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ASSIGNMENT

PHYSIOLOGICALADAPTATIONOFFEMALESTOPREGNANCY

Pregnancyisauniqueperiodinawoman'slifetime.Anumberofanatomic,

physiologic,biochemicalandpsychologicalchangestakeplace.Thesechangesmay

easilybemisinterpretedbyphysicianswholackexperienceinregardstopregnancy

effectsonawoman'sbody.Itisimportantthatphysicianscaringforwomen

understandtheimplicationsofthesephysiologicalchangesinordertoavoidany

diagnosticerrorsanderrorsofmanagement.Onehastorememberthatnaturedoesnot

wasteenergyoreffort.Inthatrespectallthephysiologicalchangesthathappenduring

pregnancy,happenforapurpose.

Anattemptwasmadetopresenttheinformationbyorgansystemsalthoughthere

maybesomeoverlapsincemostoftheorgansystemsinteractwitheachotherand

affecteachother.Someorgansystemswillbediscussedindetailmorethanothers.

Thisdistinctionwillbesolelybasedonthesignificanceoftheparticularorgansystem

changes.

Afterconception,thecorpusluteum,placenta,anddevelopingembryorelease

hormones,growthfactors,andothersubstancesintothematernalcirculation.These

substancestriggeracascadeofeventsthattransform thefunctioningofthematernal

cardiovascular,respiratory,andrenalsystems,whichinturnalterthephysicochemical

determinantsof[H(+)].Followingimplantation,maternaladaptationsfulfill4important

functionsthatsupportfetalgrowth.

Increasedavailabilityofsubstratesandprecursorsforfetal-placentalmetabolism

andhormoneproductionismediatedbyincreasesindietaryintake,aswellasendocrine

changesthatincreasetheavailabilityofglucoseandlow-densitylipoprotein(LDL)

cholesterol.Transportcapacityisenhancedbyincreasesincardiacoutput,facilitating

thetransportofsubstratesandprecursorstotheplacenta,andfetalwasteproductsto

maternalorgansfordisposal.Maternal-fetalexchangeisregulatedbytheplacentaafter

10-12weeksgestation,butitmayoccurthroughhistiotrophicmechanismsbeforethis

time.Disposalofadditionalwaste products (heat,carbon dioxide,and metabolic



byproducts)occursthroughperipheralvasodilationandincreasesinskinbloodflow,

ventilation,andrenalfiltration.Thematernalphysiologicaladaptationsdescribedabove

mustmeetthe combined demands ofmaternalexercise and fetalgrowth.More

researchisneededtoformulateevidence-basedguidelinesforhealthyphysicalactivity

inearlypregnancy.

SKIN CHANGES

Anumberofchangestakeplaceintheskinofpregnantwomen.Mechanicalstretching

oftheskinovertheabdomenandbreastscanleadtostriae.Theincreasedlevelsof

estrogen and progesterone have also been implicated. Usually striae remain

permanentlywithsomechangeincolor.Preventionmaybeachievedwithmoisturizing

creams,especiallythosecontaininglanolinandotheroilysubstances. Itshouldbe

realized,however,thatstriaemaydevelopdespiteanypreventativemeasures.

CHANGESINTHEGASTROINTESTINALSYSTEM

Nauseaandvomitingarethemostfrequentcomplaintsinvolvingthegastrointestinal

system andusuallyhappeninearlypregnancy,whileheartburnhappenprimarilyinlate

pregnancy.Thegumsbecomehyperemicandedematousduringpregnancyandtendto

bleed.Themuscularwalloftheesophagusisrelaxedandthismaycausereflux,which

inturncanleadtoesophagitisandheartburn.Thestomachandtheintestineshave

decreasedmotilitypresumablyduetotheeffectofprogesteroneonsmoothmuscle

contractility.Thiscausesanincreaseinthetimethatittakesforthestomachtoempty.

Reducedgastricsecretionhasalsobeendocumentedanditcouldaccountforthe

improvementofpepticulcerssometimesobservedinpregnancy.Decreasedmotilityof

thelargeintestinemayleadtoconstipation.

