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DISEASE DIAGNOSIS

RECURRENT EARLY PREGNANCY LOSS

Overview

Earlypregnanclpssis a frustratingndheart-wrenchiregperiencéor
boththepatienandthephysiciartarlypregnandgsssunfortunatetlye
mostcommorreomplicationf humargestatiompccurringn as manyas
75%ofallwomerryingoconceivéVlosbfthesdossesreunrecognized
andoccurbeforeor withthe nextexpectednensesOf thosethatare
recognized,5-20%esultin spontaneouabortion§SABs)or ectopic
pregnanciefpproximatef% of couplegryingto conceivenave2
consecutiveiscarriageahdapproximatel§oofcouplebave3ormore
consecutiiessesEarlypregnancipssis definedistheterminatioof
pregnandyefor@0weekgestationrwithafetalweighof<500g. Most

investigators agree that both ectopic and molar pregnancies should R9tfgence and Types:

includedhthedefinitiomablel providespecifidefinitions.
Table 1: Terms Used to Describe Pregnancy Loss

Term Definition

Chemical pregnancy loss Loss of a biochemicallgvident
pregnancy

Abortionfthefirstrimestelossofa
histologicallgcognizegregnancgy
oralossbasednultrasonographic

Early pregnancy loss

findings

SAB Pregnancyoss before20 weeks
gestatiomsbasednlastmenstrual
period

Habitual orrecurrent abortion | 2ormoreconsecutiv@ABs*

Stillbirth Pregnancy loss after 20 weeks
gestatio(Neonatdbssisthedeath
ofaliveborfetus.)

Incidence

Moststudiesdemonstrata spontaneoushiscarriageate of 10-15%.
Howevethetruerateofearlypregnandgssscloséo50%becausefthe
highnumbeof chemicgbregnanciethatarenotrecognizeth the2-4
weeksafterconceptioMosbfthesgregnandgpiluresreduetogamete
failuréeg spernoroocytelysfunctionpaclassistudypyWilcoetalin
198822 1womenverdollowedpduring 0 tiotamenstrualyclesAtotal
of198pregnanciegereachievedfthese43(22%)verdostbeforehe
onsebfmensesandanothe20(10%)wereclinicallyecognizeldsses.
ThdikelihoofbranSABnNcreasesitheactsuccessivaiscarriagBata
fromvarioustudiesndicat¢hatafterl SABthebaselineiskofa couple
havingnotheBABis approximatelyp% Howeveif 2 SABccurthe
subsequemntskincreaseso approximateB0%.Therateis higherfor
womemwhohavenothadatleastl liveborminfantSeverafirouphave
estimatethattheriskofpregnandpssaftel3 successivabortions 30-
45% whichis comparabl® theriskin thosewhohad2 SABsThisdata
prompted controversggardinthetimingfdiagnostievaluationyith
manyspecialisisreferringbegirafte2lossesathethars.

Etiology
Theetiologpfearlypregnandgssisvariedandoftercontroversidflore
thanl etiologidactoris oftenpresentThe mostcommorcausesof
recurremiscarriageseasfollows:
Geneticcauses:AneuploigySomatic Sex chromosoméylendelian
disordersiMultifactoriaisordersiParentacthromosomalbnormalities
(translocation§),romosorniaversions.
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ImmunologiausesAutoimmurgausesilloimmureauses.
AnatomicausesJterinenilleriamnomalyJterinseptunftheanomaly
mostommonlgssociatedithpregnandgss) Hemiuteru®nicornuate
uterus),Bicornuataiterus,Diethylstilbestrol-linkeahditionAcquired
defects(eg, Ashermarsyndrome)incompetentervix,Leiomyomas
Uterinpolyps.
InfectiousausesEnvironmentgauses,SmokingExcessivalcohol
consumptiobafeine
EndocrinéactorsDiabetemellitusintithyroidntibodies,uteaphase
deficiency
HematologidisordersThegestationalgeat the timeof the SABcan
provideluesabouthecauseForinstanceyearly’ 0%0ofSABsnthefirst
12 weeksare dueto chromosomahomaliedHowevelossesdueto
antiphospholiggndrom@APSpandcervicahcompetentendooccur
aftethefirstrimester
Genetic Causes

