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Comparative morphological differences
between umbilical cords from chronic

hypertensive and preeclamptic pregnancies.∗

Sevinc Inan, Muzaffer Sanci, Deniz Can, Seda Vatansever, Ozgur Oztekin, and
Sivekar Tinar

Abstract

To compare morphological changes in the umbilical cords from chronic hypertensive and
preeclamptic patients having normal or pathological umbilical artery Doppler ultrasonographic re-
sults. Umbilical cords from 34 normotensive, 31 chronic hypertensive and 70 preeclamptic women
with normal and abnormal Doppler flow velocity waveforms (FVW) at 35-40 gestational weeks
were studied. Morphological changes in the umbilical cords were examined on formalin-fixed,
paraffin-embedded sections. The total umbilical cord area, total vessel area, and wall thickness of
umbilical vessels were measured in systematic random samples using unbiased stereology meth-
ods. An ANOVA test was used for statistical analysis. In the chronic hypertensive and preeclamp-
tic groups with normal Doppler FVW, the thickness of the umbilical cord vessels remained nearly
constant, whereas both the total area and the lumen area were reduced. These changes corre-
late with the histopathological findings, suggesting a mainly vasoconstrictive effect. By contrast,
analysis of the preeclamptic group with pathologic Doppler FVW showed a comparable reduction
of all parameters of the umbilical cord. Histopathological findings were related to smaller, con-
tracted smooth muscle cells of the vessel wall, which is suggestive of a predominant hypoplastic
mechanism. As a result of reduced uteroplacental perfusion, fetal hypoxia and intrauterine growth
retardation become unavoidable in preeclampsia. The histopathological changes in the umbilical
cord between the chronic hypertensive and preeclamptic patients depend on the Doppler results.
In conclusion, the umbilical artery Doppler FVW indices provide good values for predicting in-
trauterine growth retardation in preeclamptic patients.
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ComparativeMorphologicalDierencesbetweenUmbilicalCords
fromChronicHypertensiveandPreeclampticPregnancies
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DepartmentofHistology&Embryology,CelalBayarUniversity,FacultyofMedicine,Manisa,Turkey,
DepartmentofObstetrics&Gynecology,AegeanSocialSecurityHospital,Izmir,Turkey,and
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Tocomparemorphologicalchangesintheumbilicalcordsfrom chronichypertensiveandpree-
clampticpatientshavingnormalorpathologicalumbilicalarteryDopplerultrasonographicresults.
Umbilicalcordsfrom34normotensive,31chronichypertensiveand70preeclampticwomenwith
normalandabnormalDopplerflowvelocitywaveforms(FVW)at35-40gestationalweekswere
studied.Morphologicalchangesintheumbilicalcordswereexaminedonformalin-fixed,para n-
embeddedsections.Thetotalumbilicalcordarea,totalvesselarea,andwallthicknessofumbilical
vesselsweremeasuredinsystematicrandom samplesusingunbiasedstereologymethods.An
ANOVAtestwasusedforstatisticalanalysis.Inthechronichypertensiveandpreeclampticgroups
withnormalDopplerFVW,thethicknessoftheumbilicalcordvesselsremainednearlyconstant,
whereasboththetotalareaandthelumenareawerereduced.Thesechangescorrelatewiththe
histopathologicalfindings,suggestingamainlyvasoconstrictiveeect.Bycontrast,analysisofthe
preeclampticgroupwithpathologicDopplerFVW showedacomparablereductionofallparameters
oftheumbilicalcord.Histopathologicalfindingswererelatedtosmaller,contractedsmoothmuscle
cellsofthevesselwall,whichissuggestiveofapredominanthypoplasticmechanism.Asaresultof
reduceduteroplacentalperfusion,fetalhypoxiaandintrauterinegrowthretardationbecomeun-
avoidableinpreeclampsia.Thehistopathologicalchangesintheumbilicalcordbetweenthechronic
hypertensiveandpreeclampticpatientsdependontheDopplerresults.Inconclusion,theumbilical
arteryDopplerFVW indicesprovidegoodvaluesforpredictingintrauterinegrowthretardationin
preeclampticpatients.

