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INTRODUCTION

ardiovasculardiseasesaretheleadingcauseof

deathworldwidecausingabout45.0millionadult

deathsworldwidein2002.Halfofsuchdeathsarecaused

bycoronaryarterydisease(CAD).1,2 Accordingtothe

WorldHealthOrganization(WHO),CADcause16.7million

deathsintheworldeachyear.3

Invasiveconventionalcoronaryangiography(CCA)

is the gold standard technique for diagnosis and

selectionofbesttreatmentforCAD.4

The detection of cardiac calcification by

echocardiography(non-coronaryarterycalcification)has

alsobeenshowntobeassociatedwithatherosclerosis,

severecoronaryarterycalcification.Itmaybeofvaluein

theevaluationofpatientssuspectedofhavingCAD.5,6

Usingalargeechocardiographicdatabase,Mitral

annular calcification (MAC) was found to be

independently associated with incident CVD,

cardiovasculardeath,and all-cause death.Itcan be

consideredasanoverallmarkerofatheroscleroticburden.

Thisfinding confirmstheimportanceofan abnormal

mitralannulusasanimportantprognosticmarker.7,8

Inthisstudywearegoingtodetecttheroleof

echocardiographycalcium score as predictive toolof

severityofcoronaryarterydiseaseincorrelationwiththe

C



Introduction

2

patients'coronaryangiographyandlipidprofile.
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AIM OFWORK

heaim ofourstudyistodeterminethecorrelation

ofechocardiographycalcium score and aortic

stiffnesstoseverityofcoronaryarterydisease.
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Chapterone

ATHEROSCLEROTICCORONARY
ARTERYDISEASE

he 2016 HeartDisease and Stroke Statistics

updateoftheAmericanHeartAssociation(AHA)

reportedthat15.5millionpersons≥20yearsofageinthe

USAhavecoronaryarterydisease(CAD).Thisprevalence

increaseswithageforbothwomenandmenandithas

beenestimatedthatapproximatelyevery42seconds,an

Americanwillsufferforamyocardialinfarction(MI).9

1-Epidemiology

The true frequency of atherosclerosis is very

difficultto be accuratelydetermined because itis a

predominantlyasymptomaticcondition.Theprocessof

atherosclerosisbeginsinchildhoodwiththedevelopment

offatty streaks in the aorta shortly afterbirth and

increaseinthoseaged8-18years.Moreadvancedlesions

appearattheageof25.Subsequently,theprevalenceof

theadvancedcomplicatedlesionsofatherosclerosisand

theorgan-specificclinicalmanifestationsofthedisease

increasewithagethroughthefifthandsixthdecadesof

life.10

Althoughtheabsolutenumbersofcardiovascular
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diseasedeathshavesignificantlyincreasedsince1990,

theage-standardizeddeathratehasdecreasedby22%

overthe same period mainly due to a shiftin age

demographicsandcausesofdeathworldwide.11

MIprevelancewascomparedbysexintwotime

periodsandfoundtobehigherinmencomparedwith

womeninthetwoperiods,butittendedtodeclineinmen

over time,while the opposite trend was found in

women.12

Fortotalcoronaryevents,theincidenceincreases

steeplywithage,withwomenlaggingbehindmen.thesex

ratioforincidencenarrowedprogressivelywithadvancing

age.13

2-Pathophysiology

Previouslyconsideredacholesterolstoragedisease,

we currentlyunderstand atherogenesis as a complex

interactionofriskfactorsincludingcellsofthearterywall

and the blood and molecular messages that they

exchange.Inflammation a majorrole in allstagesof

atherogenesis and also participates in the local,

myocardial, and systemic complications of

atherosclerosis.14

Majormessagesexchangedamongthecelltypes
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involved in atherogenesis depend on mediators of

inflammationand immunity,including smallmolecules

thatinclude lipid mediators such as prostanoids and

otherderivativesofarachidonicacid,eg,theleukotrienes.

Otherautacoids,suchashistamine,classicallyregulate

vascular tone and increase vascular permeability.

Recently, much attention has focused on protein

mediatorsofinflammationandimmunity,includingthe

cytokinesandcomplementcomponents.15

Drivenbytheascendancyofangiographyandthe

successofrevascularizationstrategiesthattargetarterial

stenoses,thedegreeofarterialnarrowingdominatedour

thinkingaboutthepathophysiologyofCADfordecades.

