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ASSIGNMENT

Adaptationsto pregnancyreferstothechangeingait,posturalparameters,aswellas

sensoryfeedback,duetothenumerousanatomical, physiologicalandhormonal

changes women experienceduring pregnancy.

Thepregnantwoman'sbodygoesthroughsomeprofoundanatomical,physiologic,and

biochemicalchangestoadapttoandsupporttheentirepregnancy,whichultimately

supportthegrowingfetus.Althoughthesephysiologicchangesarenormal,oftenthey

canbemisinterpretedasdisease.Thesechangesmayalsounmaskorworsena

preexistingconditionordisease,ultimatelybecausethepregnantwoman'sbodycannot

adequatelyadapttothechangesofpregnancy.Thisincludesthebasicadaptations

relatedtopregnancy,placentalphysiologyandaction,uterineactivityphysiology,and

fetalheartrateregulation.

CHANGESINTHEGASTROINTESTINALSYSTEM

Nauseaandvomitingarethemostfrequentcomplaintsinvolvingthegastrointestinal
system andusuallyhappeninearlypregnancywhileheartburnhappenprimarilyinlate
pregnancy.Thegumsbecomehyperemicandedematousduringpregnancyandtendto
bleed.Themuscularwalloftheesophagusisrelaxedandthismaycausereflux,which
inturncanleadtoesophagitisand
heartburn.Thestomachandtheintestineshavedecreasedmotilitypresumablydueto
theeffectofprogesteroneonsmoothmusclecontractility.Thiscausesanincreasein
thetimethat
ittakesforthestomachtoempty.Reducedgastricsecretionhasalsobeen
documentedanditcouldaccountfortheimprovementofpepticulcerssometimes
observedinpregnancy.Decreasedmotilityofthelargeintestinemayleadto
constipation.Theliverisaffectedsignificantlybypregnancy.Cholestaticjaundiceis
consideredtobetheresultofestrogeneffectoneliminationofbilirubinbytheliver.The
effectofestrogensalso,istoincreaseproteinsynthesisintheliver,whichleadsto



increasedproductionoffibrinogenandbindingproteins.Theliverenzymesareusually
unaffectedwiththeexceptionofalkalinephosphatase,whichisincreasedat
approximatelytwofoldtofourfoldthatisaresultofaplacentalproduction.Pregnancy
increasesthesizeanddecreasesthemotilityofthegallbladder.Thedecreasing
motilityandincreaseinvolume,combinedwithchangesinthebile'scomposition,
explainthe
correlationbetweentheincidenceofcholelithiasisandpregnancy.CARDIOVASCULAR
CHANGESOfallchangesthathappeninpregnancy,thesinglemost
importantistheoneinvolvingthecardiovascularsystem.Adequatecardiovascular
adaptationsecuresgoodplacentaldevelopmentandthusappropriatefetalgrowth.In
brief,thecardiovascularchangesinvolveasubstantialchangeinthebloodvolume,
cardiacoutput,heartrate,systemicarterialbloodpressure,systemicvascular
resistance,oxygenconsumptionandalterationsinregionalbloodflowofvariousorgan
systems.

