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Physiologyadaptationsofthefemaletopregnancy.

Pregnancyisauniqueperiodinawoman'slifetime.Anumberof

anatomic,physiologic,biochemicalandpsychologicalchangestakeplace.

SKINCHANGES

Anumberofchangestakeplaceintheskinofpregnantwomen.Mechanical

stretchingoftheskinovertheabdomenandbreastscanleadtostriae.Theincreased

levelsofestrogenandprogesteronehavealsobeenimplicated.Usuallystriaeremain

permanentlywithsomechangeincolor.Vascularspiderneviandpalmarerythema

happenalsoduringpregnancy.Thereisnoclearexplanationforthesechanges,but

theymostlikelyrepresenttheresultofvasodilatationthathappensintheskinduring

pregnancy.Chloasmaandotherpigmentedlesionscanhappenasaresultof

increasedmelanocyte-stimulatinghormoneactivitywhichinturnisaresultof

increasedestrogepatho-physiologylnelevels.Theselesionsusuallybeginatabout

fivetosixmonthsgestation.

CHANGESINTHEGASTROINTESTINALSYSTEM

Nauseaandvomitingarethemostfrequentcomplaintsinvolvingthegastrointestinal

system andusuallyhappeninearlypregnancywhileheartburnhappenprimarilyin

latepregnancy.Thegumsbecomehyperemicandedematousduringpregnancyand

tendtobleed.Themuscularwalloftheesophagusisrelaxedandthismaycause

reflux,whichinturncanleadtoesophagitisandheartburn.Thestomachandthe

intestineshavedecreasedmotilitypresumablyduetotheeffectofprogesteroneon

smoothmusclecontractility.Thiscausesanincreaseinthetimethatittakesforthe

stomachtoempty.Reducedgastricsecretionhasalsobeendocumentedanditcould

accountfortheimprovementofpepticulcerssometimesobservedinpregnancy.

Decreasedmotilityofthelargeintestinemayleadtoconstipation.Theliveris

affectedsignificantlybypregnancy.Cholestaticjaundiceisconsideredtobethe

resultofestrogeneffectoneliminationofbilirubinbytheliver.Theeffectof

estrogensalso,istoincreaseproteinsynthesisintheliver,whichleadstoincreased

productionoffibrinogenandbindingproteins.patho-physiology



CARDIOVASCULARCHANGES

Ofallchangesthathappeninpregnancy,thesinglemostimportantistheone

involvingthecardiovascularsystem.Adequatecardiovascularadaptationsecures

goodplacentaldevelopmentandthusappropriatefetalgrowth.Inbrief,the

cardiovascularchangesinvolveasubstantialchangeinthebloodvolume,cardiac

output,heartrate,systemicarterialbloodpressure,systemicvascularresistance,

oxygenconsumptionandalterationsinregionalbloodflowofvariousorgansystems.

BloodVolume.

Significantincreasesinthebloodvolumestarttakingplaceinthefirsttrimesterand

continueuntilthemidthirdtrimester,atapproximatelythe32ndtothe34thweek.

Beyondthispointingestation,thebloodvolumeplateaus.Theaverageabsolute

increaseinbloodvolumeduringpregnancyisabout1600mlandintermsofpercent

changeoneshouldexpecta40to50percentincreaseabovepre-pregnancylevels.

Theincreaseinthebloodvolumeisachievedbyacombinationofincreasesinthe

plasmavolumeandtheRBCmass.Thecalculatedplasmavolumeexpansionis

approximately1300mlandthevolumeoftheRBCincreasesabout400ml.This

discordanceinthechangebetweenthecellularelementsofthebloodandtheliquid

portionleadstothesocalled"physiologicanemiaofpregnancy".

Theincreaseinbloodvolumewithpregnancyappearstoservetheessential

physiologicneedsofboththemotherandfetus.It

ensuresadequatesuppliesrequiredfornormalfetalgrowthandoxygenationeven

undercircumstancesthataffectthematernalcardiacoutput(inferiorvenacava

compression).Thisincreasedbloodvolumealsohelpsnormalpregnantwomento

withstand

hemorrhageequaltothevolumeofbloodaddedtothecirculationduringthecourse

ofthenormalpregnancywithoutanysignsofdecompensation.