Weviewedtheriskofeventsasdependentonthedegree

of stenosis and envisioned atherosclerosis as a

segmentalorfocaldisease.10

Figure(1): Simplifiedschemaofdiversityoflesionsinhumancoronary
atherosclerosis.10
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Therearemorphologicalextremesofcoronaryatheroscleroticplaques;
Stenoticlesionstend to havesmallerlipid cores,morefibrosis,and
calcification;thickfibrouscaps;and lesscompensatoryenlargement
(positiveremodeling).Nonstenoticlesionsgenerallyoutnumberstenotic
plaques and tend to have large lipid cores and thin,fibrous caps
susceptibletoruptureandthrombosis.Theymaycausenosymptomsfor
manyyearsbutwhendisruptedcanprovokeepisodeofunstableangina
orMI.Manycoronaryatheroscleroticlesionsmayliebetweenthese2
extremesandbothtypesoflesionsusuallycoexistingivenhigh-risk
individual, produce mixed clinical manifestations, and require
multiprongedmanagement.10

Anew perspectivewasthat,atheroscleroticlesion

growsoutward,orabluminally,ratherthaninward.Thus,a

substantialburdenofatherosclerosiscanexistwithout

producingstenosis.Intravascularultrasoundstudieshave

confirmed in vivo older autopsy studies: Stenosis

representsthe“tipoftheiceberg”ofatherosclerosis.16-18

Bythetimelesionshaveprogressedtothepointof

producing stenoses, intimal atherosclerosis usually

abounds in a widespread, diffuse distribution. The

recognitionoftheubiquityofsubstantialbutnon–flow-

limiting atherosclerotic lesions has considerable

consequencesforourcurrentunderstandingoftheacute

coronarysyndromes.19

3-Screeningforcardiovascularrisk:

Guidelines on screening forcardiovascularrisk,

released in late 2013 by the American Heart

Association/AmericanCollegeofCardiology(AHA/ACC),
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recommend use ofa revised calculatorthatuses a

combination ofclinicaland laboratoryrisk factors to

estimate risk.The 10-yearrisk ofdeveloping a first

atherosclerotic cardiovasculardisease (CVD)eventis

definedasnonfatalMI,deathfrom CAD,orstroke(fatal

ornonfatal)in a person who was initiallyfree from

atheroscleroticCVD.20

Forpatients20-79yearsofagewhodonothave

existing clinical atherosclerotic CVD,the guidelines

recommendassessingclinicalriskfactorsevery4-6years.

Forpatientswithlow10-yearrisk(<7.5%),theguidelines

recommendassessing30-yearorlifetimeriskinpatients

20-59yearsold.

Regardlessofthepatient’sage,cliniciansshould

communicate risk data to the patientand referto

the AHA/ACC lifestyleguidelines,whichcoverdietand

physicalactivity.Forpatientswithelevated10-yearrisk,

cliniciansshouldcommunicateriskdataandrefertothe

AHA/ACCguidelinesonbloodcholesterolandobesity.20

In2015,theAmericanCollegeofPhysicians(ACP)

releasedguidelinesonscreeningforCAD.Thereisno

evidence that cardiac screening improves patient

outcomesinasymptomatic,low-riskadultsandmaylead

tounnecessarytestsandprocedures.Cliniciansshould

thereforeemphasizestrategiestoreducecardiovascular
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risk even furtheramong low-risk adults by treating

modifiable risk factors (smoking, diabetes, blood

pressure,hyperlipidemia,overweight,andexercise).The

ACP recommendations do notapply to symptomatic

patientsortoscreeningathletesbeforeparticipationin

variousevents.21

4-ApproachConsiderations:

1-LabTests:

Routinebloodtestsincludecompletebloodcount

(CBC),chemistrypanel, lipidprofile,andthyroidfunction

tests (to exclude thyroid disorders).1 Routine

measurement of blood glucose and hemoglobin A1Cis

appropriateinpatientswithdiabetesmellitus.22

Fastinglipidprofileincludes;Totalcholesterollevel,

LDL cholesterol (LDL-C)level,HDL cholesterol (HDL-C)

level,Triglyceride leveland otherSpecificlipid studies

thatinclude;Small,denseLDL-C level,Lipoprotein (a)

level,ApoproteinprofileandDirectmeasurementofHDL-

C.10

C-Reactive Protein (CRP) appears to provide

prognosticinformationforCAD,theCRPassaymustbe

standardizedbeforeCRP testinghasaclinicalbenefit.

