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ABSTRACT

Placentall abruption, [ onel ofl the[ most[ significant[ causes[ ofl perinatall mortality[ and[ inaternal
morbidity, occurs(in[0.51%[oflpregnancies. Its(étiology(is iinknown, (but [defectivetrophoblastic
invasion(oflthe [spiral(drteries @and (consequent (poor(vascularization may play(a(tole.[Thelaim([of
this[study(was[to [define(the prepregnancyltisk[factors(ofl placentallabruption, to definethe tisk
factors[during[theindex[pregnancy, and[to[describe thellinical presentation ofl placental
abruption.[Welalso[wanted [tb[find[a[biochemical tarker[for [predicting[placentallabruption[early
in[pregnancy.

Among[womenl(delivering(dt(the University [HospitalloflHelsinkilin[1997(2001 [(n=46,742),(198
women|with[placentallabruption(and(396(c¢ontrol[women[werelidentified. [ Theloveralllincidence
oflplacentallabruptionwas(0.42%. The prepregnancy [risk factors were smoking (OR[1.7;95%ICI
1.1,02.7),mterine ialformation[(OR[8.1;[1.7,(40), (previouscesarean[Section ((OR1.7;1.1,(2.8),
and(historylofiplacentallabruption[(OR[4.5;1.1,18). Thelrisk [factors[during[thelindex [pregnancy
werematernall(adjusted[OR[1.8;[95%[CI[1.1,[2.9)[and [paternal[Smoking[(2.2;(1.3,(3.6),[uselof
alcohol((2.2;[11.1,[4.4), placental previal (5.7;[11.4,023.1), preeclampsial (2.7;1.3,[5.6)‘and
chorioamnionitis((3.3;[11.0,[10.0).[ Vaginal[ bleeding[ (70%), abdominal [ pain{(51%),[ bloody
amniotic[fluid[(50%)andfetal heart[rtateabnormalities[(69%)[were[the most[¢commonl[¢linical
manifestations(oflplacentallabruption. Retroplacental(blood[clotwas(seen[by ultrasound(in[15%
oflthelcases.Neitherbleedingmor pain(was presentin[19% ofithe[cases.[Overall,[59%[Went[into
preterm(labor((OR[12.9;(95%(CI(8.3,(19.8),[and[91% [Wwere[delivered by cesarean(section((34.7;
20.0,(60.1). Oflthelnewborns, [25% [were [growth(restricted. The [perinatal mortality [rate was[9.2%
(OR[10.1;95%(CI3.4,30.1).

Welthenl(tested(selected (biochemical imarkers [for (prediction o flplacental[abruption. [The inedian
ofl thel maternall serum[alphalfetoprotein (MSAFP)[ multiplesl 0f median[ (MoM)[{1.21)[was
significantly [higher[in/thel abruption’group[(n=57)[thanlin[theltontroll group (n=108)[(1.07)
(p=0.004)at[1516gestational weeks. Inmultivariate[dnalysis, [¢levated[MSAFP [dfemainedds(an
independent! risk[ factor[ for[ placentall abruption,[ adjusting! for[parity[ >[3,[ smoking, [ previous
placentalldbruption,preeclampsia, bleeding!in I or I frimester, [and [placentaprevia. MSAFP[>
1.5MoMlhadalsensitivity[6f129%[and ad[false[positive[tate[0f10%. [TheTlevels o flthe maternal
serum(free (betalhuman(chorionic(gonadotrophinMoM [did mot [differ (between(thel¢ases[and ‘the
controls. Wone oflthedngiogenic factors((solubleéndoglin, [Soluble fims [liketyrosine kinase(l,[or
placentaligrowthfactor)showed [dny(differencebetween/the cases|(n=42)[and[the controls[(n=50)
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in(thelsecond[trimester.[ The(levels[ofl Clteactive[protein[((CRP)[showed moldifferencelbetween
thelcases[(n=181)[and [the(dontrols[(n=261)[(median(2.35mg/1 [linterquartile [tange {IQR} [1.09[]
5.93] wersus(2.28 g/l TIQR[0.925.01],mot [Significant) Wwhen[tested [in[the first [frimester ((mean
10.4gestational [Jweeks). Chlamydial lpneumoniaespecificlJimmunoglobulin[IG(IgG)[and
immunoglobulin[A[(IgA)laswelllds C.[frachomatisispecific IgG,TgA [and[chlamydial (heat(shock
protein(60 @ntibody [rates Wwere similarbetweenthe [groups.

Inl[conclusion, [ “although[ univariate analysis[ identified[ many prepregnancy! risk[ factors[ for
placentalabruption, [only smoking, luterine[malformation, (previous|cesarean(sectionland history
oflplacentalldbruption/temained (significant by multivariate analysis. [Duringthe(index [pregnancy
maternallalcoholl¢onsumption[and[$mokinglandsmoking[by[thepartner turnedout(to belthe
majorlindependent [tisk [factors for(placentallabruption. [Smoking by [bothpartners(multiplied ‘the
risk. [Theliberal wse [ofTultrasound [éxamination[¢ontributed [ittle [to [the [ftnanagement [0 flwomen
with[placentallabruption.

Although!second trimesterl MSAFP[levels[iere [ higher[in[Wwomen Wwith[subsequent[placental
abruption,[clinical isefulness(oflthis(testlislimited [dueto low[sensitivitylandhigh(false[positive
rate.[ Similarly, "angiogenic( factors[in[ early[ second[trimester, or[ CRP[levels, or[thlamydial
antibodies/in the firsttrimester failedto [predict [Placental @bruption.
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INTRODUCTION

Placentallabruption, [defined (ds(the [complete(or [partiallseparation(ofithe (placentalbefore(delivery,
islone[oflthelleading[causes oflvaginal[bleedinglin[the secondhalflof pregnancy(Konjeland
Taylor.[ 2001, Oyelese[ and[ /Ananth. [ 2006). Approximately 0.51%![ ofl the[ pregnancies!| are
complicated[ by[ placentall abruption[ (Kyrklund Blomberg[ et al.[ 2001, Oyelesel and[ Ananth.
2006).[Bleeding/and[painlarel¢lassical [ $ymptoms oflabruption but(thel¢linical [picture[ofl this
emergency varies (Konjeland[Taylor.[2001, Oyeleseland[Ananth.[2006). Placentalabruptionlis
oneloflthemostimportant[causes[oflaternal [thorbidity [and[perinatalmortality. [Approximately
10%[oflalllpreterm[births and[ip[tolonelthirdloflall[perinatalldeaths arel caused by[placental
abruption’ (Ananthlet[al.[2006a, Oyeleseland "Ananth.[2006). In[many[ countries[ the(rateof
placentaldbruption(hasBeenlincreasing[(Saftlaslet(al.[1991,[Ananth(and[Wilcox.[2001), [perhaps
duel toladvancing maternall age[ and[ increasing[ cesarean( section[ rates[ (Saftlas et al.[ 1991,
Rasmussenlét(al.[1996,[Ananth et(al. [2005).

Althoughl several risk[ factors[are[ known, [ thel cause ofl placentalabruptionoften[ remains
unexplained.[] The[ trophoplastic[] invasion[ in[] the[ spirall]arteries[]and[] subsequent(]early
vascularisation/may [beldefective[((Dommisseland[Tiltman.[1992,[Kraus(et[dl.[2004). Moreover,
placentallabruption(may(also (belalmanifestation(oflanlinflammatoryprocesswhich(douldlaffect
also[wascularbed [((Ananth(ét[al.[2006b). Despiteheightened [awareness oflplacentalldbruption, [it
still[temains[largely[unpredictable[ and[thereforealso inpreventable. A [teliable[ biochemical
marker [fo [detect [individualsat(tisk [(beforelclinical[emergency would[bemost [usefullin[¢linical
practice. Although(several iarkershave(been[studied[(Nolanlet[al.[1993,Barthal¢ét al.[1997,
Chandralet(dl.[2003,Floriolet(al. (2003, Dugofflet(al.[2005, Signorelet(al.[2006), mone has(so far
emerged|as|clinicallyliseful.

Thelpresent[ studies wereldesigned tol morel definitively[ definelprepregnancy(risk(factors! for
placentalldbruption, fo [study(risk [factors(of placentallabruption/during[the[index [pregnancy, land
toldescribel thel clinical[ presentation ofl placental abruption.[ Wel also [wanted to find[al hew
biochemical imarker(in(order(to [predict [placentall@bruption/indarly pregnancy.
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REVIEW OF THE [LITERATURE

Generallaspects

Thelplacentalis[aluniquelorgan proving oxygen, nourishment, and[protection(to[the fetusland
havinglexcretoryldndéndocrinefunctions. After repeated(mitotic(divisions/the [Zygoteltransforms
into[al blastocyst. The[ blastomeres ofl the[ blastocyst[ form[anl[buter[ shell ofl cells, called
trophoblast(and @llocalized, linner cell mass, the [@mbryoblast. A fter(attaching(to the[endometrium
thel ! trophoblast([ | cells[ rapidly[] proliferate[] and[ ! differentiate(] into[] an[| outer[] layer(] of
syncytiotrophoblastand[anlinner[layer ofl cytotrophoblasts[(FayePetersenl et al.[2006). The
syncytiotrophoblasts[form(primary,(secondaryland(finally [tertiary villi[and[cytotrophoblasts[form
intervillous(space. Thelplacentalis/fixed totheiterine[Wwall[by anchoringvilli.[By thelend oflthe
fourth(month(dfigestation, the[placentahas(achieved!its/definitive form/and[indergoes mo [further
anatomic [ modification. [ Growth, [ branching[ of! the[ villous![tree, and[ formation[ofl freshl willi
continues intillterm((Fox.[1999).

Implanted(placentamaturallySeparates/during thethird[part(ofithelTabor. Thelseparation process
is[ ' multiphasic: [latent[ (placentall site[ wall[ remains thin"whilel placenta free wall[is thick),

contraction[ (thickening[o0flplacentallsite[ wall), [detachment[ (actuall separation[of the placenta
from(theladjacentiterinelwall),[dnd [éxpulsion((sliding [ofithe [placentalout(ofitheiterine cavity).

Uterinedontractions|cause[the[separation(ofithe [placenta ((Herman(ét(al. 2002).

Definition

Placentall abruption!is! tlassically[ defined [ as[ completel or[ partial [ prematurel separation ofl a
normallylimplantedplacentalwithhemorrhagelinto [the(decidualbasalis (Konjeldnd Taylor.[2001,
Oyelese and JAnanth. [ 2006). JAntepartumhemorrhage, [i.e. [bleeding “after the (20" week of
pregnancy dccurs/in(2[5% [oflall[pregnancies [dnd [placentall@bruptionldccounts for [@pproximately
onelquarterfoflsuch¢cases[(Konjeland[Taylor.[2001).[ Theldiagnosis ofl placentalabruptionlis
alwayslcdlinical (Faye Petersen et(al.[2006,[Dyeleseland[Ananth.(2006) [and [the [condition[should
belsuspectedlin[women/Wwho [present[Wwith vaginalbleeding[drabdominal (painlorboth, @ history
ofl trauma, [and[in[those[Who present[with[ otherwise unexplained[preterm[birth[(Oyeleseland
Ananth.[2006).[Symptoms[oflabruption[vary[immensely[from[anlasymptomatic[form(in[which
theldiagnosislis(made onlylon[placentallinspection(at[delivery(to massive abruptionlleading[to
fetal(death(and(severematernal (morbidity [((Oyelese[dand[Ananth.2006). [The[rate (0 flthe [@abruption
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is motablyhigher((4%)Wwhen(the [diagnosislis hade by(apathologistland most (0f thesecases Have
an/unremarkable(dbstetric history((Faye [Petersen(et(al. 2006).

Theldlinical(classification oflplacentallabruption(is (based [0n(the observation[ofbleeding|atthree
principal(sites[(Figure[1).[The bleeding/can[belsubchorionic[(between the myometriumland(the
placental[ lmembranes), Iretroplacental(] (between[]the[Imyometrium[land[Ithe[Iplacenta),Jor
preplacentall (betweenl thel placental and[ amniotic[ fluid) (Nyberg[etlal.[1987). Subchorionic
hematomas/may/beltemote from(the placentabut are/thought(to [tisefrommarginal ‘abruptions.
Preplacental [ lhemorrhage! includes[ both[subamniotic[ hematomal ‘and [ Jmassive  lsubchorionic
thrombosis[ (Nyberg[etlal.[1987,[ Oyelesel andAnanth.[2006). Intraplacental hematomal also
occurs[(Kraus(ét(al.[2004).[Abruption[may [be[Trevealed”,lin[which[¢asesblood[tracksbetween
the[ membranes[and[thel decidual escaping[throughlthel cervix[into[thelVvaginal(Oyelesel and
Ananth.[2006).[This[occurs[in[65[80% of ¢ases[(Konjeland[Taylor.[2001). Thelless[¢common
“concealed”[abruption occurs[when[blood[accumulates[behindthe[placenta, Wwith[ho[obvious
external [bleeding[(Oyelese and[Ananth.[2006). This happens[in[20(35%[ofl¢cases [ (Konje and
Taylor.[2001),Figure[2.The[concealed [typelis[mostdangerous[with[more severe ¢omplications
(Konjeland Taylor.[2001).Finally, ‘abruption may[ beltotal,[involving[the[entire  placenta,in
whichlcase/it(typicallyleads(to fetalldeath, [or [partial svith(only(a (portion ofithe (placentaldetached
fromlthehiterine Wwall[(Oyeleseland [Ananth.([2006). Partial @bruption[is hore [common.

Figure(l.

Umbilical

/ cord

Massive Subchorionic

subchorionic \

Subamniotic

\

Placenta

Intraplacental f \_//

Retroplacental

13



Figure(2.
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Theloveralllincidenceloflplacentallabruption varies from(0.5 [fo (1.0% [(Ananth(ét(al. (1996, Ananth
et[dl.[1999a,[Baumann(et(dl.[2000,[Ananth(and 'Wilcox.[2001, Kyrklund[Blomberg(et[al.[2001).
Thelrate(isTower(in[case¢ontrol((0.35%)(than(in/dohort/studies[(0.69%)(Ananth/et(al.[1999a).In
the[United [States [based [studies thelincidencehas been higherbothlin[cohort((0.81%)(andcase[]
control((0.37%)[studies[compared (with[studies ¢onducted[outsidethe[U.S.[(0.60%and [0.26%,
respectively)[(Ananthlét(al.[1999a). [ Thelincidence may(vary due(to[variablediagnosticl¢riteria
(Konjeland[Taylor.[2001).[Thelincidencelishighest[dt[24 (26 [Weeks oflgestation, [and[drops[with
advancing[ gestation (Rasmussen(etlal.[1996,[ Oyelese and[ Ananth.[2006). [However, it occurs
after(the 36™ week oflgestation [inl@bout 30% oficases (Konje and Taylor. 2001). Some (Saftlas/et
al.[1991,[Ananth(ét(al.[2005a, Rasmussen(ét(al. [1996) but not [@ll[((Ananth(and [Cnattingius.[2007)
studies/have [reported lihcreasing(overall rates.

Abruptionloccursthore frequentlylinlolder[women, [but usually(thislincreasehasbeen(attributed
to[ multiparity[ (=3 [deliveries), and[is[independent/ ofl agel (Baumannlet[al.[ 2000, Konje and
Taylor.2001). However, [the literature [providesconflicting[evidenceWith[respect [to Wwhether [dge
and[paritylarelassociated [with[placental abruption[(Karegard and[Gennser.[1986, Krohn(ét[al.
1987,Rasmussen(ét(al.[1996, Kramer/(et(al.[1997, Baumann(et(al.[2000, Lindqvist’and Happach.
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2006).Inlonelstudylheither[parity nor[maternallagelincreased(the visk [(Krohnlet[al.[1987).In
another(studymaternal [age >(35 [years/ predicted [placental(abruption[amongprimiparous butnot
among multiparous Wwomen/(Baumannl/et(dl.[2000). Tnmany other(studies/advanced thaternallage
has(been(anlindependent [tisk [factor[(Rasmussen(et(al. (1996, Kramer(ét(al.[1997,Lindqvistland
Happach.(2006,).[Alsomothersless(than[20(years [0flage (have been a[tisk [grouplin[somestudies
(Karegardand['Gennser.[ 11986, Saftlaset[al.[11991).[ Being[ black,[ lunmarried, or[ ofl lower
sosioeconomic|status(arelother[risk[factorsfor(abruption[(Krohn(ét(dl.[1987,[Saftlas(et(al.[1991,
Kramerlet(al.[1997,[Ananth(et(al. 1999D).

Maternalconsequences

Maternal ! tisks[ associated [Wwith[ placentall abruption[ depend[ primarily on[thel severity[ ofl the
abruption[(Oyeleseland[Ananth.[2006). [Peripartum tisks [includedbstetric Themorrhage, meed for
blood transfusions, [hysterectomy, [disseminated|intravascular[¢oagulopathy (DIC), tenal failure
and [lesslcommonly, (aternal(death[(Oyeleseland[Ananth. 2006). Placentallabruption(dttributes/to
nearlylalquarter(ofilate pregnancybleeding[(Konjeland Taylor.[2001).Bleeding[¢an(sometimes
lead[tomaternal (hypovolemic shock. Blood[loss[may[belunderestimatedlin[placentallabruption
becausel¢oncealedbleedinginto [the[myometriumlis[difficultto[quantify[(Konje and[Taylor.
2001).[Theldoagulationdascadebecomesdctivated [with[consumption[ofl¢oagulationfactors/and
platelets. Thrombin/donverts (fibrinogen[to (fibrin, (and the [stable fibrin[clotlis [the final [product 0 f
hemostasis. The(fibrinolytic system[then breaks(down[fibrinogen[and fibrin. In[the[presence o f
thrombin, [activation[of the[fibrinolytic/$ystem[generates[plasmin, Which[is[tesponsible for[the
lysis(oflfibrin[clots.[Whenthe [placental detachment/(is[large €nough(to [cause (fetal death, [the [risk
of [ DIClis[high. [In[this[¢condition, [¢oagulation[and [ fibrinolysis happen[without  ¢ontrol[Which
resultsin[ simultaneous widespread( clotting and[ bleeding.[ Placental abruptionimay alsolbe
associated [(With(dcute renal failure resulting fromHypovolemialorDIC (Konjeland(Taylor.2001).
Maternal (mortality[decreased [(from 8% [in[1919(toless than[1[%[in[1995(Konjeland [Taylor.
2001).In[the[United Kingdom[in[2000[2002, four[ maternall deathswerel caused [ by[placental
abruption(Konjeldnd[Taylor.2001).Fetomaternal (hemorrhage[can(lead to [severe immunization
in[Rhesus/negativelpatients/(Konjeland(Taylor.2001).
Women/wholhavelhad[placentallabruption(dre(less/likelythan(dther Wwomen(to (become[pregnant
again([(Rasmussen/et(al.[1997).[After[placentallabruptionwithsurvived (newborn59% oflwomen
had[subsequently[ another[ delivery, compared with[71% [ ofl those[without[ abruption. After
perinatalllossicorresponding rateswere[83%@nd[85%, respectively (Rasmussen(et(al.[1997).This
may reflectmaternallanxietyland distress(caused Byplacentaliabruption.
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Having[placental abruptionhas[further(effects[on[subsequent(maternal (health.[Forlinstance, the
risk(oflpremature(cardiovascular(diseaselis[increased by[70%[in[these[Women[(Ray(et[al.[2005).
Theldause oflthis(is unclear.

Perinatal consequences

Placentallabruptionlis(dssociated with Tow Birth[weight, [preterm(delivery, hypoxia, [stillbirth(and
perinatal/death(lAnanthlét(al. (1999b). [Fetal survivalldepends(on the [severity(ofithe [dbruptionland
thel gestationall age[ (Oyelese and[|Ananth.[2006). Abruption_involving[ morel than 50%/[of
placentall surfacelis[ frequentlylassociated [ with[fetal[death[(Ananthlet[al.[1999b, Oyelese and
Ananth.[2006).[ Al population[based [ cohort! study[ showed![ perinatall mortality  rate[ (PNM)[of
11.9%among [ pregnancies complicated[ by abruption, comparedwith[0.8% [in[other[births
(Ananth[and[Wilcox.[2001).[The highlPNM [Wwith[abruption[can[belexplained [ by[the strong
associationwith[preterm(delivery. [However, [¢éven term(babies with[normal[birth[weighthave[a
25 [fold highermortality(with[abruption(Ananthland[Wilcox.[2001).[Also, the [PNM [depends[to
somelextent[on neonatallfacilities. [Over[50%/ oflthe[perinatal[deaths arelstillborns (Konjeland
Taylor.2001).