Theliverisaffectedsignificantlybypregnancy.Cholestaticjaundiceisconsideredto

betheresultofestrogeneffectoneliminationofbilirubinbytheliver.Theeffectof

estrogensalso,istoincreaseproteinsynthesisintheliver,whichleadstoincreased

productionoffibrinogenandbindingproteins.Theliverenzymesareusuallyunaffected

withtheexceptionofalkalinephosphatase,whichisincreasedatapproximatelytwo

foldtofourfoldthatisaresultofaplacentalproduction.

CARDIOVASCULARCHANGES

Ofallchangesthathappeninpregnancy,thesinglemostimportantistheone

involvingthecardiovascularsystem.Adequatecardiovascularadaptationsecuresgood

placentaldevelopmentandthusappropriatefetalgrowth.



Inbrief,thecardiovascularchangesinvolveasubstantialchangeinthebloodvolume,

cardiac output,heartrate,systemic arterialblood pressure,systemic vascular

resistance,oxygenconsumptionandalterationsinregionalbloodflowofvariousorgan

systems.

BloodVolume

Significantincreasesinthebloodvolumestarttakingplaceinthefirsttrimesterand

continueuntilthemidthirdtrimester,atapproximatelythe32ndtothe34thweek.

Beyondthispointingestation,thebloodvolumeplateaus.Thispatternwasestablished

with studiesthatkeptthepatientsin theleft-lateralposition to avoid vena cava

compression.However,studies thatkeptthe patientin the supine position had

controversialresultsindicatingadeclineinthebloodvolumeafter34to36weeks.The

averageabsoluteincreaseinbloodvolumeduringpregnancyisabout1600mlandin

termsofpercentchangeoneshouldexpecta40to50percentincreaseabovepre-

pregnancylevels.Theincreaseinthebloodvolumeisachievedbyacombinationof

increasesintheplasmavolumeandtheRBCmass. Thecalculatedplasmavolume

expansionisapproximately1300mlandthevolumeoftheRBCincreasesabout400ml.

Thisdiscordanceinthechangebetweenthecellularelementsofthebloodandthe

liquid portion leads to the so called "physiologic anemia ofpregnancy". The

mechanismsleadingtohypervolemiainpregnancyarestillnotentirelyunderstoodand

seem tobemultifactorial.Increasedestrogenlevelsinpregnancycauseincreased

productionofreninfrom thekidneys,theuterusandtheliverandthuscauseelevated

reninplasmalevels.Theincreaseinrenin,whichstimulatesaldosteronesecretion,is

associatedwithsodium retentionandanincreaseintotalbodywater.

The increase in blood volume with pregnancyappears to serve the essential

physiologicneedsofboththemotherandfetus.Itensuresadequatesuppliesrequired

fornormalfetalgrowthandoxygenationevenundercircumstancesthataffectthe

maternalcardiacoutput(inferiorvenacavacompression).Thisincreasedbloodvolume

alsohelpsnormalpregnantwomentowithstandhemorrhageequaltothevolumeof

bloodaddedtothecirculationduringthecourseofthenormalpregnancywithoutany

signsofdecompensation.

CardiacOutput

Ithasbeenwellestablishedsincethebeginningofthiscenturythatthecardiac

outputincreasesanaverageof50percentduringpregnancy.Itisgenerallyaccepted

thatcardiacoutputbeginstoriseduringthefirsttrimester,probablyaroundthetenth

weekofpregnancyandcontinuestoriseupuntilthe24thweekofgestation.Onceit



reachesthepeakitstaysratherstable.Thatwasthecaseinmostifnotallofthe

studiesthatevaluatedwomeninaleft-lateraltiltwhilestudiesthatplacedwomeninthe

supinepositionhaveshownaratherfalsereductionincardiacoutputwhichwas

primarilymediatedbyinferiorvenacavacompression.

