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1.REGULATIONOFMEANARTERIALPRESSURE:

Ineachcardiaccyclearterialbloodpressurefluctuatesbetweendiastolicand

systolicpressure.However,thebodybehavesfrom daytodayasifitregulatedthemean

arterialbloodpressure,whichistheaveragebetweendiastolicandsystolicpressures.

Suchregulationisachievedbyinterdependentadjustmentsofonly3parameters:Heart

rate(HR),ventricularstrokevolume(SV)andtotalperipheralvascularresistance(TPVR).

Thesearerelatedasfollows:HR-SV=CardiacOutput(CO);CO-TPVR=MeanArterial

BloodPressure.Theregulatorysystem includesstretch-sensitivesensors,central

nervousintegrators/evaluatorsandneuro-humoraleffectormechanisms.Central

nervousintegrationandevaluationofincomingsignalsoccursmostlyinthe

pons/medullaregionsofthemidbrain.Themostimportanteffectormechanismsarethe

parasympatheticandsympatheticdivisionsoftheautonomicnervoussystem,the

renin-angiotensinsystem andvasopressin.Short-term regulationofarterialblood

pressureisdominatedbythebaroreceptormechanism,wherebypressureissensedby

bothcardio-pulmonarynerveendingsandstretch-sensitivecellsinrenalafferent

arterioles.Long-term regulationinvolvesmainlytheregulationofextracellularfluid

volumebypressurenatriuresismechanismsresidinginthekidneyandbywidespread

actionsofangiotensin.Studiesinhypertensiveshavesuggestedthatthe

long-term-controlledvariableisnotarterialbloodpressure,butthebalancebetween

intakeandoutputoffluidandelectrolytes.Ifthekidneyrequiresahigherperfusion

pressuretoachievethatbalancethendailybloodpressureregulationoccursaroundan

appropriatelyhighersetpoint.

Long-term regulationofarterialpressureislinkedcloselytovolumehomeostasis

throughtherenalbodyfluidfeedbackmechanisms.Akeyfeatureoftherenalbodyfluid

feedbackcontrolsystem ispressurenatriuresisortheabilityofthekidneystorespond

tochangesinarterialpressurebyalteringtherenalexcretionofsaltandwater.

Importantly,neurallyinducedchangesinperipheralresistanceandcardiacoutput,which

areessentialforrapidregulationofarterialpressure,doalterarterialpressure

chronically,unlesstheyarealsoassociatedwithsustainedchangesinrenalexcretory



function.Thesensitivityofthepressurenatriuresismechanism canbemodifiedbya

numberofextrarenalneurohormonalregulatorysystems.Forexample,onehormonal

system thatisparticularlyimportanttoarterialpressurehomeostasisisthe

renin-angiotensinsystem.Thisisbecausetherenin-angiotensinsystem isa

nonadaptinghormonalmechanism thatchronicallyaltersthesensitivityofpressure

natriuresis.Asarterialpressureorsodium intakeincreases,therenin-angiotensin

system issuppressed,whichenhancestheabilityofthekidneystoexcretesaltand

water.Conversely,wheneitherarterialpressureorsodium intakeisreduced,high

endogenouslevelsofangiotensin(Ang)IIdecreaserenalexcretoryfunction,which

promotessodium retention.Intheabsenceofappropriatechangesinthe

renin-angiotensinsystem,thereisanabnormalshiftinthepressurenatriuresis

relationship,resultinginsustainedalterationsinarterialpressure.Althoughthe

importanceoftherenin-angiotensinsystem inlong-term regulationofarterialpressureis

firmlyestablished,itisunclearwhetherthesympatheticnervoussystem alsoplaysa

similarroleinbodyfluidvolumeandarterialpressurehomeostasis.Onewayinwhich

thesympatheticnervoussystem couldalterpressurenatriuresisandcontributeto

long-term regulationofarterialpressureisthroughchangesinrenalsympatheticnerve

activity.Indeed,thereisconsiderableevidencefrom acutestudiesthat

baroreflex-mediatedchangesinrenalsympatheticnerveactivityinfluencepressure

natriuresisandcontributetoshort-term regulationofbodyfluidvolumes.However,itis

notclearwhethercompensatorychangesinrenalsympatheticnerveactivityare

sustainedchronicallyandalterpressurenatriuresisduringlong-term perturbationsin

bodyfluidvolumesandarterialpressure.Thisuncertaintyisaresultoftechnical

limitationsthatpreventdeterminationofboththelong-term changesinrenal

sympatheticnerveactivityandthesodium excretoryresponsestochronicalterationsin

renaladrenergicactivity.Finally,althougharterialandcardiacbaroreflexesmediate

changesinrenalsympatheticnerveactivityduringacuteperturbationsinbodyfluid

volumesandarterialpressure,itisalsorecognizedthatbaroreceptorsresettothe

prevailinglevelofbloodpressure.Consequently,ifbaroreflexescompletelyreset,then

theycouldnotpossiblyplayaroleinthelong-term regulationofarterialpressure.

Therefore,itisnotclearwhatafferentmechanismsmightdetectchronicdisturbancesin

bodyfluidvolumesandarterialpressureandsubsequentlyevokesustained

compensatorychangesinrenalsympatheticnerveactivity.

Renin-Angiotensin-AldosteroneSystem (RAAS)

Reninisapeptidehormonereleasedbythegranularcellsofthejuxtaglomerular

apparatusinthekidney.Itisreleasedinresponseto:

.Sympatheticstimulation

.Reducedsodium-chloridedeliverytothedistalconvolutedtubule

.Decreasedbloodflowtothekidney



ReninfacilitatestheconversionofangiotensinogentoangiotensinIwhichisthen

convertedtoangiotensinIIusingangiotensin-convertingenzyme(ACE).

