
NAME:NJOKUPRINCEONYEKACHI-JUNIOR

DEPARTMENT:MBBS

LEVEL:200

MATRIC.NUMBER:18/MHS01/228



1.SystemicArterialPressure-Long-term Regulation:

WhilechangestotheSystemicVascularResistance(SVR)cantransientlyaffectthe

systemicarterialpressure,arterialpressurestendtoreturntotheiroriginalbaselinewithinhours

evenifthechangestoSVRaremaintained.Avarietyofempiricalstudieshavedemonstrated

thatlong-term controlofthesystemicarterialpressureovertimescalesofdays,weeks,and

monthsisprincipallyregulatedbythekidneysandisnotdependentonchangestothesystemic

vasculature.Thecapacityofthekidneystocontrolarterialpressuredependsontheirabilityto

modifytheextracellularfluid(ECF)volumewhichinahealthyindividualdeterminesthetotal

bloodvolume.Wefirstdiscusshowkidneyscancontroltheextracellularfluidvolumeand

subsequentlydescribehowECFvolumeisconnectedtosystemicarterialpressuresinhealthy

andpathologiccontexts.Theconceptsdiscussedhereheavilydependonasound

understandingofrenalphysiology;consequently,itmaybeworthwhiletorevisitthispageafter

readingthroughtheRenalPhysiologysection.

RenalVolumeRegulation

Thekidneysrespondtochangesinsystemicarterialpressurebymodifyingtheirurinary

excretionofsodium andwater.Whenarterialpressuresareelevated,renalurinaryexcretionof

sodium andwaterincreases;conversely,whenarterialpressuresaredeficient,renalurinary

excretionofsodium andwaterdecreases.Themechanismswhichconnectchangesinarterial

pressurestorenalurinaryexcretionofsaltandwateraredescribedmorefullyinECFvolume

regulationandprincipallyrelyonmechanismspressurenatriuresisandtheRAASSystem.

Nevertheless,thisrelationshipbetweensystemicarterialpressuresandrenalurinaryexcretion

islargelyindependentoftheSVR;consequently,whetherornottheSVRishighorlow,the

kidneyswillrespondasdescribedabovebymatchingtheirurinaryexcretiontotheeffective

systemicarterialpressure

AsdescribedmorefullyinECFvolumeregulationthecapacityofthekidneystoregulateurinary

saltandwaterexcretionallowstheseorganstoregulatethetotalECFvolumewhich,as

discussedbelow,isamajordeterminantofsystemicarterialpressureinhealthyindividuals.

Takentogether,therelationshipbetweenarterialpressure,renalsaltandwaterexcretion,and

ECFvolumeresemblesanegativefeedbackcontrolcircuitinwhichchangestoarterialpressure

modulaterenalsodium andwaterexcretionwhichinturnaffectECFvolumeandthusmodulate

arterialpressure.Onceagain,thisnegativefeedbackappearstoactcompletelyindependentlyof

theSVRandexplainswhychangestotheSVRcanonlyaffectarterialpressurestransiently.

WhilearapidincreaseinSVRwillimmediatelyboostthebloodpressure,thekidneyswill

respondbyprogressivelyexcretingsaltandwater,thusreducingtheECFvolumeandthus

causingaslowdeclineinarterialpressure.Conversely,whilearapiddecreaseinSVRwill

immediatelyreducethebloodpressure,thekidneyswillrespondbyretainingmoresaltand

waterthanthatingested,thusincreasingtheECFvolumeandthuscausingaslowincreasein

thearterialpressure



ECFVolumeandArterialPressure

Overview

Inhealthyindividualsthetotalvolumeoftheextracellularfluidisproportionaltothesystemic

arterialpressure.Althoughthismayappeartobeanintuitiverelationship,thephysiological

mechanism bywhichthesetwovariablesarelinkedisrathercomplexandisdescribedbelow.

However,inavarietyofdiseasestatestheconnectionbetweenECFVolumeandarterial

pressureisderangedwhichcanleadtoincreasesinECFvolumewithoutproportional

enhancementsofsystemicarterialpressure.

HealthyState

Inhealthyindividuals,increasesinECFvolumeresultinaproportionalincreaseinthetotalblood

volume.Asdescribedinourdiscussionofthevascularfunctioncurve,anincreaseintotalblood

volumewillenhancethe"MeanSystemicPressure"whichinturnincreasesthevenousreturn

andthusthecardiacpreload.CourtesyoftheFrank-StarlingRelationship,increasedpreloadon

theheartwillenhancethecardiacoutput.Finally,asdiscussedinsystemicarterialpressure

regulation,anincreasedcardiacoutputwillboostthesystemicarterialpressuresolongasthe

SVRremainsconstant.Inthisway,anincreaseinECFvolumeresultsinanincreaseinthe

arterialpressure;conversely,adecreaseinECFvolumewillyieldadeclineinarterialpressure.