BloodVolume

Significantincreasesinthebloodvolumestarttakingplaceinthefirsttrimesterand
continueuntilthemidthirdtrimester,atapproximatelythe32ndtothe34thweek.
Beyondthispointin
gestation,thebloodvolumeplateaus.Thispatternwasestablishedwithstudiesthat
keptthepatientsintheleft-lateralpositiontoavoidvenacavacompression.However,
studiesthatkeptthepatientinthesupinepositionhadcontroversialresultsindicatinga
declineinthebloodvolumeafter34to36weeks.Theaverageabsoluteincreasein
bloodvolumeduringpregnancyisabout1600mlandintermsofpercentchangeone
shouldexpecta40to50percentincreaseabovepre-pregnancylevels.Theincreasein
thebloodvolumeisachievedbyacombinationofincreasesintheplasmavolumeand
theRBCmass.Thecalculatedplasmavolumeexpansionisapproximately1300mland
thevolumeoftheRBCincreasesabout400ml.Thisdiscordanceinthechangebetween
thecellularelementsofthebloodandtheliquidportionleadstothesocalled
"physiologicanemiaofpregnancy".Themechanismsleadingtohypervolemiain
pregnancyarestillnotentirelyunderstoodandseem tobemultifactorial.Increased
estrogenlevelsinpregnancycauseincreasedproductionofreninfrom thekidneys,the
uterusandtheliverandthuscauseelevatedreninplasmalevels.Theincreaseinrenin,
whichstimulatesaldosteronesecretion,isassociatedwithsodium retentionandan
increaseintotalbodywater.Therollofatrialnatriureticfactor(ANF)inmediating
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Theincreaseinbloodvolumewithpregnancyappearstoservetheessentialphysiologic
needsofboththemotherandfetus.Itensuresadequatesuppliesrequiredfornormal
fetalgrowthandoxygenationevenundercircumstancesthataffectthematernal
cardiacoutput(inferiorvenacavacompression).Thisincreasedbloodvolumealso
helpsnormalpregnantwomentowithstandhemorrhageequaltothevolumeofblood
addedtothecirculationduringthecourseofthenormalpregnancywithoutanysignsof
decompensation.



CardiacOutput

Ithasbeenwellestablishedsincethebeginningofthiscenturythatthecardiacoutput
increasesanaverageof50percentduringpregnancy.Itisgenerallyacceptedthat
cardiacoutputbeginstoriseduringthefirsttrimester,probablyaroundthetenthweek
ofpregnancyandcontinuestoriseupuntilthe24thweekofgestation.Onceitreaches
thepeakitstaysratherstable.Thatwasthecaseinmostifnotallofthestudiesthat
evaluatedwomeninaleft-lateraltiltwhilestudiesthatplacedwomeninthesupine
positionhaveshownaratherfalsereductionincardiacoutputwhichwasprimarily
mediatedbyinferiorvenacavacompression.Cardiacoutputisaproductofstroke
volumeandpulserate.Theriseincardiacoutputearlyinpregnancyis
disproportionately
greaterthantheincreaseinheartrate,andthereforeisattributabletoaugmentationin
strokevolume.Aspregnancyadvances,heartrateincreasesandbecomesamore
predominantfactorinincreasingcardiacoutput.Atthelatestagesofpregnancy,the
strokevolumedeclinestonormal,non-pregnantvalues.Theeffectofmaternalposture
oncardiacoutputwasdemonstratedbyanumberofstudies.Asignificantdecrease(25
to30percent)incardiacoutput,measuredbydyedilutiontechnique,wasdemonstrated
inthesupinepositionbetweenthe38thand40thweeksofpregnancybutnotbeforethe
24thweek.Thesefindingswereconfirmedrecentlybyechocardiographicstudies.Since
heartratewasnotaffectedsignificantly,positionaldeclineincardiacoutputwasdueto
decreasedstrokevolume.Thefallincardiacoutputwasalsonotassociatedwitha
significantchangeinbloodpressure.Thisisprobablyduetoanincreasein
peripheralvascularresistance.Asmanyas11percentofwomenwhenplacedinthe
supineposition,willdevelopsymptomatichypotensionanddropinthecardiacoutput
whichmayleadtoalossofconsciousness.Thesesymptomsarerelievedpromptlywith
left-lateralpositioning.Intheseparticularpatientswhodevelopthesymptoms,the
cardiacoutputisnotmaintaineddespitethefactthattheydevelopasignificant
increaseintheirheartrate.Itisbelievedthatthepatientswhobecomesymptomaticare
thosewholacksufficientparavertebralcollateralcirculationtopermitbloodfrom the
legsandthepelvicorganstobypasstheoccludedinferiorvenacava.