AngiotensinIIisapotentvasoconstrictor.Itactsdirectlyonthekidneytoincrease

sodium reabsorptionintheproximalconvolutedtubule.Sodium isreabsorbedviathe

sodium-hydrogenexchanger.AngiotensinIIalsopromotesreleaseofaldosterone.ACE

alsobreaksdownasubstancecalledbradykininwhichisapotentvasodilator.Therefore,

thebreakdownofbradykininpotentiatestheoverallconstrictingeffect.Aldosterone

promotessaltandwaterretentionbyactingatthedistalconvolutedtubuletoincrease

expressionofepithelialsodium channels.Furthermore,aldosteroneincreasesthe

activityofthebasolateralsodium-potassium ATP-ase,thusincreasingthe

electrochemicalgradientformovementofsodium ions.Moresodium collectsinthe

kidneytissueandwaterthenfollowsbyosmosis.Thisresultsindecreasedwater

excretionandthereforeincreasedbloodvolumeandthusbloodpressure.

Anti-DiureticHormone(ADH)

Thesecondmechanism bywhichbloodpressureisregulatedisreleaseofAntiDiuretic

Hormone(ADH)from theOVLTofthehypothalamusinresponsetothirstoran

increasedplasmaosmolarity.

ADHactstoincreasethepermeabilityofthecollectingducttowaterbyinserting

aquaporinchannels(AQP2)intotheapicalmembrane.

Italsostimulatessodium reabsorptionfrom thethickascendinglimboftheloopof

Henle.Thisincreaseswaterreabsorptionthusincreasingplasmavolumeanddecreasing

osmolarity.

FurtherControlofBloodPressure

Otherfactorsthatcanaffectlong-term regulationofbloodpressurearenatriuretic

peptides.Theseinclude:

Atrialnatriureticpeptide(ANP)issynthesisedandstoredincardiacmyocytes.Itis

releasedwhentheatriaarestretched,indicatingofhighbloodpressure.ANPactsto

promotesodium excretion.Itdilatestheafferentarterioleoftheglomerulus,increasing

bloodflow(GFR).Moreover,ANPinhibitssodium reabsorptionalongthenephron.

Conversely,ANPsecretionislowwhenbloodpressureislow.

ProstaglandinsactaslocalvasodilatorstoincreaseGFRandreducesodium

reabsorption.Theyalsoacttopreventexcessivevasoconstrictiontriggeredbythe

sympatheticnervousandrenin-angiotensin-aldosteronesystems.



2.

A. PULMONARYCIRCULATION:

Deoxygenatedbloodleavestheheart,goestothelungs,andthenre-enters

theheart;Deoxygenatedbloodleavesthroughtherightventriclethroughthepulmonary

artery.From therightatrium,thebloodispumpedthroughthetricuspidvalve(orright

atrioventricularvalve),intotherightventricle.Bloodisthenpumpedfrom theright

ventriclethroughthepulmonaryvalveandintothemainpulmonaryartery.

Lungs

Thepulmonaryarteriescarrydeoxygenatedbloodtothelungs,wherecarbondioxideis

releasedandoxygenispickedupduringrespiration.Arteriesarefurtherdividedintovery

finecapillarieswhichareextremelythin-walled.Thepulmonaryveinreturnsoxygenated

bloodtotheleftatrium oftheheart.

Veins

Mainstructure:Pulmonaryvein

Theoxygenatedbloodthenleavesthelungsthroughpulmonaryveins,whichreturnitto

theleftpartoftheheart,completingthepulmonarycycle.Thisbloodthenenterstheleft

atrium,whichpumpsitthroughthemitralvalveintotheleftventricle.From theleft

ventricle,thebloodpassesthroughtheaorticvalvetotheaorta.Thebloodisthen

distributedtothebodythroughthesystemiccirculationbeforereturningagaintothe

pulmonarycirculation.

Arteries

Mainstructure:Pulmonaryartery

From therightventricle,bloodispumpedthroughthesemilunarpulmonaryvalveintothe

leftandrightmainpulmonaryarteries(oneforeachlung),whichbranchintosmaller

pulmonaryarteriesthatspreadthroughoutthelungs.

Development

Thepulmonarycirculationloopisvirtuallybypassedinfetalcirculation.Thefetallungs

arecollapsed,andbloodpassesfrom therightatrium directlyintotheleftatrium

throughtheforamenovale:anopenconduitbetweenthepairedatria,orthroughthe

ductusarteriosus:ashuntbetweenthepulmonaryarteryandtheaorta.Whenthelungs

expandatbirth,thepulmonarypressuredropsandbloodisdrawnfrom therightatrium

intotherightventricleandthroughthepulmonarycircuit.Overthecourseofseveral

months,theforamenovalecloses,leavingashallowdepressionknownasthefossa

ovalis.



Clinicalsignificance

Anumberofmedicalconditionscanaffectthepulmonarycirculation.

.Pulmonaryhypertensiondescribesanincreaseinresistanceinthepulmonaryarteries

.Pulmonaryembolusisabloodclot,usuallyfrom adeepveinthrombosisthathaslodged

inthepulmonaryvasculature.Itcancausedifficultybreathingorchestpain,isusually

diagnosedthroughaCTpulmonaryangiographyorV/Qscan,andisoftentreatedwith

anticoagulantssuchasheparinandwarfarin.

.Cardiacshuntisanunnaturalconnectionbetweenpartsoftheheartthatleadstoblood

flowthatbypassesthelungs

.Vascularresistance

.Pulmonaryshunt

B. CIRCLEOFWILLIS:

TheCircleofWillisisthejoiningareaofseveralarteriesatthebottom (inferior)

sideofthebrain.AttheCircleofWillis,theinternalcarotidarteriesbranchintosmaller

arteriesthatsupplyoxygenatedbloodtoover80%ofthecerebrum.ThecircleofWillis

(alsocalledWillis'circle,loopofWillis,cerebralarterialcircle,andWillispolygon)isa

circulatoryanastomosisthatsuppliesbloodtothebrainandsurroundingstructures.Itis

namedafterThomasWillis(1621—1675),anEnglishphysician.