Perinatal(mortalitylis[¢losely(related [fo [gestational [dge. [Placental/dbruptionmay [Belimplicatedlin
uplto[10%/[ ofl alll preterm[ births[ (Ananthletlal. [1999b). Althoughl placentall abruptionlislan
important/causeloflspontaneous [preterm(birth, (it [dlso [causesiatrogenic [preterm(delivery((Ananth
et(dl.[1999b). In(thisstudy(the rate for[preterm(birth[among [women Wwith[placental @bruption(was
39.6% [compared[fo(9.1%[in[women[without[(Ananth(et(al. [1999b). [Approximately 18 [% [ofithe
abruptionsloccur[before[32 Wweeksand[42% occur after[37[Wweeks (Konjeland Taylor.[2001).
Prematurityl Iposes! Iserious/ Ithreat( Ito[Ithe[Ifetus[ Iwith[ Ishort/term[Jand[/long[term[ neonatal
consequences(Ananth/et(al.[1999a).

Preterm/birth(is [0 ftenldssociated Wwith birth(weight[<[2500(g. In(onestudythelrate 0 figiving (birth
tolalow [birthWeight infant[@mong Women with[placentall@bruptionwas[46% compared o 6.4%
among [ those[Wwithout (Ananth and [ Wilcox.[2001). Other consequences| include( fetal growth
restriction, l@anemia,(and hyperbilirubinemialdfithe newborn(Hladky/et(al.[2002). [Theassociation
withfetal(growth restrictionlis/so strong that/growth(testrictionlalone(dould (belusedlas/almarker
for(thel(tisk [0 flabruption/(Ananth/and[Wilcox.[2001).[Thelrate[ofl fetal talformations/may [be ds
highlas(4.4% which[is[2 [fimes higher [than[thatin[general[population. Mostlinvolve dongenital
heart[defectsland(¢entral mervous(system[(Raymondland Mills.[1993, Konjeland [Taylor.[2001).
Theldause for this[isinclear.
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Premature(separation/ofl placenta’deprives(thel fetus ofl oxygenland mourishment[(Oyeleseand
Ananth.[2006).In[severe[cases Apgar[scores and[¢ordblood pH Values areloftenlow duelto
antenatallypoxialdnd(blood(loss[(Spinillolet(al. (1993, Toivonen/etdl.[ 2002, Matsudalet(al. 2003,
AllredlandBatton.2004). In(one(studythe risk [for intrapartumlasphyxialwithplacentallabruption
was(3.7[fold.[Three[percent (0flasphycticmiewborns(and [0.7% [ofldontrolshadplacentall@abruption
(Heinonen[and[Saarikoski.[2001). Intrapartumlasphyxialmay(lead[to long[term[consequences
among[ survivors.[ Neonates bornlafter( placentall abruptionlare[ morellikely[tol develop[¢ystic
periventricular[leucomalasial or[ intraventricular[ hemorrhage [ (Spinillo et al.[ 1993, Gibbsland
Weindling.[1994). The [risk[increaseswith [prematurityland low birth(weight [(Spinillo et [al. (1993,
Gibbsland[Weindling.[1994).Severe[abruptionlincreases!the(risk [ for[¢erebrallpalsy(Spinillolét
al.[1993, ThorngrenJerneckl and[ Herbst.[2006).[ Placentall abruption[is[ alsolassociated with
suddenlihfant(death[syndrome[(KlonofflCohenletal.[2002, [(Getahunl(et(al.2004).

Etiology

Placentallabruption(seems [to (belamultifactorial[disease. dts[etiologylisnot [fullyunderstoodbut
impaired( | placentation, ] placental(] insufficiency, | intrauterinel | hypoxia,[ | and[] uteroplacental
underperfusionlare the keylmechanisms[causingabruption[(Ananthlet[al.[1997, [ Kramer[et[al.
1997, Rasmussen/et(al. 1999, Ananthlet(dl.[2006a). [ Abruption(results from @ rupture(ofimaternal
decidualartery [causing [d[dissection 0 fbloodat the decidual (placentallinterface, [dround [placental
margin, [0r Behind [the membranes/(FayePetersen(ét(al. [2006).[Acute[vasospasmloflsmall[vessels
maybelonel event immediately [ preceding[ placentall separation. Thrombosis ofl the decidual
vesselsWwithlassociated[decidual mecrosis(and venoushemorrhage(alsolare(d fienlpresent[(Oyelese
and[Ananth.[2006). In[some!¢ases, blunt[traumalor(rapid(decompression o f the overdistended
uterus/¢auselabruption[butlin(most[¢asesplacental abruptionseems(to[belal¢onsequencelofla
long standing[process(perhaps/dating back [to [the first/trimester[(Ananth(et(al. 2006b).

Immunological rejection

Immunologicalldefectsmay[playlalrolelin/thelorigin[ofl placentallabruption[(Matthiesenlet(al.
1995, [Steinbornlet[al.[2003b). [ These[defects[mayllead to [anléxcessive maternal [inflammatory
response [ Wwithlincreased [telease[0flcytokinesland tesultlin[al¢hainlofleventslincluding/shallow
trophoblast[invasion, [defectivelspirallartery[temodeling,placental linfarctions and/thrombosis
(Matthiesen(ét(al.[2005). Excessivelactivation(ofithe[immune(system(may(suggest past(éxposure
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to[majorlantigens (Steinbornlét[al.[2004). Cellimediated immunity is(suppressedand humoral
immunelresponselis ipregulated/in mormal [pregnancy (butmot(in[placentallabruption/(Matthiesen
et(dl.[1995,Steinborn(ét(dl.[2004).This[can/then(lead[fo [exaggerated thaternal immunel(rejection
oflthe(fetus, [activationlofl fetalmonocytes[and(teleaseloflinflammatorydgents[(Steinborn ét(al.
2004, Nielsenlet[al.[2007). Trophoblastic[¢ells [interact[in/the[decidua Wwith[hatural killer [(NK)
cells[whichleéxpress/teceptors/that(tecognize[combinations (o flhuman(leukocytelantigens (HLA).
HLA [Glevels, decisivelfactorsforthelavoidanceloflrejection oflthe(fetus, [drestronglyldecreased
inlwomen[with[placentallabruption[(Steinbornlet[al.[2003a).[ Highllevellofl soluble(HLA [Glis
needed [to[switch[cytokine [profile towards(Th!2 response. IflsignalingBetween frophoblastic (cells
and K [cells [femains[poorlit[causes/insufficient [trophoblastinvasion/dnddefective spirallartery
remodelingin¢arly(pregnancy.[This/maylead[tohypoxicland/dysfunctional(placenta, placental
infarctionland(thrombosis,[dnd finally,[generalizedinflammation, [in [ Which[systemic[éndothelial
dysfunctionlisdn/dssential[component [(Matthiesen(et(al. 2005, Redmanland[Sargent.(2005). This
suggeststhat(placentallabruption may(result from(placentation[failurecaused by [flawed maternal
immune!tesponseltolpaternalantigens[ (Baumann(ét(al.[2000).[Anl[éxcessive activation[oflthe
immunel system[ in[ placental abruptionmay[ suggest pastl exposure  to[ strong[ superantigens
(Steinbornet(dl.[2004).

Inflammation

Placentallabruption(maybeld[manifestation[0flacutelor ¢chronic inflammatoryprocess(Ananth(et
al.2006a). Infections(andtissuelinjury(causela(rapid(releaseloflvarious bioactivemediators/atithe
maternal(fetal [interface[|(Nakatsukallet[]al.[11999,JAnanth(et[Jal.[12006a). [ INeutrophils[Jand
macrophages|are increased/in[placentas(oflwomenwith[abruption/¢ompared/to(controls((Ananth
et[al.[2006b). Oxidativelstress and[ products oflVvascularlactivationand[ coagulation[ suchlas
thrombin[ may[ have[ similar[ effects (Ananth(et[ al.[ 2006a). Abruption(is[associated[ with[a
thrombin(enchanced eéxpression(dflinterleukin((IL)[8, [apotentneutrophil ichemoattractant, which
leads to [d[marked (infiltration(dfldecidual neutrophilsi(Rosen(et(al.[2002). Tncreased [production(o f
proinflammatory(cytokines suchlas(tumor(necrosis/factor ((TNF) aland (IL[B1 [¢an stimulate[the
production(oflmatrix (metalloproteinases (MMP) (by [frophoblastsand [other [dell[tiypes [((Ananth[ét
al.[2006a).[ Increased| premature( production ofl MMP [ may! result[in[ the[ destruction[ ofl the
extracellularmatrix [@nd(cell to [celllinteractions[thatlead[to [premature [detachment [((Ananth(ét(al.
2006a). MMPs[ seem[to[playlimportant(toles[in[normallplacentall detachment[ (Ananthletlal.
2006a). Reduced MMPactivity[is[known(to [belassociated [ with[tetained ‘placentas/in[animals
(Majland Kankofer.[1997). Inlarecentstudy31% [0fswomenlwith preterm @bruption (<37 weeks)
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and[44% [ of women[ with[ term[ abruption[ (>37weeks)[ had[ acutel inflammation[associated
condition(or(c¢hronic(clinical process, [¢compared(to(37% 0flcontrol women with(preterm(delivery
and 255 [oflcontrolWwomen Wwith[term(delivery[(Ananth/ét(al. 2006a).

Clieactive [ protein [((CRP)[is[anlobjective and sensitive ‘marker[oflinfection[andinflammation
(Kluftfand[deMaat.[2002,[Pitiphat[et[al.[2005).[Thel[levels[andkinetics[0fTCRP in[cases of
placental abruptionhave[not[been[studied, [although{ CRP 'has[beenlimplicated [in[ many[other
pregnancy[¢omplications(suchlas[preleclampsia,gestational [diabetes and[preterm(deliverywith
orlwithoutchorioamnionitis (Loukovaaralet(al. 2003, Qiulet(al. 2004a, Qiuet[al.[2004b, [Pitiphat
et al.[2005). Chlamydiae[ lare[ common[ pathogens( linked [ to[chroniclinflammatory[disease
(Paavonenland Eggert[Kruse.[1999, Hammerschlag.[2007,[Meyers[¢t[al.[2007). C.[pneumonia
antibodies have [been increased in[women[with[preeclampsialin(some((Heinelet(al.[2003,[Goulis
et[dl.[2005)butnot(allstudies[(Teranlet al. 2003, (Raynor(et[dl.[2004). C.[frachomatishasbeen
linked|to [severalladverse pregnancy [outcomes (McGregor(and(French. 1991, [Claman/et(al. (1995,
Gencayl et al.[ 2000, Karinen[et[al.[2005).[ However, there[is[no[ datal concerning[ placental
abruption(andichlamydiae.

Vascular|(disease

Normallplacentation(tequires frophoblast[invasion [oflmaternal(Spiral[arteries, [And[development
oflalhigh(flow, [ low[tesistanceiteroplacentall circulation (Eskes.[1997).[Vascular[remodeling
occursunder [the influenceloflseveral proangiogenicland[antiangiogenicfactors [(Zygmunt[et(al.
2003, Lambert Messerlianland[Canick.[2004, Lam[étal.[ 2005, Levineland (Karumanchi.(2005,
Redman(and(Sargent.2005). Theformer(factors, ile.[placental growth factor [(PIGF)[and [vascular
endotheliallgrowth factor ((VEGF), promote [the formation(oflplacentalblood [vesselsand(also the
invasionofltrophoblasts/in thespiral larteries (Zygmuntetial. 2003, TLam(dt(al. 2005, Redman/and
Sargent.[2005).[Antiangiogenic (factors(include(soluble[fims(liketyrosinekinase(1 [(sFIt[1) which
binds(biologicallylactive [forms[0fIPIGF [and [VEGF (Levine[and Karumanchi.(2005),and[soluble
endoglin[(sEng)which(blocks(the bindingof transforming[growthfactorlisoforms/to éndothelial
receptors/(Venkateshalét(al.[2006). In[placentalabruption/the trophoblastinvasionlin(the[spiral
arteries/and(consequent [éarly(vascularization(is[defective[(Dommisseand[Tiltman.[1992, Kraus
et(dl.[2004). [Itlappears(that RIGF [deficiencyland[sF1t[1 [excess/may(result from(placental iypoxia
associated (with(incomplete remodeling [0f'maternal spiral(arteries. Theincomplete remodeling [0 f
arteries ¢auses[hightesistance(to [uterine artery[blood! flow [ which[may[predispose to[Vvascular
rupturelin/the [placental (bed leading[to [placentalldbruption[(Dommisseland Tiltman.[1992, [Eskes.
1997,[Signorelet[al.[2006). [ This[mechanism(dauses[falclassiclabruption” [With[arterial(bleeding
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andusually[with[ morel severel symptoms[ (Elliott[et[al.[1998,Hladkylet[al.[2002).[Placental
abruption(can(also(belcaused [by(a venous/bleeding from[marginal(lakes/around(theédge [0f the
placentalleadingoften to [pretermbirth[(Elliott(ét(al. 1998, Hladky!(et(al. 2002).

Risk[factors

Althoughliany(tisk[factorsfor[placentallabruptionlare[well (known, (the ¢ause[for[this[serious
complication[loften[ remains[ unexplained.|Also, [Jabruptionoften[ happens/suddenly(land[Jis
unexpected. Thelpathogenesislofl placentall abruptionmay[bemultifactoriallandmay[Varylin
women[with[different[tisk [factors. Theknownlor(suspected tisk factors[for[placental[abruption
are[summarized(in[Tables[1,[2[and 3 [(K&regard(and[Gennser.1986,[Saftlas(ét[al.[1991, Miller[et
al.[1995,[Hemminkiland Merildinen. 1996, Ananth(et[dl. (1997, [Hulselet[al.[1997,[Kramer[ét(al.
1997, Ananthlet(al.[1999b, Kupferminc ét(al.[1999, Rayland(ILaskin.[1999,[Baumann/ét(dl.[2000,
Kyrklund Blomberg(ét[al.[2001, Lydon[Rochellelet(al. [ 2001, Pandian[Z[et[al.[2001, Campbell
and[Templeton.[2004, [Steegers [ Theunissenl(ét(al.[2004,[Ananthlet(al.[2005a, [ Casey(et[al.[2005,
Shevelletlal. 2005, LLindqvist/and Happach.2006, Robertson [t (dl.[2006,[Ananth(and [Cnattingius.
2007,[Ananthl(et(al.[2007b, Burdetlal. 2007).

Smoking

Approximately[10120% 6flwomen/inindustrialized[¢ountries[Smoke[during [pregnancy[(Ananth
and[Cnattingius.[2007); [in[Finland[the[tatelis[approximately15%[(Stakes[2006).[Smoking[is[a
well 'known[risk[ factor[for[placental abruptionandalso for[many[ other adversel pregnancy
outcomes, [includinglinfertility, $pontancous abortion, low [ birth[Wweight,[ preterm[delivery, and
long term(physical [dnd[developmental(disorders/ininfants (Ananth/et(al.[1999a). Theldssociation
with[placental CabruptionJand [smoking [ was [ first_ reported in[ 11976 (Meyer et lal.[11976).
Approximately[5%![oflall[perinatall deaths arelattributable to[maternal[smoking[largely [duelto
placentaldbruption((Andres[and Day.2000). [Smoking is dlsodssociated Wwith[d[2.5fold [increase
in[severeldbruption resultingin fetal(death [(Raymond (and Mills.[1993). [Studieshave [shown(that
thelrelativelrisk [ for[ placentall abruptionlassociated[with[ maternall $moking[ during pregnancy
variesfrom[1.510 2.5[(Voigtlet(al. 1990[Ananthet(al. [1999a, Tuthilllet(al. 1999, Mortensen(ét(al.
2001, Ananthldnd [Cnattingius.[2007)with(a[strong[doseldependency(Kyrklund (Blomberg|(etal.
2001, /Ananthand[ Cnattingius. [ 2007). [ However, [ there seems[ to[ be[al threshold effect[ at
approximately(10(¢igarettes/per(daylafter(which(the(risk femains(relatively ¢onstant[(Ananth[ét
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al.[1999a).[Also, [the[duration(0flsmoking is [associated [with[an[increasing [incidence [ofiplacental
abruption[(Naeye.[1980) although(the(risklislargely [confined[to the current pregnancy((Ananth
and[Cnattingius.[2007).[Quitting[ smoking before [pregnancylorearlylin pregnancy(teduces/the
risk[oflabruption(to [the Tevellofinonsmokers/(Naeye.1980, Andres(andDay.[2000, Ananth[and
Cnattingius.2007).This[suggests(that the [ddverse effects(0fimaternal[smoking[dre(largely[duefo
aldirect[toxicleffectloflsmokingduring[pregnancy((Ananthland(Cnattingius.2007).

Althoughl(the tnechanisms[éxplaining [the dssociation/between[smoking [and [placentalldbruption
remain[ largely[ speculative, [it[is[ known[that[ smoking[ increases homocysteinel levels[in[ the
plasma,and(this(may[playlaltole[(Rayland[Laskin.[1999). Hyperhomocysteinemia ¢anlinduce
endothelial(celllinjury(and [dysfunctionleading[to local thromboembolism(and(defectsWithin[the
placental(vascular(bed[(de[ Vrieslet[al.[1997).[Also, theldirect[effect[ofl smokinglon[placental
abruptionmay(belmediated [throughWasoconstrictive [effects[ofnicotine [onfiterinednd imbilical
arteriesas (welllas[¢arboxyhemoglobin[whichlinterferes/with[oxygenation. Nicotine/and[¢arbon
monoxidel(CO)lcross(theplacenta. Thellevels(dflnicotine and [COlin [the [fetal(circulation/are [15%
higher(than(thoselin[blood[(Luckletlal.[ 1985, Andres and[Day.[2000). Thel¢oncentrations[of
nicotine[amniotic fluid [danBe[88% [higher [than(inmaternal[plasmal(Luck(et[al.[1985). Nicotine
decreases(the(flow(in hiterine(and imbilical arteries [causing[changes(in [the[fetal[0xygenation/dnd
acidbaselbalance. Fetallheart[rate[decreases and [inean(arterial [pressurelincreases[(Andresand
Day.[2000).CO bindsto liemoglobin to formicarboxyhemoglobin. [Also(this lagent decreasesfetal
oxygenation[(Andres(andDay.[2000). Thehypoxic[changes(caused by nicotineand [CO[can lead
to[placentallinfarcts,[common [@mong smokers, [Suggesting (thatlincreased [capillary (fragility (might
resultlinlarterial (tuptureleading[fo [placentallabruption[(Naeye. 1980, Kaminsky ét(al.[2007). In
placentas(oflsmokingwomen!(the [perivillousknottinglin[syncytiotrophoblasts (may (be caused by
anlattempt(byl[the[villiltolincreasel surfacelarealthroughlangiogenesis and[ heovascularization
(Kaminsky/(et[dl.[2007). Placental(functionlis[impaired although(placental weight [is[increased [in
smokingwomenwhich(may [be(duelto [adaptive@angiogenesislin(peripheral villous [tree (P farrer(et
al.[1999).[This[is[teflected by increased levelsl ofl proangiogenic PIGF [and teducedlevels of
antiangiogenic [SEngland[sFlt[1[(Levinelet(al.[2006).[Smokers|alsolhave[lower concentrations(of
cellular(fibronectin[(Lain ¢ét[al.[2003), which[¢onnects|trophoblast(to [the[uterine[decidualat(the
siteloflimplantation((Eskes.[1997).

