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Abgract: Atherosclerogisisa chronic, progressive, multifactorial disease of mediumand large sized arteries characterized by intimal lesons called atheroma or
atheromatous plagues that protrude into the vessal lumens. Coronary artery atherosclerosis is the principal cause of coronary artery disease (CAD). Itisvery
important to understand the fundamental mechanisms of atherogenesis in order to comprehend the adverse dlinical outcomes of CAD and their subseguent
management. The development of atheroma involves a number of cellular and molecular events including endothelial dysfunction, leucocyte recruitment and
diapedesis, LDL transcytoss, LDL oxidation, recruitment and proliferation of smooth muscle cdlls, synthesis of extracdlular matrix proteins, accumulation of
foamy macrophagesalong with interplay of various cytokines. With the current advancesin understanding the pathogenesis of plague, it has been established that
it is the qualitative aspect of plagues rather than the degree of occlusion by the plaques, which determine their propensity to cause acute complications. Non
genatic or vulnerable plagues are more proneto physical disruption and thrombosis. Both stenctic or stable plaque and non stenatic or vulnerable plague can be
visualized by morphologic and molecular imaging techniques. In conclusion, studying the pathophysiology of atheromatous plague is of great importance in
understanding CAD, its dlinical aspects, established and emerging techniques for imaging atheroma and its role in guiding the treatment modality.
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INTRODUCTION

Atherosclerodis is a progressive disease of medium and large sized arteries
characterized by focd intima lesionscalled atheromasor atheroscleratic plaques
that protrude into vessdl lumen and eventually leading to various complications.
‘Athero’ in Greek means gruel and ‘ sklerosg® means hard. Coronary arteries are
particularly susceptibleto atheromas. In devel oped countriesatheroscleros scauses
more than haf of total mortality, Coronary Artery Diseass(CAD) isresponsible
foramgjor proportion of thesedeaths®. Themost dreaded sequel of atherosderosis,
suchasmyocardiad infarction and stroke, are caused by superimposed thrombosis
in a ruptured plague. Therefore, the intriguing question is not why atheroma
develops but rather why atherosclerod's, after years of indolent growth, suddenly
becomes complicated with lumina thrombosis. If such vulnerable plaques, which
are prone to rupture could be detected beforehand, it would contribute towards
decreasing the morbidity and mortdity due to atherosclerosis. In this respect,
current advances in understanding the pathogenesis of atherosclerosis has given
some mgor targets for the functiona imaging of atheromatous plagues. Once
these rupture prone plaques are detected their critica assessment and observation
by the physician can avert their risk of disruption and subsequent desth causing
potentid. Besidesthis, the type of plaque aso guidesthe therapy that will benefit
the patient in dleviating his symptoms.

RISK FACTORS IN ATHEROSCLEROSIS

Atherosclerossismorelikely to affect an individua if hisbody nests certain risk
factors. Various progpective epidemiologica trids have shown that the risk of
devel oping themanifestationsof coronary atherosclerodi sisincreased by smoking,
hyperlipidemia, hypertension and diabetes’. These risk factors can be prevented
by lifestyle modification measures. The non modifigble risk factors are increesed
age, maegender and geneticsand most importantly apositivefamily history. Still
thereare20% of cardiovascular eventsthat take placein the absence of the above
mentioned risk factors. Few other factors have been implicated to explain it like
increasad levels of C Reective Protein(CRP), an acute phase reectant synthesized
primarily by liver, hyperhomocysteinemia, metabolic syndrome, increased
lipoprotein A levels, devated plasminogen activator inhibitor 1 levels. Lagt but
not theleast, competitiveand stressful lifestyle, better known as TypeA persondlity,
isanother very important risk factor for developing atherosclerosis'.