Structure

ThecircleofWillisisapartofthecerebralcirculationandiscomposedofthefollowing

arteries:

.Anteriorcerebralartery(leftandright)

.Anteriorcommunicatingartery

.Internalcarotidartery(leftandright)

.Posteriorcerebralartery(leftandright)

.Posteriorcommunicatingartery(leftandright)

Themiddlecerebralarteries,supplyingthebrain,arenotconsideredpartofthecircleof

Willis.



Originofarteries

Theleftandrightinternalcarotidarteriesarisefrom theleftandrightcommoncarotid

arteries.

Theposteriorcommunicatingarteryisgivenoffasabranchoftheinternalcarotidartery

justbeforeitdividesintoitsterminalbranches-theanteriorandmiddlecerebralarteries.

TheanteriorcerebralarteryformstheanterolateralportionofthecircleofWillis,while

themiddlecerebralarterydoesnotcontributetothecircle.

Therightandleftposteriorcerebralarteriesarisefrom thebasilarartery,whichis

formedbytheleftandrightvertebralarteries.Thevertebralarteriesarisefrom the

subclavianarteries.

Theanteriorcommunicatingarteryconnectsthetwoanteriorcerebralarteriesandcould

besaidtoarisefrom eithertheleftorrightside.

Allarteriesinvolvedgiveoffcorticalandcentralbranches.Thecentralbranchessupply

theinteriorofthecircleofWillis,morespecifically,theInterpeduncularfossa.The

corticalbranchesarenamedfortheareatheysupply.Sincetheydonotdirectlyaffect

thecircleofWillis,theyarenotdealtwithhere.

Variation

ConsiderableanatomicvariationexistsinthecircleofWillis.Basedonastudyof1413

brains,theclassicanatomyofthecircleisonlyseenin34.5%ofcases.Inonecommon

variationtheproximalpartoftheposteriorcerebralarteryisnarrowanditsipsilateral

posteriorcommunicatingarteryislarge,sotheinternalcarotidarterysuppliesthe

posteriorcerebrum;thisisknownasafetalposteriorcommunicatingcerebralartery.In

anothervariationtheanteriorcommunicatingarteryisalargevessel,suchthatasingle

internalcarotidsuppliesbothanteriorcerebralarteries;thisisknownasanazygos

anteriorcerebralartery.

Function

Thearrangementofthebrain'sarteriesintothecircleofWilliscreatesredundancy

(analogoustoengineeredredundancy)forcollateralcirculationinthecerebralcirculation.

Ifonepartofthecirclebecomesblockedornarrowed(stenosed)oroneofthearteries

supplyingthecircleisblockedornarrowed,bloodflowfrom theotherbloodvesselscan

oftenpreservethecerebralperfusionwellenoughtoavoidthesymptomsofischemia.

Clinicalsignificance

.Aneurysms

.Subclavianstealsyndrome:TheredundanciesthatthecircleofWillisintroducecan

alsoleadtoreducedcerebralperfusion.Insubclavianstealsyndrome,bloodis"stolen"



from thecircleofWillistopreservebloodflowtotheupperlimb.Subclaviansteal

syndromeresultsfrom aproximalstenosis(narrowing)ofthesubclavianartery,an

arterysuppliedbytheaorta,whichisalsothesamebloodvesselthateventuallyfeeds

thecircleofWillisviathevertebralandinternalcarotidarteries.

C.SplanchnicCirculation:

Thesplanchniccirculationcomprisesthegastric,smallintestinal,colonic,

pancreatic,hepatic,andspleniccirculations.Theyarearrangedinparallelandfedbythe

celiacarteryandthesuperiorandinferiormesentericarteries.

Theresistancearteriolesaretheprimarydeterminantofvascularresistanceinthe

splanchniccirculation.Neuronalcontrolofthemesentericcirculationisalmostentirely

sympatheticinorigin.Theparasympatheticfibersfrom thevagihavelittleeffecton

bloodflow.Overallsplanchnicbloodflowrequiresabout25%ofcardiacoutput.The

splanchnicvenouscapacitancereservoircontainsaboutone-thirdofthebody'stotal

bloodvolume.Thesympatheticpostganglionicfiberscausearteriolarvasoconstriction

anddecreasesplanchnicperfusion.Sympatheticstimulationalsocontractsthesmooth

muscleofthecapacitanceveinsinthesplanchniccirculation,andmayexpelalarge

volumeofpooledbloodfrom thesplanchnicintothesystemiccirculation.

Autoregulationinthesplanchniccirculationislessmarkedthaninthecerebral,cardiac,

orrenalcirculations.Theresponseispresent,however,andservestorestoreblood

followtoareassufferinghypoperfusionbecauseofanacutereductioninperfusion

pressure.Thesplanchniccirculationalsorespondstoreducedperfusionpressurebythe

redistributionofbloodflowwithinindividualorgans.Forexample,inhypovolemicshock

perfusionusuallyfavorsthemucosaofthegutattheexpenseofthemuscularismucosa.

Theliverisuniqueinthatithasbothanarterialandavenousafferentbloodsupply.In

therestingadulttheliverreceivesapproximately500mLminofbloodviathehepatic

arteryandafurther1300mLminfrom theportalcirculation.

Thesplanchniccirculationpowerfullyinfluencessystemicarterialpressureviatwo

distinctmechanisms.Widespreadcontractionofarteriesinthesplanchnicbedreduces

bloodflowtotheregion.Thelowoxygenconsumptionofsplanchnicorgansallowsfora

verylargereductioninbloodflowwithoutproducingischemia.Arterialconstriction

causesdramaticincreasesinsystemicarterialpressureandtotalperipheralresistance.

Cardiacoutputalsomayincreaseduetopassivedischargeofstoredbloodfrom

downstream veinsintothecentralcirculation.Activeconstrictionofveinsinthe

splanchnicorgansreducesregionalbloodvolume.Thishasrelativelylittleeffectontotal

peripheralresistancebutraisescardiacoutputandarterialpressurebyincreasing

centralbloodvolumeandthuscardiacpreload.Generalizedarterialandvenous

constrictioninthesplanchniccirculationoccurmainlyinresponsetoextrinsicneural

andhormonalinputs.Catecholamines,angiotensinIIandvasopressinareamongthe



mostpowerfulhormonalvasoconstrictors.Theyservethisfunctionparticularlyin

responsetomajorchallengestooverallcirculatoryhomeostasis,forexampleacute

hypovolemiacausedbyhemorrhage.Extrinsicneuralregulationisachievedalmost

exclusivelythroughthesympatheticbranchoftheautonomicnervoussystem.