Mostspontaneousiscarriagesre causedy an abnormalaneuploid)
karyotypef the embryoAt least50%of all first-trimeste8ABsare
cytogeneticafipnormarlhidigureloesotincludebnormalitieaused
bysinglegenetiadisorderssuchas Mendeliadisorderggr mutationat
severaloci. Someexampleshat maynot be detectedy evaluating
karyotypeare polygenior multifactorialisordersrhehighestate of
cytogeneticadpnormalonceptiooccurgarliesingestatiorwithrates
decliningftetheembryonigeriod>30mmcrown-rumpngth)Therate
of normaleuploidandabnormalaneuploidgbortuseincreasesvith
maternalage. Recurrenimiscarriagemay result from 2 types of
chromosomal abnormalities: (1) the recurrence of a numerical abng
(aneuploidjntheembryowhichis usuallyotinheritedr(2)astructural
abnormalitlerivedromlparent.

Aneuploidy: Cytogeneticalgbnormaémbryosare usuallyaneuploid
becaus®f sporadieventssuchas meioticiondisjunctioar polyploid
fronfertilizatiombnormalities.

Autosomal trisomy: Autosomatrisomyis involvedin 50% of the
cytogeneticasipnormalbortusesthefirstrimesteltmayarisedenovo
becausefmeiotimondisjunctialuringgametogenesisparentsvitha
normakaryotypdutosomalisomyesultsrommaternaheiosiserrors
(eithecompletrisomiesrmonosomies).

Specific trisomies: TrisomyL6,whictaccountfor30%ofalltrisomiess
themostommonviabletrisomiehavebeerobservetbrchromosomes
13,16,and21.Approximatetnethirdof fetusewithDownsyndrome
(trisom@1)survivéoterm.

Autosomal monosomies: Autosomatonosomieare rarely if ever
observed.

Monosomy X (Turner syndrome): Turnesyndromisfrequentigbserved
andis the mostcommorchromosomabnormalitgbservedn SABs.
Turner syndromeaccountsfor 20-25%of cytogeneticallgbnormal
abortuses.

Triploidy and tetraploidy: Triploidgndtetraploidgrerelatedoabnormal
fertilizatioandarenotcompatiblevithlife. Triploidys foundin 16%of
abortionsyithfertilizatioofa normahaploidvunby?2 spern{dispermy)
astheprimarypathogenimechanisriietraploidgccursnapproximately
8%ofchromosoma#ipnormalbortionsesultinfronfailureofanearly
cleavagdivisiomanotherwiseormadiploidygote.

Parental Chromosomal Abnormalities
Structurathromosomadbnormalitiesccurin approximatel$% of
cytogeneticalipnormalbortuses.hesebnormalitiesethoughtobe
most commonlyinheritedfrom the mother Structurachromosomal
problemdgoundin menoftenleadto low spermconcentrationsale
infertilifyandtherefor@reducetikelihoodfpregnanagndmiscarriage.
Translocatiorare the most common types of structural abnormalities
canbebalancedrunbalance@&lightlynorehanonehalfofunbalanced
rearrangementsesult from abnormalsegregatiorof Robertsonian
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translocatioi@her? acrocentrcthromosomésseneaithecentromere
regionwithlossof the shortarms),andthe restarisede novoduring
gametogenesisl reciprocatranslocationshereis an exchangeof
materiabetweemonhomologousiromosome$he of'springcreated
fromparentajametesviththe abnormalithayhavenormabr carrier
karyotypes. Adjacsegregatioresultsn unbalancedistributioofthe
chromosomésvolvedhthetranslocatiolgadingo partiatrisomyor1
chromosonamdpartiamonosomprtheothechromosomeéheseverity
of the phenotypeependn the chromosomesvolvedand on the
position®f theirbreakpoint®therstructuralearrangemensychas
inversionsr ringchromosomearerelativelyare. Thesechromosomal
abnormalitieanbeassociatediithcongeniahalformatiomedmental
retardatioaswelbsSAB.

Genetic Abnormalities/Mendelian Disorders
Certaigeneticutationsuchastheautosomalominarisorddeading
to myotonidystrophymay predisposa patientto infertilityor even
miscarriag&hecauseftheabortiomthisdiseasésunknowrutitmay
berelatedoabnormajenenteractiorsombinedithdisorderedterine
functiorandimplantatiodefectsOtherpresumea@autosomalominant
disorderassociatedithSABincluddethakkeletatlysplasiasuchas
thanatophoridysplasiandtypell osteogenesisnperfectaviaternal
diseasassociatedithincreasefétalvastagencludesonnectivisssue
disorders, such as Marfan syndrome, Ehlers-Danlos syndrome,
homocystinuria, and pseudoxanthoma elasticum. Hematologic
abnormalities associated with recurrent pregnancy loss include
dysfibrinogenemfagctorXIll deficien¢ycongenitahypofibrinogenemia
andafibrinogenemamdsickleellanemiaNbmerwithsickleellanemia
are at increasedisk for fetalloss, possiblybecauseof placental-bed
microinfarcts.