According[toldmetalanalysis[15%(to [25%[oflplacentallabruption(episodes may [be dttributable(to
cigarette[smoking(Ananth(et(dl.[1999a).[Thus, aldonsiderableproportion oflplacental [abruption
episodes(could [be [preventediflwomen[quit[smoking[duringpregnancy. o [datalexist(6flSpouse
smokingland[placentalabruption.
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Hypertensive complications

Hypertensivel disorders[ in[ pregnancy,[li.e.[ chronicl hypertension, chronicl hypertensionl with
superimposed preeclampsia, [pregnancylinducedhypertension (PIH), and ‘preeclampsiahavelall
been(found [fo[be risk [factorsfor[placentallabruptionlin (manybutmot all[studies[(Ananthlet(al.
1996, Ananthletlal.[1997,[ Kramerlet[al.[ 1997, Ananthlet[al.[1999a, Ananthlet[al.[2007b).
Comparisonlofitheselstudies(is[problematiclsinceldefinitions varyremarkably.
Chroniclhypertension[ complicates[0.3[0.8% [ofl pregnancies/ and/increasing/ maternal lage and
paritylincrease the risk[ (Ananthlet[al.[2007b). [ Smoking[and[the[black[tacelincreaselthe tisk
(Ananth(ét(al.[2007b). In[some((Ananthlet(dl.[ 1996, Kramer(et(al.[1997,[Ananth(ét(al.[2007b) (but
notlall[(Ananth(et[al.[1997)[studies[ chronic hypertensionhas[beenlaltisk[ factor for[placental
abruption. In(one(study(the rate oflabruptionl@amongwomenwithlor[without/chronic lypertension
was[1.56[%and[0.6[ %[ in[singleton pregnancies,[trespectively (Ananthlet[al.[2007b). After
adjustment| for[ potential[ confounders| women! with[lchronic[ hypertension[ were[ at[ 2.4fold
increased | risk[ forabruption[(Ananth[ et al.[2007b). In[another[ study women[ with[ chronic
hypertensionhad(rio lincreased [fisk (for(abruption (RR1.4;95%[CI(0.5[3.6)[(Ananth(ét(al. [1997).
Although(¢hronichypertension[alone (has[hot[beenlaltisk factor[for[placental ‘abruptionlin all
studies, [ chronic[hypertension with[superimposed[ preeclampsial hasllincreased[ thel risk[ for
placentallabruption(2.8[Tto[7.7(foldin/severallstudies((Ananth(ét(al. (1997, [Ananth et(al. 2007b).
Severelpreeclampsialislalstrong risk [factorfor placentalldbruption(Ananth(ét(dl.[1997,[Ananth(et
al.[1999a). However, [PIH [and (mild [preeclampsia [dre [tisk (factors[for[placental@bruptionlin[Some
(Kramerlet(al.[1997) butmot(dlllstudies[(Ananth(et(al. [(1997,[Ananth(ét[dl.[1999a). [Comparison [0 f
thelstudies(is(difficult/dueto [different (driteriaised for [preeclampsial(Ananth(et(al.[1996,[Ananth
et[dl.[1997,[Kramerl(etlal.[1997,[Ananth/ét(al.[1999a). Thelrisk [for[abruptionlis [further[increased
among[women|who [havelhypertensive disorder and[Wwho [smoke[(Ananthl¢t[al.[1999a). In[two
previous| Finnish[ studies( chronic[ hypertension[ or PIH[ showed[ borderline[ association[ with
placental’@bruption((Y14[Outinen/et(al. (1987, [Toivonenl(étlal. 2002).[Oneoflthe twolstudies found
strong d@ssociationbetweenpreeclampsialand [placentall@bruption((Toivonenet(al. 2002).

Hyperhomocysteinemialand thrombophilia

Homocysteinel lis[ lan[intermediate productin[ the[ imetabolism[lofl the lessential “amino [ acid
methionine[(SteegersTheunissen¢t(al.[2004). [Homocysteinelis[methylated tomethionineland
this[imetabolismlinvolves(5,10methylenetetrahydrofolate(reductase [((MTHFR), folate, Vitamins
B6land[B12[(Rayland(Laskin.[1999,[Eskes.[2001).[Hyperhomocysteinemialinduceséndothelial
celllinjuryland[dysfunction(and(leads(to atherosclerosis/and [thromboembolism((de[Vries[etlal.
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1997).[JTherel Jis[Jan[Jassociation[ /between  lhyperhomocysteinemial Jand [ Jplacental Jabruption
(Goddijn[Wessel et(al.[1996, de[ Vries(¢t[al.[1997,[RaylandLaskin.[1999,[Vollset[¢t[al.[2000,
Steegers Theunissenlet[al.[2004). Thelassociationlis stronger[with[ shorter[interval (between
sampling(and[delivery[(Vollset/et(al.[2000) but the time o ftesting [should belatleast > [10 Wweeks
postpartum[(deVries(et(al.[1997). Hyperhomocysteinemialis a/strong[indicator(dfifolateland B12
deficiency((Rayland Tlaskin.[1999).[According(to [athetalanalysisfolateldeficiency maylalso (belad
risk [ factor[for[placentallabruption (OR[25.9,[95%[CI[0.91736.3)[(Ray and[Laskin.[1999).[1n
anotherstudy, high[lred[cell[ ifolatedecreased [ thel risk[ for[placental Jabruption[(Steegers ]
Theunissenlet[al.[2004). In[somelstudies, (butnot(all, [Vitamin[B12[deficiency hasbeenlaltisk
factor(for(placentallabruption((Rayland[Laskin.[1999,[Steegers Theunissen(ét(al.[2004).[Y oung
women/ Jwith[folate[ldeficiency( and [ Thyperhomocysteinemial imay( Jbel jpronel to[lendothelial
dysfunction[Jincluding [Iplacental[Jvasculature [J(Ray[land[Laskin.[11999).JAlthough[Jplasma
homocysteine(levelsican[belowered byladministration[oflvitamin[B6[andfolate[(Eskes.[2001),
older(]largel] prospective[Istudies[Jhavel failedIto[]show[]any[lassociation[]betweenl folate
supplementation(Jand[IplacentalJabruption/(Konje[Jand[ 1 Taylor.[12001). JHowever, [ lal recent
Norwegian[study’showed[that Wwomen[Wwho [used [foliclacid [ormultivitamin[supplements during
pregnancyhad(26% lower [risk [0fldeveloping[placentallabruption[than Wwwomenwho (had [not used
suchsupplements((Nilsenlet(al.[2008).

It[lisUknown[Jthat[inherited [ Jand[lacquired [ Jthrombophilias[lincreasel ItheIrisk[ofl Ivenous
thromboembolism[ and[ adversel[ pregnancyl outcome, [ i.c. early[ pregnancylloss, [ preeclampsia,
intrauterine [growth(testriction (IUGR), [stillbirth, or placental [abruption[(Robertson(et[al.[2006,
Ulander[et[al.[2006).[Onelofl thel¢arly[studies/ found[that[65% of women[Wwith[preeclampsia,
ITUGR, unexplained [ stillbirth, [or[placental abruption[had heritablel or[ acquired| thrombophilia
(Kupferminc/letlal.[1999).[The(risk [found(inlindividual(studieshas(varied[dueto [different[study
designs[ (Robertson(et[al.[2006). Thrombophiliasassociated[ Wwith[ abruptionlinclude(MTHFR
deficiency, [ factor[V [Leiden[ imutation,[ prothrombin[ gene mutation, protein S and[protein[ C
deficiency, [antithrombin[deficiency,lupus(anticoagulant,(and anticardiolipin [antibodies (Oyelese
and [ Ananth.[2006).[ Homozygous MTHFR [ point[ imutation’ 677 C[to[ [ transition[ has[ been
associated (with(placentallabruption/in(several[(Rayland[Laskin.[1999,Eskes.[2001, Nurk[et(al.
2004) butnotlall[studies[(Kupferminc(et(dl.[1999,Jadskelainen(¢t[al.[2006). [Somelstudieshave
shownlan(dssociation/between[placentallabruptionlandheterozygous(factor [V [Leiden mutation
(Kupfermincletlal.[1999,[Facchinettilet(al.[2003, Robertson(et[dl.[2004). However, [in(aFinnish
studyM385T [polymorphism(in(the [factor [V [gene, but mot[Leiden tutation, was[associated Wwith
placentallabruption[(Jaédskeldinenlet al.[2004).[A[Swedish[studylofl102 [women[Wwithabruption
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also(failed[toshow[any[differencelin[factor(V[Leiden[¢arrier(tatebetween!c¢ases and[¢ontrols
(Prochazkalet(al.[2003). The(rateloflheterozygous prothrombin gene mutationlis[increased 8 Tto
9[foldlamongwomenwithplacentallabruption(Kupferminc/et(al.[1999, Kupferminc et (dl.[2000).
Therelislinsufficient datalofl other thrombophiliasand[placental abruption[ (Robertsonl etlal.
2006).[ Thel combination[ ofl hyperhomocysteinemial and thrombophilialincreases(thelrisk [ of
placental/@bruption(3to[7(fold (Eskes.2001).

Chorioamnionitis

Clinicalldiagnosis ofl¢horioamnionitis[may[be[difficult[(Smulian[¢ét[al.[1999)and[¢anlonly be
confirmed(histologically[(Smulianlét[al.[1999).[However, micro [organisms arelisolated(in(only
70% Cofl placentas with[histologic[ chorioamnionitis[(Smulian[et[al.[11999). In[‘some[ cases
histologiclinflammation maybelduefolavarietylofinoninfectious/causessuchlas(fetal (hypoxia,
amniotic[fluid [(pH [¢hanges, immunologic tesponses to fetal tissues, and[meconium((Smulian/ét
al.[1999).[Chorioamnionitis ‘may/precedeabruption(or(abruptionmay precede chorioamnionitis,
orlthe[two ¢onditions inay beunrelated [and[present[Simultaneously[(Darby(¢et(al.[1989). Direct
bacterial[colonization[oflthe/deciduaWwith(tissuelinflammation thay/(initiate(a[process/that desults
ultimatelylin[CplacentalJabruptionJ(Darbyet[Jal. [11989). JSometimes[laJsubclinicaldecidual
thrombosis ‘may/linitiate anlinflammatory[process[(Darby et[al.[1989).[Nevertheless, [infection
activates(dytokines(such(as(IL [and[TNF.[Theselcytokines upregulate(the [production(and dctivity
ofIMMPs!in(theltrophoblast((Nath(et(al.[2007). This may result in[destruction 0 fitheéxtracellular
matrix [dnd(cell(tocelllinteractions which(then[may lead [to disruption/of'the placental/attachment
and (finallyto [placentallabruption((Nath(etdl.[2007).

Chorioamnionitis[ 0ccurs| threel to[seven[ times[ morellikelylin[ patients[with[ abruption[than[in
controls[(Darbyletlal.[1989,[Saftlaslet[al.[1991). In[altecent[studythel[rate of histologically
confirmed(chorioamnionitis[@mong women[with[placental@bruptionwas(30% [(Nath/gt(al.[2007).
Severel chorioamnionitis[ was[ strongly[ associated with placental abruptionboth[in[term[and
preterm[pregnancies[(Nath(ét(al.[2007).Inlanother study, (the(rates (o flabruption[amongwomen
with(orWithoutintrauterineinfectionwere(4.8%and(0.8%[(Ananth(ét(al.[2004). The attributable
proportionloflintrauterinelihfectionslamongalllabruptionsiwas(6.7%[(Ananth(et(al.[2004).

Premature ruptureof membranes

Preterm( premature rupture_ofl membranes (PROM)[Joccursin[ 3% Jofl pregnancies[land [ iis
responsiblefor(onelthird[oflall pretermBirths[(Mercer.2003).[Approximately 412 % [oflpatients
with preterm PROM develop [placental@bruption(Ananthét(al.[1996,Mercer.[2003).IThe [risk [0 f
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this[domplicationlincreaseswith/decreasing [gestationallage(dt embrane [fupture (Mercer.(2003).
Women/eéxposed to [prolonged [pretermPROM lare [at [increased risk [0 fldeveloping abruption/ifithe
latency[between[thetime[0f membrane tupture’anddelivery exceeds(24 [hours (Ananthlet(al.
2004).

PretermPROM [is[oftenlassociated with[ascending[intrauterinelinfection. Recent[évidencehas
linked[neutrophillinfiltration[in theldecidua/with[preterm[PROM [and/placental abruption. The
riskloflabruptionlis(3.6[fold higher among[women/with[preterm PROM, [ ¢compared(to[women
with[intactl membranes[ (Ananth[et[al.[2004).. When[ preterm PROM/[is[ accompanied| with
intrauterine[infection,  theltisk o fl abruptionlis[9fold [higher, compared [to[Wwomen[Wwithlintact
membranes(andnolinfection[(Ananthletdl. [2004).[Although pretermPROM [frequentlyprecedes
abruption,[ Sometimes[placental abruptionmay(lead to[PROM[(Rosen[et(al.[2002).[ Abruption
leads(to markedinfiltration[of heutrophils[in the decidual(Rosenlet[al.[2002).[Thislinflux[of
neutrophilslis/dlrich/source(oflproteases/that dan/degrade [éxtracellularmatrix, leading to[preterm
PROM. [Therefore, (it [is[difficult[to [determine [whether meutrophillinfiltration into [the[decidualis
secondary(to[Vascularldisruptionlor[Whether[it[is[the primary[causeloflabruption(Nathlet[al.
2007). Inlsome[women withpretermPROM [deduction(ofluterine Volumemay lead to [placental
abruption/(Ananthlét(al.[1996).

Trauma

Physicallfraumalcomplicates (67 % [oflpregnancies((Pak[et[dl.[1998,[Schiffland [Holt.[2002).[Of
these, ‘'motor[vehiclelaccidents/dccount[66%, fallsand [assaults[33% [(Paklet(al.[1998). IDomestic
violence(islincluded(inlassaults[andhas been teported(in8[20[% [ofl¢ases[(Helton et[al.[1987,
Parkerl(et(al.[1994,[Rachanalet(al.[2002).[Adverse[pregnancyoutcome/afterminor[traumaldccurs
in[11 5% ofl cases (Pak[ ket al.[11998).Placental abruption[is[ attributable[ to[ any[traumal in
approximately (6% oflall[¢ases[(Pearlman(ét(dl.[1990)[and[to major[traumalin(20(25%oflcases
(Vaizeylet(al.[1994), but(is(difficult [to[predict (On[the [basis of the[severity [0flthe injury[(Pearlman
et[al.[1990).This(makes[placentallabruption(the/secondmost/common(c¢ause of fetal Toss[after
maternalldeathlin/pregnant(traumalpatients((Henderson(and[Mallon.[1998). [ Themechanism o f
abruption/in(traumalcases isdirectly [felated [fo[thelinjury. [The(relatively[¢lastic uiteruslis(ableto
alterlits[shapelin(reaction toforces[applied(to [the dbdomen, [Whereas(thelless[élastic[placentalis
not.[Alshearing/effect(is(therefore(¢reated, [disrupting[the attachment oflplacenta to [the decidua
(Kingston/ét(al.[2003).Placental/abruption(usually (becomesmanifest within[6 [to (48 hours(after
injurybut(canloccuruip [fo[5 [daysTater[(Higginsand[Garite. 1984, Pearlman/ét(al. (1990, [Curet et
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al.[2000).[Placentas that[are[anteriorly(placed(areat[increased(tisk [ for[fetomaternalltransfusion
(Pearlmanlet(al.(1990).

Externallcephalic Wersion(is/also [dssociated with[placentallabruption/although/therisk [islow. In(a
recent[teview thelincidencelofl placentallabruption[duelto[externall cephalic[Version Wwas only
0.12%[(Collarisi@nd Oei.2004).

Others

Other prepregnancy!tisk|factors for(placental abruptionlinclude previous(cesarean(section (C/S)
and iterine/anomaly[(Green. 1989, Hemminkiland Merildinen. [1996). Also, thelrisk for[placental
abruption(islincreasedlin(the[next[pregnancy(followed by birthloflal$malll for[gestational age
(SGA)['hewborn, [ premature birth,  PIH, [ preeclampsia, [ or[ stillbirth (Rasmussen[ et[ al.[1999,
Lindqvistland[Happach.2006,[Ananthlét(al. 2007a). Thismay/indicate[d[dommonl/etiologic factor
for(these/donditions[(Rasmussen(étlal.(1999). Both[short[and[longlinterpregnancyintervals/have
alsobeenlassociated _with[increased[ risk ofl placental abruption (Rasmussenl et al.[11999).
According[fosomelstudies[¢esarean|first delivery increases/the tisk for[placentallabruption[by
30140% lin[the mext [pregnancy whenldompared [fo womenwithvaginal(first(delivery[(Rasmussen
et[dl.[1999, ILydon[Rochellelet[al.[2001, [Getahun(et[dl.[2006,Yang(et(dl.[2007).[According[tod
Finnish[studyltheltisk[is[evenlhigher,[i.e.[2.4[fold among[ primiparous andB.9fold[among
multiparouswomen(Hemminkiland Merildinen. [1996). Tflthe linterpregnancy linterval(is (less[than
onelyear(thelrisk o flabruption(islincreased by[32% lin[(women with (vaginal first deliveryland by
111%/[in[Women[with[¢esarean(firstdelivery[(Getahunlet[al.[2006). Uterine[low segment[scar
may [impair[placentallattachment, [and [thereforeincrease(the isk [for(abruption (Rasmussen/et/al.
1999, [LLydon[Rochelleletal.[2001).

Althoughlmentioned[ in['some[ textbooks[ (Green.[1989),[ the[ most[ recent[ studies havel not
demonstratedanylassociationbetween(placental[@abruptionland[congenital iterine [malformation.
Abnormal(fusion[of'the Miillerian(ducts[dauses varying degrees o fluterine[dnomalies (Heinonen
et[al.[2000) present[in[0.12%oflallwwomen[(Acien.[1997). Itmay [be that iterine malformation
leads(to(poor(decidualization/and/placentation dt the(site oflimplantation.[Also [the [dontractibility
ofl malformed [ uterus may! bel disturbed br[uncoordinated[ increasing! thel risk[ for[placental
abruption/(Dabirashrafilgt(al.(1995).

Other pregnancyvelated visk|factors forplacental[@bruption/are [placentalprevia, bleeding [during
pregnancy, multiple/pregnancy, (and(alcoholland ¢ocaine usel(Kaminskilét(al.[1976,Sipild ét(al.
1992, Miller(et(al.[1995, Baumann(ét(al. 2000, Ananth/et(al. 2001, Salihulet(al.[2005).
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Placentalprevialis [dnotable risk [factorfor placental @bruption((Konjeland Taylor.2001) dlthough
notlall($tudies ¢onfirm[this (Oyeleseland [ Ananth.[2006). Approximately[10% of women[with
placentalprevialhavelcoexistingabruption[(Konjeland Taylor.[2001).[In[onelstudylof the risk
factorsfor(placental abruption, iterine (bleeding[>28 [gestational (weeksand [placenta[previawere
thelstrongest[predictors (Baumann/et(al. [2000). [Among womenwithplacentaprevialthe(risk Wwas
3[Ito4[fold,land[among[women with[uterinebleeding[>[28 [weeks [the tisk [Was[12[Tfo[19(fold
(Baumann! et[al.[2000). 1flwomen[had [iterine 'bleeding[at[ <[ 28 [weeks![the[risk[ for placental
abruption(was[2[fold[(Baumann/et[al.[2000). Bleedinglin[early[pregnancy!carries/anlincreased
risk for[abruptionlin(later pregnancy(Ananthlet(al.[2006b).  The presenceloflalsubchorioniclor
retroplacental Thematomalin[ the[ first[ trimester ultrasound examination! increases! thel tisk/ for
subsequent/placentallabruption(6[Tto (11 fold[(Balllet(al. 1996, Nagy et (al.[2003). This tayreflect
alhematomalimpairing[hormallplacentation. On[thelother hand, alhematomal¢an[tesult from
impaired placentation((Nagy!et(al.(2003).

Thel tisk[ofl placental abruptionis[2[Ito[B[foldin[twin[pregnancies compared[tolsingleton
pregnancies/(Baumann/etdl. 2000, Ananth(et(al. 2001, [Campbellland [Templeton. 2004, [Salihu et
al.[2005)although[notlalllstudies havel¢onfirmed this[(Kramer[et[al.[1997).[Withlincreasing
multiplicity[the[likelihood[ofl placental abruption increases[butlassociated perinatal inortality
decreases( (Salihulet[al.[2005). [ Theltisk[ofl preterm! birthlor[ SGAlin[twin[pregnancies|with
placentaldabruptionlis higher(thanamong[twinpregnancieswithout placentallabruption[(Ananth
et(al.[2005b).[Theldiscordant[growthlof twins(is(a [risk factor[forplacentall@abruption[(Ananth(ét
al.[2003).[Thelrisk factor [profilesfor[placental abruption/seemfo [beldifferent[among[singleton
births(and [twinbirths[(Ananthlet(al.[2001).Thelabruptionlin (multifetal [pregnancies (mayhavela
different(mechanism((Ananthet(al.[2001,[Salihulét(al.(2005).

Alcoholluselduringpregnancy is [dknownlrisk factor for [fetal nieurodevelopmental [dbnormalities,
severall fetal[malformations, and [SGA[(Kaminskilet[al.[ 1976, Halmesmaki. 1988, [Sokolletlal.
2003).[Alcoholleasily[crossesplacentaland(may[disturb the hormonal(balance(in[the mother dnd
fetus((Gabriellet(al.[1998).No [safe[amount[oflalcohol[¢onsumption during [pregnancyhasbeen
determined. Inldonelstudy, [the tisk[oflstillbirth washigher[among(dlcoholsers, [particularly[due
to[placentalldabruption[(Kaminskilet(al.[1976). Inldanother study, (the tisk [for placental abruption
didnotvarylaccordingtoldlcoholidconsumption((Kramer|(gtlal. [1997).