Thesplanchniccirculationconsistsofthebloodsupplytothegastrointestinaltract,liver,

spleen,andpancreas.Itconsistsoftwolargecapillarybedspartiallyinseries.Thesmall

splanchnicarterialbranchessupplythecapillarybeds,andthentheefferentvenous

bloodflowsintothePV.ThePVandhepaticarterysupplybloodflowtotheliver.

Thesplanchniccirculationiscomposedofgastric,smallintestinal,colonic,pancreatic,

hepatic,andspleniccirculations,arrangedinparallelwithoneanother.Thethreemajor

arteriesthatsupplythesplanchnicorgans,cellacandsuperiorandinferiormesenteric,

giverisetosmallerarteriesthatanastomoseextensively.Thecirculationofsome

splanchnicorgansiscomplicatedbytheexistenceofanintramuralcirculation.

Redistributionoftotalbloodflowbetweenintramuralvascularcircuitsmaybeas

importantastotalbloodflow.Numerousextrinsicandintrinsicfactorsinfluencethe

splanchniccirculation.Extrinsicfactorsincludegeneralhemodynamicconditionsofthe

cardiovascularsystem,autonomicnervoussystem,andcirculatingneurohumoralagents.

Intrinsicmechanismsincludespecialpropertiesofthevasculature,localmetabolites,

intrinsicnerves,paracrinesubstances,andlocalhormones.Theexistenceofa

multiplicityofregulatorymechanismsprovidesoverlappingcontrolsandrestrictsradical

changesintissueperfusion.

D. CORONARYCIRCULATION:

Coronarycirculationisthecirculationofbloodinthebloodvesselsthatsupply

theheartmuscle(myocardium).Coronaryarteriessupplyoxygenatedbloodtotheheart

muscle,andcardiacveinsdrainawaythebloodonceithasbeendeoxygenated.Because

therestofthebody,andmostespeciallythebrain,needsasteadysupplyofoxygenated

bloodthatisfreeofallbuttheslightestinterruptions,theheartisrequiredtofunction

continuously.Thereforeitscirculationisofmajorimportancenotonlytoitsowntissues

buttotheentirebodyandeventhelevelofconsciousnessofthebrainfrom momentto

moment.Interruptionsofcoronarycirculationquicklycauseheartattacks(myocardial

infarctions),inwhichtheheartmuscleisdamagedbyoxygenstarvation.Such

interruptionsareusuallycausedbyischemicheartdisease(coronaryarterydisease)and

sometimesbyembolism from othercauseslikeobstructioninbloodflowthrough

vessels.

Coronaryarteriessupplybloodtothemyocardium andothercomponentsoftheheart.

Twocoronaryarteriesoriginatefrom theleftsideoftheheartatthebeginning(root)of

theaorta,justaftertheaortaexitstheleftventricle.Therearethreeaorticsinuses

(dilations)inthewalloftheaortajustsuperiortotheaorticsemilunarvalve.Twoof



these,theleftposterioraorticsinusandanterioraorticsinus,giverisetotheleftand

rightcoronaryarteries,respectively.Thethirdsinus,therightposterioraorticsinus,

typicallydoesnotgiverisetoavessel.Coronaryvesselbranchesthatremainonthe

surfaceoftheheartandfollowthesulcioftheheartarecalledepicardialcoronary

arteries.

Theleftcoronaryarterydistributesbloodtotheleftsideoftheheart,theleftatrium and

ventricle,andtheinterventricularseptum.Thecircumflexarteryarisesfrom theleft

coronaryarteryandfollowsthecoronarysulcustotheleft.Eventually,itwillfusewith

thesmallbranchesoftherightcoronaryartery.Thelargeranteriorinterventricularartery,

alsoknownastheleftanteriordescendingartery(LAD),isthesecondmajorbranch

arisingfrom theleftcoronaryartery.Itfollowstheanteriorinterventricularsulcusaround

thepulmonarytrunk.Alongthewayitgivesrisetonumeroussmallerbranchesthat

interconnectwiththebranchesoftheposteriorinterventricularartery,forming

anastomoses.Ananastomosisisanareawherevesselsunitetoform interconnections

thatnormallyallowbloodtocirculatetoaregioneveniftheremaybepartialblockagein

anotherbranch.Theanastomosesintheheartareverysmall.Therefore,thisabilityis

somewhatrestrictedintheheartsoacoronaryarteryblockageoftenresultsin

myocardialinfarctioncausingdeathofthecellssuppliedbytheparticularvessel.

Therightcoronaryarteryproceedsalongthecoronarysulcusanddistributesbloodto

therightatrium,portionsofbothventricles,andtheheartconductionsystem.Normally,

oneormoremarginalarteriesarisefrom therightcoronaryarteryinferiortotheright

atrium.Themarginalarteriessupplybloodtothesuperficialportionsoftheright

ventricle.Ontheposteriorsurfaceoftheheart,therightcoronaryarterygivesrisetothe

posteriorinterventricularartery,alsoknownastheposteriordescendingartery.Itruns

alongtheposteriorportionoftheinterventricularsulcustowardtheapexoftheheart,

givingrisetobranchesthatsupplytheinterventricularseptum andportionsofboth

ventricles.