Management

Forcouplesvhohavehadan SABduetoa suspectedeneticausethe
standaraf careis to offer geneticounselindecauseadvanceage
increasetheriskofanabnormadaryotypia conceptugmniocentesis
isroutinelgferedorallpregnanvomemfadvancedhaternage which
is definedcas womerplderthan35 years A woman'siskof havingan
aneuploifbtuds1per80whersheisoldethar35yearsthisisfargreater
thartheriskoffetalossaftemmniocentesighichs 1 per200 Astudyby
Warburtoetalindicatethatroutind&aryotypanalysiafterl miscarriage
is notcost-dectiveor prognosticHowevenfter2 SABsanalysisfthe
abortusess usefulln 1990 Drugaretal examine805womemwith2 or
moremiscarriagesdfoundanincreasedskforfetaneuploidpthese
couplesvithchorionigillussamplingramniocentesihereforeouples
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regardgo the eficacyof PGSin thissettingln 2006,a retrospective
analysibyMunnetalofwomemldethardOyearshoweddecreasim
theSABatesromd0%t022%nthegroughatunderwe®GD However
eficacyofPGSndecreasin§ABratesvaschallengeidotheistudiesi
randomizedalof408nomeifadvancechaternalgeundergoiratotal
of836cyclesoncludetthatheongoingregnanagpte aswelbslivebirth
rate,weresignificantlppwerin the womerassignedo the PGSgroup
comparediththosevithouPGS.Theauthorgheorizethepossibilithat
biopsyof a blastomeren day3 hampershe potentiabf anembrydo
successfullynplantAnothereasorfor theirresultcouldbe the flaws
inherenintheFISHorocedureuchasinabilityo detecaneuploidyall
chromosomesexaminingosaicellsBasednthepracticguidelines
publishedh Fertilityand Sterilityin 2007 ,availablevidenceloesnot
supportheuseof PGStoincreaséivebirthratesnwomerfadvanced
maternageAlsoavailablevidencdoesotcurrentlgupporieuseof
PG Sorpatientsithrecurrergregnandgssbecausédoesotimprove
ongoingregnancyr livebirthratesanddoesnotdecreaseniscarriage
ratesin suchwomenHoweverouplesn whonpregnanclpsscanbe
attributedo a balancedranslocatiomaybenefifromspecifigenetic
testindy PGD Reportedisadvantag@ PGDincludenisdiagnosaf
chromosomalormalifypossibleloweringof implantatiomates with
embryonic biopsy, and poor suitability of tested embryos for
cryopreservation.
Immunologic Causes
Autoimmune Abnormalities:
Recurremregnandgssisassociatedithseverahutoimmurdiseases.
Onesucldiseasesantiphospholigidtibodgyndrom@\PS)alsdknown
as lupusanticoagulastyndromandHughsyndromeT hisdisorders
characterizéythepresencefAPLlantibodiesgyhiclarefrequentlinked
topregnandgssesnthepre-embryor(ic6 wk) embryoni@-9wk)and
fetal(=10wkgestatiortjmeperiods10-20%fwomerwithearlylosses
are positivdor the anti-phospholipaaitibodiesandan unusuallyigh
proportiomf pregnancyossesoccurin the fetal periodcomparedo
unselectedopulation.(NER@02) Threeclasse®fclinicallgignificant
APL antibodies have been identified: anticardiolipin (aCl), lupus
anticoagularft AC),and antid, glycoproteih antibodiesin addition,
biologicallalse-positigerologitestresult$orsyphilisnayhavesimilar
clinicalsignificanceAPS is diagnosedvhenmedical obstetricand
appropriat@boratorfindingsrepresentDiagnosisfAPSrequireghe
presence of at least 1 of the clinical criteria and at least 1 of the lab
criteriaClinicatriteriaVasculathrombosis?regnancinorbidityd or
moreunexplainedonsecutiveniscarriagesithanatomiayeneticand