CardiacOutput

Cardiacoutputincreasesanaverageof50percentduringpregnancy.Itisgenerally

acceptedthatcardiacoutputbeginstoriseduringthefirsttrimester,probablyaround

thetenthweekofpregnancyandcontinuestoriseupuntilthe24thweekofgestation.

Onceitreachesthepeakitstaysratherstable.

Cardiacoutputisaproductofstrokevolumeandpulserate.Theriseincardiac

outputearlyinpregnancyisdisproportionatelygreaterthantheincreaseinheartrate,

andthereforeisattributabletoaugmentationinstrokevolume.Aspregnancy

advances,heartrateincreasesandbecomesamorepredominantfactorin

increasingcardiacoutput.Atthelatestagesofpregnancy,thestrokevolume

declinestonormal,non-pregnantvalues.

HeartRateDuringNormalPregnancy



Thebaselineheartrateincreasesbyabout10to20beatsperminute.Thisincrease

startsearlyinpregnancyandgraduallycontinuestogoupwardwiththehighest

valuesachievedatterm.Someinvestigators,however,suggestedthatthetotal

increasehappensearlyinpregnancyandremainssothroughouttheremainderof

gestation.Intwingestations,theriseoftheheartrateismorepronouncedanditcan

reachasmuchas40percentabovethenon-pregnantstate.

TheHeart

Anumberofchangeshappentotheheartandareuniquetopregnancy.Increasing

intra-abdominalcontentsdisplacetheheartupwardwithsomeforwardrotation.Asa

resulttheanteriorposteriordiameterandthecardiothoracicratioareincreased.The

overalldimensionsoftheheartareincreasedduringpregnancyasaresultof

increaseddiastolicheartvolumewithoutanychangeintheventricularwallthickness.

Systolicejectionmurmursarecommoninpregnancywhilediastolicmurmursare

lessfrequent.Thesystolicmurmursareusuallytheresultofthehyperdynamic

circulation.Electrocardiogram changeshavebeenreportedduringpregnancy.

TransientSTandTchangesarecommoninpregnancy,SRQwavesandinvertedT

wavesinleadIII.LeftaccessdeviationoftheQRScomplexhasbeenreportedalsoin

pregnancy.

PhysiologicalRespiratorychanges

Anatomicchanges

Mucosaledemaandhyperemiasecondarytocapillaryengorgement

arecommonfindingsinthenasopharynxandthetrachealbronchialtract.Infactthe

majorityofpregnantwomenhaverednessandswellingofthelungsthatattimescan

producechangesinthevoice.Changesalsooccurinchestcircumference(6to7

cm.),verticaldiameter(4to5cm.),andthesubsternalangle(from 70to105

degrees).Theincreaseinchestcircumferencecompensatesfortheelevationofthe

diaphragm,sothatessentiallythereisnochangeintheoverallvolumeofthethoracic

cavity.