ATHEROPROTECTIVE FACTORS

Exerciseand high-density lipoprotein (HDL) and itsmgjor gpolipoprotein, apoA-
| play a protective role. Although, the best-known antiatherogenic function of
HDL is its ability to promote the efflux of cholesteral from cells besides its
antioxidant and antithrombotic properties, recent gudieshasuncovered the ahility
of HDL to paradoxicaly enhance vascular inflammation, lipid oxidation, plague
growth, and thrombosis due to HDL induced changes in specific enzyme and

protein components®.

PATHOGENESIS OF ATHEROSCLEROSIS:
“ATHEROGENESI S’

Atherosdlerods is a chronic, immunoinflammatory, fibroproliferative

disease of medium and large Sized arteries. The concepts of atherogenesis have
evolved from vagueidess of inevitable degeneration to awel | defined scenario of
molecular and cdllular events. It isnow known that endothelia cells, leukocytes,
and intima smooth muscle cdls play the key roles in the development of this
disease*’. There are three stages in the life history of an atheromai.e. initiation,
progression and complication’.

INITIATION

Recruitment of mononuclear leucocytes to the intima characterizes initiation of
the atherosclerotic lesion. Specific adhesion molecules expressed on the surface
of vascular endothelid cdls, under the effect of atherogenic stimuli, mediate
leucocyte adhesion of mainly monocytesand to alesser extent, T-lymphocytesto
the intima. These adhesion molecules are selectins and members of the
immunoglobulinsuperfamily suchasVascular Cdl AdhesonMolecule-1 (VCAM-
1), Intercdlular Adhesion Molecule-1(ICAM-1). Once adherent, the leucocytes
enter the intima directed by chemoattractant chemokines such as macrophage
chemoattractant protein-1 (MCP-1), Tumour Necros's Factor(TNF)*. Cytokines
(eg., interleukin-8) dso may play a role in monocyte-macrophage trafficking.
The monocytes get transformed to macrophages in the intima. With chronic
hyperlipidemia, lipoproteins accumulateinsde theintima, subsequently oxidized
by theaction of oxygen freeradicasgenerated by intima macrophages. Oxidized
LDL further simulatesthe release of cytokinesand chemokinesand flaresup the
ongoinginflammation. M acrophagesinternaizeoxidized L DL through scavenger
receptorsand arethen called foam cdlls. Accumulation of foam cdllsisthehadlmark
of early and asymptomatic atheromatous precursor, the fatty stresk.

PROGRESSION

As the disease progresses, the inflammatory response is accompanied by a
fibroproliferative response mediated by intimal smooth muscle cells. Progressng
atheroma involves accumulation of smooth muscle cells which elaborate
extracellular matrix macromolecules. Smooth muscle cdlls and the collagen rich
metrix they produce, confer stability to plagues, protecting them against thedreaded
consequences of plague rupture and thrombosis. The smooth muscle cell isthe
principa connectivetissueproducing cel inthenorma and atheroscleraticintime?.
Synthetic activity of smooth muscle cdllsisregarded beneficia whereastheir loss
is detrimenta for the plaque stability. Lack of smooth muscle cdlls a sites of
rupture is attributed to apoptotic cell death®. Progressing atheroma often
accumulates calcium. Calcification probably hasastabilizing effect onthe plaque.
Neovascularisationisfregquent in advanced atherosclerosi(figure3). Itisprobably
amaker of ongoing disease activity and characterize high-risk plagues as the
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new vessds aggravate risk of intrgplagque haemorrhage as well as play role in
drawing in more inflammatory cdllsinto the plaque™.

An atheromatous plaque is composed of cellular component in form of
macrophages, smoothmusdecdlls T cdls, extracelular matrix including collagen,
eadtic fibres and proteoglycans and lipids, intracellular aswell as extracdlular.
Morphologicaly, thereis an outer fibrous cgp composed of collagen and smooth
muscle cells. Deep to the cap isamore cdlular area containing macrophages, T
cdls and smooth muscle cells. Benesath it, is a necrotic core containing lipid,
debris of dead cdls, foam cdlls, fibrin, smooth muscle cdlls.