with recurrent miscarriage should undergo karyotype evaluation by nieansnalcausesexcluded.l or more unexplainedieath(s)of a

of amniocentesier chorionicvillus samplingduringa subsequent
pregnancyBecausekaryotypeanalysisdoes not help in detecting
abnormalitieausedysinglegenemutationsrmutationatseveralbci
(smalstructuraleletionandrearrangementdjferentechniquesuch
asfluorescendgesituhybridizatiqffrISH)arebeingisedocomplement
standardytogeneticdaparentathromosonabnormalitgfoundthis
shouldbethestartingoinforfamilialestingandpropefamilycounseling
isrecommendddlanincreasedskforfuturgoregnanciesidentifiedll
alternativeshouldediscussedcludinfpregoingnyattemptatfurther
conceptiomdoptingryingto conceivagainwithearlyprenataiesting,
usingdonorgametesor performingreimplantatigyeneticdiagnosis
(PGD)TheconcepofpreimplantatigenetiscreeninPGShasbeen
recentlyintroducedThisinvolvesusingFISHto screenthe removed
blastomerferaneuploidgioldesvomemndnthosevitirecurrer8ABs.
PGSandFISHcanbe usedto accuratelgeteccommoraneuploidies

morphologicaliprmaletusatoraftethelOweekgestatiorl ormore
prematureirth(s)f a morphologicaliyrmaheonateat or before34
weeks gestation, associated with severe preeclampsia or severe pl
insuficiencyLaboratorgriteria:aCL: Immunoglobulid (IgG)and/or
immunoglobulih(IgM)sotypeés presenin mediunor hightiteron2 or
moreoccasions or moreweeksapart.Demonstraticof a prolonged
phospholipid-dependeoagulatiomon screeningests (eg, activated
partial thromboplastin time, kaolin clotting time, dilute Russell viper
timedilutegorothrombtime Textaritime)Failuréocorrectheprolonged
screeninggstresulbymixingvithormaplatelet-poptasmaShortening

or correctionf the prolongedcreeningestresultwiththe additiorof
excessphospholipid&xclusiorof othercoagulopathiess clinically
indicatedeg,factoVIllinhibitorandheparinT heseantibodiesanbe
demonstratedith enzyme-linkeidnmunosorbeassay(ELISApr a
coagulatiaresulpositivéorLAC Notablythepresenceftheantibodies

accounting for 70% of aneuploidic first trimester losses (chromosomesdtigin the absenceof otherclinicalsymptomsloesnot definethe

15,16,17,18,21, X, andY), butthesemethodsre criticizedor their
inabilityodetecallchromosomabnormalitieEheoreticallselectionf
chromosomaiiprmat¢mbryoforuteringransfeincreasethelikelinood
forimplantatiobutthereportsn theliteraturdnavebeenconflictingn

syndrome? atientwiththecombinatioof highAPLAitersandthelgG
isotypdaveaprognosisorseharthoseviththecombinatiarflowtiters
and the IgM isotype. Howéwetype &iPLAaCL, LAC, or anti—-beta-2
glycoprotein 1) does not influence the prégtiosisre found in fewer
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than2% of apparentlfealthypregnantvomenin fewerthan20%of
apparentlyealthywomenvittrecurrerfetaloss andnmorehar33%of
womemwithsystemilupugrythematos(SLE).

Systemic lupus erythematosus

SystemitupuserythematosySLE})s by farthemostcommonmnlisease
associatedithAPS PatientsvithSLEhavea 12-30%revalencerACL
antibodiesand 15-34%for LAC antibodiesSLE, as associatedavith
antiphospholipiantibodieshas been linkedto increasedates of

Cr

X
themethodsedordiagnosi$vhemanuatxploratiaeperformeatthe
timeofdeliveryuterin@nomaliesrefoundnapproximatedgoofwomen.
Howeveuterin@bnormaliti@sepresennapproximately %ofwomen
withahistorpfpregnandgss.
Uterine miillerian anomalies
Themostommoanterinelefectincludseptatajnicornuatbicornuate,

anddidelphiateri Ofthesetheunicornuatateruss leasttommorhut
camresulinmalpresentatiandfetagrowthestrictioMhehighestateof

miscarriage and late pregnancy loss since 1954. Patients with SLE hesm@@ductiviessesare foundin bicornuatateri(47%)comparedavith