PulmonaryVentilation

Duringnormalpregnancythepatientsareinastateofhyperventilation.Thearterial

COdeclinesandthematernalarterialbloodpHremainsunchangedbycompensatory

increaseinrenalexcretionofbicarbonate,whichdecreasesto21mEq/Lto27mEq/L

Thishyperventilationofpregnancyseemstoberelatedtothedirectactionof

progesteroneontherespiratorycenter.ThiseffectwiththeloweringoftheCOinthe

bloodfacilitatesremovalofCO²from fetalcellsandproducesaCO²tensioninthe

fetussimilartowhatwillbefoundinthenewborn.Duringthelaborprocessthe

hyperventilationprocessisaugmentedandthepatientsventilationpeakvaluescan

reachashighas40litersperminuteascomparedtothe12litersperminutepriorto

labor.Thisismostlikelyattributabletothepainfuluterinecontractionsthatleadtoa



spontaneoushyperventilation.Theoxygenconsumptionincreasesaspregnancy

advances.Theincreaseinoxygenconsumptionrelatestotheadditionalenergy

requirementsofthefetusaswellastheothermetabolicalterationsthathappento

thebodyofthepregnantwoman.Thetotalincrementinbasaloxygenconsumption

hasbeenestimatedatapproximately50mlperminute.Duringlabor,oxygen

consumptionrisesduringeachuterinecontractionfrom about250mlperminuteto

750mlperminute.Theaverageoxygenconsumption,whichincludesthatduringand

betweencontractions,increasesprogressivelyandinthesecondstageapproaches

twicethatoftheterm pregnantwomanbeforetheonsetoflabor.Duringpregnancy

thefunctionalresidualcapacityofthelungsisdecreased.Thereductionhasbeen

attributedtotheelevationofthediaphragm from theenlarginguterus.Thiseffectis

counterbalancedbyaproportionalincreaseininspiratorycapacitythatresultsinan

unchangedvitalcapacity.Overalltherespiratorychangesinpregnancyreflecta

tendencytoassureplentyoxygensupplytothefetusandableopportunityto

eliminatewaste

RENALPHYSIOLOGICALCHANGES

Thechangesinrenalfunctionduringpregnancyareprofoundandaresurpassedonlyby

thoseofthecardiovascularsystem.Majoranatomicaswellasfunctionalchangesare

apparentasshowninthefollowingparagraphs.

AnatomicChanges

Thekidneysizeincreasesonlyslightlyduringnormalpregnancy.However,themorestriking

instructuralchangesarethoseoftheureters,calyces,andrenalpelvis.Thesechangesare

readilyseenasearlyasthethirdmonthofgestationandremainuntilapproximatelythe

fourthmonthpostpartum.Sincethesechangesappearlongbeforethegraviduterusislarge

enoughtocausemechanicalcompressionoftheureters,ahormonaleffectispostulated.

Progesterone,asmoothmusclerelaxant,isproducedinlargecolikelythecauseofthe

dilatationanddecreaseinperistalticactivity.Laterinpregnancy,mechanicalcompression

mustcertainlyplayarole.Interestingly,thedilatationoftheupperurinarytractisgreateron

therightthanontheleft.Theexplanationgivenbysomeforthisphenomenonisthatthe

colonactsasacushiontoprotecttheleftureter,whereastherightureterismoreexposed.

FunctionalChanges

Ofallfunctionalrenalchangesthataccompanypregnancy,themoststrikingisthatof

glomerularfiltrationrate(GFR),whichincreasesbyapproximately50percent.Renalplasma

flowontheotherhandincreasesapproximately25percent.Bothbegintochangeearlyinthe

secondtrimesterofpregnancyandinlateralrecumbencyaremaintainedattheseelevated

levelstoterm.

Thefactorsresponsibleforthesechangesremainconjectural,butthefollowinghavebeen

suggested;1)Thegrowthhormone-likeeffectofthehormonehumanplacentallactogen,2)



Theincreasedproductionandplasmaconcentrationoffreecortisol,3)Theincreaseinblood

volume,4)Thehemodilutionandhydremiaresultingindecreasedcolloidosmoticpressure.

Regardlessofetiology,thesefunctionalalterationsforceustoredefinenormalvaluesof

renalfunctionduringpregnancy.Thenormalserum creatinineinpregnancydropsto0.46

mg.%ascomparedwiththenonpregnantvalueof0.67mg.%.TheBUNdecreasesto8.2

mg.%from anonpregnantvalueof13mg.%.Uricacidalsodeclinestoavalueof3.1mg.%

from approximately4.5mg.%.Theupper-normaluricacidlevelinpregnancyis5mg.%and

levelshigherthanthatshouldraisesuspicionofpreeclampsia.Creatinineclearancevalues

increaseto150-200ml/minascomparedwithvaluesof65to145ml/mininthe

nonpregnantpatient.Althoughaglomerulartubularbalanceexistsforsodium during

pregnancy,thisisnotthecaseforglucoseoraminoacids.Theincreasedglomerular

filtrationrateleadstoasignificantglucoseexcretionthatexceedsthetubularmaximum for

glucosereabsorptionleadingtoglucosuriainmanynormalpatients.Asimilaraminoaciduria

isfrequentlyseeninpregnancy.Incompensationforthehyperventilationandhypocarbiathat

occurwithpregnancy,thereisanincreaseinbicarbonateexcretionbythekidney.This

resultsinanelevationofurinepH.Duringpregnancythereisareversaloftheusualnon-

pregnantdiurnalpatternofurinaryflow.Whenpregnantwomengotobedatnightthird

spacedfluidismobilizedandreturnsintothecardiovascularsystem leadingtoratherdilute

urineinthemorning,whichisunusualaccordingtonon-pregnantstandards.Whentubular

functiontestsaretobecontactedinpregnantwomen,theseeffectsshouldbetakenin

accountanditmaybebesttocollecturinefrom womenforthistestintheeveninghours.

