than verapamil
and diltiazem. Nifedipine mainly reduces the systolic
pressure, soitsbeneficial effectisprimarily dueto afterload
reduction and al soto theincrease of the coronary flow. Fast
action formulations have been held responsible for the
increasein cardiovascular events, but this does not apply
todrug slow-releaseformul ations.

Ontheother hand, verapamil reducesHR and myocar-
dial contractility. It can therefore cause adecreasein the
cardiac output and heart failure, in patientswith ventricul ar
dysfunction, while those with normal function tolerate it
well. Itiscontrai ndicatedin patientswith sinusnodedisease
andinatrioventricul ar nodedisease.

Diltiazem hasintermediary actionsbetween nifedipine
and verapamil. Itisasystemicvasodilator, butit canasoin-
crease coronary flow. Its depressing action over cardiac
functionislessthanverapamil’s. Besidesbeing very effici-
ent asan anti-anginal drug, it producesfew undesirablesi-
deeffects. When administeredinthe acute phase of amyo-
cardia infarctionit reduced mortality, except inthe presence
of ventricular dysfunction, when mortality increased **°.

“ Second generation” Cat+ 1 antagoni sts(nicardipi-
ne, isradipine, aml odipine, and fel odipine) arederived from
dihydropyridine. Usually they haveahigher peripheral va-
sodilating actionthan those of the*first generation” . Amlo-
dipine starts acting slowly and has along half-life (36
hours); it causesimportant peripheral and coronary vasodi-
lation, being especially useful in casesof hypertensionand
angina. It has been used evenin heart failure, but in this
conditionitsroleisnot yet well defined.

It was demonstrated experimentally and in men that
Cat+ antagonistsmay havean anti-atherogeni c effect 131132,
New coronary lesionswerelessfrequent in patientstaking
nifedipinethaninthoseinthe control group. However, this
action needs further investigation. Despite the beneficial
effectscommontoall Ca++ antagonists, adecreasein car-
diovascular mortality with their extended usehasnot been
demonstrated.

Calcium channel antagoni stshavewideusein patients
who undergo coronary anastomoseswith arterial conduits
in order to avoid spasms of the grafts and after coronary
angioplasties, andin patientsfor whom beta-blockershave
been contraindicated. The most common undesirableside
effectsarelower limb edema, headache, intestinal obstipa-
tion, dyspepsia, and morerarely, gum hypertrophy.

Angiotensin-converting enzyme inhibitors - Angio-
tensin-converting enzymeinhibitors prevent the conver-
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sionof angiotensin| toangiotensinll incirculation. Their
hemodynamic actions are due to arterial vasodilation,
which increase cardiac output; they also act on the lung
and venous beds, reducing the pre-load. Such effects
favorably influence the cardiac remodeling following an
infarction 3134, The use of thistype of medicationisbene-
ficial intheacutephase of extensiveinfarctions, becauseit
preventsventricular dilation and reduces mortality both by
heart failureand by SD. Theoretically, blocking therenin-
angiotensin system onthe atherosclerotic lesion areashas
abeneficial influence on the evolution of thelesions, be-
cause angiotensin, besides being apotent vasoconstrictor,
isaso agrowth factor for smooth muscle cells**. There-
fore, itisuseful in casesof anginawith heart failureor AH.
Itsmain sideeffectsinclude: dry cough duetoanincreasein
thebradykinin half-lifeinthebronchial tree; and hypoten-
sion by vasodilation, mainly present when associated with
other hypotensive drugs.

Aspirin - Platel etsplay animportant roleintriggering
acute coronary episodesand inthegrowth of atherosclero-
ticlesions(see” Anatomy of the Atherosclerotic Plaque”).
Among platelet aggregation stimuli isthe production of
thromboxaneA , by theplatel etsthemsel ves. Aspirin blocks
itsformation by interfering withitssynthesisfrom arachi-
donicacid andinterfereslittlewiththeproduction of prosta-
cyclinby theendothelial cells™®.

Because aspirin operateson thekey mechanismof for-
mation and growth of theintra-arterial thrombus, itiscapa
ble of reducing the number of fatal and non-fatal eventsin
patientswith coronary disease™” and currently isafunda
mental part of CAD therapeutics. Other anti-platel et medica
tionsaresulfinpyrazone, ticlopidineand pentoxifylline. The
gresat problemwith antiplatel et therapies, mainly aspirin, is
thetendency to promote bleeding, which can cause hemor-
rhages, including strokes. Therefore, drugsshould beused
very carefully inindividual s proneto such phenomena

Themost modern antiplatel et agentsaretheglycopro-
teinl1b/lllablockers, whichactinthefina common pathway
of platel et actioninthrombusformation 42, Thestudiesof
thesetypesof drugswere madein principally acute syndro-
mes. However, their roleasoral agentsfor trestment of chro-
nic coronary insufficiency isyet to be established.