mediamiscarriagateof 10%whichs similatothegenerabopulation.
Howevethe8%medianateoflatepregnandgssamondgheseatients
considerablyigherthanin theirhealthycounterpart3.he higherate
pregnanchpssrateis relatedo increasethcidenceffetaldeathin the
secondandthirdtrimesters patientsvithSLE ,andmostof theseare
associatewiththe presencef APLAsThreefactorsare predictivef
adversebstetrioutcomapatients/ith\SLE Diseasbeforesonception,
Onsebf SLEduringoregnangynderlyincenaldiseaseOthenbstetric
andmedicatonditionassociatedith APLAarelistedbelowObstetric
conditionsassociatedvith APLAs:Preeclampsidntrauteringgrowth
restrictiodbnorméétaheartatetracings;reterrdeliverie§regnancy
wastagelledicatonditionassociatedithAPLAsArteriaandvenous
thrombosis, Autoimmune  thrombocytopenia, Autoimmune  hemolytic
anemial_ivedaeticulari€zhoreaPulmonarkypertensiohronideg
ulcers.

Antinuclear antibodies
Antinucleaantibodie$ANAshavealsobeenassociatedithrecurrent
pregnancioss,evenin patientsvithoutevidencef overtautoimmune

disease. In most published studiég\Ahters in women with recurrent

miscarriagegereonlymildhyelevateddowevethesamildelevationare
nonspecifiendcommoin thegenerapopulatiofevenn thosewithno
historyof pregnancjoss).Thereforegxtrapolatinthis as a causeis
dificult Furthestudiesireneededo proveor disprovéNAasa causal
agentnrecurrenniscarriageandmeasuringNAss notrecommended
asparbfanevaluatioofrecurremhiscarriage.

Antithyroid antibodies
Unliké&NAantithyro@htibodiesreknowrasindependentarkerforan
increasedskofmiscarriagén 1990 Stagnaro-Greetal observe800
consecutivevomenfor thyroid-specifiautoantibodiegspecifically
antithyroglobulamd/orantithyroigheroxidaseh the first trimesteof
pregnancy\Momenwitha positiveesulforthyroicautoantibodi¢mda
17%rate of pregnancyoss comparedvith 8.4%for womenwithout
evidenceof thyroidautoantibodiedloneof the womenwith thyroid
autoantibodid¢mdclinicallgvidenthyroidliseaseandtheincreasén
pregnandpsswasnotduetochangemthyroidhormon&evelorAPLA.

unicornuateteri(17%)putbotharefrequentlgssociatedithsecond
trimestdossandpreterndeliverydomerwithunicornuaenddidelphys
uterhavethehighestateofabnormaleliveriesyhilevomenvithuterine
septahavea 26%risk of reproductivéoss. In additiorto mullerian

anomaliegther anatomic causes of recurrent pregnancy loss to con

for include diethylstilbestr@xposurerelated-anomalieg\sherman
syndrome, incompetent cervix, leiomyomas, and uterine polyps.
Controversiexistamonghesdisteduterinenatomiebnormalities
causesorpregnandpssTheyaresuggestedutnotscientificalproven
potentiadauses.

Management

Accuratédiagnosief mulleriaanomalies essentialmagingtudie ®f
choice include hysteroscopy, hysterosalpingography (HSG),
sonohysterogramand vaginal ultrasonography-indingsmay be
confirmeavithMRI.Forinstancea banana-shapedvitywitha single
fallopiantube is the mostcommorfindingin a unicornuateiterus.
Prophylacticervicakterclageshouldbe considereth patientswitha
unicornuatgerusSomeauthorsupporxpectamhanagemeintthese
patientswithserialassessmentsf cervicalengthdy usingdigitaand
ultrasonographéxamination§urgicatorrectiorof uterineanatomic
abnormalitigsas notbeenshowrto benefipregnancputcome a
prospectiveontrollettial. Howevedatafromuncontrollestrospective
reviewhavesuggestethatresectiorf the uterineseptunincreases
deliveryateg70-85%1study).