Keywords:umbilicalcord,morphometry,hypertensiveinducedpregnancy

H ypertensivedisordersinpregnancyarerespon-
sibleforasignificantamountofmaternaland

perinatalmorbidityandmortality.Theetiologyofthese
disordersisstillunknown.Itcomplicatesabout6-20

ofallpregnancies.Preeclampsiaandeclampsiaconstitute
about70 ofthesedisorders,whereaschronichyperten-
sionrepresentstheremaining30 ofhypertensivedis-
ordersinpregnancy［1,2］.
Althoughpreeclampsiaisoneofthemajorcausesof

maternaldeath,especiallyindevelopingcountries,per-
inataloutcomesarealsonotfavorable.Intrauterine
growthretardation,prematuredelivery,lowbirthweight,
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fetaldeathandneonataldeathduetoprematurebirthare
common complications. Predicting preeclampsia is
dicultinearlypregnancy,butsomeepidemiologicalrisk
factorsareknown,suchasnulliparity,previouspre-
eclampsia,familyhistory,blackrace,obesity,diabetes
mellitus,multi-fetalpregnancies,ageofmother(＜18
and＞35),andpreviousrenaldisease［3］.
Althoughtheetiologyofpreeclampsiaisstillunknown,

theplacentaplaysacrucialroleinthedevelopmentofthe
disease［4,5］.Preeclampsiaisassociatedwithincreased
vascularresistanceanddecreaseduteroplacentalperfusion.
Accordingtothedegreeofdecreaseinuteroplacental
perfusion,fetalhypoxiaandintrauterinegrowthretarda-
tioncanbecomeunavoidable［6］.Manystudieshave
demonstratedsignificantdierencesinthemorphological
structuresoftheplacentaandumbilicalcordvessels
betweennormalandpreeclampticpregnantwomen［7-
12］.Mostofthewomenwithpreeclampsiashowhis-
tologicalandbiochemicalevidenceofpoorplacentation
andischemia.Bruchetal.reportedthatgrowth-retarded
fetuseswithorwithoutumbilicalarteryDopplerabnor-
malitieshaveasmallerumbilicalcordcross-sectionalarea
atdeliverythandonormalhealthyfetuses［10］.DiNaro
foundthatthediametersandareasofumbilicalcords
changedduringgestation,andthesedierencesdepended
onthereductionofWhartonjellyratherthantheumbilical
vesselsthemselves［11］.Juneketal.demonstratedthat
umbilicalarterieswerethickerinthepreeclampticgroup
thaninuncomplicatedpregnancies.Thesedierences
wereespeciallyobservedinthetunicaintimaandmedia.
Thesedierenceswereacceptedasaresultoftheadapta-
tionsystemoftheumbilicalcordarteriesunderthealtered
homodynamicconditionsinpreeclampsia［12］.
Itwasobservedthatumbilicalarterialvasoconstriction

wasinducedbyanexcessofeitherendothelium or
platelet-derivedthromboxaneA2,asdescribedinIUGR
［13］.AhigherproductionofendothelininIUGRwas
alsodescribed［14］.Butthedegreeofdefectiveplacenta-
tionandplacentalischemiamaynotadjusttotheseverity
ofpreeclampsia.Thereforesomeotherpreexistingfactors
mustalsobepresent.Thesealterationsintheplacenta
andumbilicalcordvesselsmaydevelopasaresultofa
decreaseinavasodilatorsubstanceoranincreasein
vasoconstrictorsduetoapathophysiologicevent［15-
18］.Anabnormalendothelialhyperstimulationand
dysfunctionmightbethemainevent,andpreeclampsia
canbeanacuteformofsuchasituation.Bothpreeclamp-
siaandchronichypertensionincludesimilarriskfactors

andbiochemicalalterations.Althoughtheperinatalrisk
forwomenwithchronichypertensionislessthanfor
preeclampticwomen,thehistopathologicaldierencesin
bothgroupsmaybeimportantforthedevelopingfetus.
Theaimofthisstudywastocomparethemorphological
changesintheumbilicalcordvesselsinnormotensive
pregnancies,chronichypertensivepregnanciesandpre-
eclampticpatientswithandwithoutpathologicumbilical
arteryDopplerultrasoundstudyresults.