MenwithCRPlevelsinthehighestquartilehada3-fold
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greaterriskofMI.23

2-Imaging:

A-functionalimaging:

Thehallmarkoffunctionalimagingisthedetection

ofCADbyassessingthehaemodynamicconsequences

ofCADratherthanbydirectvisualisationofthecoronary

arteries.Forthis purpose,regionalperfusion orwall

motionabnormalitiesareinduced(orworsened)during

stress, reflecting the presence of stress induced

ischaemia.24

Ischaemiainductionisbasedontheprinciplethat

although resting myocardial blood flow in regions

suppliedbystenoticcoronaryarteriesispreserved,the

increased flow demand during stress cannotbe met,

resulting in asequenceofeventsreferred to as“the

ischaemiccascade”.25

Initially perfusion abnormalities are induced,

followed by diastolic and (ata laterstage)systolic

dysfunction;onlyattheveryendofthecascadedoECG

changesandanginaoccur.Accordingly,theoccurrenceof

perfusion abnormalities during stress may be more

sensitiveforthedetectionofCADthantheinductionof

systolicdysfunction.25(figure2)



ReviewofLiterature AtheroscleroticCoronaryArtery
Disease

11

Figure(2):Ischemiccascadeofcoronaryarterydisease.26
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1-SPECT:

Twosetsofimagesareobtained:afterstressand

atrest.Ingeneral,reversibleandirreversibledefectsare

considered indicative ofCAD.While reversible (stress

induced)defects reflectischaemia,irreversible (fixed)

defectsmainlyrepresentinfarctedmyocardium.27

Imagesareinterpretedvisuallyorusingautomated

quantification.Forsegmentationoftheleftventricle(LV),

a17segmentmodelisdeveloped,thatcanbeappliedto

allfunctionalimagingmodalities.27 (figures3,4)

Figure(3): Myocardialperfusiondefectintc99.27
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Figure(4): the17segmentmodelusedinstressimaging.27

2-StressEchocardiography:

Itis used forthe routine evaluation of(stress

inducible)wallmotion abnormalities;both resting and

stressinduced(orworsened)wallmotionabnormalities

areindicativeofCAD.Whilestressinduced(orworsened)

wallmotionabnormalitiesreflectischemia,restingwall

motion abnormalities mainly represent infarcted

myocardium.24(figure5)
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Figure(5):SWMAinducedwithstressechocardiography.24

3-MRI:

A relativelynew techniquetoevaluatemyocardial

perfusionisMRI.Forthispurpose,5–8slicesintheshort

axisorientationareimagedduringthefirstpassofa

bolusofacontrastagent.Imagingisrepeatedduring

pharmacologicalstress.24(figure6)

Theexcellentendocardialblood poolcontrastis

particularly beneficial for patients with poor

echocardiographicwindows.Unfortunately,MRIisstill

limited to highly specialised centres and acquisition

protocolsarestilltimeconsuming,makingthetechnique

currentlyunsuitableforevaluationoflargerpopulations.

NoMRIstudieswithintegrationofsystolicwallmotion
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andperfusiontodetectCADarecurrentlyavailable.24

Figure (6):MRIimaging with pharmacologicalstress showing
Magneticresonanceperfusionimagesduringrest(panelA)and
stress(panelB)showingafixedperfusiondefectintheinferior
perfusiondefectintheinferiorwall(whitearrows).24

B-Anatomicalimaging:

Althoughasafeandaccurateevaluationofpatients

withknownorsuspectedCAD isofferedbyfunctional

imaging,inasubstantialnumberofpatientsanatomical

imagingisneeded.Inpatientswithabnormalstresstests,

directvisualisationofthecoronarytreeisstillrequiredfor

thedefinitediagnosisofCADanddecisionontreatment

strategy.24

Inothercasesdiffuseatherosclerosisinallmajor

epicardialvesselsisfrequentlypresent,resultinginthe

absence of detectable perfusion abnormalities and