Infectious Causes

The theorythat microbiainfectionsan causemiscarriag@as been
presenteththeliteraturasearlyas191AvherDeForesttal observed
recurrenabortiongn womerexposedo farmanimalsvithbrucellosis.
Numerousorganismshave been implicatedn sporadiccausesof
miscarriagbutcommomicrobiadausesfRPLhavenotbeerconfirmed.
Infactjnfectiorsviewe@sararecausefrecurrenmiscarriag@recent
reviewfailedto showsuficientevidencédor the notionthatanytypeof
infectionanbeidentifiedsacausalactoforrecurrenhiscarriag®&lost
patientswitha historyof recurrentiscarriagdo not benefifroman
extensive infection workup. Listeria Monocytogenes, Chlamydial

The pathophysiology involved in this phenomenon is unclear and proBabiyourinamyfectionsreaplasminfectionMycoplasminfections,

represen@generalizeglutoimmurdefectathethana thyroid-induced
abnormality{oweveravailablelatado not supporthe use of thyroid
autoantibodgstingnwomemvithrecurrerngregnandgss.

Alloimmune Abnormalities
Miscarriagmayoccuwherthematernaimmuneesponstantigensf
placentabr fetaltissuess abnormalHumareukocytantigenHLA)
sharinghasbeemreportedssuctanalloimmurmesponséiLAsharings

a conditionn whichthe normaprocesshatallowsfor the creatiorof

maternal blocking antibodies in pregnancy is decreasedsttitiesver

BacteriaMaginosis,CytomegalovifuRubella HerpesSimplex,HIV
Disease,ParvovirusB19 Infection,Toxoplasmosisireponematosis
(EndemiByphilis)ymeDiseaseyialaria

Environmental Causes

Environmentahusef humarmmalformaticeccountorapproximately
10%of malformatiorsndfewethanl%ofallhumamalformatiorsse
relatedoexposureeprescriptiarugschemicalgyradiation.
Isotretinoin (Accutane)
Isotretinoisaretinoiacidusedotreasever@cneandsassociatedith

to date have proven no association between recurrent pregnancy losS/aBd

HLA.

Anatomic Causes

Anatomiaterinedefectsare knownto causeobstetricomplications,
includingecurrenipregnancyoss, pretermlabor and deliveryand
malpresentatioalthoughmanywomenwith such defectsmay have
uncomplicat@regnancieblostommon/thecomplicatiomesulfrom
impairedsascularizaticemd fetal growthrestrictionT he incidencef
uterinenomalieis estimatetbbe 1 per200-60@&vomendependingn

Anesthetic gases

The relationshifpetweerexposurego trace concentrationsf waste
anesthetigasesn theoperatingpomandthepossiblelevelopmeof
adverséealtrefectshasbeena conceriormanyyears. Howevethe
studieshatdidshowanincreaseshcidencefmiscarriagendcongenital
anomaligsadmanylawsAmeta-analysioml99poolediatafroml9
reportsandconcludethatin the prescavengiraga,therelativaiskof
spontaneowortiofromexposurtoanesthetigaswasl.9.Sincehen,
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mostoperatingoomsuseventilatiosystemso minimizeccupational
exposurmthegases.
Tobacco

Maternal exposure to tobacco arfddtefreproductive outcomes has

beenthesubjecbf manystudiesCigarettemokecontainsiundredsf
toxic compoundsiNicotineis thoughtto reduceplacentaknd fetal
circulatiothrouglitsvasoactivactionsCarbormonoxiddepletedoth
fetalandmaternalxygersupplyandleads a knowmeurotoximespite
themanyjharmfutfectdoawomars’healthmaternamokingppearto
onhyslightlyncreastheriskof SABs.

Alcohol

Maternaéxposuréo excesslcohohasbeenreportedo be associated
withanincreasedskiorSAB.

Coffee consumption
Cofeeconsumptidrasbeerthesubjecofmuctdebateincehel980s.

CThe
Luteal phase defects:

In1943Jonedirsdiscussetheconceptfinsuficientuteaprogesterone
resultingn eitherinfertilityor earlypregnancioss.Thisdisordewas
define@sinadequatndometriaiaturatioresultinforma.qualitativer
guantitativdisordein corpuduteafunctionMethodsisedto diagnose
lutealphasedefectdLPDs)ncluderecordf basalbodytemperature,
evaluatiorof progesteroneoncentrationgnd histologicdating of
endometriblopsgpecimenshecriteriostandarchdiagnosisfLPDs
thehistologicaharacteristic§ a luteaphaseendometridiopsybeing
morehar? dayshehindhefindingexpectethanormatycleHowever
substantiahter-andintra-observeliscrepanciesccurevenwhenthe
standardhistologicriterions appliedwhichhasleadto thecontroversy
surroundintisdisordefFurthermoralthoughPDhasbeerreporteth
23-60%fwomenvithrecurreriscarriagasmanyas31%ofnormally
fertilavomemaveanLPDaccordintptheresultéromseriaendometrial