MaterialsandMethods

TheEthicsCommitteeoftheResearch
CenterofAegeanSocialSecurityHospitalapprovedthe
protocol.Studieswereperformedontheumbilicalcords
of135newborns,deliveredbetween35-40weeksof
gestation.Inallcases,10cm longsectionsofthe
umbilicalcordwerecut,beginningfromtheirplacental
end,formorphometricstudyoftheumbilicalcordves-
sels.Patientswereseparatedinto4groups.Therewere
nostatisticallysignificantdierencesinthemean(±SD)
ageofthewomenamongthegroups.Patientcharacteris-
ticsaregiveninTable1.Forallpatients,arterial
umbilicalflowvelocitywaveforms(FVW)from24hto1
weekbeforedeliverywererecordedwithToshiba250
pulse-wavedDopplerUSG,usinga5MHzabdominal
transducer.NormalumbilicalDopplerindiceswere
definedasasystolic/diastolicvaluebetween5 and
95 withrespecttogestationalage.Valuesoutofthis
rangeweretakenasabnormal.
Group1:Thecontrolmaterialwastakenfromnew-

bornsdeliveredbyhealthymothers,aged23-32,with
normalbloodpressure(systolic100-135mmHg,diastolic
60-85)andhavingnormalumbilicalDopplerFVW(n＝
34).Exclusioncriteriaincludedmultiplepregnancies,
essentialhypertension,diabetes,chronicrenaldisease,
plateletdisorders,andepilepsy.Themeanbodyweight
ofthenewbornswas3,261.7±418.3grams.
Group2:Inthisgroup,theumbilicalcordswere

takenfromnewbornsdeliveredbymothers,aged24-33,
withessentialhypertensionbeforethe20thweekof
pregnancyandhavingnormalumbilicalDopplerFVW
(n＝31).Themeanbodyweightofthesenewbornswas
3,153.2±314.8grams.
Group3:Inthisgroup,theumbilicalcordswere

takenfromnewbornsdeliveredbymothers,aged22-32,
withpreeclampsia.Womenwerediagnosedwithpre-
eclampsiaiftheyhadbloodarterialpressureasfollows:
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systolic＞140mmHg,diastolic＞90mmHgmeasured
on2ormoreoccasionsatleast4hapartafterthe20th
weekofgestation.Proteinuriawasconsideredpresent
whentherewasaurinedipstickvalueofatleast1＋(＞
30mg/dl)on2separateoccasionsatleast6hapart.
NoneofthewomenhadanMgSO4orbetamethasone
injectionbeforethebloodsamplesweredrawn.This
groupwassubdividedinto2groupsaccordingtoDoppler
FVW results.
Group3A:WithnormalumbilicalarteryDoppler

FVW (n＝32).Themeanbodyweightofthesenew-
bornswas3,015.6±426.6grams.
Group3B(4):WithabnormalumbilicalarteryDop-

plerFVW (n＝38).Themeanbodyweightofthese
newbornswas2,109.2±589.9grams.