HeartRateduringNormalPregnancy
Thebaselineheartrateincreasesbyabout10to20beatsperminute.Thisincrease
startsearlyinpregnancyandgraduallycontinuestogoupwardwiththehighestvalues
achievedatterm.Someinvestigators,however,suggestedthatthetotalincrease
happensearlyinpregnancyandremainssothroughouttheremainderofgestation.In
twingestations,theriseoftheheartrateismorepronouncedanditcanreachasmuch
as40percentabovethenon-pregnantstate.Achangealsofrom thesupinepositionto
thelateralpositionmaycausetheheartratetodropslightly.BloodFlowChangesin
VariousOrganSystemsDuringPregnancyThemostprofoundchangesinregionalblood
flowoccurintheuteruswitha5to10foldincrease.Thischangestartsearlyin
pregnancyandcontinuesuntilalmostterm.Approximately20%ofthematernalcardiac
outputperfusestheuterinevessels(placentalandnonplacental).Thekidneysalso
demonstratesubstantialincreaseoftheregionalbloodflowasmuchas30to80



percentandatthesametimea50percentincreaseinglomerularfiltrationrateisnoted.
Theregionalbloodflowintheextremitiesalsoincreasesandmoresointhehandsthan
thelegs.Asitwasmentionedpreviously,thereisasignificantdilatationintheskin
vesselswhichleadstoanincreaseinthe
regionalbloodflow.Thesechangesintheskinvesselsmaycausewarm skin,clammy
hands,vascularspiders,andpalm erythema.Thelivercirculationisnotaffectedvery
muchandthesameistrueforthebrainbloodflowwhichisautoregulated.Theblood
flowtothebreastisincreasedduringpregnancytopreparethebreastforlactation.The
effectofpregnancyoncoronarybloodflowisstillunknown.Itissafe,however,to
speculatethatanincreasemayhappensinceaugmentationofcardiacfunctionis
presentduringpregnancy.
CardiocirculatoryChangesDuringLaborandDeliveryDuringlaborsignificant
hemodynamicchangestakeplace.Thesechangescaninpartbeexplainedbytheeffect
oftheuterinecontractions,whichmaycauseasignificantincreaseof300to500mlin
centralbloodvolume,andinpartbytheeffectofpainandanxietyonthecardiovascular
system.Itisimportanttonoteherethatinthelateralposition,cardiacoutputbetween
contractionsishigherthaninthesupinepositionandtheincreaseduringcontractions
issmaller.Theeffectofuterinecontractionsduringlaborontheheartrateisvariable.
Someinvestigatorshavereportedanincreaseintheheartrateandothershavereported
adeclineintheheartrate.Thedifferencesmayhavetodowithdifferentpositionofthe
patientduringthelaborprocessandcertainlydifferenthemodynamicchangesthatcan
leadtothevariabilityintheheartrate.

Fetal-placentalunit

Levelsofprogesteroneandestrogenrisecontinuallythroughoutpregnancy,

suppressingthehypothalamicaxisandsubsequentlythemenstrualcycle.The

progesteroneisfirstproducedbythecorpusluteum andthenbytheplacentainthe

secondtrimester.Womenalsoexperienceincreasedhumanchorionicgonadotropin(β-

hCG),whichisproducedbytheplacenta.

PancreaticInsulin

Theplacentaalsoproduceshumanplacentallactogen(hPL),whichstimulatesmaternal

lipolysisandfattyacidmetabolism.Asaresult,thisconservesbloodglucoseforuseby

thefetus.Itcanalsodecreasematernaltissuesensitivitytoinsulin,resultingin

gestationaldiabetes.

Pituitarygland

Thepituitaryglandgrowsbyaboutonethirdasaresultofhyperplasiaofthe

lactrotrophsinresponsetothehighplasmaestrogen.Prolactin,whichisproducedby

thelactrotrophsincreasesprogressivelythroughoutpregnancy.Prolactinmediatesa

changeinthestructureofthebreastmammaryglandsfrom ductaltolobular-alveolar



andstimulatesmilkproduction.