Anastomoses

Castofcoronaryarteries(right=yellow,left=red)

Therearesomeanastomosesbetweenbranchesofthetwocoronaryarteries.However

thecoronaryarteriesarefunctionallyendarteriesandsothesemeetingsarereferredto

aspotentialanastomoses,whichlackfunction,asopposedtotrueanastomoseslike

thatinthepalm ofthehand.Thisisbecauseblockageofonecoronaryarterygenerally

resultsindeathofthehearttissueduetolackofsufficientbloodsupplyfrom theother

branch.Whentwoarteriesortheirbranchesjoin,theareaofthemyocardium receives

dualbloodsupply.Thesejunctionsarecalledanastomoses.Ifonecoronaryarteryis

obstructedbyanatheroma,thesecondarteryisstillabletosupplyoxygenatedbloodto

themyocardium.However,thiscanonlyoccuriftheatheromaprogressesslowly,giving

theanastomosesachancetoproliferate.



Underthemostcommonconfigurationofcoronaryarteries,therearethreeareasof

anastomoses.SmallbranchesoftheLAD(leftanteriordescending/anterior

interventricular)branchoftheleftcoronaryjoinwithbranchesoftheposterior

interventricularbranchoftherightcoronaryintheinterventricularsulcus(groove).More

superiorly,thereisananastomosisbetweenthecircumflexartery(abranchoftheleft

coronaryartery)andtherightcoronaryarteryintheatrioventriculargroove.Thereisalso

ananastomosisbetweentheseptalbranchesofthetwocoronaryarteriesinthe

interventricularseptum.Thephotographshowsareaofheartsuppliedbytherightand

theleftcoronaryarteries.

Variation

Theleftandrightcoronaryarteriesoccasionallyarisebyacommontrunk,ortheir

numbermaybeincreasedtothree;theadditionalbranchbeingtheposteriorcoronary

artery(whichissmallerinsize).Inrarecases,apersonwillhavethethirdcoronaryartery

runaroundtherootoftheaorta.

Occasionally,acoronaryarterywillexistasadoublestructure(i.e.therearetwoarteries,

paralleltoeachother,whereordinarilytherewouldbeone).

Coronaryarterydominance

Thearterythatsuppliestheposteriorthirdoftheinterventricularseptum — the

posteriordescendingartery(PDA)determinesthecoronarydominance.

Iftheposteriordescendingarteryissuppliedbytherightcoronaryartery(RCA),thenthe

coronarycirculationcanbeclassifiedas"right-dominant".

Iftheposteriordescendingarteryissuppliedbythecircumflexartery(CX),abranchof

theleftartery,thenthecoronarycirculationcanbeclassifiedas"left-dominant".

Iftheposteriordescendingarteryissuppliedbyboththerightcoronaryarteryandthe

circumflexartery,thenthecoronarycirculationcanbeclassifiedas"co-dominant".

Approximately70%ofthegeneralpopulationareright-dominant,20%areco-dominant,

and10%areleft-dominant.Apreciseanatomicdefinitionofdominancewouldbethe

arterywhichgivesoffsupplytotheAVnodei.e.theAVnodalartery.Mostofthetime

thisistherightcoronaryartery.

Function

Supplytopapillarymuscles

Thepapillarymusclesattachthemitralvalve(thevalvebetweentheleftatrium andthe

leftventricle)andthetricuspidvalve(thevalvebetweentherightatrium andtheright

ventricle)tothewalloftheheart.Ifthepapillarymusclesarenotfunctioningproperly,



themitralvalvemayleakduringcontractionoftheleftventricle.Thiscausessomeof

thebloodtotravel"inreverse",from theleftventricletotheleftatrium,insteadof

forwardtotheaortaandtherestofthebody.Thisleakingofbloodtotheleftatrium is

knownasmitralregurgitation.Similarly,theleakingofbloodfrom therightventricle

throughthetricuspidvalveandintotherightatrium canalsooccur,andthisisdescribed

astricuspidinsufficiencyortricuspidregurgitation.

Theanterolateralpapillarymusclemorefrequentlyreceivestwobloodsupplies:left

anteriordescending(LAD)arteryandtheleftcircumflexartery(LCX).[4]Itistherefore

morefrequentlyresistanttocoronaryischemia(insufficiencyofoxygen-richblood).On

theotherhand,theposteromedialpapillarymuscleisusuallysuppliedonlybythePDA.[4]

Thismakestheposteromedialpapillarymusclesignificantlymoresusceptibleto

ischemia.Theclinicalsignificanceofthisisthatamyocardialinfarctioninvolvingthe

PDAismorelikelytocausemitralregurgitation.

Changesindiastole

Duringcontractionoftheventricularmyocardium (systole),thesubendocardialcoronary

vessels(thevesselsthatenterthemyocardium)arecompressedduetothehigh

ventricularpressures.Thiscompressionresultsinmomentaryretrogradebloodflow(i.e.,

bloodflowsbackwardtowardtheaorta)whichfurtherinhibitsperfusionofmyocardium

duringsystole.However,theepicardialcoronaryvessels(thevesselsthatrunalongthe

outersurfaceoftheheart)remainopen.Becauseofthis,bloodflowinthe

subendocardium stopsduringventricularcontraction.Asaresult,mostmyocardial

perfusionoccursduringheartrelaxation(diastole)whenthesubendocardialcoronary

vesselsareopenandunderlowerpressure.Flownevercomestozerointheright

coronaryartery,sincetherightventricularpressureislessthanthediastolicblood

pressure.

Changesinoxygendemand

Theheartregulatestheamountofvasodilationorvasoconstrictionofthecoronary

arteriesbasedupontheoxygenrequirementsoftheheart.Thiscontributestothefilling

difficultiesofthecoronaryarteries.Compressionremainsthesame.Failureofoxygen

deliverycausedbyadecreaseinbloodflowinfrontofincreasedoxygendemandofthe

heartresultsintissueischemia,aconditionofoxygendeficiency.Briefischemiais

associatedwithintensechestpain,knownasangina.Severeischemiacancausethe

heartmuscletodiefrom hypoxia,suchasduringamyocardialinfarction.Chronic

moderateischemiacausescontractionofthehearttoweaken,knownasmyocardial

hibernation.

Inadditiontometabolism,thecoronarycirculationpossessesuniquepharmacologic

characteristics.Prominentamongtheseisitsreactivitytoadrenergicstimulation.



