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Question:Elucidatethephysiologicaladaptationsofthefemaletopregnancy

Pregnancyisauniqueperiodinawoman'slifetime.Anumberofanatomic,physiologic,

biochemicalandpsychologicalchangestakeplace.Thesechangesmayeasilybe

misinterpretedbyphysicianswholackexperienceinregardstopregnancyeffectsona

woman'sbody.Itisimportantthatphysicianscaringforwomenunderstandthe

implicationsofthesephysiologicalchangesinordertoavoidanydiagnosticerrorsand

errorsofmanagement.Onehastorememberthatnaturedoesnotwasteenergyor

effort.Inthatrespectallthephysiologicalchangesthathappenduringpregnancy,

happenforapurpose.Asitwillbeappreciatedlateroninthischapter,almostevery

organsystemofafemalebodyisaffectedtosomedegree.Anattemptwasmadeto

presenttheinformationbyorgansystemsalthoughtheremaybesomeoverlapsince

mostoftheorgansystemsinteractwitheachotherandaffecteachother.Someorgan

systemswillbediscussedindetailmorethanothers.Thisdistinctionwillbesolelybased

onthesignificanceoftheparticularorgansystemchanges.

 SKINCHANGES Anumberofchangestakeplaceintheskinofpregnantwomen.

Mechanicalstretchingoftheskinovertheabdomenandbreastscanleadto

striae.Theincreasedlevelsofestrogenandprogesteronehavealsobeen

implicated.Usuallystriaeremainpermanentlywithsomechangeincolor.



Preventionmaybeachievedwithmoisturizingcreams,especiallythose

containinglanolinandotheroilysubstances.Itshouldberealized,however,that

striaemaydevelopdespiteanypreventativemeasures.Vascularspiderneviand

palmarerythemahappenalsoduringpregnancy.Thereisnoclearexplanation

forthesechanges,buttheymostlikelyrepresenttheresultofvasodilatation

thathappensintheskinduringpregnancy.Chloasmaandotherpigmented

lesionscanhappenasaresultofincreasedmelanocyte-stimulatinghormone

activitywhichinturnisaresultofincreasedestrogenandprogesteronelevels.

Theselesionsusuallybeginataboutfivetosixmonthsgestation.Onewaythat

theselesionsmaybepreventedisbytheuseofscreeningagentsandavoidance

ofdirectsunlight.Skinpruritusaffectsanumberofwomenanditmayberelated

toincreasedretentionofbilesaltsintheskinsecondarytoestrogeneffects.

Scratchingoftheskincanthenleadtoinfectedexcoriations.Localmeasures

withanti-pruriticcreamsandlotionsusuallyaresufficient.

 CHANGESINTHEGASTROINTESTINALSYSTEM:Nauseaandvomitingarethe

mostfrequentcomplaintsinvolvingthegastrointestinalsystemandusually

happeninearlypregnancywhileheartburnhappenprimarilyinlatepregnancy.

Thegumsbecomehyperemicandedematousduringpregnancyandtendto

bleed.Themuscularwalloftheesophagusisrelaxedandthismaycausereflux,

whichinturncanleadtoesophagitisandheartburn.Thestomachandthe

intestineshavedecreasedmotilitypresumablyduetotheeffectofprogesterone

onsmoothmusclecontractility.Thiscausesanincreaseinthetimethatittakes

forthestomachtoempty.Reducedgastricsecretionhasalsobeendocumented



anditcouldaccountfortheimprovementofpepticulcerssometimesobservedin

pregnancy.Decreasedmotilityofthelargeintestinemayleadtoconstipation.

Theliverisaffectedsignificantlybypregnancy.Cholestaticjaundiceis

consideredtobetheresultofestrogeneffectoneliminationofbilirubinbythe

liver.Theeffectofestrogensalso,istoincreaseproteinsynthesisintheliver,

whichleadstoincreasedproductionoffibrinogenandbindingproteins.Theliver

enzymesareusuallyunaffectedwiththeexceptionofalkalinephosphatase,

whichisincreasedatapproximatelytwofoldtofourfoldthatisaresultofa

placentalproduction.Pregnancyincreasesthesizeanddecreasesthemotilityof

thegallbladder.Thedecreasingmotilityandincreaseinvolume,combinedwith

changesinthebile'scomposition,explainthecorrelationbetweentheincidence

ofcholelithiasisandpregnancy.

 CARDIOVASCULARCHANGES:ofallchangesthathappeninpregnancy,the

singlemostimportantistheoneinvolvingthecardiovascularsystem.Adequate

cardiovascularadaptationsecuresgoodplacentaldevelopmentandthus

appropriatefetalgrowth.Inbrief,thecardiovascularchangesinvolvea

substantialchangeinthebloodvolume,cardiacoutput,heartrate,systemic

arterialbloodpressure,systemicvascularresistance,oxygenconsumptionand

alterationsinregionalbloodflowofvariousorgansystems.