Parathyroid

Fetalskeletalformationandthenlaterlactationchallengesthematernalbodyto

maintaintheircalcium levels.Thefetalskeletonrequiresapproximately30gramsof

calcium bytheendofpregnancy.Themother'sbodyadaptsbyincreasingparathyroid

hormone,leadingtoanincreaseincalcium uptakewithinthegutaswellasincreased

calcium reabsorptionbythekidneys.Maternaltotalserum calcium decreasesdueto

maternalhypoalbuminemia,buttheionizedcalcium levelsaremaintained.

Adrenalglands

Totalcortisolincreasestothreetimesofnon-pregnantlevelsbythethirdtrimester.The

increasedestrogeninpregnancyleadstoincreasecorticosteroid-bindingglobulin

productionandinresponsetheadrenalglandproducesmorecortisol.Theneteffectis

anincreaseoffreecortisol.Thiscontributestoinsulinresistanceofpregnancyand

possiblystriae.Despitetheincreaseincortisol,thepregnantmom doesnotexhibit

Cushingsyndromeorsymptomsofhighcortisol.Onetheoryisthathighprogesterone

levelsactasanantagonisttothecortisol.

Theadrenalglandalsoproducesmorealdosterone,leadingtoaneight-foldincreasein

aldosterone.[4]Womendonotshowsignsofhyperaldosterone,suchashypokalemia,

hypernatremia,orhighbloodpressure.

Theadrenalglandalsoproducesmoreandrogens,suchastestosterone,butthisis

bufferedbyestrogen'sincreaseinsexhormonebindingglobulin(SHBG).SHBGbinds

avidlytotestosteroneandtoalesserdegreeDHEA.

Thyroid

Thethyroidenlargesandmaybemoreeasilyfeltduringthefirsttrimester.Theincrease

inkidneyclearanceduringpregnancycausesmoreiodidetobeexcretedandcauses

relativeiodinedeficiencyandasaresultanincreaseinthyroidsize.Estrogen-stimulated

increaseinthyroid-bindingglobulin(TBG)leadstoanincreaseintotalthyroxine(T4),

butfreethyroxine(T4)andtriiodothyronine(T3)remainnormal.

Musculoskeletal

Immunetolerance



Neuromechanicaladaptationstopregnancyreferstothechangeingait,postural

parameters,aswellassensoryfeedback,duetothenumerousanatomical,

physiological,andhormonalchangeswomenexperienceduringpregnancy.Such

changesincreasetheirriskformusculoskeletaldisordersandfallinjuries.

Musculoskeletaldisordersincludelower-backpain,legcramps,andhippain.Pregnant

womenfallatasimilarrate(27%)towomenoverageof70years(28%).Mostofthe

falls(64%)occurduringthesecondtrimester.Additionally,twothirdsoffallsare

associatedwithwalkingonslipperyfloors,rushing,orcarryinganobject.Theroot

causesforthesefallsarenotwellknown.However,somefactorsthatmaycontributeto

theseinjuriesincludedeviationsfrom normalposture,balance,andgait.

Thebody'sposturechangesasthepregnancyprogresses.Thepelvistiltsandtheback

archestohelpkeepbalance.Poorpostureoccursnaturallyfrom thestretchingofthe

woman'sabdominalmusclesasthefetusgrows.Thesemusclesarelessableto

contractandkeepthelowerbackinproperalignment.Thepregnantwomanhasa

differentpatternofgait.Thesteplengthensasthepregnancyprogresses,duetoweight

gainandchangesinposture.Onaverage,awoman'sfootcangrowbyahalfsizeor

moreduringpregnancy.Inaddition,theincreasedbodyweightofpregnancy,fluid

retention,andweightgainlowersthearchesofthefoot,furtheraddingtothefoot's

lengthandwidth.Theinfluencesofincreasedhormonessuchasestrogenandrelaxin

initiatetheremodelingofsofttissues,cartilageandligaments.Certainskeletaljoints

suchasthepubicsymphysisandsacroiliacwidenorhaveincreasedlaxity.Theaddition

ofmass,particularlyaroundthetorso,naturallychangesapregnantmother'scenterof

mass(COM).ThechangeinCOM requirespregnantmotherstoadjusttheirbodiesto

maintainbalance.