Branches

Thefollowingarethenamedbranchesofthecoronarycirculationinaright-dominant

heart:

.Aorta

.Leftcoronaryartery/Leftmaincoronaryartery(LMCA)

.Leftcircumflexartery(LCX)

.Obtusemarginalartery#1(OM1)

.Obtusemarginalartery#2(OM2)

.Leftanteriordescendingartery(LAD)

.Diagonalartery#1

.Diagonalartery#2

.Rightcoronaryartery(RCA)

.Atrioventricularnodalbranch

.Rightmarginalartery

.Posteriordescendingartery(PDA)

.Posteriolateralartery#1(PL#1)

.Posteriolateralartery#2(PL#2)

Coronaryanatomy

Cardiacveins

Thevesselsthatremovethedeoxygenatedbloodfrom theheartmuscleareknownas

cardiacveins.Theseincludethegreatcardiacvein,themiddlecardiacvein,thesmall

cardiacvein,thesmallestcardiacveins,andtheanteriorcardiacveins.Cardiacveins

carrybloodwithapoorlevelofoxygen,from themyocardium totherightatrium.Mostof

thebloodofthecoronaryveinsreturnsthroughthecoronarysinus.Theanatomyofthe

veinsoftheheartisveryvariable,butgenerallyitisformedbythefollowingveins:heart

veinsthatgointothecoronarysinus:thegreatcardiacvein,themiddlecardiacvein,the

smallcardiacvein,theposteriorveinoftheleftventricle,andtheveinofMarshall.Heart

veinsthatgodirectlytotherightatrium:theanteriorcardiacveins,thesmallestcardiac

veins(Thebesianveins).

Coronaryarteries



Thevesselsthatdeliveroxygen-richbloodtothemyocardium arethecoronaryarteries.

Whenthearteriesarehealthy,theyarecapableofautoregulatingthemselvestomaintain

thecoronarybloodflowatlevelsappropriatetotheneedsoftheheartmuscle.These

relativelynarrowvesselsarecommonlyaffectedbyatherosclerosisandcanbecome

blocked,causinganginaoraheartattack.Thecoronaryarteriesthatrundeepwithinthe

myocardium arereferredtoassubendocardial.Thecoronaryarteriesareclassifiedas

"endcirculation",sincetheyrepresenttheonlysourceofbloodsupplytothe

myocardium;thereisverylittleredundantbloodsupply,thatiswhyblockageofthese

vesselscanbesocritical.

E. CUTANEOUSCIRCULATION:

Thecutaneouscirculationisthecirculationandbloodsupplyoftheskin.The

skinisnotaverymetabolicallyactivetissueandhasrelativelysmallenergy

requirements,soitsbloodsupplyisdifferenttothatofothertissues.

Someofthecirculatingbloodvolumeintheskinwillflowthroughwillflowthrough

arteriovenousanastomoses(AVAs)insteadofcapillaries.AVAsservearolein

temperatureregulation.Inthisarticleweshallconsiderthedifferentadaptationsofthe

cutaneouscirculation,anditsroleinbodytemperaturecontrol.

ArteriovenousAnastomoses

AVAsarelow-resistanceconnectionsbetweenthesmallarteriesandsmallveinsthat

supplyanddraintheskin.Theseallowtheshuntofblooddirectlyintothevenousplexus

oftheskin,withoutitpassingthroughcapillaries.SinceAVAscontainnocapillary

section,theyarenotinvolvedintransportofnutrientsto/from thetissues,butinstead

playamajorroleintemperatureregulation.

TemperatureRegulation

Theskinisthebodysmainheatdissipatingsurface:theamountofbloodflowtotheskin

determinesthedegreeofheatlossandthereforethecorebodytemperature.Theblood

flowthroughAVAsisheavilyinfluencedbythesympatheticnervoussystem. Atrest,

thesympatheticnervoussystem dominatesandactstoconstrictAVAs.

Anychangesincoretemperaturearedetectedbythethermoregulatorycentreinthe

hypothalamus.Itregulatestemperaturebyalteringthelevelofsympatheticoutflowto

thecutaneousvessels,toreturntemperaturetoitsnormalrange:

Inhighcoretemperatures:

Sympatheticinnervationisdecreased,reducingthevasomotortoneintheAVAs.

MorebloodflowsthroughtheAVAsandreachesthevenousplexus(closetothesurface



oftheskin),increasingheatlosstoreducecoretemperature.

Inlowcoretemperatures:

Sympatheticinnervationisincreased,increasingthevasomotortoneintheAVAs.

Lessbloodflowstotheapicalskin(ofnose,lips,ears,handsandfeet),reducingheat

losstoincreasethecoretemperature.

3.

Duringexercise,increasesincardiacstrokevolumeandheartrateraise

cardiacoutput,whichcoupledwithatransientincreaseinsystemicvascularresistance,

elevatemeanarterialbloodpressure.However,long-term exercisecanpromoteanet

reductioninbloodpressureatrest.Ameta-analysisofrandomizedcontrolled

interventionalstudiesfoundthatregularmoderatetointenseexerciseperformed3—5

timesperweeklowersbloodpressurebyanaverageof3.4/2.4mmHg.Whilethis

changemayappearsmall,recentworkshowsthatevena1mmHgreductioninsystolic

BPisassociatedwith20.3fewer(blacks)or13.3fewer(whites)heartfailureeventsper

100,000person-years.Thus,reductionsinbloodpressureobservedwhenexerciseis

includedasabehavioralinterventionalongwithdietarymodificationandweightloss

couldhaveasignificantimpactonCVDincidence.