Eachumbilicalcordwasimmediately
clampedatdelivery.Inallcases,10cm-longsectionsof
umbilicalcordwerecut,beginningfromtheirplacental
end,formorphometricstudyoftheumbilicalcordves-
sels.Fiveblocksofcordcross-sectionswerecut.A
routineparanprocedurewasdone.Inbrief,tissue
sampleswerefixedin10 formalinsolution.Theywere
dehydratedinagradedethanolseries,cleanedinxylene
andembeddedinparan.Sectionswerecutat5μm
thickness,deparanisedandhydrated.Serialsectionsof
theumbilicalcordswerestainedwithhematoxylinand
eosin(H.E).Systematicrandomsamplesofumbilical

cordsectionswereidentifiedunderamicroscope(×40),
andunbiasedmorphometricstudywasperformedusingan
Olympusmicroscope.Theviewfromthemicroscopewas
directlyprojectedontothecomputerscreen.Asystematic
gridofcrosseswasrandomlythrownontotheviewed
object.Theinter-crossspacinginthexandydirectionis
ΔxandΔyunits,respectively.Thismeansthateach
crosshasanassociatedareaofa/punits.Thenumber
ofcrossesthathittheobjectmultipliedbya/pisan
unbiasedestimateoftheobject’sarea［18］.Thefollow-
ingparametersweremeasuredforeachumbilicalcord:
totalcordandWhartonjellyareas,totalvesselandlumen
areas,andwallthickness.Wall-thicknessmeasurements
expressthewholethicknessofthevesselwall,fromthe
endothelium totheWhartonjelly.Allmorphometric
measurementsweredoneinablindfashion,without
preexistingknowledgeoftheclinicaldata.

Allresultsareexpressed
asmeanvalues± SEs.Statisticalanalysisofdataand
SEswascalculatedforeachparameterandestimatedin
eachgroup.ForcomputationweusedtheSPSS
AdvancedStatisticalpackage.Thedatawasanalyzedby
anANOVA test,anddierenceswereconsidered
significantifP＜0.05.

Pregnancy,Hypertension,UmbilicalCordAugust2002

Table1 Clinicalcharacteristicsofnormal,chronichypertensiveandpreeclampticpregnancies

GROUP GROUP1 GROUP2 GROUP3A GROUP3B

Control
ChronicHT
withnormal
DopplerFVW

Preeclampsia
withnormal
DopplerFVW

Preeclampsia
withpathological
DopplerFVW

n＝34 N＝31 n＝32 n＝38
Age 27.7±4.6 28.3±4.4 27.6±5.3 25.5±3.8
Parity(Nullipar/multipar) 21/13 10/21 23/9 26/12
Gestationalage(wk) 39.0±0.5# 38.3±1.0 37.3±0.9 36.4±1.1
SistolicBlood
Pressure(mmHg)

107.0±10.8# 148.3±11.8 149.8±11.8 156.5±12.7

DiastolicBlood
Pressure(mmHg)

69.4±9.9# 95.9±6.1 101.0±11.4 105.1±10.7

Edema 1.0±0.6# 0.9±0.9 2.2±0.4 2.2±0.4
Spontantdelivery/

Cesariansection
25/9# 16/15 6/26 7/31

APGAR 8.3±0.6# 8.0±0.7 7.4±0.8 6.8±1.2
Fetalweight(gm) 3261.7±418.3 3153.2±314.8 3015.6±426.6 2109.2±589.9

#,P＜0.05Group1vs.Group2,3A,3B;,P＜0.05Group3Avs.Group2;,P＜0.05Group3Bvs.Group3A,2.
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Results

Demographicandclinicalfindingsofthecontrolgroup
(Group1),chronichypertensive＋pregnancy(Group2),
preeclampticwithnormalDoppler(Group3A)andpre-
eclampticwithabnormalDoppler(Group3B)aresum-
marizedinTable1.Asexpectedfromtheinclusionand
matchingcriteria,thepatients’ageswerenotsignificantly
dierent,butotherparameterssuchasbloodpressure
andedemaweresignificantlyelevated(P＜0.05)inthe
preeclampticgroup.Themethodofdeliverywasusually
cesareansectioninGroups3Aand3B.Wealsosawthat
thegestationalageandbirthweightweresignificantly
lowerinthepreeclampticgroup,especiallyinthepath-
ologicDopplerflowpatterns.Relatedwiththesefindings,
APGARscoresinGroups2,3Aand3Bwerefoundto
below.Theresultsofthemorphometricparametersof
umbilicalcordsaregiveninTable2.
Histologicalexaminationoftheumbilicalcordshows