COMPLICATIONS ASSOCIATED WITH
PLAQUES

A genotic plague(figure 2) can gradualy occlude a vessal, compromise blood
flow and cause ischaemic injury to myocardium depending on the blood supply
by the affected vessdl. In the coronary circulation thisoccurswhen thereisloss of
70% of areathroughwhichblood canflow. Thisisknown ascritica senosig(figure
1). Thedinica condition isknown as stable angina

Ontheother hand, vulnerable plagues are more prone to acute plaque changelike
rupture/fissuring, erosion/ulceration and haemorrhage into the atheroma or
intraplaque rupture. Intraplague haematoma further increases the intraplagque
pressure making it prone to physical disruption. Plague vulnerability and
destabilization is of multifactorid etiology with inflammation, cap matrix and
necrotic lipid core remodelling being important pathobiological processes
associated with vulnerability and destabilization?. Reduced matrix synthesis as
well asincreased matrix degradation predisposes vulnerable plaquesto rupturein
response to extringc mechanica or hemodynamic stresses. Other contributing
factorstowardsdisruption of plaquearevasospasm, low flow, decreased fibrinolytic
activity, procoagulant states etc. Modification of endothdlid dysfunction and
reduction of vulnerability to plague rupture and thrombosis may lead to plague
stabilization®®. A ruptured plague may manifest clinicaly as unstable angina,
myocardid infarction or sudden desth. However, if the plague disruptionisminor,
locd flow ishigh, and thefibrinolytic system is active, thrombus formation may
be minima and plague may remain silent for years and may poselife threstening
sudden complicationsif left undetected. A thrombusmay propagateand accumulate
additiond platelets. Older thrombi may becomeorganized and recandized. Recent
thrombi may dissolve by fibrinolyss.

BIOCHEMICAL BASIS OF
ATHEROSCLEROSIS

The thickening of artery wallsis associated with deposits of cholesterol which
originate from LDL particlesthat circulatein the blood. Current research suggest
that damageto theendothdlia cell inner lining of thevessd dlowsLDL particles
and blood platdlets to enter the arteria wall. The LDL contains polyunsaturated
fatty acids, which can be attacked by freeradicals, generated as apart of normal
metabolic processes. Asaresult LDL becomesoxidized and givesriseto products
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that are toxic to the cdlls of the artery wall. Macrophages attempt to remove the
oxidized LDL but are unable to degrade the cholesteral, which accumulates as
droplets thereby giving a foamy appearance. Cholesteral laden foam cdlls give
characterigtic gppearanceto thefaity stregks. Thetoxic products can kill thefoam
cdlsleaving cholesterol deposits, and theaccumul ated cholesteral, cdllsand debris
congtitute an atheroma. Conditions such as hypercholesterolemia, which is
asciated with defective L DL receptor incressestherisk of atherosdeross Besdes
LDL therearecther key playershaving animportant rolein atherogenesisaswell
as its prevention**. Numerous large-scale epidemiologica studies persistently
demongtrated an inverse relationship between plasma high-dengty lipoprotein
cholesteral (HDL-C) level and therisk of coronary heart disease (CHD).

TYPES OF PLAQUE

On the basis of pathologica characteridtics, two types of plaques are identified.
Thefirgt oneisavulnerable plaque, dso known as non stenatic plaque which is
proneto rupture, thrombosisand other complicationsof plague. It hasalargelipid
core(figure 4), thin fibrous cap, clusters of inflanmatory cells mainly foamy
macrophages, fewer smooth muscle cdlls. Vulnerable plague d so shows outward
remodeling of media, which preservesthe vessdl lumen known as compensatory
enlargement or positive remodelling often leading to underestimation of Sze by
X ray angiography.

The other type is astable plague or stenotic plague, which is characterized by a
thick fibrous cagp, small lipid core, more of collagen synthesizing smooth muscle
cdls, lessinflanmation. It shows less compensatory enlargement™. It gradually
occludesthevessd well visudized by traditiona angiographictechniques Senctic
lesions give rise to blood vessdl luminad compromise. These lesions are essly
assessed with conventiona radiographic methods.