DiseasedState

Incertaindiseasestates,increasesinECFvolumedoesnotresultinproportionalincreasesin

thetotalbloodvolume.ThisoccursincontextsofderangedStarlingForcesinwhichfluidleaks

outofthevasculatureandthusdoesnotcontributetothetotalbloodvolumebutinstead

contributestostatesofgeneralizededema,peripheraledema,orascites.Insuchcases,the

renalmechanismsoflong-term arterialpressureregulationinfactexacerbatetheseedematous

states.Thisoccursbecausethekidneyscontinuetoresorbsaltandwaterinanattemptto

boostthesystemicarterialpressure;however,insteadofcontributingtocorrectingthedeficient

arterialpressure,theadditionalfluidvolumesimplyendsupintheinterstitialfluidandthus

aggravatestheedema.Frequently,suchedematousstatesarecorrectedbyusingdiuretics,

whichmodulaterenalphysiologyinsuchawaythatthekidneysexcretelargevolumesofsalt

andwater,thusdecreasingtheineffectiveadditionalECFvolumeandcorrectingtheedema



2.

I.PulmonaryCirculation:

Thisisasystem ofbloodvesselsthatformsaclosedcircuitbetweentheheartandthe

lungs,asdistinguishedfrom thesystem circulationbetweentheheartandallotherbodytissues.

Deoxygenatedbloodfrom thelowerhalfofthebodyenterstheheartfrom theinferiorvenacava

whiledeoxygenatedbloodfrom theupperbodyisdeliveredtotheheartviathesuperiorvena

cava.Boththesuperiorvenacavaandinferiorvenacavaemptybloodintotherightatrium.

Bloodflowsthroughthetricuspidvalveintotherightventricle.Itthenflowsthroughthe

pulmonicvalveintothepulmonaryarterybeforebeingdeliveredtothelungs.Whileinthelungs,

blooddivergedintothenumerouspulmonarycapillarieswhereitreleasescarbondioxideandis

replenishedwithoxygen.Oncefullysaturatedwithoxygen,thebloodistransportedvia

pulmonaryveinintotheleftatrium whichpumpsbloodthroughthemitralvalveandintotheleft

ventricle.Withapowerfulcontraction,theleftventricleexpelsoxygen-richbloodthroughthe

aorticvalveandintotheaorta:Thisisthebeginningofsystemiccirculation.

II.CircleofWillis:

Thisisaringofinterconnectingarterieslocatedatthebaseofthebrainaroundtheoptic
chiasm orchiasma(partialcrossingoftheopticnerve-CNII;thiscrossingisimportantfor
binocularvision),infundibulum ofthepituitarystalkandthehypothalamus.Thisarterialring
providesbloodtothebrainandneighbouringstructures.

III.SplanchnicCirculation:

Thesplanchniccirculationiscomposedofgastric,smallintestinal,colonic,pancreatic,
hepatic,andspleniccirculations,arrangedinparallelwithoneanother.Thethreemajorarteries
thatsupplythesplanchnicorgans,cellacandsuperiorandinferiormesenteric,giveriseto
smallerarteriesthatanastomoseextensively.Thecirculationofsomesplanchnicorgansis
complicatedbytheexistenceofanintramuralcirculation.Redistributionoftotalbloodflow
betweenintramuralvascularcircuitsmaybeasimportantastotalbloodflow.Numerous
extrinsicandintrinsicfactorsinfluencethesplanchniccirculation.Extrinsicfactorsinclude
generalhemodynamicconditionsofthecardiovascularsystem,autonomicnervoussystem,and
circulatingneurohumoralagents.Intrinsicmechanismsincludespecialpropertiesofthe
vasculature,localmetabolites,intrinsicnerves,paracrinesubstances,andlocalhormones.The
existenceofamultiplicityofregulatorymechanismsprovidesoverlappingcontrolsandrestricts
radicalchangesintissueperfusion.

IV.CoronaryCirculation:

Thisisthecirculationofbloodinthebloodvesselsthatsupplytheheartmuscle
(myocardium).Coronaryarteriessupplyoxygenatedbloodtotheheartmuscle,andcardiac
veinsdrainawaythebloodonceithasbeendeoxygenated.Thisisbecausetherestofthebody,



andmostespeciallythebrain,needsasteadysupplyofoxygenatedbloodthatisfreeofallbut
theslightestinterruptions,theheartisrequiredtofunctioncontinuously.Makingitacirculation
ofmajorimportance,notonlytoitstissuebuttotheentirebodyandeventhelevelof
consciousnessofthebrain.Anyinterruptionsofcoronarycirculationquicklycausesheart
attack.

V.CutaneousCirculation:

Thisisthecirculationandbloodsupplyoftheskin.Theskinisnotaverymetabolically

activetissueandhasrelativelysmallenergyrequirements,soitsbloodsupplyisdifferentto

thatofothertissues.Someofthecirculatingbloodvolumeintheskinwillflowthrough

arteriovenousanastomosis(AVAs)insteadofcapillaries.AVAsservearoleintemperature

regulation.