Lowerambulatorybloodpressure,associatedwithchronicaerobicandresistance

exercise,isthoughttobedrivenlargelybyachronicreductioninsystemicvascular

resistance.Contributingtothiseffect,shearforces,aswellasreleasedmetabolites

from activeskeletalmuscleduringexercise,signaltheproductionandreleaseofnitric

oxide(NO)andprostacyclinfrom thevascularendothelium,whichpromotesenhanced

vasodilationviarelaxationofvascularsmoothmusclecells.Thiseffectisespecially

significantbecauseareductionineNOSactivitythatoccurswithagingorduetoNOS3

polymorphism,hasbeenreportedtocontributetohypertension.Long-term exercise

trainingincreaseseNOSexpressionaswellasNOproductioninhypertensiveindividuals,

consistentwiththebloodpressureloweringeffectofphysicalactivity.Animportantrole

ofNOinmediatingthevasculareffectsofexerciseisfurthersupportedbyresults

showingthatratswithhypertensioninducedbychronicNOSinhibitionundergoinga

swimmingexerciseregimenfor6weekshavesignificantlyelevatedeNOSprotein

expressionandimprovedacetylcholine-inducedvasodilation.Thus,improvementsinNO

productionandbioavailabilityappeartorepresentsignificantfactorsthatcontributeto

improvedendothelium-dependentvasodilationfollowingexercisetraining,whichcan

reducerestingvascularresistanceandlowerbloodpressure.However,inadditionto

NO-mediatedreductionsinresistancevasculartone,adaptivereductionsinsympathetic

nerveactivity,preventionorreversalofarterialstiffening,andsuppressionof

inflammationarealsolikelycontributorstothebloodpressureloweringeffectsof

exercise,althoughtheimpactofexerciseontheseoutcomesmaybepopulationspecific



(e.g.,at-riskversushealthyadults).Aswithchangesinbloodlipidprofile,itremains

uncleartowhatextentthebloodpressureloweringeffectsofexercisecanaccountfor

thebeneficialeffectsofexerciseonCVDriskandmortality.

Cardiacadaptations

Duringexercise,theheartissubjectedtointermittenthemodynamicstressesof

pressureoverload,volumeoverload,orboth.Tonormalizesuchstressandtomeetthe

systemicdemandforanincreasedbloodsupply,theheartundergoesmorphological

adaptationtorecurrentexercisebyincreasingitsmass,primarilythroughanincreasein

ventricularchamberwallthickness.Thisaugmentationofheartsizeisprimarilythe

resultofanincreaseinthesizeofindividualterminallydifferentiatedcardiacmyocytes.

Adaptiveremodelingoftheheartinresponsetoexercisetypicallyoccurswith

preservationorenhancementofcontractilefunction.Thiscontrastswithpathologic

remodelingduetochronicsustainedpressureoverload(e.g.,duringhypertensionor

aorticstenosis),whichcanproceedtoalossofcontractilefunctionandheartfailure.

Recentworkinexperimentalanimalexercisemodelshasidentifiedseveralcellularand

molecularalterationsinvolvedinthephysiologicgrowthprogram oftheheartthat

accompaniesexerciseconditioning.Whereaspathologicremodelingoftheheartis

associatedwithareductioninoxidativeenergyproductionviafattyacidoxidationand

morerelianceonglucoseutilization,mitochondrialbiogenesisandcapacityforfattyacid

oxidationareenhancedfollowingexercise.Arecentstudysuggeststhatchangesin

myocardialglycolyticactivityduringacuteexerciseandthesubsequentrecoveryperiod

canalsoplayanimportantroleinregulatingtheexpressionofmetabolicgenesand

cardiacremodeling.Possiblyupstream ofthesemetabolicchanges,studieshavealso

revealedadominantroleforIGF-1andinsulinreceptorsignaling,viathePI3K/Akt1

pathwayleadingtotheactivationoftranscriptionalpathwaysassociatedwithprotein

synthesisandhypertrophy.Untargetedapproacheshaveidentifiedothermajor

determinantsoftranscriptionalprogramsthatdrivetheexercise-inducedhypertrophic

response.Forinstance,ithasbeenreportedthatexercise-inducedreductioninthe

expressionofCCAAT-enhancerbindingproteinβ(C/EBPβ)relievesitsnegative

regulationbyCBP/p300-interactivetransactivatorwithED-richcarboxy-terminal

domain-4(Cited4).ActivationofCited4hasbeenfoundtobenecessaryfor

exercise-inducedcardiachypertrophy,andcardiac-specificoverexpressionofthegeneis

sufficienttoincreaseheartmassandprotectagainstischemia/reperfusioninjury.Other

transcriptionalpathwaysknowntobeactivatedbypathologicstimuliandcardiac

hypertrophy,suchasNFATc2,aredecreasedinexercisemodels,suggestingthatsome

signalingpathwaysactivatedduringexercise-inducedgrowthprogram maydirectly

antagonizespecificfactorsthatpromotepathologicalremodeling.

Inadditiontometabolicandmolecularremodeling,exercisecanalsopromotefunctional

adaptationoftheheart,whichmayultimatelyincreasecardiacoutputandreducethe

riskofarrhythmia.Clinicalstudieshaveshownthatexercise-trainedindividualshave

improvedsystolicanddiastolicfunction,whileresultsofstudiesusinganimalmodelsof



exerciseshowthatenduranceexercisepromotesenhancedcardiomyocyte

contraction-relaxationvelocitiesandforcegeneration.Thiseffectofexerciseon

cardiomyocytecontractilefunctionmayberelatedtoalterationsintheriseanddecay

ratesofintracellularCa2+transients,possiblyduetoenhancedcouplingefficiency

betweenL-typeCa2+channel-mediatedCa2+entryandactivationofsubsarcolemmal

ryanodinereceptors(RyR;i.e.,calcium-inducedcalcium release),andincreased

expressionandactivityofthesarcoendoplasmicreticulum Ca2+ATPase(SERCA2a)and

sodium-calcium exchanger(NCX).Inaddition,thesensitivityofthecardiomyocyte

contractileapparatusmayalsobecomemoresensitivetoCa2+,thusproducinga

greaterforceofcontractionatagiven[Ca2+]i,followingexercise.Thesechangesmayat

leastpartiallydependonupregulationoftheNa+/H+antiporterandalteredregulationof

intracellularpH.