severaldistinctlayersunderthelightmicroscopeinthe
controlgroup(Fig.1A).Onthesurfaceisawell-defined
singlelayerofsquamoidamnioticepithelium.Deepinthe
epitheliumthatcomprisesthesurfaceofthecordisthe
substanceknownasWharton’sjelly.Embeddedwithin
theWharton’sjellyaretheumbilicalvessels.Thevas-

culatureoftheumbilicalcordiscomposedof2arteries
andasinglevein.Thearteriespossessnoelasticlamina
andhaveadouble-layeredmuscularwall(Fig.1B).Each
ofthesemuscularlayersiscomposedofanetworkof
interlacingsmoothmusclebundles.Theveinhasaninner
elasticlamina(Fig.1C).Theumbilicalvein,which
generallyhasalargerdiameter,possessesathinner
muscularcoatconsistingofasinglelayerofcircular
smoothmuscle.Inthecontrolgroup,themeancordarea
was63.58±2.00,thetotalareaoftheveinwas6.28±
0.44andthewallthicknessoftheveinwas471.75±
33.27.Thethicknessesofthearteriesweresimilarto
eachother.Themeanwallthicknessofthearterieswas
597.08±18.02andtheirtotalareawas2.97±0.18.
WhentheumbilicalcordvesselsinGroup2(chronic

hypertensive＋pregnancy)wereexaminedunderthelight
microscope,thehistologicalappearanceappearedtobe
closetonormal(Fig.2A).Theendotheliumandthe
subendotheliumoftheumbilicalartery(Fig.2B)andvein
(Fig.2C)wereseentobeintheirnormalstate.Although
afewcontractionsinthenucleuscouldbeseen,the
smoothmusclecellsgenerallyhadtheappearanceofbeing
normalandofnormalsize(Fig.2D).Theintercellular
gapshadanunnoticeablewideningbetweenthem.The
morphometricanalysesofthisgroupshowedthatthetotal

Table2 Correlation’scordparameters

GROUP1 GROUP2 GROUP3A GROUP3B

UMBILICALCORD
PARAMETERS

Control
ChronicHT
withnormal
DopplerFVW

Preeclampsia
withnormal
DopplerFVW

Preeclampsia
withpathological
DopplerFVW

n＝34 N＝31 n＝32 n＝38

Umbilicalcord
Totalcordarea 63.58±2.00# 54.09±2.65 48.99±3.18 41.84±1.58
Jellyarea 51.37±1.79# 43.95±2.43 40.39±3.09 35.22±1.77
Totalvesselarea 8.44±0.69# 7.01±0.29 6.07±0.22 5.01±0.19
Totallumenarea 3.77±0.13# 3.11±0.28 2.58±0.10 1.61±0.11
Vein
Totalareamm 6.28±0.44# 4.95±0.09 3.61±0.11 2.51±0.22
Lumenareamm 2.97±0.29# 2.47±0.05 1.96±0.21 1.10±0.22
Wallthicknessμm 471.75±33.27 459.58±11.58 437.75±10.79 398.58±11.54
Artery
Totalareamm 2.97±0.18# 2.59±0.14 2.49±0.12 2.06±0.06
Lumenareamm 0.40±0.05 0.32±0.04 0.31±0.05 0.25±0.06
Wallthicknessμm 597.08±18.02 544.90±17.40 547.58±12.01 426.66±19.22