In(theWnited[States, [thelincidencelofldocainelingestion/during [pregnancy [hasbeen(teported(as
highlas[10%/lin[s$electedpopulations (Miller[et[al.[ 1995, Baumann/letlal.[2000). Theltisk for
placental/@bruptionlamong cocaineusers/is[3.91to (8.6 [fold (Miller(et(al. (1995, Hulse et (dl.[1997)
and[may[tesult[from[¥Vasoconstrictive effects[ofl cocaine[ (Hladkylet[al.[2002). Althoughlthe
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relationship[between[placentallabruptionland[¢ocaineuiselis[¢onfounded byl other(tisk[factors,
includinguise[ ofl other[drugs, [tobacco, and[lack [ofl prenatall¢are,[ cocaineluise! temains[aslan
independent [fisk (factor((Hladky/et(al.[2002).[Amphetamine [use[is [d]lso dssociated [with[placental
abruption probably(duetosimilar echanisms|ascocaine ise[(Kuczkowski.[2003).

Table[ 1. Sociodemographicand[ behaviourall risk[ factors for[ placentall abruption[ basedl on
published(data. @dds(ratio [((OR) givenliflavailable

Risk factor OR
Sociodemographic
[J Maternaldge>[35[years 1.32.6
[ Maternallage<20[years 0.801.5
[ Parity>03 1.00.6
[J Blacklrace 1.9
[J Whitelrace 1.2
[ Lower[socioleconomic/status
[ Unmarriedorsingle mother 1.516.8
Behavioral

Cigarettesmoking 1.52.5
[J Alcoholise 2.834
[1 Cocainelise 3.918.6
[J Trauma 17.3
[ Unexplainedlinfertility(or linfertility/treatments 1.32.4

Table2. Maternalland Historicallrisk [factors for [placental@bruptionbaseddn/published(data.
Odds/ratio ((OR)(givenl(iflavailable

Risk factor OR
Maternal
Chronichypertension 1.42.4
[J Hyperhomocysteinemia 1.8(5.3
[J Thrombophilia 1.407.7
[J Folateldeficiencies 25.9
[ Diabetes thellitus((all types) 0.812.8
[J Hypothyreosis 3.0
[J Anemia 2.202.8
[J Uterinelanomaly
[J Uterineltumor 0.812.8
History lof
Cesarean[section 1.33.9
Miscarriage 1.43.2
[ Preeclampsia 1.9
[ Stillbirth 13.1
[J Placentallabruption 10.2125.8
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Table[3. Pregnancyldssociated risk factors for[placentallabruptionbased on/published(data.Odds
ratio [((OR) givenl(ifiavailable

Risk factor OR
Pregnancylinduced liypertension 0.911.6
Preeclampsia 1.913.8
Superimposed [preeclampsia 2.8
Chorioamnionitis 1.212.6
[ Prematurerupture/ofimembranes 0.915.9
[ Oligohydramnion 1.02.8
[J Polyhydramnion 3.03.2
[J Placentalprevia 3243
[ Vaginalbleeding<28(gestational Wweeks 2.012.2
[ Vaginal bleeding>[28 [gestational Wweeks 12.3(18.7
[J Multiple(gestation 2.02.9
[ External [version

[J Malelfetal/gender 1.3

[ Smallfor(gestational age fetus 1.314.1
[ Shortumbilicalcord 1.312.0
[ Velamentousimbilical cordlinsertion 1.813.7
[ Venalcavalsyndrome

Clinical [presentation/and/diagnosis

Althoughthelsymptoms[ofiplacentallabruptionlaretypical [and have been(well described, they
canlvaryldonsiderablyfromlone(patient[tolanother (Baronland Hill.(1998).

Symptoms

Classiclsymptoms ofl lplacentallJabruption[ lare[ lvaginal[ lbleeding, [ Jabdominall Jpain, [ luterine
contractions and(tenderness[(Baronland[Hill.[1998). All[oflthese symptoms arenotlinvariably
present, andlasymptomatic[presentation[does[notléxclude[placental[abruption[(Baronland [Hill.
1998, Oyeleseland[ Ananth.[2006). The [symptoms[andtheir(severityldepend onlthelocation(of
abruption,whetherlit(is [fevealed [0r [doncealed, [@nd [the [degree (0 flabruption (Oyeleseland [Ananth.
2006). Vaginalbleeding|ispresent(in[70(80% [0fldases/(Baronland Hill. (1998, Konjeland Taylor.
2001)andlitslamount [dorrelates [poorlywith the[degree 0 flabruption(Oyeleseland [Ananth.[2006).
Ifithe thembranesare fuptured, blood stained [amniotic fluid Teeks into vagina(Konjeland(Taylor.
2001). Wterineltenderness|or [pain(is present(in(66 % [and tonic literine [contractions(in[34% [(Baron
and [ Hill.[11998).[Thel presencel bfl pain( probably[ indicates[ extravasation[ ofl blood[into[ the
myometrium/(Konjeland[Taylor.[2001). Thel¢ontractionsare iinusually[frequent 'with(a[tate[of
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morelthanfivelin[10 minutes (Konjeland [Taylor.2001, Dyeleseand[Ananth.2006). [The [presence
ofluterinel contractionsmay, however, (beldifficult(to distinguish[from[general [abdominalpain
associated [with[abruption. [Abdominal[pain[is[less[common[in[posterior[placentas(Konjeland
Taylor.2001).

Clinicalsigns

Fourlgrades((0(3)(dflplacentallabruptionhave been(described(Table4) (adapted fromKonjeland
Taylor.[2001),the [most(severe form[occurringlin[dabout[0.2% [0flpregnancies (Konjeldnd [Taylor.
2001).

Table4. Gradingloflplacentallabruption

Grade [TIITIITITITTTIDescription

[ Asymptomatic,dsmalllretroplacentalclot

1 [J Vaginal bleeding, iterinelhypertonus/andtenderness/may be present; nolsigns(of

[J [haternallor fetaldistress
2 [J Vaginalbleedingpossible, niolsigns(ofimaternalshock;signsofifetal [distress[present
3 [J Vaginal bleeding/possible, uterinehypertonus,[‘fwooden (hard” luterus on palpation,

[ [persistentlabdominal [pain, thaternal(shock land fetal [death, [coagulopathy(in[30% [oflcases

Placentallabruptionlis often ¢onfirmed[ byl gross(éxamination ofl delivered[placenta. In[recent
abruption/thelinspection[ 0fl placental demonstrates( al crater(like[ depression on[the maternal
surfaceloflthelplacentalcovered(by dark(¢lottedblood, solcalled [fdelle”[(Eskes.[1997).In older
abruptions/fibrin(deposits(appear 0n(the(site[oflabruption(Oyeleseland [Ananth.[2006). [Alfotally
abrupted[placentalimaylhotldiffer[ on[the maternall surfacefromlalhormallplacentalat delivery
(Eskes.[1997).

Bleeding[mayloccurlinto the iterine[tnyometrium, (leadingfo[apurple[¢oloreduterus, so[called
Couvelaireuterus[(Oyeleseland [Ananth.[2006) [Suchlan[uterus(contracts[poorly Wwhich[can result
in[postpartum/hemorrhage (Konjeland(Taylor.[2001).

Ultrasound

Ifiplacentallabruption(is(suspected (based (on[¢linical[Ssymptoms, ltrasound [éxaminationlis[often
performedin(anlattemptfo visualize(the éxtent [of[Subchorioniclor(tetroplacentallhematoma. In
somel ¢ases, [ placentallabruptionmaybeldetectedbasedlonlultrasonographic(findings[évenlin
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asymptomatic| patients[ (Oyelesel Jand[ /Ananth.[12006). The[ultrasonographic( Jappearance/ Jof
abruption(depends(on(thelsizelandlocationas/welllas theageloflthe hematomal(Nyberg/étlal.
1987).[Thelappearance 6f hematomalin[the acute phaseloflabruptionlis[from hyperechoic(to
isoechoic[Wwhen[ compared[Wwith[the[placenta. [When[the hematomaltesolves[it[becomes[more
hypoechoid within (1 week[andsonolucentwithin[2 Wweeks (Nyberg/(et(al. [(1987).[Smalllabruptions
orldcutelrevealed abruptions/dre(oftennot/detectable byltrasound [(Oyelese(and [Ananth.2006).
Concealed hemorrhage[ may[ bel morel easily[ seenl byl uiltrasound! (Glantz[ andPurnell.[2002).
Despitelimprovement [in[Sonographicléquipments|thelsensitivitylofithediagnosis(dflabruptionhas
notlimproved[(Glantz(and [Purnell.[2002). In [one(studyiltrasound correctlydiagnoseddbruption
onlylin[25%(ofl¢ases[(Glantz(and[Purnell. [2002).[When(alclot Wwas[visualized (by iltrasound, the
positive[ predictive[ value[for[abruption[Wwas[88%[(Glantz[ and[Purnell.[2002). Also, whenla
subchorioniclor[ tetroplacental hematomawas(identified by liltrasound [ the imanagement[ivas
morelaggressive and perinatal outcomewas[worse[(Glantz[and [Purnell.[2002).It[may[be[that
positivelsonographic findingswith[more(severe@bruption lead [tb linnecessarylintervention Wwhich
impairs[ neonatal butcomel mainly[ duelto [ prematurity[ (Glantz[and[Purnell.[2002). Although
ultrasound(ismot(accuratelin(thediagnosis(oflabruption/it[is usefullin monitoring dasesmanaged
expectantlylandlinleéxcluding/doincidentplacentalprevia(Konjeland Taylor.[2001).

Cardiotocographicichanges

Inlsevere(cases[ofiplacental dbruptionlthelfetuspresents/with (heart(rate[dbnormalities. A [variety
oflfetall cardiotocographic [ (CTG) [ patterns havel been[ described[in[association[Wwith[placental
abruption(and(fetal(distress, and (mayincluderepetitive(late[dr variable[decelerations, decreased
beat(fo beat(variability, bradycardia, or[sinusoidal [fetal heart [rate [pattern((Oyelese[and[ Ananth.
2006).[Abnormal [CTGlin/association[with[placental@bruption(predicts [poor(fetal outcome, even
death/(Manolitsas(ét(al.[1994).[Onthe[dtherhand,[donservative [éxpectant[management(seems|to
belsafelin[ preterm/ pregnanciesWith[placental [abruptionland hormal (CTG[(Manolitsaslet[al.
1994).

Placental histopathology

Histopathologyloflabrupted [placentas/oftenshows[evidenceldflacutedndichroniclesions/(Ananth
et[al.[2006b).[Acutellesionslincludeneutrophillinfiltration[ofl the[ ¢horionic[plateland[ chronic
lesionslinclude(placentallinfarctslin(the(decidua/(Ananth(etal.[2006b). Chronic(lesions/develop
dueltolallacklofladequateltrophoblasticlinvasion[(Dommisseland[Tiltman.[1992).Histological
signs(oflchorioamnionitis/anddeciduitis withneutrophillinfiltrationldre(associated Wwith[placental
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abruption/(in(one(third [0 flthe([cases[(Kaminsky(et[al. 2007, Nathlet al.[2007). Acutelatherosis(in
spirallarteries (leads todistinctive mecrotizing(decidual lesions([(Eskes. 1997, [Ananth gt al. 2006b)
ultimately(leading[to[Vascular(thrombosis,[placentallinfarcts and[fibrin[deposits[(Darbylet al.
1989, Eskes. 1997, Kaminsky et([al.[2007).

Intervillousthrombosis(tesults from[intraplacental Themorrhagel from[Villous[¢apillaries ‘and[is
associated [ with[ chorionic[ villous hemorrhage. [ Intervillous[ thrombosis/ is[ more common!in
smoking[ women[Wwith[ placental abruption[ (Kaminsky[et[al.[2007). This[ may! further[reduce
uteroplacental Land [ fetal[ blood[ flow[leading[ to[chroniclinderperfusion. Chroniclhypoxialis
manifested [bylincreased [ villousfibrosis(and frophoblast knotting[(Kaminsky(et(al.[2007).[One
study(found [thatnecrosis(in(the decidua basalis(at[the margin(ofithe[placentalwas mostfrequent
in[$moking[ women! suggesting[that[ such[necrosis/ couldlinitiate[ placental[ abruption[(Naeye.
1980).

Management

Thelthanagement oflplacental [@abruption/dependslon(thelextent oflabruption, gestationallage, and
maternal[and [fetall¢ondition.[ The management/should[belindividualized [(Oyeleseand Ananth.
2006).[Severelabruption withlintrauterine( fetall death, [tegardless ofl gestationallage, [should[be
managed(by (vaginaldelivery/ifithere(dre(no [contraindications,(Konjeland(Taylor.2001, (Dyelese
and[Ananth.[2006). ILLabor isually[progresses tapidly[dueto [continuous[contractions [(Hladky/ét
al.[2002) and[iflnot, [amniotomy[¢an[be[performed. Augmentation[ofluiterine[ contractions by
oxitocinlinfusion/dr(ripening[ofldervix by prostaglandinsmustbedonelcautiously ds the(risk [0f
uterine[tupturelmay [éxistlin[placentallabruption[(Konje and[Taylor.[2001). (Concealed[bleeding
into[the[myometrium, (inaternal(tachycardia, [or[hypertension/may [lead[to inderestimation(oflthe
blood(loss(Konje/dnd[Taylor.[2001). Intravenouscannuleshouldbelinserted and (blood[products
and[coagulation[factors[givenlifl hecessary[(Hladkylet[al. (2002, Oyelese[and Ananth.[2006).
When(labordoes[not[progress tapidlyor[ motherlis iinstable[ C/S[imay[be[hecessaryltolavoid
worsening[oflthecoagulopathy((Hladky(et(al.[2002,[Oyeleseland [Ananth.[2006). IDICis[present
in[approximately[35%/[ofl ¢tases ofl severe[placentallabruption[(Konje and [Taylor.[2001).[The
patient(shouldbemonitored(closely(after vaginal(or [Operative[delivery(since [severe hemorrhage
occurs[in[25% L ofl the cases (Konje and[ Taylor.[2001).[ Hysterectomy[ imayl occasionallybe
necessaryl(Konjeland Taylor. 2001, [QyeleselandAnanth. 2006).
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Ifithe(fetus is[aliveland [pregnancy near(term, [prompt(deliverylislindicated. In[cases of! fetal or
maternal compromise, [ cesarean( delivery[ should[ bel performed. [ Ifl both![ fetal and[ imaternal
conditions(are reassuring, vaginalldelivery(is feasonable. Established labor(should (belallowed[to
progress, otherwiselinductionlofllabor[$hould[be ¢onsidered[(Oyelese and[ Ananth.[2006). [1f
abruption[is(suspectedon(the(basis[oflanlincidental (finding[on(ultrasoundlin d[ferm[pregnancy,
vaginalldeliverylislindicated (Hladky/et[dl. 2002, Qyeleseland[Ananth. 2006).

Partial placentalabruptionl at[ 2034 weeks[ ofl gestation[ may[ bel managed[ conservatively[if
maternal[and fetal(conditions dre deassuring. [Patient (must[be[closelymonitored[and fetal (growth
followed((Konjeland[Taylor.[2001, Hladky!(et(al.[2002, Oyeleseand [Ananth.[2006).[At24(to 34
weeks, [steroidsto[promote [fetal lung maturation/should Begiven. It hay bepossible to [discharge
theselpatients/(if/fetalcondition(is [feassuringafter [patients (have [femained(stablefor(several(days
(Hladky(et(al. 12002, [Oyeleseland [Ananth.[2006). Tflthe bleeding [épisodes [dre recurrent (but [fetal
conditionlis[satisfactory,(inductionlis tecommend(dt[37[38[gestational weeks (Konjeland Taylor.
2001).[Tocolytics[suchlas[B[sympathomimetics, atosiban, or[magnesium(sulfatelcanbeusedlin
selected(cases(dfipreterm(placental/@bruption/(Hladky/et(al. 2002).
Pregnantwomen(shouldbe(followed[for[dminimum 64 (hours@fterlabdominal ‘or(other(trauma.
Ifhuterine[¢ontractions, [ vaginal (bleeding, [or (fetal heart [fate[changes[occur(thefollow wpshould
beléxtended(Oyeleseland[ Ananth.[2006).[Allthesus[negative patients with[placental dbruption
should receivelanti[D limmunoglobulin within (72 hours (Konjeland Taylor.[2001).

Prediction

Itfis(likely/that ih[the majority 0 fidasesplacentallabruption(is(along(standing [process/dating (Back
tolthe first/trimester[(Oyelese land[Ananth.[2006). Therefore, [it would (be (0flclinical importanceif
this[condition[ could [ be[ predicted [ beforel itl manifests[ clinically.[ Many[ clinical variabes[and
findings have been(studied to [predict therisk [0flplacental @abruption.

Family (history

Therelis[someleévidence(that[placentaldbruption/douldoccurlin/families [(Toivonenl(et[dl.[2004a,
Lindqvistland Happach.[2006).[Accordingto [one study [placental[@bruption appears(to cluster in
families( with[ an[ index[ patient[ with[ recurrentl placentall abruption[ (Toivonen( et al.[2004a).
According[folanother [study[5% [oflwomen[With[dbruption [deportfirst(degree telatives[Wwith[this
complication((Lindqvist/and Happach.(2006).
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Thelhighlprevalenceloflthrombophilialamong women with[placentaldbruption(supportstheidea
ofl genetic/background[(Robertson[et[al. 2006). Inlonelstudy[20% ‘ofl Wwomen [ with[placental
abruption(teported(first/degree telatives [with[venous(thrombosis[¢ompared(toonly[6.7% [of the
controls[(Prochazkalet(al.[2003).[Genetic[studieslinvolvingthe ise o flcandidate[genedpproach
have[shownla[positive[associationbetweenplacental @abruptionand(polymorphisms/ofithe nitric
oxidel synthasel genel (Yoshimural et al.[2001, Hillermann[et[al.[2005)although!thisvas[not
confirmed(in/the Finnish(study[(Toivonen(et(al.[2005).[Also, [ithas (been[shown[thatTow [dctivity
haplotypeoflthe microsomallepoxide hydrolasel genelis protectivelagainst[placental abruption
(Toivonenletlal. 2004b).

History of[placentalabruption

Perhaps/the mostlaccurate[predictor ofl abruptionlisa[placental abruptionlin[prior pregnancy
(Oyeleseland[Ananth.[2006).[Women[Wwith[alhistory ofl abruptionhave[7[lto[20 fold tisk[of
abruption(in[al subsequent[ pregnancyl (Karegérd and[ Gennser. 1986, Ananth[ et[al.[ 1996,
Rasmussenlet[al.[1997)[and this(tisk[elevation[isnot[related to[$moking[habits[(Ananthland
Cnattingius.[2007).Placentallabruption[tecurs[in 3 [17% after[oneepisodeland [in[19125%[after
two Lepisodes[ (Karegard and[ Gennser.[ 11986, Ananth[ et al.[11996, Rasmussen[et[al.[ 11997,
Rasmussenlétlal. 2000, Konjeland Taylor.2001, Toivonen(et(al.[2004).

Women[ with[ unexplained [ abruption[ may![ benefit[ from[screening( for[ thrombophilias[‘and
hyperhomocysteinemial(de[Vries(et(al.[1997,Eskes.2001,[Oyeleseland [Ananth.[2006).[Women
wholscreen(positivel for[thrombophilia’ ¢can[beltreatedwith heparinlandlaspirinlin $ubsequent
pregnanciesor[ with[ folate,[ vitamin[B6, and[ B12[in[ the[case ofl MTHFR [deficiency( or
hyperhomocysteinemia, although(no (¢clearbenefit (has been demonstrated (Eskes.[2001, Oyelese
and[Ananth.[2006).[Smoking shouldbe[stopped [(Oyelese[and [ Ananth.[2006). Because[patients
with[ abruption[ have[ an[increased[ risk ofl impaired[ uteroplacentall perfusionin[ subsequent
pregnancies, [serial (growth[scans(eévery(4[weeks[should[belconsidered[during [the second halflof
the[pregnancy[(Rasmussen/ét[al.[2000, Rasmussen(et(al.[2001,[Oyelese[and[Ananth.[2006).In
women [with[two [or more(prior @bruptions, [@mniocentesis/forlung maturity/and(delivery(atabout
37weeksoflgestationlisrecommended (Oyeleseland[Ananth.[2006).