Breastsize

Awoman'sbreastsgrowduringpregnancy,usually1to2cupsizesandpotentially

severalcupsizes.AwomanwhoworeaCcupbrapriortoherpregnancymayneedto

buyanFcuporlargerbrawhilenursing.Awoman'storsoalsogrowsandherbraBreast

sizebandsizemayincreaseoneortwosizes.Anaverageof80%ofwomenwearthe

wrongbrasize,andmotherswhoarepreparingtonursecanbenefitfrom aprofessional

brafittingfrom alactationconsultant.Oncethebabyisbornuptoabout50–73hours

afterbirth,themotherwillexperienceherbreastsfillingwithmilk(sometimesreferred

toas“themilkcomingin”).Oncelactationbegins,thewoman'sbreastsswell

significantlyandcanfeelachy,lumpyandheavy(whichisreferredtoasengorgement).

Herbreastsmayincreaseinsizeagainbyanadditional1or2cupsizes,butindividual

breastsizemayvarydependingonhowmuchtheinfantnursesfrom eachbreast.A

regularpatternofnursingisgenerallyestablishedafter8–12weeks,andawoman's

breastswillusuallyreduceinsize,butmayremainabout1cupsizelargerthanpriorto



herpregnancy.Changesinbreastsizeduringpregnancymayberelatedtothesexof

theinfant,asmothersoffemaleinfantshavegreaterchangesinbreastsizethan

mothersofmaleinfants.

Manypeopleandevenmedicalprofessionalsmistakenlythinkthatbreastfeeding

causesthebreaststosag(referredtoasptosis).Asaresult,somenewparentsare

reluctanttonursetheirinfants.InFebruary2009,CherylColetoldBritishVoguethatshe

hesitatedtobreastfeedbecauseoftheeffectitmighthaveonherbreasts."Iwantto

breastfeed,"shesaid,"butI’veseenwhatitcando,soImayhavetoreconsider."In

actuality,breastfeedingisnotconsideredtobeamajorcontributortoptosisofthe

breasts.

Changesinrenalanatomyandfunction

Asaconsequenceofrenalvasodilatation,renalplasmaflowandglomerularfiltration

rate(GFR)bothincrease,comparedtonon-pregnantlevels,by40–65and50–85%,

respectively.Inaddition,theincreaseinplasmavolumecausesdecreasedoncotic

pressureintheglomeruli,withasubsequentriseinGFR.Vascularresistancedecreases

inboththerenalafferentandefferentarteriolesandtherefore,despitethemassive

increaseinrenalplasmaflow,glomerularhydrostaticpressureremainsstable,avoiding

thedevelopmentofglomerularhypertension.AstheGFRrises,bothserum creatinine

andureaconcentrationsdecreasetomeanvaluesofabout44.2μmol/land3.2mmol/l,

respectively.

Theincreasedrenalbloodflowleadstoanincreaseinrenalsizeof1–1.5cm,reaching

themaximalsizebymid-pregnancy.Thekidney,pelvisandcalycealsystemsdilatedue

tomechanicalcompressiveforcesontheureters.Progesterone,whichreducesureteral

tone,peristalsisandcontractionpressure,mediatestheseanatomicalchanges.The

increaseinrenalsizeisassociatedwithanincreaseinrenalvasculature,interstitial

volumeandurinarydeadspace.Thereisalsodilationoftheureters,renalpelvisand

calyces,leadingtophysiologicalhydronephrosisinover80%ofwomen.Thereisoftena

right-sidedpredominanceofhydronephrosisduetotheanatomicalcircumstancesof

therighturetercrossingtheiliacandovarianvesselsatananglebeforeenteringthe

pelvis.Urinarystasisinthedilatedcollectingsystem predisposespregnantwomenwith

asymptomaticbacteriuriatopyelonephritis.