3.CardiovascularAdjustmentthatoccursduringExercise:

Clearly,adjustmentsinthecardiovascularsystem arecriticalwhenengagingin

aerobicactivitiesbuttheyarealsorequiredforstrengthtrainingaswell.Thethreemajor

adjustmentsmadebythecardiovascularsystem duringexerciseincludeone,anincreasein

cardiacoutputorthepumpingcapacityoftheheart,designedtoenhancethedeliveryofoxygen

andfueltotheworkingmuscles.Two,anincreaseinlocalbloodflowtotheworkingmuscles,

andthreeadecreaseinbloodflowtootherorganssuchasthekidneys,liverandstomach,

therebyredirectingbloodflowtotheworkingmuscles.Cardiacoutputistheamountofblood

pumpedfrom theheartinoneminute,generallymeasuredinlitersperminute.It'ssimply

calculatedbyheartrate,inbeatsperminute,timesstrokevolume,ortheamountofblood

ejectedbytheheartwitheachbeat.Thusinordertoincreasecardiacoutputwecanincrease

heartrate,strokevolume,orasitisthecaseduringexercise,weincreaseboth.Let'sexamine

thebasicwaysinwhichwecanincreaseheartrateduringexercise.First,thereisareductionor

withdrawaloftheparasympatheticnerveactivitytotheheart.Asparasympatheticnerveactivity

causesaloweringofheartrate,itswithdrawalwillactuallyresultinanincreaseinheartrate.

Second,anincreaseinsympatheticnerveactivitytotheheartwilldirectlycauseanincreasein

heartrate.Thisincreaseinsympatheticnerveactivitywillbeafunctionoftheexerciseintensity.

Lastly,anincreaseinthehormoneepinephrineoradrenalinecirculatinginthebloodwillalso

stimulateanincreaseinheartrate.Theseadjustmentsarealsopartofthefightorflight

responsewhichyouexperiencewhennervousorfrightened.Youmayactuallyfeelyourheart

poundinginyourchest.Thisresponseispreparingthebodyformovement.Thus,heartratecan

berapidlyincreasedduringexerciseasaresultofanincreaseinsympatheticnerveactivity.

Heartrateincreaseslinearlyuntilapproachingone'smaximalheartrate.Thiswillcontributeto

anincreaseincardiacoutputduringthecourseofthetest.Anincreaseinstrokevolumealso

contributestoanincreaseincardiacoutputduringexercise.Amoreforcefulcontractionofthe

ventriclesoftheheart,resultinginmorebloodbeingpumpedperbeat,canbeaccomplishedby

bothincreasingsympatheticnerveactivityandcirculatingepinephrine.Foragivenamountof

bloodintheventricles,sympatheticstimulationresultsinamoreforcefulcontraction,you'llget

asignificantincreaseinstrokevolume.Strokevolumeincreaseslinearlyattheonsetofthetest,

butcanplateauatsubmaximalworkloads.Takentogether,theincreasesinbothheartrateand

strokevolumeresultinalinearincreaseincardiacoutputduringthecourseofagradedexercise

testtoexhausture.Oxygenconsumptionincreaseslinearlyduringagradedexercisetestuntil

VO2maxisreached.Thecardiovascularfactorsresponsibleforthisobservation;theplaceto

beginiswiththeFickequationwhichdefinesthetherelationshipbetweenoxygenconsumption

withthatforcardiacoutputandthearterialvenousoxygendifference.Whethermeasuredat

restorduringsubmaximalandmaximalexercise,oxygenconsumptionisequaltoone'scardiac

outputtimestheirarteriovenousoxygendifference.Basically,thearteriovenousoxygen

differenceisthemeasureofoxygenuptakeandutilizationbyacell,inourcaseamusclecell.If

weknowthecontentofoxygeninanarterydeliveringoxygentoamuscleandweknowthe

contentofoxygenleavingthemuscleonthevenousside,thedifferencemustbetheamountof

oxygentakenupandutilizedbymuscleforATPproductioninmitochondria.Thismeasurement



isabbreviatedas(a-v)O2Difference,withthelittlearepresentingthearterialoxygencontent,

andthelittlevrepresentingthevenousoxygencontent.Thearteriovenousoxygendifference

increasesprogressivelywithincreasingexerciseintensity.Thisindicatesthatthegreaterthe

exerciseintensity,thegreaterextractionofoxygenfrom thebloodandutilizationbymuscle

mitochondria.Thetwomainfactorsresponsiblefortheincreaseinarteriovenousoxygen

differenceareagreaterrateofoxygendelivery,accomplishedbyinanincreaseinlocalmuscle

bloodflow,andagreaterrateofoxygenutilization,asmitochondriaconsumedgreateramounts

ofoxygenforATPproductionathigherworkloads.Thus,aspertheFickequation,oxygen

consumptioncanincreaselinearlyasafunctionofexerciseintensityduetothecontributionsof

bothanincreasingcardiacoutputaswellasanincreasingarteriovenousoxygendifferenceuntil

VO2maxisachieved.Insummary,cardiacoutputisafunctionofheartrateandstrokevolume.

Bothfactorsincreaseinrelationtoexerciseintensityandareregulatedbyboththesympathetic

nervoussystem aswellascirculatingepinephrine.Oxygenconsumptionisthefunctionof

cardiacoutputandthearterialvenousoxygendifference.Thearteriovenousoxygendifference

isdependentuponboththerateofoxygendeliveryaswellastherateofmitochondrialoxygen

utilization.