#,P＜0.05Group1vs.Group2,3A,3B;,P＜0.05Group3Avs.Group2;,P＜0.05Group3Bvs.Group2,3A,1.
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cordandjellyarea,andthetotalvesselareawere
significantlyreduced(Fig.2A).Thewallthicknessofthe
umbilicalvesselswasdecreasedinGroup2,butthe
dierencewiththecontrolgroupwasnotstatistically
significant.
Itwasobservedthatinpreeclampticpatientshaving

normalDopplerFVW(Group3A),awideningunderthe
epitheliumofthearteryandbetweenthemusclelayers
waspresentduetotheedema(Fig.3B).Thecontraction
ofthemusclecellsoccurredwithawave-likeappearance
ofthenucleus.Separationsappearedbetweenthemuscle
cellsduetotheincreaseinfluidbetweenthecells,which
wasassociatedwiththeedema.Thisedemainrelationto
theconnectivetissuebetweenthelayersofmusclemade
itmucheasiertodistinguishbetweenthelayers.Thevein
lumenwasseentohavenarrowedduetotheedemaonthe
veinwallandtothevasoconstriction(Fig.3C,3D).

Macroscopically,thecordthicknesswassignificantly
reducedinthisgroupincomparisonwiththecontroland
hypertensivegroups.WhenGroup3Awascompared
withGroup2,asignificantreductionofthetotalvessel
areaofthecordwasobserved.Incontrast,nodierence
wasobservedinthewallthicknessofthevessels.
Theumbilicalcordvessels,whichweretakenfrom

preeclampticpatientswhohadanabnormalDoppler
(Group3B),seemedtobemorphologicallyhypoplastic
(Fig.4).Whenexaminedunderalightmicroscope,the
diametersofthevesselsweresignificantlyreduced(Fig.
4A).Themuscleareaseparatedfromtheconnective
tissues,whichledinturntothesubstantialnarrowingof
thediameterofthelumen,whichwasespeciallynoticeable
inthearteries(Fig.4B).Thisnarrowingofthelumen
resultedinthenarrowingoftheveindiameter(Fig.4C).
Themusclecellswereseentobehypoplasticandsmaller

Fig.1 Photomicrographsofumbilicalcordtakenfromanewbornwithanormotensive,healthymother(Controlgroup).Normalappearance
ofumbilicalcordandvesselswereseen.Onthesurfaceisawell-definedsinglelayerofamnioticepithelium(a),embeddedwithinthesubstance
ofWharton’sjelly(w)aretheumbilicalvessels.Generalviewofumbilicalcordatamagnificationof×10(A);umbilicalcordartery,×40
(B);umbilicalvein(V),×40(C).H.E.
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thantheirnormalsize(Fig.4D).Thecontractedsmooth
musclecellswereseentohaveseparatedtheirlinksfrom
eachotherinsomeparts.Theendotheliumandsuben-
dotheliumofthevesselsandtheinnerlayersofmuscle
wereobservedtohavecompletelyjoinedeachother.With
thisobservation,hypoplasycouldbeclearlydetected.In
thisgroup,itwasobservedthatallparametersofthe
umbilicalcordweresignificantlyreducedincomparisonto
thenormalandhypertensivegroups.Asignificantcorre-
lationwasalsoobservedbetweenthethicknessofavessel
wallandthepathologicDopplervalues.

Discussion

Theumbilicalcordappearstoplayanimportantrolein
interactionsbetweenthemotherandfetusduringpreg-
nancy.Pregnancieswithgrowthretardationareassociat-

edwithsmallerplacentasandthinumbilicalcords［7-10］.
Inthisstudy,thehistopathologicalandmorphometric
dierencesassociatedwithpregnancy-inducedhyperten-
sion(preeclampsia)andchronichypertensionwereobserv-
ed.AbnormalumbilicalcordarterialDopplerFVW was
associatedwiththereducedumbilicalcorddiameter.It
wasalsoassociatedwithbothreducedtotalcordareasand
reducedWhartonjellyareas.
Chronichypertensionischaracterizedbyanincreased

vascularresistanceandmodificationsinthemechanical
propertiesofbloodvessels［20］.Vesselscontractviaa
varietyofpharmacologicalagentsincludingserotonin,
potassiumchloride,bradykinin,angiotensine,oxytosin
andothers［21,22］.Thesepropertieshavenotbeen
fullyinvestigatedinpregnancy-inducedhypertension.But
likechronichypertensioninpreeclampsia,theinhibition
ofprostacyclinesynthesis,hypersensitivitytovasocon-