Uterinelarteryflow measurement

Doppler[ evaluation[ bfl uterinel arteries| inl the[ first and[ second[trimester might[ belaluseful
screening(toollin the prediction(oflpreeclampsialdnd[SGA[(Harrington(ét(al.[1996, Martin[ét(al.
2001, Papageorghioulét(dl. 2001, Madazlilet[al.[2005, Pilalis(et(dl.[2007). [ There(arelalsodata to
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suggest(thathigh uterine [artery [pulsatilitylindex 4t (1114 [weeks ormotching [0fthe[iterine [drtery
waveform(at[20(24 [gestational weeks[dould predictisubsequent labruption (Harrington/ét al. (1996,
Pilalis[et[al.[2007) [but/these methods have hotbeen Tniversallyacceptedin the[predictionlof
placental/dbruption.

Biochemical harkers

Elevatedmaternal serum|alphalfetoprotein (AFP)[is/dssociated [ Wwith[structural [ fetal[anomalies,
includingopen(neural tube [defects,[abdominal (wall[defects[and [¢ongenital (nefrosis[(Chandralet
al.[2003).[Yet, approximately[ 1% ofl patients[ havel an[ elevated 'AFP[levellthat cannot[ be
accounted [ for[incorrect( dates,  structurall or[ chromosomalabnormalities, or[ multiple/ gestation
(Chandralet(al.[2003).[This[unexplained(second [frimester(elevationlin maternal [Serum[AFP [may
belassociated (with[subsequent(adverse obstetricloutcomelincludingplacentallabruption[(Katzlet
al.[1990,van[Rijn et al.[1999, Chandraletlal.[2003, Dugofflet[al.[2005, Smithletlal.[2006).
Disruption(at[the[fetalmaternallinterface[permits(transfer[6fl AFP [into[the[imaternal (¢irculation
(Chandralét(dl.[2003).[Chronicvillitis[and [vascular(lesions 0 fithrombosis/or[infarctioniave (been
associated [with[¢levated [maternal [serum[ AFP[levels[(Salafialet[al.[1988).In[a[Finnish[study,
elevated /AFP[levels (>[2.00MoM) [ werel detected[ in[17%![ ofl pregnancies’ with[ subsequent
placentallabruption[(Toivonenlet(al.[2002).Inlanother[studyloflwomen[with[preterm(labor and
placentallabruption[AFP [levels were higher(than(in [0ther (groupswith[preterm/labor((Barthalet al.
1997).[Authors(suggestedthat[AFP [could[be ised(ds[a[marker for[placental [@abruption[(Barthalct
al.[1997), butlso far this [test Hasnotbeen used (for [this[purposein[clinical [practise.
Maternallserum(freelbetalhuman!(chorioniclgonadotrophin (flhCG)lis[¢commonly measured[in
thelsecond|trimester to screen for[chromosomallabnormalities [(van[Rijn et/dl. (1999, DDugoffidt(al.
2005).Inlcaseloflnormal ¢chromosomes|this test maybelelevated in/pregnancy¢omplications,
suchlaslin(early(fetal(loss, preterm[birth, [PIH, [preeclampsia,and[SGA [(Liulét[dl.[1999, van(Rijn
et[al.[1999, Chandraleét[al.[2003, Dugoffletal. [ 2004, [Dugofflet(al.[2005). [Therelare dlso[some
datallinking (high[BhCGllevels[to[placental abruption (Liu’et[al.[1999). [ Abnormallincreased
levels lofl IBACGIImay( be iduelIto[ldecreased ! Iplacentall Iperfusion[/(Chandrallet[Jal.[12003).
Theoretically, being [purelya[placental(product[(Liuleét[al.[1999, (Chandralet al.[2003),[B(hCG
may holdpromise for prediction(dflplacental @bruption.

Pregnancylassociated plasmalprotein A[(PAPP[A),widely[uisedlin[Screeningfor[¢hromosomal
abnormalities(dt[10[14weeks[oflgestation[(Dugoffiet(al.[2004, [Pilalis[et(d].[2007), [is[a[protease
forlinsulin(like[growth(factor[((IGF) binding [protein4 (IGFBP[4)(Dugoffletal. [2004).[Alfecent
cohortstudyl0fl34,271 [womenlindicated[that [ women [with[first trimester [PAPP[Alevels(at[the

35



lowest fifth(dentile had [an[increased(tisk [0flplacentallabruption[(Dugofflet al.[2004). In[another
studylow(P APP[A [was[detected(in[29%(atthelowestfifth[centile and [43% [at[the Towest [tenth
centileloflwomen(with[placentall@bruption((Pilalis(et(al.(2007).

Proangiogenicplacentall growthl factor (PIGF)and antiangiogenic Soluble( fms!like[tyrosine
kinasell1[)(sFlt[1) are[ the[ factors[regulating[placental Jangiogenesis/ throughout[Jpregnancy.
Presenceland functionofPIGFis(critical[during(Cytotrophoblasticlinvasion (Madazlilet(dl.[2005).
Soluble F1t(1 linhibits (both PIGF [and[VEGF (Lamlét(al. 2005). Many[studies have [shown/that [the
circulating(levels(oflsFlt[1 [arelincreased [and thosel0f P1GF [and VEGF [are decreased (o ften[weeks
beforelonsetloflclinical[preeclampsial(Levinelet[al.[ 2004, Thadhanilet[al. [ 2004, Signorelet(al.
2006, Wathenl¢t[al.[2006). [1tlislalsol[possiblelthat[smoking maylaffect(these[vasoregulators
(Levinelet(al.[2006).In(altecent(study, decreasedlevels[ofIPIGFandlincreased(levels oflsF1t[]
1/PIGF [ratios @t 21%to 32" weeks 0 figestation/preceded(subsequentiplacentallabruptionButdnly
in[the[Women[who[alsoldeveloped preeclampsial or[PIH[(Signorel ¢t al.[2006). [ Thus, it is[not
knownwhether [placentallabruptionlitselflislassociated Wwith changes[in'these markers.
Maternallserumactivin[ A lislal glycoprotein (Keelanét(al.[2002) Whichlhas many[biological
effectslincluding[tissuetemodeling [and [tegulation[ofl trophoblast differentiation andinvasion
(Keelanlet[al.[2002, [ Madazlilet[al.[2005). [Activin[Alis[produced[primarily[by[the placental
trophoblast(andits levels[in[maternalblood are(elevated/inpreeclamptic[patients[(Madazlilet al.
2005).Onelstudylteported two caseswith placental[abruption (without[preeclampsia)who [had
highlactivin[ Allevels[weeks[before[placental abruptionl(Floriolét[al.[2003). [ This ¢allsfurther
studies(on/the value(oflthis/test[in[prediction(0flplacentaliabruption.

Fibronectin islalglycoprotein(synthesized[in[thelendotheliall¢ell[(Madazlilet[al.[2005). With[a
glycopeptide domain!it/connects/trophoblast(to[the uterine/decidualatimplantation[site[(Eskes.
1997).[Thelevelslofl fibronectinlarehighlin[women [ with[preeclampsia, perhapslas(altesultof
endothelial[damagel(Madazlilet[al.[2005). [ Thellevelslofl fibronectinlarelalso ‘higher[in[women
with placentalldbruption (KanayamalandTerao.[1992)butdlearlymore researchlisneeded.
Thrombomodulinlisld[vascularéndothelial [¢ell Heceptor [forthrombinwhichmeutralizes thrombin
clottinglactivityl(Magriples(ét(al. [1999). Thrombomodulin(isdmarker(oflendothelial(cell damage
and(has (been(localized [tothe [placentallsyncytiotrophoblast (Magriples|ct(al.[1999).Thelevelsiof
trombomodulin may(be ¢levated [in Wwomen with[placental@bruption/(Magriples|ctial. (1999).
Kleihauer|Betke! test[is not[sensitivel enoughland[ should[not[be used to[ diagnoselplacental
abruption[(Emery(ét(al.[1995,Magriples(et[al.[1999). Didimer, albyproductloficlot(lysis, hasla
highmegativelpredictive value for thromboembolic évents/(Nolan[ét(al. 1993, [Ademaland (Gebert.
1995)and (may(alsobeusedlinlearlyldiagnosis(ofiplacental‘abruption[(Nolanlet(al.[1993).[Also
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coagulation| profile,[i.e. platelet count,[ prothrombin( time, [ partiall thromboplastin! time, [ and
fibrinogenllevellhave beenuised[in[the[prediction[ofl placental abruption (Nolanlet[al.[1993,
Magriples(et(al. (1999) buttheir [efficacy[isMotigood [enough for[clinical [purpose.

Riskfactor(analysis

Risk[scorel analyses and[ mathematicall modelling[ havel been[ developed[ in[ order[to[ predict
placental abruptionl (Baumannl ét(al.[ 2000, Lindqvist and Happach.[2006).[ An[analysis ofl 52
obstetric risk [ factors(telatedto[placental abruptionwas[uised[to[ createalmathematical (model
(Baumann[et[‘al.[2000).IAfter[ multivariate[ analysisJseven[ correlates overlapping[ between
primiparousandmultiparous women remained [inthethodel. [These Were iterine (bleeding [at (<28
and[>28[gestationallWweeks, [placentalprevia, male(fetallgender, [preterml(labor, breech[position,
and[cigarette[smoking. [Thelstrongestpredictors(ofiplacentallabruptionweredoncomitant uiterine
bleeding(at>[28[gestational [ weeks[and[placentalprevial(Baumann(ét(al.[2000). Thel¢umulative
risk[¢ould[bel¢alculated (mathematically.[Inlanother(study, [¢ach tisk[factor[Wwas[ givenlalscore
from(1 [to 3 [depending[ofithelodds ratio(and (atbtallscorewas(dalculated[(Lindqvistand (Happach.
2006).[The potential [limitationofl these[analyses[is[that[both[studies are[retrospective. These
modelsmay(be iseful[in futuremanagementoflhigh/risk [pregnancies/iflvalidatedin[prospective
studies(Baumannlet(al.[2000, (Lindqvist/and ([Happach.[2006).
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AIMSOF THEISTUDY

Theldimsofthisthesiswerefo(determine

1.thelincidenceldfplacental@bruptionlind/tertiaryiniversityhospital

2.lthelrisk [factorsloccurring beforeland [during [pregnancylendinglin(placental

[J abruption

3.thelclinical[presentation(ofiplacentallabruption
4.liflplacental/@bruption(couldbe predicted Bylsecond trimestertaternal [serum
[] alphafetoprotein, free (beta Human (chorionic/gonadotrophin, [Soluble/éndoglin,

[MSoluble fims [like [tyrosine kinase 1 and [placentalgrowth factor(levels

5.liflplacentallabruption/could(be [predicted by first trimestermaternal [Serum
(ITIITIITITIC (feactive [proteinland [chlamydial lantibody(levels
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SUBJECTS/AND METHODS

Thelstudies[were[conducted [with[thelapprovalloflthe[Ethics[Committee[dfl the[Department[of
Obstetrics[and[Gynecology, Helsinki[University[ Central [Hospital.[Study[V[Wwas[¢onducted[in
collaboration withthe National Public (Health nstitute, [Qulu.

Subjects

Study Tand Study II

Alllpatients(with(a diagnosis[ofiplacentallabruption[(ICD[10[045.0,[045.8,[045.9) [were [Sought
amongaltotal 046,742 [deliveries during(1997(2001 [in[HelsinkiUniversity[ Central[Hospital
(Women’s[Clinicland [Maternity [Hospital). [Theldiagnosis/was based[on[¢linical [symptoms[and
signs[and [ultrasound [éxamination, [and [was[¢onfirmed[ by the[presencelonlonelor moreloflthe
following[Isigns:[postpartalIretroplacental[ | hematoma,|Couvelaire[Juterus,[|or[lintrauterine
hematomaldetected/at/cesarean(section.[Women/deliveringlafter(22weeks oflgestation(or having
alnewbornWweighing more than(500g[Wwerelincluded(inlthe dnalysis. The duration(oflthe(gestation
calculated from[ the[ last[ lmenstrual period [ was[ confirmed(basedJon[ultrasound[ screening
examination performed(at[11[13 weeks.[Thel¢control group ¢onsisted [ofl the next[women[who
gavelbirthbeforelandlafter(eachlindex[c¢ase, and[who had no¢videnceloflplacentalabruption.
Bothlgroupslincluded twin[pregnancies. A [total[0f 198 [women with[placentalldbruption(and (396
controliwomenlwerelidentified andlincludedlin/the study(Table(5).

Study III'and Study IV
Alllpatients[with(aldiagnosis/oflplacentallabruption(were[sought(inHelsinki[UniversitylCentral
Hospital[((Women’s[Clinic[and[Maternity[Hospital)[database(0f 27,569 [deliveries during[1997(]
1999. WUntil[1999 maternal[serum(screening (4t (1516 [gestational Wweeks [Wwas [0 ffered [to [the[whole
population(foldetect(frisomy(2 1 [and [AFP[dssociatedfetalthalformationsising [AFP [and (free (]
hCG asmarkers. Placentallabruption[wasdiagnosed(andduration(6flthe(gestationwas|calculated
as[described [ above.[ Women[ delivering after[ 22 [weeks[ ofl gestation[ orhaving[al newborn
weighing/more(than[500g werelincluded.  Thelcontrollgroup consisted[oflthe two[women[who
gave birth beforeland(after[eachlindex[¢ase, and[whol[had o [¢videncelof placentallabruption.
Women[ with[ multiple[ gestation werel excluded. ’Among![ the[ study( population hone of’ the

newborns showed[ evidencel ofl chromosomall abnormalities, heural tubel defects, [Ventral wall
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defects, [0r[congenital mephrosis.[Altotal(0fl118 Wwomen[withplacentalldbruption(and(236/control
women[wereidentified. (Oflthese, 57 [¢ase [womenland [108[control[(Women Wwere [fromHelsinki
citylarealand had[MSAFP [and MSBhCG heasured and[results [@vailable [(Study(Ill)[and [42 [cases
with[subsequent(placental/abruptionland 50 controlshad [Serum(samples(c¢ollected for21 [trisomy
screening (and (had seralavailablefor(analyses 0 flSEng, [SF1t[1[and P1GF[(Study TV)((Table[5).

StudyV

Cases[ and[ controls werel selected [ as[ described[in[ Studies[ I and[1I. Twin[ pregnancies were
excludedfrom(the[bothlgroups,andonly women [Wwith[normal (pregnancies((i.e. [deliveries[>[37
gestational(Wweeks(without(signs (0 fIPIH, [preeclampsia,[chronichypertension, TUGR, [bleedingin
I/l [trimester, [¢horioamnionitis[or[stillbirth) [(werelincludedas[ ¢ontrols. [ Thus, [the[ final [study
population(consisted 01118 1 swomen[with[subsequentplacentallabruptionand (261 [¢ontrolwomen
(Tablel5).[Serum(sampleswerelcollected[at[10[1 1 (gestational weeks.

Table5. Number(oficases(and[controls[in(eachstudy

Study Timelperiod Cases [MControls
[1& I 199712001 198 396

I 199701999 57 108

v 199711999 42 50

\Y% 199712001 181 261
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Methods

Handling ofclinical(data

Relevant(clinical [datawerelrecorded fromthe hospitalicharts. [Chronicliypertensionwas[defined
asblood[pressure>[140/90 immHg [before[pregnancylor(before the 20" week of] 'gestation. [PTH
wasldiagnosed/ifisystolic blood [pressurehad/increased By morelthan30 mmHg or[diastolic (blood
pressure by more than[15mmHg after 20" gestational week [éxceeding140/90 mmHg, (inthe
absenceloflproteinurial(<0.3(g/L).[Preleclampsiawas(defined asPTH withproteinuria(>0.3g/L).
SGAlor[TUGR [was definedas[birth{weight[under[thel1 on [percentileoflthe hational standard
(Pihkalalet(al.[1989).Birth(before[37 [completed gestational Wweeks Wwas(defined aspreterm. First
trimester (bleeding (Wwas defined as bleeding (before the (12" [completed (gestational (week. [Second
trimester bleeding was defined as bleeding Between the12"and 28" [gestational Wweeks, @nd third
trimester bleedingasbleeding after the 28" Week hot immediately associated (with[placental
abruption.[Placentallocalization[was[tecorded [during[the[screening [iiltrasound[¢éxamination[at
18120 [weeks ofl gestation and [thoseWwith[Suspicion[oflplacentalprevialwere te[examined[during
thelthird[trimester. [Acute[chorioamnionitis Was[defined [on[the[basis 0f $ymptoms[including
maternal fever(0f=38°C, [increased heart [rate [0flthe mother(and [the (fetus, literinefenderness, (foul
odor[oflthe [@mniotic [fluid, (increased (blood [white [¢ell [¢ount, (and [increased (CRP [concentration.
PretermPROM Wwas[defined[as[alspontaneous rupture[oflthe membranes before(37 ¢completed
gestational(weeks.[Preterm PROM [lasting[ more[than[24 [hours[before deliverywas[considered
prolonged. PMR [teferred(to (intrauterine fetal[deathlormewborns(Surviving[<[7[days. Smoking
habits[Jofl lthe 'women[Jand [ itheir[ partnersJand[alcoholllconsumption lofl ithe 'women[ were
systematically[tecorded[ at[thel first[ antenatall clinic[ visit. CAlllwomen[and![ their[ partners who
smoked [dt(least/one(cigarette(per daywereldefined [ds(smokers. 'Womenwho ised [more than two
doses/oflalcoholiperweek weredefined [dslalcoholiisers.

Occupationalllevellor(socio [économic [positionwas defined (as higher((upper level @administrative,
manageriallor[Jprofessional [Jlemployees)  lor[Jlower[J(lower[ level [ Jadministrative Jor[Iclerical
employees, [skilled [andinskilled manuallWworkers[and inclassified Wworkers(suchldasinemployed,
students, unknown[bccupation). Uterine [ malformations[included [uterine septuml[ (partial “or
complete), arcuateuterus, bicornuate[uterus, | didelphicuterus/ andinicornuate[uiterus. [Uterine
malformations(wereldiagnosed (on(thebases[oflpelvicléxamination, [fransvaginal ltrasoundand
operativeinterventions. [Subfertility referred [to [patients[who (had (been(examined (for[infertility [Or
who(hadused [@ssisted [feproductive technology. [Assisted[conception referred [to [patients who had
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undergone( lovulation[ linduction, [ lintrauterine( linsemination, [ standard [ in[Vitro[ fertilization[ ‘or

intracytoplasmicsperm/injection.

[Assays
Established assays[werel employed for[ the determination ofl al given[ marker, and[thelmain
principles(ofitheassays/areshownlin[Table(6.

Alpha(fetoproteinandfree betalhumanchorionic/gonadotrophin

Blood(samples/were¢ollected (from[the antecubital vein.[Seralwere[separated(by[centrifugation
and[ stored at[#5(Clandlanalyzed[Wwithin[24[h.[MSAFP[and [ MSBhCG[werel measured [ by
AutoDelfialautomatic [immunoassay'system/and/fluoroimmunometriclhAFP/free hCGbetalDual
Kiti(PerkinElmer/Wallac, [ Turku).[Accordingto linformation from[the thanufacturer, lthe inimal
detectable[ dosel[for[ AFP[was[ 0.1 [mU/Lland[for[B[hCG[0.2hg/ml.[ ThelintralTand interassay
coefficientslofl variation[at[the[¢oncentrationsmeasured (were [below[4.4%.[ All[serum[samples
werelanalyzed(inlalsingle(¢entralllaboratory. Thelpatientswithlaltisk (0fl 1:350 or higher[for
Down’s[syndrome or[lan[MSAFP evel (>[2.5 multiplesofl median[(MoM)were[ offered

counselinglandl@mniocentesis.

Soluble(éndoglin,soluble fms(like tyrosine kinase(1and placental growth factor

Seralwerelseparated(by[¢entrifugation(and [stored[at[120(°C.[Serum[$pecimens were tandomly
allocated|to [batchesand [@nalyzed byleénzyme linked immunosorbent [dssays (ELISAs) [for(human
sEng, (human(sF1t[1[(sVEGF[R1)[dandlumanPIGF,according tothe manufacturer’s(instructions
(R&DI[8Bystems, [Inc.,[ Minneapolis,[USA).[Alll samples[werelrunlin[duplicates byl al technician
blinded/to[pregnancyloutcome, and[themeanl values[ofl thel duplicatel samples/were teported.
According[tolinformation[ from(the[ manufacturer,the[ minimal[detectable[ dosel for[ $Eng[was
0.007 (ng/mlland[for PIGF[7(pg/mliwhile(thatfor(sFIt[1 Wwas(5 [pg/ml.[ Thelintra[land interassay

coefficients0flVariation(atthe[doncentrations theasured were Below 10%.