PostureandRenalFunctioninPregnancy

Innon-pregnantindividualstheup-rightposturecausesextracellularfluidtoshifttothelegs,

resultinginarelativedecreaseincentralbloodvolume.Thisresponseisexaggeratedduring

pregnancyandasimilarresponsealsooccurswhenthesupinepositionisassumed.The

extentofthechangeisa50to60percentdecreaseinurineflowandsodium excretionin

supinerecumbencyversuslateralrecumbency,accompaniedby20percentdecreaseinrenal

plasmaflowandglomerularfiltration.Theunderlyingpatho-physiologyislikelytobeinferior

venacavalobstruction,resultinginpullingofbloodinthedilatedveinsofthelower

extremities,dependentedema,decreasedvenousreturn,decreasedcentralbloodvolume,

increasedaldosteroneproduction,andultimatelydecreasedurinaryexcretionofsodium and

water.

CHANGESINTHEREPRODUCTIVESYSTEM

Rhythmictighteningsoftheuterusoccuraspartofpreparatorychangesforlabor.Theseare

calledBraxton-Hickscontractionsandsincetheadventofultrasound,canbeseenasearly

aseighttonineweeks.Asthepregnancyadvancesthesecontractionsbecomemore

frequentandtheyaremorelikelytobefeltbythepatient.Usuallytheyhappenevery5to20

minutesandsometimestheymaylastaslongas30minutes.Thegenitalorgansundergo

significantchangeswithincreasedvascularityofthecervixandincreasedmucousformation

bythecervicalglandsduetoincreasedlevelsofestrogen.Thevulvaandthevaginaarealso

edematousandpresentincreaseddesquamationandtransudation.Thisleadstoanincrease

inthesecretionsfrom thevaginamanifestingasincreasedleukorrhea.Thesecretionsofthe

vaginaareacidicbecauseoftheconversionofanincreasedamountofglycogeninthe

vaginalepithelialcellsbyDoderlein'sBacilliintolacticacid.



Manypatientsexperienceperinealpressurepain,whichmaybesecondarytovascular

engorgementoftissuesduetoestrogenandstasisofbloodandtopressurefrom fetal

presentingparts.

Pubicpainisalsonotedandmaybesecondarytoincreasedjointmotilitythathappens

secondarytoprogesterone'srelaxingeffectonthepubicsymphysiscartilage.Manywomen

experiencepainintheregionoftheroundligament,whichissecondarytostretchingasthe

uterusgrows.

MUSCULARSKELETALANDNEUROLOGICSYMPTOMS

Anumberofwomenmayexperiencebackacheintheupperback,whichissecondaryto

muscletensionfrom increasingbreastsizeanddiscomfort.Mostwomen,however,

experiencelowbackpainsecondarytomuscularfatigueandstrainthatiscausedbythe

changesinbodybalancefrom thegrowinguterus.Severalpatientsalsomayexperience

pressureonnerverootsthatinturnmayleadtomuscularspasmsandpelvicjoinedpains

secondarytoboneligamentrelaxationfrom thesexhormones.Thechangesthathappenon

theligamentsandthecartilageofthepelvicbonessecondarytothesexhormonesmayalso

leadsomewomentopresentwithgaitalterations.Finally,anumberofwomenmay

experienceparesthesias(numbnessandtinglingoffingersandtoes).Anumberoftheories

aresuggestedfortheexplanationofthesesymptoms.Thefingersandupperextremitiesare

effectediflordoticpostureisextreme;theheadandneckareflexed,puttingstrainonthe

brachialnervesandcausingtinglingofhandsandarms.Toesandlowerextremitiesare

affectedifgraviduteruspressesonfemoralveinsandnervessupplyinglowerextremities,

thusinterferingwithcirculationandcausingparesthesias.Edemamaycausepressureand

tinglingofhandsorfeet,especiallyinhandswhenrisinginthemorning.Sometimes

excessiveedemaofthehandsmayleadtocarpaltunnelsyndrome.Finally,VitaminB

deficiency,hypoglycemiaandhyperventilationhavebeensuggestedascausesofthese

symptoms.