Cardiacoutputisaproductofstrokevolumeandpulserate.Theriseincardiac

outputearlyinpregnancyisdisproportionatelygreaterthantheincreaseinheartrate,

andthereforeisattributabletoaugmentationinstrokevolume.Aspregnancyadvances,

heartrateincreasesandbecomesamorepredominantfactorinincreasingcardiac

output.Atthelatestagesofpregnancy,thestrokevolumedeclinestonormal,non-

pregnantvalues.Theeffectofmaternalpostureoncardiacoutputwasdemonstratedby

anumberofstudies. A significantdecrease(25to30percent)incardiacoutput,

measuredbydyedilutiontechnique,wasdemonstratedinthesupinepositionbetween

the38thand40thweeksofpregnancybutnotbeforethe24thweek.

Thesefindingswereconfirmedrecentlybyechocardiographicstudies.Sinceheart

ratewasnotaffectedsignificantly,positionaldeclineincardiacoutputwasdueto

decreasedstrokevolume.Thefallincardiacoutputwasalsonotassociatedwitha

significantchangeinbloodpressure.Thisisprobablyduetoanincreaseinperipheral

vascularresistance.Asmanyas11percentofwomenwhenplacedinthesupine

position,willdevelopsymptomatichypotensionanddropinthecardiacoutputwhich

mayleadtoalossofconsciousness.Thesesymptomsarerelievedpromptlywithleft-

lateralpositioning.Intheseparticularpatientswhodevelopthesymptoms,thecardiac

outputisnotmaintaineddespitethefactthattheydevelopasignificantincreaseintheir

heartrate.Itisbelievedthatthepatientswhobecomesymptomaticarethosewholack

sufficientparavertebralcollateralcirculationtopermitbloodfrom thelegsandthe

pelvicorganstobypasstheoccludedinferiorvenacava.

HeartRateDuringNormalPregnancy

Thebaselineheartrateincreasesbyabout10to20beatsperminute.Thisincrease

startsearlyinpregnancyandgraduallycontinuestogoupwardwiththehighestvalues

achievedatterm. Someinvestigators,however,suggestedthatthetotalincrease

happensearlyinpregnancyandremainssothroughouttheremainderofgestation.

Intwingestations,theriseoftheheartrateismorepronouncedanditcanreachas

muchas40percentabovethenon-pregnantstate. Achangealsofrom thesupine

positiontothelateralpositionmaycausetheheartratetodropslightly.

TheHeart



Anumberofchangeshappentotheheartandareuniquetopregnancy.Increasing

intra-abdominalcontentsdisplacetheheartupwardwithsomeforwardrotation.Asa

resulttheanteriorposteriordiameterandthecardiothoracicratioareincreased.The

overalldimensionsoftheheartareincreasedduringpregnancyasaresultofincreased

diastolicheartvolumewithoutanychangeintheventricularwall.Systolicejection

murmursarecommoninpregnancywhilediastolicmurmursarelessfrequent. The

systolicmurmursareusuallytheresultofthehyperdynamiccirculation.

Electrocardiogram changeshavebeenreportedduringpregnancy.TransientSTandT

changesarecommoninpregnancy,SRQwavesandinvertedTwavesinleadIII.Left

accessdeviationoftheQRScomplexhasbeenreportedalsoinpregnancy.

BloodPressure

Aslightdecreaseinthesystolicarterialbloodpressureandasignificantdecreasein

thediastolicpressurehavebeenobservedtooccurinnormalpregnancy.Thisdecrease

becomesevidentinthelatefirsttrimesterandcontinuesthroughoutmostofthe

secondtrimester.Thelowestvaluesarenotedinmidpregnancyandthereafterthe

bloodpressurereturnstowardnon-pregnantlevelsbeforeterm.Thedegreeofchange

inthebloodpressureparametershasbeenfoundtobeaffectedbyparity,smoking,

preexistinghypertension,maternalageandethnicbackground.Inthetypicalnormal

pregnancythemeanarterialpressure(diastolicplus1/3ofthedifferencebetween

systolicanddiastolic)islessthan85mm ofmercury.Studieshavefoundthatwhenthe

meanarterialbloodpressureinthemidsecondtrimesterishigherthan90mm of

mercury,thereisincreasedperinatalmortalityandmorbidity.

SystemicVascularResistance

Normalpregnancyisassociatedwithasignificantfallinsystemicvascularresistance.