Clreactiveprotein/and/chlamydial antibodies

Serum[samples[oflall [pregnant women are(c¢ollected duringthe(first/antenatallc¢linic[visit[(mean
10.4[gestational weeks) (for(routine [Screening, [and [stored (at (125 °C [at[the National ([PublicHealth
Institute serum(bank. [This[serum [bank [covers[dver(98% (ofldll[pregnant Women[inFinland[since
1983.[Serum[CRP(levelswerelquantified usinglan/immunofluorometric[CRP kit (InnotracDiag,
Turku, Finland). ThelSensitivity [0f the[dssay(is[0.05 mg/Land[its(assay tangelis[0.05[50mg/L.
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ThelintralTandlinterassay!¢oefficients ofl variationlat[the[¢oncentrationsieasured were[below
18%.[Antibody [analysis[was[done by tandomly(allocating the [serum[specimensto [batches(and
running!] in[] duplicates] blinded[] to[] pregnancy(] outcome.[ ] Microimmunofluorescencel test
(AniLabsystems, [ Helsinki) was[uised[tolanalyze C.[pneumoniae $pecificlimmunoglobulin[ G
(IgG)and[immunoglobulin[A[(IgA) [antibodies. (A [¢ut[off[titer >>16 [Was[defined [as[a[positive
result. C.[trachomatis specific[IgGland[IgAland[chlamydiallheatlshock protein[60[(CHSP60)
specificlIgGserumlantibodies[werelanalyzed byl énzymellinked immunosorbent[assays[(Elisa)
kits[(Medac [Diagnostika,[Hamburg, (Germany). Resultswere[obtained(aslalmean(absorbancelof
duplicatedsamples(at[450(nm. [Less[than[10%VariationWwas[seenlin[doublets[(optical [density
[OD]>0.2).[Cutloff forlal positivelantibody[ level (=mean OD[valuel ofl the negativel control
+0.350) [was[ defined[ as[OD>0.4.[ Thel intra[Tand[ interassay( toefficients[ ofl variation[ at the
concentrations/measured(werebelow(22%(for C.[frachomatis'and[CHSP60IgGlantibodies, and
below [18% [for IgA lantibodies.

Table(6. Assay[characteristics

Marker [ Assay/principle Sourcelofireagent
Alphafetoprotein [J Fluoroimmunometricassay Perkin(Elmer/Wallac, Turku
Bhuman(chorionic [J Fluoroimmunometriclassay PerkinElmer/Wallac, Turku
[gonadotrophin

Solubleléndoglin [ Enzymellinkedimmunosorbentlassay R&DI(Systems, Inc.,[Minneapolis
Solublefims liketyrosine [ Enzymellinkedimmunosorbent/assay R&DISystems, Inc.,[Minneapolis
[Mkinase[1

Placental growth [factor [ Enzymellinkedlimmunosorbent(assay R&DI(Systems, Inc., Minneapolis
Clteactive[protein [J Fluoroimmunometricassay InnotracDiag, Turku
ChlamydialltrachomatisIgGl] [] Enzymellinked immunosorbent/assay Medac(Diagnostika, Hamburg
C.ltrachomatis IgA [J Enzymellinkedimmunosorbent(assay Medac(Diagnostika, Hamburg
C.lfrachomatis heat[shock [ Enzymellinked[immunosorbentassay MedacDiagnostika, Hamburg
[Mprotein[60

C.|pneumoniae1gG [J Microimmunofluorescencelassay AniLabsystems, Helsinki
C.[pneumoniaeIgA 0 Microimmunofluorescenceldassay AniLabsystems, (Helsinki
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Statisticallanalyses

Categorical [ datalWwerelanalysed [ by ¥?(test,[ Chilsquareltest, or[ Fisher’s[éxact[ probability[ test
(Studies 11).TolJcompare[ continuousvariables, IStudent’s[t[festwas[applied [for[ normal
distributions/and Mann[Whitney U test[for [other [fypes[of distributions[(Studies II). In[Studyl,
almultivariatelogistic[tegressionlanalysis(was[performed(with [placentalabruption(ofTtheindex
pregnancy| as[ldependent( variable[‘and[ldemographic[ ‘and[ historic variables[las’lindependent
variables/(Study(I). All[variables(significant[(p[<0.05) by uinivariate analysis(were éntered [into
themultivariate[analysis. In(Study(Il, (a[multivariate logistic fegression analysis wasperformed
with[placental(abruption(as(the(dependent variable(and(selected (features(ofltheindex [pregnancy
aslindependent( variables.[ Thel calculations werel performed with [ NCSS[ 2001 [(NCSS[Inc.,
Kaysville T, WSA).

In[StudyIll, dategorical [datalwerelanalyzed by [Chi square [test[orFisher’s eéxact[probability [test.
Continuous| variables((e.g.[MSAFP[and MSBhCG) with[ skewed[ distribution[werelanalyzed
either[Wwith[hon[parametrictests or[ with[parametric[testslafter[logarithmic[transformation. P[]
values[ 0l <0.05werel considered! statistically[ significant.[/Alogistic[ regression[ analysis[was
performed [with[placental(@bruption(as(the(dependentVariable.Variables Wwith(alp[value£[0.2[in
univariate[]analysis[lwere[Jused[]as[]independent]variables.] Binormall receiver[] operating
characteristic[(ROC)[curvelwas[constructed(to [assess[uisefulness o flvarious cutoffslofIMS AFP.
Thelcalculationswere [performedwith NCSS 2004 (NCSS dinc., Kaysville, UT, USA).
In(Study(1V,[¢categoricalldatalwerelanalyzed by[the Chilsquare(test. (Continuous|variables with
normal(distribution((age, bodymass/index(and[gestationallage at/screening)were analyzed by(the
Student’stltest. Thelangiogenic(factorswere analyzed [Wwith(the Mann[Whitney (U test. [P [Values
0f1<0.05 [Wwere¢onsidered (statistically[significant. [ Thelcalculations [were[performed [with NCSS
2004 (NCSS Inc., Kaysville, [UT, WSA).

In(Study[V, [Chilsquare [testwasised [to compare[categorical (variables between the[study(groups.
Continuousvariables were[compared by [Student’s [t/ fest. Distribution [0 fICRP levels was [skewed
and(the [¢omparisons(were[therefore done by mon/parametricilMannWhitney U [fest.[P[values of
<0.05werelconsidered|statistically [significant. LLogistic/regression/analysis/was used to[eéstimate
thelriskloflplacental abruptionlin(relation(tolélevated [CRP levels (upperlquartile)and[potential
confounding(factors.[The calculations Wwere performed(with[SPSSfor[Windows[14.0.1 [software
2006[(SPSSInc.,[Chicago, Illinois, WSA).
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RESULTS
Detailed [tesults(are givenlin/the original[publications dnd[only[the[main desultsare[summarized

here.

Prepregnancy tisk factors(for placentalabruption (I)
Theloveralllincidenceloflplacentall@bruptionwas(0.42%.Placentallabruption(recurred(in(8.8%of
thelcases. Univariate/analysis/showed that[compared[to[controls, women Wwith[placentallabruption
were!l significantly imore[ often[ older[ than[ 35 years (OR[1.7;[95%[CI[1.1,[2.6), hadl lower
occupationallevel ((OR[1.5;95%[CI1.0,12.1), Wweremore[ofteninmarried (OR [1.4;195%[CI1.0,
2.0),land had more dftenhadthree [0rmore(deliveries (OR[2.6;[95%[CI1.4,4.7).[Smoking (before
pregnancy(wasstronglylassociated [((OR[2.0;95%[CI(1.3,(3.0) with[placental[abruption[(Tables
7)./0flselected [gynecologic history(variables iterine alformation((OR[9.4;95%C112.0,44)[and
historylofispontaneous/abortion((OR1.6;95%[CI1.1,(2.4) were[more [¢ommon/among/(dases by
univariatelanalysis(Table(7).

Chroniclhypertension, [ coagulopathies, | diabetes[ (types[1[or[ 2 or[ gestational) and[subfertility
occurred(equally[Jcommonly[Jin[Jboth[igroups.[ISimilarly, [Jfamily [history[Jofl Thypertension,
cardiovascular[diseases, [ diabetes, deep venous[thrombosis[or[thromboembolism[ did (not[ differ

betweenl(the/groups.

Table(7.[Selected baselineland(gynecologic history variablesofithestudypopulation

Characteristic Casesn=198No. (%) Controlsn=396MNo. (%)
Agel(years) 31.3+£5.8 30.5¢5.4
M&20 81(4.0) 1112.8)
m=35 500(25.3) 661(16.7)*
Lowerloccupational level 1321(66.7) 2281(57.6)*
Unmarried 84((42.4) 1351(34.1)*
Parity

o 841(42.4) 1871(47.2)
mnr 891(44.9) 1881(47.5)
=3 251(12.6) 211(5.3)*
Bodymass/index[(kg/m?) 23.0+4.6 23.1+4.4
m&19 171(8.6) 331(8.3)
m=25 431(21.7) 85[(21.5)
Smoker 54[(27.3) 631(15.9)*
Uterine thalformation 9((4.5) 21(0.5)*
Spontaneous/abortion 580(29.3) 811(20.5)*
Induced abortion 351017.7) 66((16.7)
Dilatation/and/curettage 711(85.9) 1201(30.3)
*p<0.05
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Altotallofl114[oflthe[case women[dnd 209 [ofthe control women(had delivered (before[(Table(8).
Regarding[ thel coursel ofl previous/ pregnancies, bnly history[ ofl cesarean( section[ (whenl hot
performed [becauseloflplacentallabruption) [((OR[1.9;195%[CI[1.2,(3.0)[and [history[oflplacental
abruption[(OR[7.0;[95%[CI[1.9,[26)Were more[¢commonin thelabruption[group[thanlin[the
controllgroup[byluinivariate analysis[(Table[8).[TUGR [and[preterm labor[(when not[telated [fo
earlier[placentallabruption)wereéqually[common(inBoth(groups.

Table(8. Selected [obstetric history(variables 0flthe [parous women

Variable Casesn=114[No. (%) Controls 1=209No. (%)
Postpartum/curettage 41(3.5) 512.4)
Cesarean(section** 40((85.1) 471(22.5)*
Placentalprevia 1((0.9) 11(0.5)

Preeclampsialor PIH 210(18.4) 271(12.9)

TUGR** 131(11.4) 161(7.7)
Intrauterine(fetal(death 544 51(2.4)
Preterm(labor (<37 wk** 14((12.3) 15((7.2)
Placental(abruption 10((8.8) 31(1.4)*

*p<0.05

**Cases with(historylofiprevious placental @bruption were/excluded.
PIH, [pregnancylinduced Hypertension; TUGR, [ihtrauterine[growth restriction

Table(9. Multivariate dnalysis(oflthe risk [factors/for [placental@bruption

Variable Adjusted OR(95%[CI) [T p[value
Age>35(years 1.4((0.9,2.3) 0.1
Lower[dccupational level 1.31(0.9,11.9) 0.2
Unmarried 1.2((0.8,1.8) 0.3
Parity(>3 1.61(0.8,13.1) 0.2
Smoking 1.7101.1,12.7) 0.03
Uterinetalformation 8.11(1.7,140.0) 0.003
Spontaneous/abortion 1.4((0.9,12.1) 0.2
Previous(cesarean section** 1.7((1.1,12.8) 0.03
Previous(placentallabruption 4.5((1.1,[18.0) 0.02

**[Cases with(historylofiprevious placental @abruption were/excluded.
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Multivariatellogistic[ regressionl analysis[ was[performed by [includinglall[variablesassociated
with[placentallabruption by univariateanalysis[(Table9).Inthelddjusted analysis, smoking [((OR
1.7;095%[CI1.1,12.7), (iterine [malformations [((OR[8.1;[95%[CI[1.7,[40), (history[ofl¢esarean
section/(for[teasons otherthanabruption)[(OR[1.7;[95%[CI1.1,[2.8),land [history[ofIplacental
abruption[(OR[4.5;[95%[CI[1.1,[18)temained significant/independent(tisk [factors[for placental

abruption.

Clinicalpresentation(and ¥isk factorsforplacental abruption(during the pregnancy (II)
Placentallabruption[wasl classified [ as[totallin[13[¢cases[(7%)[and[partiallin[ 185 ¢ases[(93%).
Overall,[117((59%)oflthe[case[women[delivered [preterm, [compared(to [40((10%)ofithe ¢ontrol
women/ (OR[12.9,[95%[CI[8.3,19.8).[Ofl the[case[women, 180[(91%)[delivered[by[c¢cesarean
section[compared[to[951(24%)[of the tontrol Iwomen(OR[34.7,095%[CI[20.0,(60.1).[Of the
newbornswith[placentallabruption, (51 (25%) werelgrowth(restricted dompared(to[16(4%) oflthe
controlbabies((OR[7.9,195%IC14.4,14.3). Tenlinfants (4.8%)[died [inhitero, [ds[compared Wwith 2
infants((0.5%)[in the[ controll group. Thel perinatall mortality[tate[Wwas(9.2%[(19[0f1207), as
compared with[1% [(40f/404)(inthe dontrolgroup((OR10.1,195%IC13.4,130.1).
Univariate(analyses showed|[that/compared[to the[controls, [thecase[women(OR 2.1,95%(C1 (1.4,
3.3)[and[ their[ partners[ (OR[2.3,95%[ CI[1.4,[8.6) imorel often[ were[ smokers| through!( the
pregnancy. [Ifboth[partners Wwere[smokers/[the [risk [for [placentallabruption/was[4.8 [fold [(95%CI
2.2,010.0).[After(antenatal(clinic[counseling, only[11% [0flthe[smoking Women[stopped[smoking
duringpregnancy.

Caselwomen(used(alcohollmoreloften(OR [2.6,95%[CI[1.3,[5.0).[Other tisk [ factors[associated
with[placentallabruptionwere(vaginal (bleedingduring(the/second[(OR(2.4,[95%[CI[1.3,[4.4)[or
third[ trimester (OR[2.5,095%[ CI[1.1,[5.6), placental praevial (OR[6.2,95%[CI[1.7,[23.3),
preeclampsial(OR2.7,195%I(CI(1.3,15.4),[and[chorioamnionitis[(OR (3.3,195%[CI1.1,(10.2) (Table
10fand(11).
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Table10. Selected (characteristicsrelated (to the/dourse[ofitheindex [pregnancy

Variable Casesn=198[No. (%) Controls1=396No. (%)
Assisted conception 131(6.6) 24((6.1)
Behavioral

[Smoking By

[TTW oman [¥* 50((25.3) 54[(13.6)*
[MTPartner 401(20.2) 401(10.1)*
[Both 22[(11.1) 10[(2.5)*
[TAlcohol [donsumption 20((11.0) 18((4.6)*
Pregnancy/complications

BleedingI/trimester 16I(8.1) 22((5.6)
[Bleeding Il trimester 22[(11.1) 20((5.1)*
[Bleeding I [trimester 131(6.6) 111(2.8)*
[[Placentalprevia 9((4.5) 31(0.8)*
[[Chronichypertension 9((4.5) 19((4.8)
[PIH 181(9.1) 22((5.6)
[[Preeclampsia 19((9.6) 151(8.8)*
[Maternal(diabetes

[MTypeior Il 2((1.0) 61(1.5)

[ Gestational 181(9.1) 431(10.9)
[Prolonged PPROM 10[(5.1) 10((2.5)
[[Thorioamnionitis 81(4.0) 51(1.3)*
[[Mwin/pregnancy 9((4.5) 81(2.0)
*p<0.05

**Both [groups(includel1singlemothers
PIH, [pregnancylinduced hypertension; PPROM, [preterm[premature [fupture 0flthe membranes

Table11. Multivariatelanalysis(ofitherisk [factorsfor [placental@abruption

Variable Adjusted ORI(95%(CI)
Maternal[smoking 1.8((1.1,12.9)

Paternal smoking 2.21(01.3,33.6)
Useloflalcohol 2.2[(1.1,14.4)
Bleeding/in Il or I trimesters(] 1.7((0.9,(3.0)
Placentalprevia 5.71(1.4,23.1)
Preeclampsia 2.71(1.3,5.6)
Chorioamnionitis 3.3((1.0,(10.0)
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Al'multivariate[ logistic[ regression/ analysis[ was[ performed[ ofl all  variables[ associated with
placentall@dbruption By [univariate(analyses. In/thelddjusted [dnalyses, maternal [smoking [((OR[1.8;
95%I(CI1.1,12.9),paternal [smoking ((OR [2.2;95%[CI[1.3,[3.6),ise[0fldlcohol[((OR [2.2;95%CI
1.1,4.4),placentalprevia[(OR[5.7;[95%[CI[1.4,123.1), [preeclampsial[(OR[2.7;[95%[CI1.3,(5.6),
and [ chorioamnionitis[ (OR[3.3;95%CI[1.0,10.0)[temained [ independentlyassociated [ with
placental/abruption((Table11).

Thelclinical manifestations(oflplacentallabruption dre/shown(in[Table 12 [and [Figure (3. Placental
abruption(occurred/beforelabor(in(146((74%)(cases(and[during labor(in(52 [(26%) [cases. Vaginal
bleeding [ iwas[present[in[1138(1(70%),[ labdominall ipain, [ luterine tenderness, [ uterine[ ftetanic
contractions[orlhypertonicuterus[in[100[(51%)[¢ases, and[bloodylamniotic fluid[in[93[(50%)
cases. [Fetallheart [rate abnormalities(bradycardia, repetitive late decelerations,(0r[decreased (beat [
to[beatVariability) [werel present[in[ 137[(69%)[cases.[ Retroplacentall blood! ¢lotl was[seenl by
ultrasoundin[30[(15%)[¢ases. Decreased/ fetal_ movements[were [ teportedin[22[(11%)[cases.
Seventy[ hinel percent[ ofl thelinfants[Wwere[ born[within[ 24 hours[ after[thel first symptoms[of
placental/@bruption,(and24% were Bornin(less[than(dne Hour.

Table(12. Clinical manifestations(oflplacentallabruption

Characteristic N=198[No. (%)

Placentala@bruption/detected

[MDuring Tabor 521(26)
[Beforellabor 1461(74)
Vaginalbleeding 1381(70)
Abdominalpain, iterineltenderness, hiterineltetanic 100((51)
[Mcontractions, [or Mypertonic uterus

Bloodylamniotic(fluid 931(50)
Fetal Heartrate abnormalities 1371(69)
Retroplacental blood[clotByhiltrasound 30((15)
Decreased [fetal movements 221(11)
Onsetloflsymptoms (before/delivery

x1H 471(24)
mr24m 1081(55)
M>24hH 22[(11)
[Mnknown 210(11)
Extentloflabruption

[T otal 131(7)
[MPartial 1851(93)
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Figure(3.Pain'andvaginal bleeding(as[symptoms 0flplacentallabruption

No(pain(or
bleeding
19% Both(painiand
bleeding
39%

Painiwithout
bleeding
12%

Bleeding
without/pain
31 %

Alpha(fetoproteinandfreebetalhuman(chorionic/gonadotrophin(in/prediction/of(placental
abruption (I1T)

Median(ofithe MSAFPMoM [was|significantly (higher[(p=0.004) [in[the [dbruption[group [((median
1.21,linterquartile(tange JIQR][1.00[1.52)[¢ompared(to[that[inthe[¢controllgroup(median(1.07,
IQRI0.8311.29)whenladjusted for(gestationall[dgeand maternal weight[(Figure4). MSAFPlevels
oflI>[1.5MoMIwerelliore[¢commonlamong[¢ases[(15women,[26%)[thanlamong ¢controls (9
women, [8%)[(odds(ratio [[OR](3.9;95%[confidencelinterval ICI](1.6(9.7). In[contrast, median(of
the MSBhCG MoM [did not[differ between the [groups(median(0.94,IQR[0.581.49 versus(0.89,
IQRI0.6111.37).
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Figure[ 4. Second[ trimester maternall serum [ alphalfetoprotein[ concentrations[ (serum[AFP
multiples bfl median[ [MoM][in[ patients with[ placental abruptionand[in[ controls. (ylaxis:
logarithmic(scale).Horizontallines [indicate(the hedian 0 f MS AFP MoM values.
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Almultivariatel logistic[ regression[ analysis[ was[ performed[ by[including[into[the modell all
variables Wwith[p[Value[£[0.2[in[the[uinivariatelanalysis[(Table[13). In[theladjusted analysis
MSAFPZ1.5MoMI(OR4.5;95% CI1.7(11.9) remained (as(d[significantindependent risk [factor
for[placentallabruption((Table(13).