Finally, it should be mentioned that in many patients
combination therapy, including the simultaneoususe of the
medicationscited above, isnecessary to control symptoms;
their use should alwaysbeindividualized.

Treatment of the underlying disease - Thetreatment
of theunderlying disease of atherosclerosis, requiresexten-
sivelifestylechangesby peoplewho have known and mo-
difiableRF. Itiswell knownthat AH, asedentary life, emo-
tional stress, activeand passivesmoking, dydipidemia, and
obesity must be controlled. Moderate and continuous
physica exerciseshould beencouraged. However, improper
exerciseor exercisebeyondindividual tolerancemay trigger
acute coronary accidents. An exercise program should,
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therefore, be developed for each individual based on that
person physiological, electrical and hemodynamic parame-
ters. Therecommended diet aimsfor alower intakeof animal
fats, and favorsfruits, vegetables, and legumes. Thein-
fluence of the global control of RF was appraised in the
Stanford Coronary Risk Intervention Project (SCRIP)*,in
theU.S.A. In SCRIR, patientsunderwent global control of
RF for four years; it was possible to control al of them,
except smoking. Even so, lower rates of new coronary
lesionswerenoticed at coronary angiography inthecontrol
group compared with thenon-control group. Thereduction
of fatintake had the greatest effect.

The European Action on Secondary Prevention
Through Intervention (EUROA SPIRE) * study demons-
trated that, despite the great prevalence of modifiable RF
and those of genetic influence, in only 21% of the cases
werethe patientsrel ativestracked for coronary disease RF.
Thissuggeststhat preventive measures are still imperfect
and need to beimproved.

However, the greatest contribution to the control of
atherosclerosis and its manifestations has been interven-
tionsthat reduce total serum cholesterol. Among these,
statins have been the first medicinesto greatly reduce
hypercholesterolemiawith long-term tolerance by most
patients. Several clinical studies have shown that the
treatment of intense or moderate hyperchol esterolemia
reduces coronary events, coronary mortality, global
mortality, hospitalizationsand the need for angioplasty or
revascularization surgeries. These findings apply both to
men and women, diabeticsand non-diabetics, smokersand
non-smokers, older or younger patients#4¢, Furthermore,
angiographic studieshave documented the decreasein the
progression of lesions, lower occurrence of new lesions,
and even the regression of lesionsin some patients .
Significant alterationsin arterial vasomotion have also
occurred with statin therapy; furthermore, thisimprove-
ment can bereachedin only one month of statin use®. This
suggests that the lipid lowering treatment is perhaps
indicated in acute syndromes; this hypothesis, however,
must be tested. A 29% reduction in strokes was also
documented *°in patientstreated with statinsand followed
for morethanthreeyears. Morerecently, suchresultshave
also been noticed in patientswith only hypercholesterole-
mia, but without documented CAD. The extended use of
cholesterol lowering drugs has not coincided with anin-
creaseinincidencesof cancer or violent deaths™.

Patientswith hypertriglyceridemiaasthe primary risk
factor, followed by hypercholesterolemiaor low levels of
HDL-cholesterol arebest trested with fibrates(benzefibrate,
gemfibrozil, phenofibrate and etofibrate), which reduce
triglycerides, increase HDL -chol esterol and reduce choles-
terolemia. Itsusein coronary disease patientswasfollowed
by areductionin cardiovascular mortality %51, Therefore,
thetreatment of dyslipidemiaplaysan essential roleinthe
control of CAD.
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Antioxidants and vitamins

Oxidativestress playsanimportant rolein the patho-
physiology of atherosclerosis®®2. Antioxidants have been
experimentally shown to protect against the alterations
brought on by oxidative stress. Diets rich in antioxidant
substances, such as beta-carotene, alphatocopherol
(vitamin E) and ascorbicacid (vitamin C), areconsumed by
populations with alow incidence of coronary atheroscle-
rosis, which supportsthe oxidation theory . However, only
arandomized study, the CambridgeHeart Antioxidant Study
(CHAQS) %, hasdemonstrated that vitamin E iscapabl e of
reducing theincidence of new coronary events, specifically
non-fatal AMI. Therefore, thediet containing thesesubstan-
cesisconsidered moreimportant than supplements.