Asaresult,thediastolicbloodpressuredropsaswellasthesystolic.However,the

diastolicbloodpressuredropsmorethanthesystolicleadingtoawideningofthepulse

pressure.Themechanism forthischangeisnotentirelyclear.Ithasbeenspeculated,

however,thatasignificantportionofthisdeclineiscausedbythedevelopmentofalow

resistancecirculationinthepregnantuterus.

Estrogens,Prolactin,circulatingprostaglandinsPGEandPGImayberesponsiblefor

thevasodilatationthatcancauseadropintheperipheralresistance.Inaddition,the

profounddilatation oftheskinvesselsasaresultoftheincreasedmaternalbodyheat

dissipationmaycontributetothedropinthesystemicvascularresistance.

BloodFlowChangesinVariousOrganSystemsDuringPregnancy



Themostprofoundchangesinregionalbloodflowoccurintheuteruswitha5to10

foldincrease.Thischangestartsearlyinpregnancyandcontinuesuntilalmostterm.

Approximately 20% ofthe maternalcardiac outputperfuses the uterine vessels

(placentalandnonplacental).Thekidneysalsodemonstratesubstantialincreaseofthe

regionalbloodflow asmuchas30to80percentandatthesametimea50percent

increaseinglomerularfiltrationrateisnoted.Theregionalbloodflowintheextremities

alsoincreasesandmoresointhehandsthanthelegs.Asitwasmentionedpreviously,

thereisasignificantdilatationintheskinvesselswhichleadstoanincreaseinthe

regionalbloodflow.Thesechangesintheskinvesselsmaycausewarm skin,clammy

hands,vascularspiders,andpalm erythema.

Thelivercirculationisnotaffectedverymuchandthesameistrueforthebrain

bloodflow whichisautoregulated.Thebloodflow tothebreastisincreasedduring

pregnancytopreparethebreastforlactation. Theeffectofpregnancyoncoronary

bloodflow isstillunknown. Itissafe,however,tospeculatethatanincreasemay

happensinceaugmentationofcardiacfunctionispresentduringpregnancy.

PHYSIOLOGICALRESPIRATORYCHANGES

AnatomicChanges

Mucosaledemaandhyperemiasecondarytocapillaryengorgementarecommon

findingsinthenasopharynxandthetrachealbronchialtract.Infactthemajorityof

pregnantwomenhaverednessandswellingofthelungsthatattimescanproduce

changesinthevoice.Changesalsooccurinchestcircumference(6to7cm.),vertical

diameter(4to5cm.),andthesubsternalangle(from 70to105degrees).Theincrease

in chestcircumference compensates forthe elevation ofthe diaphragm,so that

essentiallythereisnochangeintheoverallvolumeofthethoraciccavity.

RENALPHYSIOLOGICALCHANGES

Thechangesinrenalfunctionduringpregnancyareprofoundandaresurpassedonly

bythoseofthecardiovascularsystem.Majoranatomicaswellasfunctionalchanges

areapparentasshowninthefollowingparagraphs.

AnatomicChanges

Thekidneysizeincreasesonlyslightlyduringnormalpregnancy.However,themore

strikinginstructuralchangesarethoseoftheureters,calyces,andrenalpelvis.These

changesarereadilyseenasearlyasthethirdmonthofgestationandremainuntil

approximatelythefourthmonthpostpartum.Sincethesechangesappearlongbefore



thegraviduterusislargeenoughtocausemechanicalcompressionoftheureters,a

hormonaleffectispostulated.Progesterone,asmoothmusclerelaxant,isproducedin

largeconcentrationsevenearlyinpregnancy,andismostlikelythecauseofthe

dilatation and decrease in peristaltic activity. Laterin pregnancy,mechanical

compressionmustcertainlyplayarole.Interestingly,thedilatationoftheupperurinary

tractisgreaterontherightthanontheleft.Theexplanationgivenbysomeforthis

phenomenonisthatthecolonactsasacushiontoprotecttheleftureter,whereasthe

rightureterismoreexposed.