Fig.2 Photomicrographsofumbilicalcordtakenfromchronichypertensivemother(Group2).Theendotelandsubendotelseemedtolook
closetonormal,thesmoothmusclecellsonthevesselwallswerealsoseentobeontheirnormalstate.Althoughitcouldbeseenthata
fewvasocontrictionshadapatchedstateinthenucleus(arrow).Generalviewofumbilicalcordatamagnificationof×10(A);umbilicalcord
artery,×40(B);umbilicalvein(V),×40(C);highermagnificationoftheveinwall,×200(D).H.E.
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strictorsandendothelialcelldeathwereobserved［23］.
Dobrinreportedthatbloodvesselsexhibitedcharacter-

isticchangesduringfetaldevelopment［24］.Thewiden-
ingofthemedia,anincreasednumberandathickeningof
elasticlamella,decreasedcellularityandaugmentedcol-
lagencontentcharacterizethemorphologicdevelopment
duringthisperiod.Itwasreportedthattheumbilical
perfusiondecreasedinpreeclampsia［25］.Thevessel
wallscouldreactwiththealterations,buttheircomposi-
tiontomaintaintheirtransmuralpressureatanoptimal
levelwouldhavetobesustained.Inasituationofin-
creasedplacentalresistance,anincreaseinintralumen
pressureintheumbilicalarterywilltendtoincrease
complianceinordertokeeptransmuralpressurerelatively
constant.Conversely,theintrauterinelumenpressurein
theumbilicalveinwilldecrease,andthecomplianceofthe

vesselwilldiminish,againtokeeptransmuralpressure
constant.Romanowiczetal.demonstratedthatthe
insolubleelastincontentdecreasedintheumbilicalcord
veinsofnewbornsdeliveredbymotherswithpreeclampsia
［26］.Reconstructingtheumbilicalcordveinwallmay
disturbfetalbloodflowandaectthevascularsystemin
adulthood［27］.
Ourmorphometricresultswereinagreementwiththe

resultsofpreviousstudiesinthecontrolandpreeclamptic
groups［10-23］.OurresultsshowthatwhenGroups2
and3Awerecompared,thethicknessoftheumbilical
cordvesselsremainednearlyconstant,whereasbothtotal
areasandlumenareaswerereducedwithrespecttothe
controlgroup.Thesechangescorrelatewithourhis-
topathologicalfindings,whichincludedawideningunder
theepithelium,thecontractionofthemusclecells,and

Fig.3 PhotomicrographsofumbilicalcordtakenfrompreeclampticmotherhavingnormalDopplerFVW(Group3A).Awideningunderthe
epitheliumbetweenthemusclelayersandthecontractionofthemusclecellswasseenwithawavedlikeappearanceofthenucleus.
Separationsappearedinbetweenthemusclecellsandinbetweenthelayersofmuscle(arrow).Theveinlumenwasseentohavenarrowed.
Generalviewofumbilicalcordatamagnificationof×10(A);umbilicalcordartery,×40(B);umbilicalvein(V),×40(C);higher
magnificationoftheveinwall,×200(D).H.E.
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separationsbetweenthemusclecellsassociatedwiththe
edema.Thesefindingssuggestamainlyvasoconstrictive
eect.Bycontrast,acomparisonofGroup3Bto
Groups2and1showedacomparablereductionofall
parametersofthevessels.InGroup3B,ourhistopath-
ologicalfindingsarerelatedtothenarrowinglumenofthe
vesselsandthecontractedsmoothmusclecellsthatwere
smallerthantheirnormalsize.Thesefindingsaresugges-
tiveofapredominanthypoplasticmechanism.These2
mechanisms,vasoconstrictionandahypoplasticeect,
maybedierenteventsormayfolloweachother［10］.
Thefirstresponsetohypoxemiaisvasoconstrictionofthe
vessels.Ifhypoxemiacontinues,itmaycausemor-
phologicalchangessuchashypoplasia.
ChangesofthecompositionofWhartonjellysuchas