Therearealsoalterationsinthetubularhandlingofwastesandnutrients.Asinthenon-

pregnantstate,glucoseisfreelyfilteredintheglomerulus.Duringpregnancy,the

reabsorptionofglucoseintheproximalandcollectingtubuleislesseffective,with

variableexcretion.About90%ofpregnantwomenwithnormalbloodglucoselevels

excrete1–10gofglucoseperday.DuetotheincreasesinbothGFRandglomerular

capillarypermeabilitytoalbumin,thefractionalexcretionofproteinmayincreaseupto



300mg/dayandproteinexcretionalsoincreases.Innormalpregnanciesthetotal

proteinconcentrationinurinedoesnotincreaseabovetheuppernormallimit.Uricacid

excretionalsoincreasesduetoincreasedGFRand/ordecreasedtubularreabsorption.

Bodywatermetabolism

Arterialunder-fillinginpregnancyleadstothestimulationofarterialbaroreceptors,

activatingtheRAAandthesympatheticnervoussystems.Thisresultsinanon-osmotic

releaseofAVPfrom thehypothalamus.Thesechangesleadtosodium andwater

retentioninthekidneysandcreateahypervolaemic,hypoosmolarstatecharacteristicof

pregnancy.Extracellularvolumeincreasesby30–50%andplasmavolumeby30–40%.

Maternalbloodvolumeincreasesby45%toapproximately1200to1600mlabovenon-

pregnantvalues.Bythelatethirdtrimestertheplasmavolumeincreasesbymorethan

50–60%,withalowerincreaseinredbloodcellmass,andthereforeplasmaosmolality

fallsby10

mosmol/kg.Theincreaseinplasmavolumeplaysacriticalroleinmaintaining

circulatingbloodvolume,bloodpressureanduteroplacentalperfusionduringpregnancy.

ActivationoftheRAAsystem leadstoincreasedplasmalevelsofaldosteroneand

subsequentsaltandwaterretentioninthedistaltubuleandcollectingduct.Inaddition

totheincreasedreninproductionbythekidneys,ovariesanduteroplacentalunit

produceaninactiveprecursorproteinofrenininearlypregnancy.Theplacentaalso

producesoestrogensthatstimulatethesynthesisofangiotensinogenbytheliver,

resultinginproportionallyincreasedlevelsofaldosteronecomparedtorenin.Plasma

levelsofaldosteronecorrelatewellwiththoseofoestrogensandriseprogressively

duringpregnancy.Theincreaseinaldosteroneisresponsiblefortheincreaseinplasma

volumeduringpregnancy.Progesterone,whichisapotentaldosteroneantagonist,

allowsnatriuresisdespitethesodium-retainingpropertiesofaldosterone.Therisein

GFRalsoincreasesdistalsodium delivery,allowingexcretionofexcesssodium.

Progesteronehasantikaliureticeffectsandthereforeexcretionofpotassium iskept

constantthroughoutpregnancyduetochangesintubularreabsorption,andtotalbody

potassium increasesduringpregnancy.

HypothalamicAVPreleaseincreasesearlyinpregnancyasaresultofincreasedrelaxin

levels.AVPmediatesanincreaseinwaterreabsorptionviaaquaporin2channelsinthe

collectingduct.ThethresholdforhypothalamicsecretionofAVPandthethresholdfor

thirstisresettoalowerplasmaosmolalitylevel,creatingthehypo-osmolarstate

characteristicofpregnancy.Thesechangesaremediatedbyhumanchorionic

gonadotropin(hCG)andrelaxin.

Inmiddleandlatepregnancythereisafour-foldincreaseinvasopressinase,an



aminopeptidaseproducedbytheplacenta.Thesechangesenhancethemetabolic

clearanceofvasopressinandregulatethelevelsofactiveAVP.Inconditionsof

increasedplacentalproductionofvasopressinase,suchaspreeclampsiaortwin

pregnancies,atransientdiabetesinsipidusmaydevelop.Asaconsequenceofthis

volumeexpansion,thesecretionofatrialnatriureticpeptidesincreasesby40%inthe

thirdtrimester,andrisesfurtherduringthefirstweekpostpartum.Thelevelsof

natriureticpeptidesarehigherinpregnantwomenwithchronichypertensionandpre-

eclampsia.