Table13. Multivariatelanalysis/ofithe risk factorsfor [placental/@bruption

Variable Adjusted OR[(95%(CI) plvalue
MSAFPz1.5MoM 4.5[(1.7,11.9) 0.003
Parity(*3 0.970.1,(3.9) 0.9
Smoker 3.2[01.3,7.7) 0.009
Previous(placentalabruption 3.21(0.4,24.9) 0.26
Preeclampsia 4.8[(0.8,29.9) 0.09
Bleeding/in II/IIitrimester 4.8((1.4,[16.5) 0.01
Placentalprevia 9.11(0.8,101.9) 0.07
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Alcutoffivalue 0 f MSAFP which would Best(discriminate [between [the [Cases [dnd [the [Controls Wwas
attempted to [define. [However, (using[ROClcurve analysis(it[was[unable[toidentifylany useful
cutoffivaluelsuitablefor(screening. [Forlexample, (the [cutoffi=1.5MoM [showedd[sensitivity[0f
only[29% with[10%(false [positive [fate dnd [cutoffl>[2.0 MoM [showed [d[sensitivity (o flonly[11%
with2% [false positive rate[(Figure(5).

Figure[5.[Receiverloperating[ characteristic  (ROC)[curveshowing[ thelsensitivity and[falsel]
positivelrate[ (1[specificity) _ofl second[ trimester[ imaternal _serum[ alphalfetoprotein (MSAFP)
concentrations[in[predicting[placental abruption. T The humbers on[thel curvel denote[Various
cutoffipoints[0f MSAFP.
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Angiogenicfactors/inprediction(of(placentalabruption (IV)
ThellevelsoflsEnglrangedfrom(3.0to[13.1ng/mllin casesland from[3.3 o [15.2Mg/mllih[controls.
Their[imedians[(5.1[ng/ml¥s.[5.5ng/ml)[orlinterquartile(tanges (IQR [4.0(6.6mg/ml(Vs.(4.4(6.6
ng/ml)ishowedno difference between/the(groups((p=0.3) [(Figure6).
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Figure(6. Serum/levels(oflsolubleléndoglin((sEng),[Soluble[fms(like [fyrosine kinase[1[(sFIt(1),
placental(growth[factor[(PIGF)[and[sFIt[1/PIGF[tatiolat[ gestational weeks[15[to[16in[women

with[placentallabruptionland(inlcontrolwomen
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Thellevels of SEng[werenot[delatedto [the time[from[serum[sampling[to [the abruption[(1426

weeks)[ (r=0.06;[ p=0.7).[Parous women!| with[ abruptionhad[lower[ sEng! levels[ than[ parous
controls[[median(4.6[(IQR[3.5(5.4)¥s.[5.4(IQR[4.5(7.0),p<0.05]. Moreover, thelevels(0fl[SEng

inlhypertensive [women with[abruption(were not[different[from(thoselin[hormotensive[women.
Neither(dependedthelevels0flSEng/on(the maternallage mor(subsequent development 0f'SGA in
either(group((datanot/shown).[Within[¢ases, [smoking[women hadlower sEnglevels/thannon(]
smoking[women[[median(4.3(IQR3.5(5.1)[¥s.[5.6[(IQR[4.9(7.1),[p<0.05], and [parous women
hadlower[sEng(levelsthannulliparous women([median(4.6[[IQR3.5[5.4) vs.[5.7[(IQR 4.7(7.5),
p<0.05].[IWithin[controls, wWomen [with[smallerbodylmasslindex(<[22)hadhigher[sEng(levels
thanwomen Wwith(higherbodymasslindex (>22)([imedian[6.0[(IQR(5.0(7.0)vs.[4.8[(IQR4.2[5.8),

p<0.05].



ThellevelsoflsFIt[1 [[median(743.0(pg/ml[(IQR[606.7942.7 [pg/ml)(Vs.(792.9 [pg/ml[(IQR[605.9
1053.6pg/ml), (p=0.6]or PIGF [median 82.8 (pg/ml(IQR[58.6199.8pg/ml)¥s.[80.3 (IQR(58.0[]
93.3),[p=0.7][showed[nodifferencebetween[the studylgroups[(Figure[1).[ ThellevelsoflsEng
correlated (hegatively[Wwith[the[levelsLofl PIGF [(r=[0.31;p=0.048) (and [positively[to the $F1t ]
1/P1GF [ratios[(r=0.73;[p<0.001)[in thelabruption[ group. In[the ¢tontrol group$Eng[ias[hot
related(to[PIGF [butlit[correlated [positively (with[sF1t[1[(r=0.38;p=0.007)[and sF1t[1/P1GF1atio
(r=0.34;p=0.02).

Clreactiveproteinand(chlamydial antibodies/in [placentallabruption((V)

Therelwas(no differencelinthe[CRP levels between/the (cases and[the controls((median(2.35 (mg/1
[IQR[1.09(5.93(]vs.2.28hg/1[IQR0.92(5.01],INS). [Asleéxpected, [the[CRPlevels were higher(in
obese[women/[(bodylmass[index [BMI]>25)[bothlin[the[abruptionandlin[the[controllgroup
(median(6.82mg/1[[IQR3.2509.65]vs.4.98 mg/1[IQR1.25(9.77], NS) [dompared to lean women
(BMI<19)(median[2.18mg/1,[[IQR1.04[4.73] ¥s.[1.45mg/l1[JIQR[0.32[5.25],INS) [or[Women
withnormal BMI[(median(1.95 mg/1[IQR[0.87[4.44]vs.2.101ng/1[IQR0.86[4.24], NS)(Figure
7), buttherewasmo [differencebetween(the [study/groups. The[CRP levels were(then compared in
thelabruption[groupbetween[the smoking[andthe hon[smoking[¢ases, ¢ases[with[or[Wwithout
preterm[birth, preeclampsiaor [ TUGR [newborn. Noldifferences werel found[in/the(CRPlevels
between theselgroups((datanotshown).[Theléstimated risk [0 fiplacental dbruptionlin delation to
elevated (CRP[(upperLquartile,[>-5.4[mg/1,COR[1.3;[95%[CI[0.9(2.1) temained [inchanged after
adjusting [forlageand [smoking[(OR1.3;95%ICI0.9(2.1).
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Figure(7.[CRP(levelslin[women[with[subsequent[placentallabruption((grey bars) [and [in['women
withmormal(pregnancy(white bars) by BMI

als

I

BMI<19 BMI 19-25 BMI>25

C.\pneumoniaelspecific IgGland IgA [antibodiesdand C. frachomatis|specific IgGlandIgA laswell
as[CHSP60 [ specific[IgGlantibodyprevalencelrates[werelsimilar[in both[ groups[(Table[14).
Similarly, CRPlevels(did mot differ(inrelation/to/chlamydiallantibodies((datamot/[shown).

Table14./CRP levelsland antibodyprevalenceratesito C. frachomatis, CHSP60(or(to C.
pneumoniaelinthelcases(and controls

Variable Casesn=181[No. (%) Controls1=261No.[(%) plvalue
CRPhedian((IQR) 2.350(1.0915.93) 2.281(0.9275.01) NS
C.ltrachomatis 1gG 271(14.9) 36((13.8) NS
C.[trachomatis IgA 814.4) 712.7) NS
CHSP60 29((16.0) 401(15.4) NS
C.[pneumoniaelgG 981(54.1) 146((55.6) NS
C.|pneumoniaeIgA 251(13.8) 34((13.0) NS
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DISCUSSION

Significant progressin[perinatalimedicinehas[taken[placel during[the last few[decades. This
includes( |e.g. [Sophisticated/ | ultrasound [ ]equipments| | and(delicatel | methods[to[]assess! fetal
oxygenation(andlother[wellbeing, andfor[algood[teasonWwelcanlsay that alfetus hasbecomela
patient[ for perinatologists.[As[alresult, perinatal [imortality and[ morbidity[ havel dramatically
decreased(in(the[Western(world[(Konjeland[Taylor.[2001).It[is[infortunate thatthis[favorable
development(hardly[concerns[placentalabruption. CAlthough[maternal and[perinatal (imortality
rateshaveldecreased, (placentallabruption/still manifestslitselflalmostSimilarlylas(in[1775 when
firstldescribed by [Edward[Rigby(Rigby. 1775, Eskes.[1997)dnd [the impact [0 fithis[complication
onlother[perinatalloutcomelis(much(largerthan(approximatedfromlits tate. Therefore newldata
aremeeded (On[placentall@bruptionland(thiswas the purpose(dfithepresent(study.

In(this[study!(the tate oflplacentallabruption((0.42%)[Wastwice as highlasthat[(0.21%)[teported
fromlanother [university [hospital[during( 19621981 [in[Finland [(Y14[Outinenlet[al.[1987).[This
suggests[that[theltate[ofl placental abruption mayhavelincreased. Anlincreaselhaslalsolbeen
reported fromlother(dountries (Saftlas(ét(dl.[1991,[Rasmussenlet(dl.[1996). [However, our tatelof
placentallabruptionlislower[than[teported[from[elsewhere[(0.5[0.6%)[(Ananth[éet[al.[1999a,
Ananthlet(al.[1999b,[Baumann(gtal. 2000, Ananthand Wilcox.2001, Kyrklund[Blomberg et(al.
2001, Toivonenlet(dl.[2002) (but higher(thanlin(a[decentlarge Norwegian[study((0.38 %) [(Nilsen
et[al.[2008).[Thelprevalence oflplacentallabruption/seems to[bellowerlin[theNordiccountries
than(in(the U.S. [This/couldreflect differences [in[diagnostic driteria, [different [study(populations,
orldifferent recording[ofiplacentalabruption. [Forlinstance, [inany(studiesthe lowest [gestational
age(c¢onsideredhas[not(been[defined [ormentioned [(KéregardandGennser.[1986, Saftlas[et(al.
1991, [Rasmussen/et(al.[1996,[Ananth/etal. 1999b, Kyrklund Blomberglet(dl.[2001). Also, ih[our
study(small@bruptionsimay mothave beenrecordedinhospitalidhartsiormay(have Beenlrecorded
under ! different[diagnoses. However, [it[is[inlikely[that[this[bias[ may[ havel changed the key
findings(ofldur study.

Risk[factors/associated with [placentalabruption

Although univariatelanalysislidentified (many!(tisk[factors, only smoking, uterine[malformation,
previous(c¢esarean(sectionland thistorylofl placentalabruptionwere[significantlylassociated[with
thelincreased|risk ([dflplacentall@bruption/in(d[subsequent [pregnancy. During [thelindex pregnancy
independent [ tisk[ factors[for placentallabruption[ were[maternal [and[paternal $moking, uselof

alcohol,[placentaprevia, preeclampsia, andchorioamnionitis.
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Smoking[3vas(thel strongest(risk[ factor( for[ placentall abruption. [Alinetalanalysisl showedthat
smoking[increases/thelrisk[ofl placental abruption by 90% and[15[25% ofl épisodes couldbe
prevented[ifl women/[stopped/$moking[ during[pregnancy (Ananthlet[al.[1999a). Inour[series
maternal[$mokingdoubled(the(risk [ofiplacentallabruption.[Anlinteresting mew finding[Wwasthat
also[paternal smoking[‘wasan[independent!risk  factor[irrespectivel ofl whether[ the[ women
smoked. This/canbelexplained (bylpassiveexposure oflthe pregnant woman/topartner’s/smoking,
or[that[women[whose[partnerssmoked(alsosmoked[despite!¢claiming[ofl being[monsmokers. A
Finnish[studyl based “on[cotinine[ assessment[ suggests! that aboutone out ofl four[smoking
parturientsdeny[smoking[(Bardylet[al.[1993).[Smoking by[both partners, Whichlincreased(the
risk[ hearly[ 5 [fold, imay[ reflect[al morelliberallattitude towards[ smoking[ in[ the[ family.[The
mechanisms/explaining/the[association/between[smoking[andplacental abruptionmaylinclude
decidualhecrosisat[ the[ marginsofl thel placenta, placental [microinfarcts, atheromatous[or
fibrinoid [changes, [0r[the [development [0flhypovascularland(atrophicplacental willi (Naeye. 1980,
Andres[and[Day.[2000). Increased[ capillary fragilityl may!(tesult[in[arterial tupturelleading[to
placental abruption[ {Kaminsky[et[al.[2007).Althoughwomen[who [ stop[ smoking[ early[in
pregnancyhavelsimilar[tisk [oflabruption(than honsmoking[women[(Naeye.[1980, Ananthland
Cnattingius.[2007),[smoking[¢essation[during[pregnancylis[problematic. Inone[study, smoking
discontinuation(tate(was[18%/ (Lumley.[1987).In éur[study only 7% [ofl smoking women[with
subsequentabruptionand[14%/[of $moking[¢ontrol[Wwomen[werelable[to[stop $moking[during
pregnancy. Most[oflthelstudies[arel based[on!selflteported  $moking/ behavior[(Ananthletlal.
1999a).[Social stigmal associated [ with[ smoking[may[lead[ to[underreporting.[ Studies[ using
biochemical [markers[suchlas[¢otininelassessment,[the[primary metabolite[oflnicotine, Suggest
that[women!consistently[underreport'smokingbehavior[(Bardy!(ét[al.[1993,Moore ét(al.[2002).
Clearly, stopping[smoking!lis[the[best[intervention[to [teduceperinatal inortality[and [ orbidity
(Pfarreret(al.[1999).

Uterinelanomalies,/dausedbylabnormal fusion(oflthe Miillerian/ducts(Heinonen(ét(al. 2000), [are
foundin[0.12% ofl alllwomen[ {Acien.[1997).[ We [ found[anlassociation[ between[ placental
abruption(and[ congenital[ ‘malformations( ofl tthe[ luterus. [ /Althoughl mentioned![ in[some[ old
textbooks(Green. [1989), mone of'the host recent [studies have [donfirmed [this[association. (In[our
study[ women[ with[ uterine[ Imalformation had [ 8 fold[ risk[ for[placentall abruption.[ Uterine
malformation may( lead [ to[ poor[decidualization and[ placentation. [Also[thel contractility of
malformed [uterus(may(beldisturbed or[uncoordinatedlincreasing(the tisk [for[preterm/separation
ofltheplacental(Dabirashrafilét(al.[1995) .[(However, [it[is[possible[that [in[ourStudylmalformed
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uterus tayhavebeen[more teadily(diagnosed [among(c¢ases[who linderwent [¢cesarean[deliveries
orlhadlincreased rateloflspontaneous labortions, resulting[inreporting Bias.
Pastlcesarean|sectionlincreases(the(tisk[0flplacentalldbruption by approximately(40% and [short
interpregnancy [ interval[aftercesareansection ffurther[Jincreases( this[risk [(Hemminki[“and
Merildinen.[1996, Rasmussen(et(al.[1999,[Getahun(et(al.[2006, Yang(et[dl.[2007). Inlour(study,
therisk [0f'placentall@bruption/dssociated with historyloficesarean(sectionwas/almost twofold. Tt
is[likely[ that[uterine[ low[ segment! scarl mayl impair( placental attachment[ and[ perfusion/ in
anteriorly located Jplacentas,[ ‘and[ therefore[ Jan[increasellin[ thel Irisk[Jofl labruptionlisseen
(Rasmussenl(¢t(al. (1999, IL.ydon[Rochellelet(al. 2001).[Also, ligation[ofliterine [vessels [t the time
ofl ¢cesarean( section[may [ furher/damagel éndometrial land [myometriallining. [Not[surprisingly,
history/oflcesarean(section/dlsolincreases|the(tisk [0flstillbirth(and [placentalprevialin[subsequent
pregnancies(Smithet(al. 2003, Getahunlét(al.[2006,Yang(étlal. [2007).
Thelrecurrencelrateldfiplacentallabruptionwas(8.8 % [inlour(study, whichlis[in(lineWwith[previous
studies[(Karegérd (and[Gennser.[1986, Rasmussen(et(dl. 1997, Konjeland Taylor.[2001). Ttlis not
knownwhy[placentallabruption(recurs(in([Some Wwomen. Recurrence[dannot (be0nlyéxplained by
the[common [tisk [factors[(Ananth [and [Cnattingius.2007). Placentalabruption[may[simply/cause
al_permanent[ damage to[ the endometrium[which[ then[lincreases/ thel risk[lofl inappropriate
placentation[]in[ |subsequent [ /pregnancy(/(Ananth[let[]al.[11996).[ Genetic Ipredisposition/]or
immunological(factorsmay!(also(play(arole. Thus, dhistorylofiplacental @bruption/shouldalertof
anlincreased [risk [0flsubsequent [placental@bruption. [Testing [placental function(and@ssessment(of
fetal(growth(six[weeks beforethe timelofl previous placentallabruptionlhasbeenladvocated(in
orderto lower the risk for[fecurrent [placentallabruption/(Rasmussen/ét al.[2001).
Alcoholluiseldoubled (theltisk [forplacental abruptionlinour(study, and this[is[inline[with/Some
(Kaminskilet(al.[1976,Halmesméki.[1988, Burdlet[al.[2007), but[not[4ll studies[(Kramerlet(al.
1997).[Alcoholleasily(crosses(placentalandaccumulates/in(the fetus(and ([amniotic fluid (Burdlet
al.[2007).TAlcoholluise[during [pregnancylisalknownl(risk [factor for[fetal heurodevelopmental
abnormalitiesand[ fetal malformations (Kaminskilet[al.[ 11976, Sokollet[al.[2003).Alcohol
exposurelalsolc¢ausesvasoconstrictionin(the placentalandumbilical¢cord [and[disturbs(the feto [
maternal lhormonal balance[(Gabriel(et(al.[1998, Burd(ét(al.[2007) (which[may[¢ontributeto [the
riskloflabruption. [Villuslinfarctionland/intervillous/thrombosis/are more/commonlin[placentas/of
alcohollisers[(Burd(et(dl.[2007). Inldlcohollexposed [pregnancies (both[placental dnd (fetal(growth
is[impaired.[Alcohollusagelalsolcauses/intrapartum/asphyxia’andmay(lead to[stillbirth[(Burd et
al.2007).
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Bleeding during[second(or(third [trimester(andplacentaprevialwere(dlso risk [factors[for[placental
abruption.Thislis[indccordancewith [previous(studies(Kramer(ét(al. (1997, [Baumann/ét(al. 2000,
Kyrklund Blomberglét(al.2001).The [presencedflaretroplacental hematomalin the first [frimester
islknown!(to lincrease[the [tisk [for[Subsequent (placental [abruption(Sipiladlet(al. [1992, Nagy ét(al.
2003).[Vaginallbleeding after[28 [Wweeks also[predicted [placentallabruption, ashasbeenshown
before[(Baronland[Hill.[1998).[However, in our[study bleeding[in thelsecondtrimester or(the
third [ trimester( was[ hot[ an[ independent ! risk[ factor[in[ thel adjusted[ analyses which[tan[ be
explained[by[thelstronglimpact[ofl placental previalonlplacentall abruption. According[to[the
literature[10%[oflwomen(with[placentalprevia have[al¢oexistinglabruption[(Konjeland[Taylor.
2001), dlthoughlinsome studies(theselcases arenot/considered(abruptions(Oyelesedand [Ananth.
2006).

Preeclampsial andl] chorioamnionitis werel]strong[risk[] factors[] for[ ] placentall] abruption.
Preeclampsial was| lassociated [ 'with[Jal 2.7 [fold [ risk[lofl Iplacental [ Jabruption, [ 'while[ ichronic
hypertension(or[PIHWasmot. Thislis(in line Wwith[previous studies (Ananth(et(dl.[1997, Kramer|et
al.[1997). Preterm(PROM [has [been [associated with[the risk ([dflplacentalldbruption[(Ananth(et al.
1996, [Toivonenlet[al.[2002),[which[tay belal¢onsequencelofascendinglintrauterine linfection.
Another(study(showed[thatprolonged [pretermPROM lincreased (thetisk [0flabruption/éven[more
(Ananth(ét(al. 2004). [However, [this Was Mot [Seenlin(our[study. This aybeldue [tothe liberalise
ofl prophylactic antibiotics[ Wwhichimay[ prevent chorioamnionitis[ or[ to[ ourlactivel policy of
inducing(labor(within[12 24 hours[after[preterm[PROMIif[the [duration[oflgestation ¢éxceeds 34
weeks.[Nevertheless, ¢horioamnionitislincreased the[tisk [for[placentalabruptionmore than[3 [
fold.