IMMUNOHISTOCHEMISTRY IN PLAQUE

The human monoclond antibody F16 stainsareas of activetissue remoddlingin
atherosclerotic plaques and may serve as atool for plague imaging. In various
studies CRP was frequently identified by IHCS in the inflammatory cdlls and
atherosclerotictissueof patientswith ungtableangina suggesting that CRPdirectly
mediates an inflammatory process in the atherosderotic plaque®™. Annexin V
immunostaining can be used as amarker of apoptosis. Smooth muscle actin and
CD31 immunostaining is positive for neovessels in the plague, CD68
immunostaining highlightsthemacrophagesin theplaque. In onestudy fibrinoger/
fibrin 1, fibrin 11, andfibrinogen degradation products were detected in aress of
loose connective tissug, in thrombus, and around cholesteral crystals infibrous
and advanced plagues implying that increased fibrin formation and degradation
may be associated with progression of atherosclerotic disease®.

ASSESSING THE PLAQUE MORPHOLOGY
BY MORPHOMETRY
Morphometry isdone on histologica sections of coronary arteriesto identify the

Figurel: Gross view of coronary Figure 2: H & E stained section of Figure 3: H & E stained section of Figure 4. H & E stained section of

arteries with
narrowed(middle) and thrombosed (4*10X magnification).
lumen(bottom).

patent(top), coronary artery with stenotic plaque coronary artery with vulnerable plaque vulnerableplaquein coronary artery with
showing neovascularization(4* 10X numerous cholesterol clefts(4* 10X
magnification)

magnification).
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degreeof genod's, areaof the plaguelumen diameter, wall thicknessetc. techniques
employed being stereological point counting, computer assisted planimetry™’.

CLINICAL IMPLICATIONS OF

ATHEROMATOUS PLAQUES

From a clinica standpoint, a spectrum of acute coronary events may follow
atherosclerotic plaguerupture. Theseeventsrangefromtheasymptomatictothose
resultingin criticd illness or sudden degth. The pathophysiology underlying these
dinicd eventsinvolves areduction in blood flow supporting myocardium distal
tothesteof acuteplaguerupture. Blood flow isreduced by accumul ated thrombus,
aswaell asvasogpasm over theruptured plague. Theseverity of theresulting coronary
event appears to be related to the change in blood flow around the site of plague
disruption. Inthosecaseswhereblood flow isessentialy unaffected, plaguerupture
may result only in asymptomatic progression of theatheroscleraticlesion. If blood
flow isreduced, achangein the pattern of anginamay result, producing unstable
angina. If completevessal occlusion follows plagueruptureacutely inthe absence
of sufficient collateral blood flow, acute M I results'3*°. Therisk of adverseoutcomes
after acute coronary syndromes appears to be related to the type of event.
Cumulative6-month mortdity ishighestinacuteM I when compared withunstable
and stable angina®. Clinica outcome data, including cumulative degth or M1 and
cardiac event rates, are smilar for non-Q and Q-wave M12-2, Therisk of adverse
outcome with unstable angina is highest in the post-MI setting, or with recent
(<48 h) onset of rest angina. The process of plague rupture may play amgjor role
in the pathogenesis of these entities. On the other hand, if externd factorswhich
trigger worsened angina (e.g., anemia, environmental stresses) can be identified
and corrected, prognosis may be improved®. Infect the trestment moddity for
acute coronary syndrome aso depends on pathology of plaque. Although,
thrombolytic therapy representsasubstantia advancein thereduction of mortdity
after acute MI12*%, but thrombolysis has not proven effective in the trestment of
unstable anginaand non Q wave M1%, Ungtable anginaiis felt to depend mainly
on platelet-mediated mechanisms of thrombosis””. As aresult, unstable anginais
lessresponsivetofibrinolytictherapiesthanto antiplatelet Srategiessuch asaspirin
andtheglycoprotein!b/lllaantagonists. Infact, agpirinhasbeen showntoimprove
survival and reduce recurrent vascular eventsin unstable angina?®.