Duringpathologicremodelingoftheheart,electricalinstabilitycanresultfrom alackof

upregulationofkeycardiacionchannelsubunitsassociatedwithactionpotential

repolarizationrelativetoanincreaseinmyocytesize.Incontrast,increasedmyocyte

sizeinphysiologicalhypertrophyisassociatedwiththeupregulationofdepolarizingand

repolarizingcurrents,whichmaybeprotectiveagainstabnormalelectricalsignalingin

theadaptedheart.Forexample,cardiacmyocytesisolatedfrom miceafter4weeksof

swim trainingwerefoundtohaveelevatedoutwardK+currentdensities(i.e.,Ito,f,

IK,slow,Iss,andIK1)andincreasedexpressionofunderlyingmolecularcomponentKv

andKirsubunitsinparallelwithincreasesintotalproteinlevels.Interestingly,afollowup

studyfoundthatwhileincreasesinK+channelsubunitexpressionfollowingexercise

trainingrequiresPI3K,thesechangesoccurindependentlyofAkt1andhypertrophy.

Bloodandvasculature

Theoxygencarryingcapacityofblood,determinedbythenumberofcirculating

erythrocytesandtheirassociatedintracellularhemoglobinconcentration,isanimportant

determinantofexerciseperformanceandresistancetofatigue.Highenduranceathletes

commonlyhaveathlete'sanemia,possiblyduetolossoferythrocytes,orlowhematocrit

secondarytoanexpansionofplasmavolume.Yet,overalltotalerythrocytemassis

increasedinathletes,especiallythosewhotrainathighaltitude.Thisisinpartduetoa

dose-dependenteffectofO2onhypoxia-induciblefactor(HIF)-mediatederythropoietin

productionaswellasupregulationoferythropoietinreceptors,irontransporters,and

transferrins.Multiplestudieshaveshownthathematopoiesisisenhancedimmediately

followingexercise.Intenseexerciseisassociatedwiththereleaseofavarietyofstress

andinflammatoryfactorsthatareactiveonthebonemarrowsuchascortisol,IL-6,

TNF-α,PMNelastase,andgranulocytecolonystimulatingfactor.AlthoughHPCsappear

tomodestlydeclineintheperiodimmediatelyfollowinganexercisesessionin

conditionedrunners,onestudyfoundthatcirculatingCD34+hematopoieticprogenitor

cellcountswere3-to4-foldhigherinrunnersvs.non-runnersatbaseline,whichmay

representanadaptiveresponsethatfacilitatestissuerepair.Asubsequentstudyfound

thataboutofintenseexercisewasassociatedwithareleaseofCD34+/KDR+



endothelialprogenitorcellsfrom thebonemarrowandthatthiseffectwasenhancedin

individualswithelevatedLDL/HDLandLDL/TCprofiles.Likewise,asignificantincrease

inthenumberofcirculatingEPCs,associatedwithincreasedlevelsofVEGF,HIF-1α,and

EPOwasfoundwithinhoursaftervaryingintensitiesofresistancetraininginwomen.

Nonetheless,thephysiologicalsignificanceoftheseresponsesremainsunclear,asthe

effectsofexerciseonangiogenesisandthewoundhealingresponsehavenotbeen

systematicallystudied.

Theresistancearterialvascularnetworkalsoundergoesfunctionalandstructural

adaptationtoexercise.Duringacuteexercise,smallarteriesandpre-capillaryarterioles

thatsupplybloodtotheskeletalmusclesmustdilatetoincreasebloodflowthroughthe

releaseofvasodilatorysignals(e.g.,adenosine,lactate,K+,H+,CO2)from active

surroundingmuscle.Repeatedexerciseleadstoanadaptiveresponseinskeletalmuscle

arteriolesthatincludesincreasedvasculardensitycoupledwithgreatervasodilatory

capacity,suchthatenhancedperfusioncanoccurafterconditioning.Thismaybepartly

duetoadaptationoftheendothelium tothecomplexinterplayofrecurrentvariationsin

hemodynamicstressesandvasodilatorystimuliofexercise.EndothelialsynthesisofNO

isgreatlyincreasedatrestandduringexerciseinconditionedindividuals/animals.A

similaradaptiveresponsetoexercisehasalsobeennotedinthecoronaryvasculature,

whichmustdilatetomeettheincreasedmetabolicdemandsofthemyocardium .

Exercise-trainedhumansandanimalsdemonstratereducedmyocardialbloodflowat

rest,whichmayreflectareductionincardiacoxygenconsumptionprimarilyasaresult

oflowerrestingheartrate.However,alargebodyofevidencesuggeststhatmultiple

mechanismsconvergetoenhancetheabilityofthecoronarycirculationtodelivera

greatersupplyofoxygentotheconditionedmyocardium duringexercise.Thisincludes

structuraladaptationsconsistingofanexpansioninthedensityofintramyocardial

arteriolesandcapillariesaswellasenhancedmicrovascularcollateralformation.

Additionally,likeskeletalmusclearterioles,coronaryarterialnetworkenhancesits

responsivenesstovasoactivestimuliviaanumberofdistinctmechanismsincluding,but

notlimitedto,augmentationofendothelialNOproduction,alteredresponsivenessto

adrenergicstimuli,orchangesinthemetabolicregulationofvasculartone.Inaddition,

somestudiesimplicatehydrogenperoxide(H2O2)-mediatedvasodilationinopposing

exertion-inducedarterialdysfunctioninoverweightobeseadultsafteraperiodof

exercisetraining,suggestingenhancedcontributionofNO-independentmechanismsto

improvedmicrovascularendothelialfunctionwithexercise.Collectively,these

adaptationsmayacttosupportenhancedmyocardialfunctionandincreasedcardiac

outputduringrepeatedexercise,andincreasedtotalbodyoxygendemandfollowing

exerciseconditioning.Furtheradvancementofourunderstandingofhowbloodflowis

improvedinresponsetoexercisecouldleadtonoveltherapeuticstrategiestopreventor

reverseorganfailureinpatientsresultingfrom inadequatebloodflow.