Flavonoids, substancespresent ingrapejuice, redwine
and other red fruits, havean anti-inflammatory and antioxi-
dant effect. Invariousstudiesthey havebeen shownto redu-
cetheincidenceof atheroscleroticlesions®. Probucol, ali-
pid-lowering agent with apowerful antioxidant effect has
been proven to reduce atherosclerosisin experimental ani-
mals®®® and thecoronary restenosi sfollowing angiopl asty €.
Theunquestionableclinical demonstration of thebeneficial
effect of antioxidantsin CAD treatment, however, still
requiresnew data. Specific studiesarecurrently underway.

Estrogens

Theepidemiological evidenceof thelower prevalence
andincidenceof coronary atherosclerosisinwomenintheir
reproductive years and of itslater increase, the beneficial
effects of the chronic use of estrogensin thelipid profile
and of therecovery of endothelium dependent vasodilation
inacute estrogen administration led to the devel opment of
studies to prove the usefulness and safety of hormone
replacement therapy for women in menopause. The most
recent carefully controlled study, the Heart and Estrogen/
progestin Replacement Study (HERS) **"however, hasnot
proved that the use of 0.625mg of estradiol and 2.5mg of
progesterone reducestheincidenceof coronary events. On
the contrary, the use was followed by an increase in
coronary eventsinthefirst year, only decreasingin subse-
quent years; furthermore, hormone therapy wasfollowed
by athreefold increase in the risk of thromboembolic
phenomenaand biliary lithiasis. Therefore, the use of
hormone replacement therapy for the specific purpose of
treating CAD doesnot seemjustified.

Genetic predisposition and CAD treatment

Undoubtedly afamily history of CAD, showing
genetic predisposition to the disease, is aweighty risk
factor 5%, Genetic predisposition is present in approxi-
mately 20% of CAD cases. Alterationsin theformation of
HDL genes, in LDL receptors, and in apo-E receptors,
among others™3, havealready beenidentified.
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Thefundamental concept concerning treatment isthat
genetic predisposition isnot an isolated determinant of the
occurrence or evolution of the disease. That isto say, envi-
ronmental factorsinteract with geneticfactorsandthey join-
tly influence the course of CAD. Asaconsequence, even
individual swith genetic predispositionfor CAD shouldtreat
other RF, such ashypertension, smoking, sedentariness, etc.
On the other hand, the absence of genetic factors does not
grantimmunity against CAD; in such cases, strictly environ-
mental factors can cause atherosclerosis.

Coronary angioplasty

In several randomized studiess®1%, coronary angio-
plasty has been shown to have asimilar effect as surgery
and clinical treatment on theincidence of death or infarc-
tion. Compared with surgery, it isassociated with ahigher
need of new procedures, especialy in thefirst year post-
intervention. However, after thisinitial phasetheevolution
isvery good. An important advance has been the use of
stents, intracoronary expansi ble prostheses, which havein-
creased the frequency of the primary success and reduced
the incidence of restenosis following hospital discharge.
They arepresently used routinely with PTCA, beingusedin
at least 50-70% of the casesat our institution. PTCA indica-
tionshavebeen expanded considerably; currently interven-
tionsin multiple vessels, in patients with ventricular dys-
function and the elderly are successfully madein centers
with good experience. Althoughinitial indicationswerepre-
ferably for proximal lesions, =3mm diameter, withextension
below 2cm and in segments free of branches or curves,
theseindicationshavebeen periodically revisedin view of
the experience acquired and of new technical devel op-
ments. Another point to becarefully noticedistheexperien-
ceand competence of the operator and the serviceasawho-
le. Therestenosis problem, about 40% in conventional
PTCA (balloon) 8%, continues without solution, despite
innumerabl etechnical and pharmacol ogical therapies. Two
recent studies suggest that the anti-oxidant probucol 5
significantly reducesrestenosi s, whilemultivitaminsdo not
affectit. Thismay seemtojudtify itsusein PTCA. However,
thereisno doubt that PTCA isaremarkable advancein
treating CAD. Indicationsfor itsuseshould alwaysbemade
jointly betweentheclinical physicianandinterventionist.