Assisted! conception, polyhydramnion, [ oligohydramnion, [ maternal[ diabetes, uterine! trauma,
external [¢ephalicversion, [short imbilical ([cord, [and [coagulation/defectshave dll (beenlassociated
with[Iplacental(abruption. Noneloflthese[risk[factors(wasldssociated [(with[placental [abruption [in
our/studywhichmay(be(due to[small numbers.[Also, [0ur(cases werenot[systematically [tested [for
thrombophilic/disorders. In[some((Ananth(ét(al.[2003,(Campbellland[Templeton.2004) but mot
alllstudies (Kramer(€t(al. (1997) hultiple [pregnancy (has beenlalrisk factor[forplacental abruption.
This(was tiot[found [in[our[study.[Manylof theseladditional(risk [factorswere infrequentlin our
study,land[potential(role[of! these tisk [factors[¢can onlybeladdressedlin/largel¢pidemiological

studies.
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Clinicalpresentation

Theldlinicalthanifestations/oflplacental ‘dbruption[can(be highly(variable.[Vaginal (bleeding[was
themostlcommon/symptom[(70%)[oflplacentallabruption,and[pain[was[present[in halfloflthe
cases. [This(islinline With[previousdeports[(Konje [and [ Taylor.2001). [However, (it [is [femarkable
that(mearlylonelout(of five[¢aseshad meither[pain(mor(bleeding.Yet, oflthese[Women nearlyall
presented [ with[CTGl¢hanges. Only[twolwomen(had tetroplacental hematomalas(the only[sign,
and [bothnewborns [(werelgrowthtestricted. [Accordingto [the literature [up to [50% [oflabruptions
take place(duringlabor(Baron/andHill. [1998), butthis Wwas the[caselin (0nly [27% [0flour(patients.
Thelliberal useloflultrasound[ examination and [ ¢esarean(sectionlatlanlearly phaselinlpatients
suspected[oflhaving[abruption[mayhavelcontributed(to [this[difference. More(than[90% o flour
cases[withlabruption/wereldelivered (by[cdesarean(section. This(rateismuch higher(than(in[most
previousstudies((KaregardandGennser. 1986, Toivonen(et(al.[2002). [Clear retroplacental blood
clotbefore(deliverywasdetected by iltrasound(in [Only[15%(oflour(cases. [Therefore, the [@absence
ofhiltrasound findings [shouldnot[preclude the[diagnosis. Ultrasoundis mot/d[sensitive ethod 0 f
diagnosing[placental@bruption(but /it is iseful [diagnosing[coincident[placentalprevia/(Konjeand
Taylor.[2001).Prematurity[andlintrauterinel growth[testriction are major[problemsassociated
with[placentallabruption/(Ananth/et(al.[(1999b);59% (of the case[women hada[preterm/birth(and
25%[oflthe ewbornsweregrowth(restricted. [Also, perinatalmortality[wasincreased 9 fold.

Biochemical harkers

Severallbiochemicalmarkershave(been(studied in[order(to [predict [placental@abruption(but none
havelémerged (clinicallyluseful[(Nolan(ét(al.[1993,Barthalet(al. 1997, (Chandralet(dl. (2003, [Florio
et(dl.[2003,Dugoffletlal.[2005,[Signorelet(al. [2006).Preeclampsialand [placental [@bruption(share
similar[placental histopathologyland(also [insufficient luteroplacental(¢irculation[(Steinborn et al.
2004, Oyeleseland [ Ananth.[2006).[Elevated[second/trimester [ AFP[levels or[B(ACGl(levels,and
elevated/sEnglor(sFlt[1and/decreased PI1GF levels have beenldemonstrated [in[preeclampsia/(Liu
et(dl.[1999,vanRijnlet[dl.[1999,[Chandraletal. (2003, Dugoffiet(al. [2005) but Mot muchisknown
ofltheselmarkers/inplacental abruption. (Generalized inflammatory(tesponse [and eéndothelial(cell
dysfunction[ havelalsolbeen demonstrated[in[ preeclampsial (Bowen[ et al.[2001,[ Redmanland
Sargent.[2005, Nessland[Sibai.[2006). In[one[study, (CRPlevelswerelincreased [in[(women[with
subsequent[preeclampsial(Qiuletlal.[2004a). C.[pneumoniae hasbeenlinked to [ preeclampsia
(Heinelet[al.[2003, GoulisLet[al.[2005). C.[trachomatis has been[linked to[severalladverse
pregnancyloutcomes (McGregorland[French.[1991, Clamanlet[al.[1995,[Gencayleétlal.[2000,
Karinen(ét[dl.[2005).[Although(thereis[some(évidencethat [chroniclinflammation(is implicated [in
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placentallabruption[(Ananthlet[al[2006) monelofl these[markers havelbeen(studied [in[placental
abruption.

Elevated( isecond(frimester [ [IMSAFPlevels[lor MSBHCGlevels[ have[ been[linked [ to ['many
pregnancy¢omplications/but[placental labruption haslonly tepresented [oneloflmany[(Katz[et(al.
1990, Purdielet al.[1983, Liulet[al.[1999, Van[Rijnletlal.[ 1999, [Chandralet[al.[2003). After
exclusion(dfipregnancies (With[fetalichromosomallor(structural@abnormalities, the(MSAFP [or[the
MSBhCG cutoff level mostoftenused for(adverselperinatal outcome has(been >2[or(2.5[MoM
(van[Rijnlet(dl. (1999, [Chandralét(dl.[2003, Dugofflet(al.[2005). Inlour(study ‘thelgoalWwas to [find
outwhether MSAFP lorMSBhCG levelscould(specificallypredictplacental @abruption.
Fetalliverproduces AFP.[Due!(to [tenal output,  AFP [accumulateslin[amniotic/ fluid[especially
during [ the[] second[] trimester.[ ] From[ ] amniotic(] fluid,[] AFP[] enters[ | maternal(] circulation
transplacentally( (70%)[and, [ to[ somel extent, transamnioticallyl (Kraus etlal.[2004).[Placental
abruption(may(often(beldlconsequenceloflspiral [artery fupture,(dausing [retroplacental hematoma
and(then[placentalldetachment(Haddow[and[Palomiki.(1999).[Disruptionlin(the[feto[maternal
interfacel in[early[ second[trimester might[ permit[transfer of AFP[into[‘maternal[tirculation
(Chandralgt(dl.[2003).[Thisblood, rich[in[AFP, ¢ould e responsible for[elevationin MSAFP[in
our[patients[Wwith[ Subsequent[placental abruption[since the[median[of MSAFP[Wwaslhigherlin
women[who [developed[placental [abruption. [After[adjusting[for[potential (confounding[factors,
MSAFP(>1.5[MoMI[temained anlindependent[predictor for[placentall abruption. [ However,the
clinical lusefulness(oflthis(testWwas limited [due to low(sensitivity [and high[false[positive rate. [ []
hCGllevels/did ot [predict [placental@bruption/in/our study.
Althoughl(thelétiologyloflplacentallabruption(isunknownlthefrophoplastic/invasion(inthe(spiral
arteries/and[¢onsequent¢arly[vascularizationmaybeldefective[(Dommisseland[ Tiltman.[1992,
Krausl(ét(al.[2004).  Therefore, [it[is [possible[that dn[imbalance[between placental[proangiogenic
and[ antiangiogenic| factors(locallylin[the[ placental or[in[imaternal( blood[ precedes! placental
abruption. Inlone(study(the serum levels [0 fIPIGF [were[decreased(and the tatios (0 f sF1t[1/PIGF
werelincreased [in mulliparous women(several weeksbefore[placental abruption, but ‘this[Wwas[the
caselonlylin[women[who dlsodeveloped preeclampsial(Signorelet(al.[2006). Our(databasedon
serum/samples(collected at [theltimeloflcritical remodelling(ofithe[spiralarteries failed [to [identify
women[with[subsequent[ placentall abruption[ Wwhichlislin[ agreement Wwith[the previouslstudy
(Signorelet[al.[2006). Theseltesults stronglyimply[that[circulating proangiogenic PIGF and
antiangiogenic [SF1t[1inleéarly[ormidgestation(do mot[predict(placental@abruption.

Endoglin, [a[¢elllmembrane(coreceptor(for different[growth(factors, is[produced(inéndothelium
and[syncytiotrophoblasts/andlacts(ds/animportant@ntiangiogenic factor((Venkateshalet(al. [2006).
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Inlthegenetically (thanipulated(micelthe dverproduction (o fithis(factor(leads/tolinsufficient (general
and[placentallangiogenesis[(Lil¢t(al.[1999).[Thedoluble[form(oflendoglin(leaking linto (maternal
blood'was [ imarkedly[lincreased[lin[Jearly[Isecond[trimester[lin[ lwomen[who [later[ become
preeclamptic(Levinelét[al.[2006). (We[found that(thelevels[ofl[SEng[Wwere(normal (1426 [weeks
before [placentall@bruption.Thus, [in/this[regard [SEng behavedlike(sF1t[1, PIGF, or theirratio.[We
couldnot/demonstrate anyl¢levationlin[sEng[¢venlin[women[who[later became hypertensive,
withlorWwithout(placentallabruption.[This ¢an[wellbe[due(to [the small[number of hypertensive
women[ included[inlour[study. Another[ study[ showed[significantly[ elevated[levels[ ofl SEng
already!at[17[20[gestational Wweekslin[women[with[subsequent garlypreeclampsial(Levinelét(al.
2006).

Maternall $mokinghasbeen[associated[ with[teduced/levels of sEngland[sF1t[1andlincreased
levelsLofT PIGF[(Levineletlal.[2006).[Welfound[that[sEng[levels Wwerelsignificantlylower[in
smokingwomen[with(abruption. Thisleffectmightbe part 0fladaptivelangiogenesis which heans
increased [placental[weight [and [impaired[placental function among(smoking[women[(Pfarrer(et
al.[1999).

Immunologicalldefects(thay also [play(a(rolelinthelétiologylofiplacentallabruption/(Matthiesen et
al.[1995,[Steinbornlet[al.[2003b)[leading[ toexcessive maternalinflammatory[tesponse[with
increased (telease o flcytokines Whichlresults(inla[¢chainlofléventslincluding[shallow [frophoblast
invasion,[defectivelspiralldrteryltemodelling, (placentallinfarctions [@and/thrombosis((Matthiesen(et
al.[2005). Excessiveactivation[ ofl the[ immunel §ystem[ imay[ suggest[ pastl exposureltol major
antigens[ (Steinborn et al.[2004). Chlamydiael are[ common[ pathogens[ and immune[ system
modulators (Paavonen/and EggertKruse.[1999,[Hammerschlag.2007, Meyers/(et(al.[2007). ([CRP
isla[densitive [marker[oflinflammation, [and [Chlamydiae/¢anlinduce(suchlanlinflammation. [ Thus,
evaluating these(biomarkers[in(the prediction(ofiplacental/@bruptionwas theaningful.

CRPlis[ al protein[ synthesized[ in[ hepatocytes.[ Elevated CRP[ values! reflectl the[ amount[ of
circulatinginflammatory(dytokines(andinflammation(in general((Loukovaaralet(al. (2003, [Qiulet
al.[2004a).Highly[sensitive[CRP [predicts/subsequentcoronary heart(disease[events[(Daneshlét
al.[2004).[ Thelrisk[of prematurel cardiovascular[ disease(is[ increased[after maternall placental
diseaselsyndrome,lile. hypertensive disorders, (placentallabruptionlorlinfarction((Raylet(al. [2005).
CRPI[concentrations/c¢orrelate with BMI(Qiulétal.[2004a). Welcouldlalso [demonstratelthe [éffect
of BMILon[CRP levels(butlassuch[CRPdlone(didnot predict [placental (abruption. [Thisimplies
thatlincreased[CRP(levels(inlearly pregnancy/do (mot/contributeto the pathogenesislofiplacental
abruption. However, we [ cannot [ exclude( the[ possibility[ that  CRP[levels lincreasel later[in

gestation.
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Many [ adults[have[ been[ exposed(to C.[pneumoniae (Goulisl et al.[2005). C.[pneumoniae
antibodies have [been lincreased in[women[with[preeclampsialin[some((Heinelet(al.[2003, [Goulis
etlal.2005), Butmot(allistudies[(Teranlét(al.[2003, Raynor(ét/al. 2004). Inlpreeclampsialaswell @s
in[placentalabruption’al common/histological[findingin[spirallarteriesis[atherosis, allesion
involving[same[lipidladen[foam[cells[also[observedinlatherosclerosis[{Goulis[et[al.[2005,
Ananthlet[al.[2006b). C.[pneumoniaelinfectionlhasbeen(linked(to atherosclerosisiand/¢oronary
artery( ldiseasel |(Leinonen( Jand[ISaikku.[12002).[This[lorganism [ has[ lalso[ lbeen[ detected( lin
atherosclerotic Carteryl tissue (Leinonenland [ISaikku.[2002). It has[ beenlproposed that C.
pneumoniae! causes| chronicl inflammation, which[can[ resultliin( clinicall disease [ syndromes
developing|[ years[ after[ the[ primary( infection[ (Goulis[ et al.[ 2005).[ However, [ wel could[ hot
demonstrate(anylassociationbetween C. pneumoniaelantibodiesandplacentallabruption.
C.lfrachomatislis the most/dommon dause 0 flBacterial Sexually transmitted(infections. More than
10%loflwomenloflteproductivelage teport/alhistorylof C.[drachomatis infection(Gencaylet(al.
2000). C.[trachomatis infection[has[been(linked[toan/increasedincidence 0 flpregnancy loss, low
birthweight, [prematurity, preterm(labor@nd[premature rupture (0fithe membranes (McGregorland
French.[1991,[Claman(eét[al.[1995,[Gencaylet[al.[2000, Blaslet[al.[2007). C.[trachomatis1gG
seropositivity [indicates[ past, [ persistent[or[latent C.[trachomatislinfection’andlhaslalso[been
detected (moreloftenlin(the(seraloflmothersWwith(stillbirth((Gencay(et(dl.[2000). [Onerecent [study
suggested(that(chronic C.[#rachomatislinfectionmay!(lead[to[systemiclow[gradelinflammation
andlelevated CRP[levels[ contributing[tothe pathogenesis ofl preterm[delivery[(Karinenlet[al.
2005). C.Otrachomatislis[lalJsmall Dintracellular, Jgram negative[ Ibacterial Jorganism. JSuch
intracellular(organisms/danldéscape humorally mediated (host(defences, whichmay [dccountfor [the
typically[ low[ antibodyl levelsl in[ uncomplicated[ infection[ and[ the[ prolonged! persistence of
untreatedinfection (McGregor and[ French.[1991).[Heat[ shock[ proteins (HSPs)[protect[cells
against(differentforms[dfistress,Such@shypoxia,ischemialand Hyperoxia(DiFelice€tlal.2005).
Chlamydialheat[shock[proteins have[been[linked to[the development oflimmunopathological
damage(after C.[trachomatislinfection[(Karinen[et[al.[ 2005, Meyers[ et al.[2007). Serum
antibodies(folchlamydial[HSPshavebeenlassociated with[poor teproductiveloutcomelandalso [to
the(developmentoficervicalloriovarian(cancer((Claman/(gtlal. (1995, Koskelalet(al.[2000, [Anttilalgt
al.[2001,Paavonen(¢t(al.[2003, DilFelicelet(al. 2005, Karinenlet(dl. [2005). However, Wwe failed [to
demonstrate[ lany [ association[ lbetween Chlamydiae! and[placentall ‘abruption. JAn[Jexcessive
activation(ofithe[immune/system(seen(in placentallabruption(may(suggest [past [€xposure to [major
microbiallantigens[(Steinborn(et(al. 2004)[other thanChlamydiae.

63



Multiple risk [factors [for [placental @bruption(éxist, (butthe mumbers [0 flcases in [dur[study were too
smallltoltest[all[risk[ factors. Also, el were[inable[to[Substantiatethelassociation[ between
placentalabruption(anddoagulation/abnormalities [since(dur(casesWwere Mot[systematically tested
for[thrombophilic[ disorders.[ Thel limitations[ concerning biochemical ‘imarkers[were[ that[test
results(from(all[(women[were Mmoot available[sinceltheblood[sampleshad been(drawnloutside[our
hospital [ district.[Also, [ for[ analysing[ angiogenic factors[ dnly[ early second! trimester[ serum
sampleswereldvailableandlonly first[trimester(serum/samples(forthe(analysis [0f[CRP[analyses.
Thus[wel cannotl excludel the[ possibility thatl these markers[imighthavel predicted placental
abruption(later(inpregnancy.
Thelstrengthsoflour(studyinclude(systematic(datalc¢ollectionland(the iniversity hospital(setting.
Ourluniversityhospitallis(altertiary teferral hospital(that(serveslone(fifth[oflthe Finnish[female
population(andour(department had morelthan9,000 deliveries[per(yearduringthe [study/period.
Therefore, [dur(datalarelikelylto representratherwell the situation/in/the Wwhole[country.[We ised
systematic| criterial for[ casel definition[in[order[to[avoidl selectionlbias. Thelrelatively[large
number(oflcasesmadelitpossibleto [perform(multivariate(analyses[oflthe(risk factors.[Also,lour
caselserieswas[¢ollected[at[the time[Wwhen[screeningandl diagnostic[ultrasound[éxaminations
werel alreadylextensivelymisedlinlobstetric[ practice. Thislallowed[us[to[evaluate[whether[the
liberaluseloflultrasoundhadanyobviousimpact[on(the(diagnosis/or[management[ofiplacental
abruption/althoughlour(studywas[not altandomized(trial. [ The(strength[conserning (biochemical
marker|(studies(wasthat(the study(waspopulation[based. The[serum samples wereobtained [prior
tolthelstudywhichlexcludes/selectionbias.

In[conclusion,“although[univariate analysis[ identified ‘many prepregnancy! risk [ factors[ for
placental/abruption, onlysmoking, uiterine malformation, previous (daesarean(section(and history
oflplacentalldbruption/remained (significant by multivariateanalysis. Duringthe(index [pregnancy
maternallalcoholl¢onsumption[and[$moking[and[smoking[by[thepartner turnedoutlto belthe
majorlindependent [risk [factors for[placentallabruption. [Smoking by [(both partnersmultiplied ‘the
risk.[1Other[lindependent[ Irisk [ /factors[ lwere[coexisting[ Iplacental previa, Ipreeclampsialland
chorioamnionitis. WNearlylone[fifth[oflwomen[with[placentalabruption(did not havelthe[dlassical
symptoms[ofibleeding[and pain. [ The liberal luseloflultrasound [éxamination(contributed ittle [to
the ' management[ ofl women[ with[ placentalabruption.[ Prematurity and[ intrauterine[ growth
restriction were [the [thajor[problems(associated [with[placentall@bruption;[59% oflthe dase[women
hadlalpreterm(birthland25% o flthe mewborns were growth(testricted. Also,perinatalmortality
waslincreased[9[fold.[Althoughlsecond[trimester [IMSAFP[levels[Wwere higher[in[¥omenwith
subsequent[placental@abruption, [¢linical isefulnessoflthis(testWwas limited [due(tolow(Sensitivity
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andlhigh[falselpositiveltate.[ Similarly, angiogenic[ factorslinlearly[second[trimester, or  CRP
levels, lorichlamydiallantibodies(in the first/trimester failed [to[predict [placental abruption.
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CONCLUSIONS

Thelfollowingldonclusions/can(beldrawn:
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Placentallabruption/dccurred in(198(0f146 742 Parturients ((0.42%) inlourWniversity
CentralHospitalin[199712001.The recurrencerate (0fplacental@bruptionwas8.8%.

Smoking (OR[1.7), luterine malformation/(OR[8.1), previous(cesarean[section[(OR1.7)
and(historyloflplacentallabruption[(OR [4.5) werethe [prepregnancylrisk [factors(associated
with[placentallabruption.

Thelrisk [factors(for(placentallabruption(during the index [pregnancywere maternal ((OR
1.8)land paternal((OR [2.2)[smoking, alcoholuise[(OR[2.2),[placenta previal(OR(5.4),
preeclampsial(OR2.7)and [[chorioamnionitis[((OR(3.3).[Smoking by bothparents
multiplied therisk (OR4.8).

Vaginal bleeding, labdominalpain, Bloodylamnioticfluid land fetal heart rate [abnormalities
were [the host/dommon/clinical(signs(dfiplacental/abruption. [Traditional [Symptoms,
bleedingland(pain, wereldbsent(in[19% [oflthe(cases. Retroplacental hematoma was/seen(by
ultrasound(in[15%(ofllthe(cases. (Oflthe newborns25% weresmall(for [gestationallage, [39%
were Bornpreterm/and91% [were(delivered [By(desarean(section. [The[perinatal tortality
rate(was(9.2%.

Anlelevated(thaternal[serum[AFP 1.5 MoM hwas d@nlindependent|tisk factorfor [placental
abruption.[The(clinicalisefulness/dfithistestWwaslimited (duelto low [sensitivity (29%) [and
high(falselpositiverate[(10%). Maternallserum(free beta human chorionic/gonadotrophin
didmot [predict placental @bruption.

Solubleleéndoglin, [Soluble(fims(like tyrosine kinase(l [and[placental growthfactor(did rot
predictplacental@bruptionwhen [tested (14 [to 26 Wweeks before@bruption.

Chlamydiallantibodiesland [Cteactive[proteinldid motlpredictplacentall@bruptioniwhen
tested lin(the firsttrimester.
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