 Adaptivechangesinrenalvasculature:Theprimaryadaptivemechanismin

pregnancyisamarkedfallinsystemicvascularresistance(SVR)occurringby

weeksixofgestation.The40% fallinSVRalsoaffectstherenalvasculature.4

Despiteamajorincreaseinplasmavolumeduringpregnancy,themassive



decreaseinSVRcreatesastateofarterialunder-fillingbecause85% ofthe

volumeresidesinthevenouscirculation.5Thisarterialunder-fillingstateis

uniquetopregnancy.ThefallinSVRiscombinedwithincreasedrenalbloodflow

andthisisincontrasttootherstatesofarterialunder-filling,suchascirrhosis,

sepsisorarterio-venousfistulas.3,6

Relaxin,apeptidehormoneproducedbythecorpusluteum,deciduaand

placenta,playsanimportantroleintheregulationofhaemodynamicandwater

metabolismduringpregnancy.Serumconcentrationsofrelaxin,alreadyelevated

inthelutealphaseofthemenstrualcycle,riseafterconceptiontoapeakatthe

endofthefirsttrimesterandfalltoanintermediatevaluethroughoutthe

secondandthirdtrimester.Relaxinstimulatestheformationofendothelin,

whichinturnmediatesvasodilationofrenalarteriesvianitricoxide(NO)

synthesis.Despiteactivationoftherenin–angiotensin–aldosterone(RAA)

systeminearlypregnancy,asimultaneousrelativeresistancetoangiotensinII

develops,counterbalancingthevasoconstrictiveeffectandallowingprofound

vasodilatation.ThisinsensitivitytoangiotensinIImaybeexplainedbytheeffects

ofprogesteroneandvascularendothelialgrowthfactormediatedprostacyclin

production,aswellasmodificationsintheangiotensinIreceptorsduring

pregnancy.ThevascularrefractorinesstoangiotensinIImayalsobesharedby

othervasoconstrictorssuchasadrenergicagonistsandargininevasopressin

(AVP).Itispossiblethatinthesecondhalfofpregnancy,theplacental

vasodilatorsaremoreimportantinthemaintenanceofthevasodilatatorystate.

 Bodywatermetabolism:Arterialunder-fillinginpregnancyleadstothe



stimulationofarterialbaroreceptors,activatingtheRAAandthesympathetic

nervoussystems.Thisresultsinanon-osmoticreleaseofAVPfromthe

hypothalamus.Thesechangesleadtosodiumandwaterretentioninthekidneys

andcreateahypervolaemic,hypoosmolarstatecharacteristicofpregnancy.

Extracellularvolumeincreasesby30–50% andplasmavolumeby30–40%.

Maternalbloodvolumeincreasesby45% toapproximately1200to1600ml

abovenon-pregnantvalues.Bythelatethirdtrimestertheplasmavolume

increasesbymorethan50–60%,withalowerincreaseinredbloodcellmass,

andthereforeplasmaosmolalityfallsby10mosmol/kg.Theincreaseinplasma

volumeplaysacriticalroleinmaintainingcirculatingbloodvolume,blood

pressureanduteroplacentalperfusionduringpregnancy.ActivationoftheRAA

systemleadstoincreasedplasmalevelsofaldosteroneandsubsequentsaltand

waterretentioninthedistaltubuleandcollectingduct.Inadditiontothe

increasedreninproductionbythekidneys,ovariesanduteroplacentalunit

produceaninactiveprecursorproteinofrenininearlypregnancy.theplacenta

alsoproducesoestrogenthatstimulatethesynthesisofangiotensinogenbythe

liver,resultinginproportionallyincreasedlevelsofaldosteronecomparedto

renin.Plasmalevelsofaldosteronecorrelatewellwiththoseofoestrogenand

riseprogressivelyduringpregnancy.Theincreaseinaldosteroneisresponsible

fortheincreaseinplasmavolumeduringpregnancy.Progesterone,whichisa

potentaldosteroneantagonist,allowsnatriuresisdespitethesodium-retaining

propertiesofaldosterone.TheriseinGFRalsoincreasesdistalsodiumdelivery,

allowingexcretionofexcesssodium.Progesteronehasantikaliureticeffectsand



thereforeexcretionofpotassiumiskeptconstantthroughoutpregnancydueto

changesintubularreabsorption,andtotalbodypotassiumincreasesduring

pregnancy.

HypothalamicAVPreleaseincreasesearlyinpregnancyasaresultofincreased

relaxinlevels.AVPmediatesanincreaseinwaterreabsorptionviaaquaporin2

channelsinthecollectingduct.ThethresholdforhypothalamicsecretionofAVP

andthethresholdforthirstisresettoalowerplasmaosmolalitylevel,creating

thehypo-osmolarstatecharacteristicofpregnancy.Thesechangesaremediated

byhumanchorionicgonadotropin(HCG)andrelaxin.Inmiddleandlate

pregnancythereisafour-foldincreaseinvasopressinase,anaminopeptidase

producedbytheplacenta.Thesechangesenhancethemetabolicclearanceof

vasopressinandregulatethelevelsofactiveAVP.Inconditionsofincreased

placentalproductionofvasopressinase,suchaspre-eclampsiaortwin

pregnancies,atransientdiabetesinsipidusmaydevelop.Asaconsequenceof

thisvolumeexpansion,thesecretionofatrialnatriureticpeptidesincreasesby

40% inthethirdtrimester,andrisesfurtherduringthefirstweekpostpartum.

Thelevelsofnatriureticpeptidesarehigherinpregnantwomenwithchronic

hypertensionandpre-eclampsia.