IMPORTANCE OF IMAGING OF PLAQUES

Itisnow egtablished thet rupture of vulnerable plaquesisthe main cause of acute
coronary syndromes most importantly myocardia infarction. Identification of
vulnerable plaquesis therefore essentia to enable the development of trestment
moddlitiestostabilizesuch plaguesand prevent their progression. Severd diagnostic
methods are currently in use and under trid to detect vulnerable plaques.

X ray based angiography is the current gold standard for diagnosing coronary
artery stenosesor themorphol ogical imaging of theplagues. Thoughit doesprovide
information about theentirecoronary treeand servesasguidefor invasiveimaging
techniques and thergpy but it has a low discriminatory power to identify the
vulnerable plaque. CT Angiography is now emerging as a popula non invasive
technique for screening & diagnosis of plaques by imaging. It is done as an out
patient procedure. Besides assessing degree of senosis, it can characterize the
plagueasfatty, fibrofatty or vulnerableand a o assessestheamount of cacification
in the plague. Other less well established technique for imaging plaques is
intravascular ultrasound(IVUS), an invasive technique that localizes plagues and
quantifiesplagqueburden. Virtua Histology-I ntravascular Ultrasound (VH-IVUS)
can identify plague components. Optical Coherence Tomography(OCT),aso
known as Optical Frequency Domain Imaging(OFDI) identifies intimal
hyperplasia, dso detects and quantifies the key features of vulnerable plagues.
Thusit can besaid that theimaging of atherosclerosisisreaching beyond anatomy
toencompasstheassessment of aspectsof plaguebiology rdatedtothepathogenesis
and complication of the disease. Many components of ongoing inflammatory
processintheplaquehavebeen gpproved asimaging targetsin variousexperimental
studies of atheroscleross. Recent biologic insights into atheroscleros's suggest
imaging targetsin addition to inflammatory processes. Metabolic activity of cdls
within atherosclerotic plaque is utilized to image plagues by means of Positron
Emission Tomography(PET) imaging using 18H uorodeoxyglucose (FDG) which
is readily taken up by the foamy macrophages in the plaque. Various imaging
targets being proposad and approved by pilot studies are endothelid activation
markers like adhesion molecules, phosphatidyl serine which targets gpoptoss
within an atheroclerotic plague, scavenger receptors on foamy macrophages,

253

matrix-metalloproteinases|ike gel atinases and coll agenases, angiogenesismarkers
like integrin &v&3. New concept of targeted drug delivery using specific drugs
conjugated to surfaceof imaging particlesincorporated intoitsstructureiscurrently
under research?®.

TREATMENT

Recent advances in the learning of atherosclerosis has brought forward the fact
that quaitative aspects of the plagues are the chief determinants of the acute
complications likely to occur in an atheroscleratic plague. In the past era flow-
limiting arterid stenoses and functiona indexes of end-organ ischemiawere used
as a guide to therapies. But now focus is on dleviating the vulnerability of the
plaqueso asto prevent itscomplications. Beyond thelifestylemeasuresof exercise
and diet, pharmacotherapy with statins, PPAR-a activators, and ACE inhibitors
may owe ther clinica benefitsin part to an anti-inflammeatory action™.

CONCLUSION

Coronary Artery Diseass(CAD) is the most frequent cause of hogpitdization in
western countries. Thestenatic/stable plaquesarel essproneto disruption and rarely
causes MI. They produce ischaemic symptoms which are managed by
revascularization procedures. The non-stenatic/vulnerable plagues are prone to
rupture and responsiblefor most cases of MI. Thus it isimportant to identify both
stenatic and non-stenatic plagues by imaging techniques. Thereis an urgent need
tobring theidentified molecular imaging targetsintodinical practice. A vulnerable
plague once detected, demands critical observation by the physician so that with
aggressvemedica management, the chancesof undergoing aninvasive procedure
can be lessened.
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