theglycosaminoglycans,watercontent,andextracellular

matrixcomponentswerethemainresultsofthereduction
ofthediameteroftheumbilicalcord［11,26-27］.These
changesmightberesponsibleforthegrowthfactors,
whichmodifymyofibroblastproliferationgeneexpression,
proteinbiosynthesisand/orotherprocesses.
RecentstudieshavesuggestedthatDopplerwaveform

indicesfromtheumbilicalartery,fetalaortaandfetal
middlecerebralarteriesareusefulinidentifyingIUGR
anddeterminingtheriskofsubsequentperinatalmorbidity
［28,29］.Anabnormalumbilicalartery Doppler
waveform isastrongpredictorofadverseperinatal
outcomeinpatientswithpreeclampsia.A correlation
betweentheumbilicalarteryDopplerindicesandadverse
perinataloutcomewasfoundinpreviousstudies［24,
29］.TheumbilicalarteryDopplerindicesarerelatedto
placentalvascularresistance. Theseearlierstudies

Fig.4 PhotomicrographsofumbilicalcordtakenfrompreeclampticmotherhavingabnormalFVW(Group3B).Themuscleareawasseen
tohaveseparatedfromtheconnectivetissues.Themusclecellswereseentobehypoplasticandsmallerthantheirnormalsize.Therewas
asignificantdecreaseinthelumenareainthisgroup,comparedtothenormalandchronichypertensivegroup.Generalviewofumbilicalcord
atamagnificationof×10(A);umbilicalcordartery,×40(B);umbilicalvein(V),×40(C);highermagnificationoftheveinwall,×200
(D).H.E.
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showedtheuseofumbilicalarteryDopplerwaveform
indicesinthepredictionofabnormalneonatalmor-
phometry.Dopplerultrasonographyoftheumbilical
arteriesisincreasinginimportanceintheantenataldiagno-
sisoffetalwellbeing.Theumbilicalvasculararchitecture
isinterestingnotonlyfromamorphologicpointofview
butalsoasabasisforfunctionalinterpretation.Itis
suggestedthatwaveformsreflectplacentalimpedanceto
bloodflow,andthatchangesofflowpatternsmaybe
causedbyhistomorphologicalterationsofthefetoplacental
vesseltree.AbnormalDopplersystolic/diastolicratios
mightreflectapathologicfetalcirculationresultingin
intrauterinegrowthretardation,whereasnormalvalues
reflectanormalfetoplacentalcirculationassociatedwith
smallfetalsize［30-34］.
Inconclusion,theumbilicalarteryDopplerFVW

indicesprovidegoodvaluesforpredictingintrauterine
growthretardationinpreeclampticpatients.Wealso
observedthattheumbilicalvessel’swallthicknesseswere
reducedinthegroupofpreeclampticpatientswithpatho-
logicalDoppler.Itisnotclearwhetherthemorphological
changesdisturbtheflowinthevesselsorifareductionof
theflowcausesthemorphologicalchanges.Ifaprogres-
siveincreaseinbloodflowwasakeyfactorcontributing
totheembryonicdevelopmentofthevasculartree,an
initialumbilicalvasoconstrictioninresponsetoahypoxic
stressproducedareductionintheumbilicalbloodflow
andinturnledtoaless-developedarterialtreewithan
expectedincreaseintotalplacentalvascularresistance
［10］.Chronichypertensionandpreeclampsiamayshare
similarpathophysiologicevents.Furtherstudiesare
necessarytoelucidatetheexactmechanisms.
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