FunctionalChanges

Ofallfunctionalrenalchangesthataccompanypregnancy,themoststrikingisthat

ofglomerularfiltrationrate(GFR),whichincreasesbyapproximately50percent.Renal

plasmaflow ontheotherhandincreasesbyapproximately25percent.Bothbeginto

changeearlyinthesecondtrimesterofpregnancyandinlateralrecumbencyare

maintainedattheseelevatedlevelstoterm.Thefactorsresponsibleforthesechanges

remainconjectural,butthefollowinghavebeensuggested;

1)Thegrowthhormone-likeeffectofthehormonehumanplacentallactogen.

2)Theincreasedproductionandplasmaconcentrationoffreecortisol.

3)Theincreaseinbloodvolume.

4)Thehemodilutionandhydremiaresultingindecreasedcolloidosmoticpressure.

Regardlessofetiology,thesefunctionalalterationsforceustoredefinenormalvalues

ofrenalfunctionduringpregnancy.Thenormalserum creatinineinpregnancydropsto

0.46mg.%ascomparedwiththenonpregnantvalueof0.67mg.%.TheBUNdecreases

to8.2mg.%from anonpregnantvalueof13mg.%.Uricacidalsodeclinestoavalueof

3.1mg.%from approximately4.5mg.%.Theupper-normaluricacidlevelinpregnancy

is 5 mg.% and levels higherthan thatshould raise suspicion ofpreeclampsia.

Creatinineclearancevaluesincreaseto150-200ml/minascomparedwithvaluesof

65to145ml/mininthenonpregnantpatient. Althoughaglomerulartubularbalance

existsforsodium duringpregnancy,thisisnotthecaseforglucoseoraminoacids.The

increasedglomerularfiltrationrateleadstoasignificantglucoseexcretionthatexceeds

thetubularmaximum forglucosereabsorptionleadingtoglucosuriainmanynormal

patients.

Asimilaraminoaciduriaisfrequentlyseeninpregnancy.Incompensationforthe

hyperventilationandhypocarbiathatoccurwithpregnancy,thereisanincreasein



bicarbonateexcretionbythekidney.ThisresultsinanelevationofurinepH.During

pregnancythereisareversaloftheusualnon-pregnantdiurnalpatternofurinaryflow.

Whenpregnantwomengotobedatnightthirdspacedfluidismobilizedandreturns

intothecardiovascularsystem leadingtoratherdiluteurineinthemorning,whichis

unusualaccordingtonon-pregnantstandards.Whentubularfunctiontestsaretobe

contactedinpregnantwomen,theseeffectsshouldbetakeninaccountanditmaybe

besttocollecturinefrom womenforthistestintheeveninghours.

CHANGESINTHEREPRODUCTIVESYSTEM

Rhythmictighteningsoftheuterusoccuraspartofpreparatorychangesforlabor.

ThesearecalledBraxton-Hickscontractionsandsincetheadventofultrasound,canbe

seenasearlyaseighttonineweeks.Asthepregnancyadvancesthesecontractions

becomemorefrequentandtheyaremorelikelytobefeltbythepatient.Usuallythey

happenevery5to20minutesandsometimestheymaylastaslongas30minutes.The

genitalorgansundergosignificantchangeswithincreasedvascularityofthecervixand

increasedmucousformationbythecervicalglandsduetoincreasedlevelsofestrogen.

Thevulvaandthevaginaarealsoedematousandpresentincreaseddesquamationand

transudation.Thisleadstoanincreaseinthesecretionsfrom thevaginamanifesting

asincreased leukorrhea.The secretionsofthe vagina are acidicbecause ofthe

conversion ofan increased amountofglycogen in the vaginalepithelialcellsby

Doderlein'sBacilliintolacticacid.

Manypatients experience perinealpressure pain,which maybe secondaryto

vascularengorgementoftissuesduetoestrogenandstasisofbloodandtopressure

from fetalpresentingparts.Pubicpainisalsonotedandmaybesecondarytoincreased

jointmotilitythathappenssecondarytoprogesterone'srelaxingeffectonthepubic

symphysiscartilage.Manywomenexperiencepainintheregionoftheroundligament,

whichissecondarytostretchingastheuterusgrows.