Mpyocardial revascularization surgery

Revascularization iswidely indicated, asan elective
procedure, for thousands of patients dueto its confirmed
reduction of symptomsand increasein survival ratesin
certain subgroups*®. Withtheimprovement of myocardial
protection and oxygenating techniques, the incidence of
death and transoperatory myocardial infarctionin elective
surgeriesin patients with no ventricular dysfunctionis
around 1% and less than 4%, respectively. Following
surgeriesin patients with myocardial dysfunction or
aneurysms followed by amarked decreasein the EF, the
mortality raterisesto about 6%.
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Currently, more seriously ill and older patients are
being operated upon thaninthe past. Despitethemarked de-
creaseinsurgical complicationswithimproved techniques,
because of the advanced age and seriousillness of current
surgical patients, thenumber of such patientshasincreased
so muchthat they haveinfluenced thegloba mortdity rates,
mainly inreferral hospitals. Associated procedures, cardiac
or not, repeat surgeries, rena insufficiency and age>75years
increasepostsurgical morbidity and mortality.

Animportant devel opment in surgical techniquehas
been the use of grafts from theinternal thoracic artery,
which has a higher probability of remaining perviousin
most patients, 90% infiveyears'st, Multiplearterial grafts
arecurrently frequently used.

Surgical traumahas been reduced by tactics that do
not use extra-corporeal circulation and, more recently, by
minimally invasive surgeries. Theinitial results are
encouraging. However, asin all new surgical or invasive
techniques, thereisalearning curve and the smaller exten-
sionof thesurgical field canbealimitationtothewider use
of these new approaches.

The frequent occurrence of disabling anginain pa-
tientswith preserved ventricular function, but without an
appropriate coronary bed for bypass surgeries, hasled to
the use of the laser to perform transmyocardial passages.
Initially these passages were thought of asforerunners of
sinusoidsthat would taketheblood frominsidetheventri-
cletotheinsdeof themyocardium, i.e., areptilian-liketrans-
formation of themammalian heart; however, apparently its
main actionisto stimul atetheformation of new vessal's, not
awaysfrominsidetheheart.

Finally, the ventricular geometrical reconstruction
proposed and systematized by Jatene '*2 has contributed
even more to the anatomical and functional recovery of
ventricleswith largeaneurysmal or dyskinetic aress.

Suggestions for practical approaches

Somegeneral guidelinesfor thetreatment of those at
risk for CAD can be outlined: 1) middle-aged men and
women should beevaluated for CAD risk, sincethedisease
has asilent evolutionary period; 2) sons and daughters of
CAD patients should be checked even earlier, preferably
during adolescence, asthe disease startsvery early and has
astrong family trend; 3) when patients are suspected of
having CAD because of important RF or history suggestive
of angina, non-invasivetests should be performed, such as
ECG stresstest, radioi sotopes, or stressechocardiogram; 4)
coronary angiography should be performed when suspi-
cionof CAD existsbased onclinical history or non-invasive
tests. Performing coronary angiography assumes some
interventionlike PTCA or surgical revascularizationisbeing
considered. Ontheother hand, theindicationfor coronary
angiography may leave out non-invasiveexamslikestress
tests and radioi sotopes, when the angina history is suffi-
ciently typical; 5) women should be checked ascarefully as
men, naturally respecting certain peculiaritiesrel ated to sex;
6) the choice of form of treatment should takeinto account
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thecurrent knowledgeabout the CAD natural history, prog-
nostic determinants, efficiency of thetreatmentsavailable
andindividual conditionsof the patients, such asage, asso-
ciated diseases and occupation; 7) in the case of invasive
treatments, the experience and competence of thelocal ser-
vicesarefundamentally important; 8) notwithstanding the
formof treatment, onemust remember that CAD isbasicdly a
progressive metabolic disease, whose control must be sou-
ghtinthelong-term. Recentinformationindicatesthatitsna-
tural coursecan bemodified for the better by controlling RF.

Conclusion

Significant advances have recently occurred in the
comprehension of CAD pathophysiology. The devel op-
ment of thediseaseand itsmultiform clinical manifestations
are currently better understood. Acute conditions origi-
nating from plagque instability are interpreted through
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cellular aterations. Theinvestigative processesare being
transformed and improved. This has allowed earlier
diagnoses. The CAD treatment hasimproved: PTCA and
surgical revascularization have undergone significant
technical progresses. However, perhaps the greatest
contributionsarethe prevention studies, which haveshown
itispossibleto alter the material course of atherosclerosis,
decreasingitsprogressionand eveninducing plaqueregres-
sion. Nevertheless, great challenges still persist: the iden-
tification of thereal causesof atherosclerosis, early detection
of lesions proneto destabilization, correct quantification of
thedegreeof stenosis, themost efficient and safest treatment
of the acute cases, and mainly the control of the underlying
disease, atherosclerosis. The contributions of molecular
biology inthediagnosisand treatment of atherosclerosisare
till not defined; but there are certainly reasons for great
hope, of advancesin this areawhixh should occupy great
research effortsinthenext years.
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