Studies have demonstrated conflicting results, some finding that moddéeagyproceduresdoweversinceno reliablemethods availableo

cofeeconsumptiqr350mg/d)snotrelatedotheriskofSABswhereas
otherglainthatheriskof SABncreasesveratthislevebfexposuren
2008alargecohorstudyfl1063atientbyWengetaldemonstratellat
cafeine consumptiohad a dose-dependeiricreasen the risk of
miscarriagetalllevelofconsumptioRatients/ithcafeinantakefless
than200mg/dwerel.42timesmorelikelyto haveanearlymiscarriage,
wherea thosewithintakeof 200mg/dor greatertheriskincreasetb
2.23timescomparedvithpatientsvithno cafeineuse.In additionthe
magnitudef the associatioappearedo be strongeamongwomen
withouthistorpfmiscarriagharthatmongvomemvithsuchahistory
Endocrine Causes

Ovulationmplantatioandtheearlystagef pregnancgiependnan
intactnaternandocrineegulatoryystemMosattentiomwashistorically
directed at maternal systemic endocrine disorders, Iuteal phase
abnormalitiesnd hormona¢ventsthat followconceptiorparticularly
progesteroievelsnearlypregnancy

Diabetes mellitus:
Womermwithdiabetemellitusvhchavegoodnetabolicontrahrenomore
likelyto miscarrghanwomenwithoudiabetesHowevemwomerwith
poorlontrollediabetesgsevidenceblyhighglycosylatddgAldevels
inthefirsttrimesteareata significantipcreasedskofbothmiscarriage
andfetalmalformatiomheSABrateincrease&-3foldin thesewomen
comparedviththe generapopulatiorScreenindor occultdiabetesn
asymptomaticomeris notnecessamnynlesshepatientpresentvithan
elevatedandonglucosdevelor exhibibtherclinicakignsof diabetes
mellitusriftherésanunexplainddssnthesecondrimester

Thyroid dysfunction:

No directevidencesuggestghat thyroiddiseaseis associateavith

recurrent miscarriages. Howteepresence of antithyroid antibodies (2

thyroidantigensthyroglobuliandthyroidperoxidasehayrepresena
generalizealitoimmurabnormalitywhicttouldeacontributirfgctom
miscarriageScreeninigrthyroidiseasésnotusefulinlesshepatienis
symptomatic.

Low progesterone levels:

Progesterons the principafactorresponsibléor the diferentiatioof
proliferativeendometriunto secretory renderingthe endometrium
receptivéo embryomplantatiosinceAllenandCornepublishetheir
classicesult®nphysiologioropertiesfthecorpusuteunin 1929Jow
progesteronevelhavebeerassumetbbeassociatedithmiscarriage.
Luteakupportemaingriticalintilapproximateweeksgestatiorat

whichtimethe placentalrophobladtasacquire@&nougtsteroidogenic

abilityto supporthepregnancyn patientsn whonthecorpusuteunis
removedbefore7 weeksmiscarriageesultslf progesterorie giverto

diagnosthisdisordecontroversxistgegardingoththedefinitioand
the diagnosidétself.An additionaflactorthataccountgor manyof the
discrepanci@gtheliteraturesthefrequeniseofthepatient'subsequent
mensessareferencpoinfordetermininghershehadovulatedyhich
assumeanormal8-dagyclelnlofthefewprospectiv&udie®nthis
subjectendometridliopsywas performednh womerwith 3 or more
consecutiveiscarriageshepathologisheraccuratelyatedhebiopsy
sampleasind-Hassaysopinpoirthetimeofovulatioh.PDvasbelieved
tobethecausean 17%oftheserecurrentiscarriage$heauthorslso
examinelditeal-phaserunprogesteromevelsandnotedhatheywere
normahthewomemithLPDThusluteaphaseleficienayasmostikely
theresultof anabnormalesponsef the endometriuto progesterone

rather than a subnormal production of progesterone by the corpus |

Thidfindings corroboratdu/otheistudiesshowinghatasmanyas50%
ofwomenvithhistologicaltiefined.PDhavenormaserunprogesterone
levelsThephysiciamusbeselectivendecidingrhashouldescreened
for LPD,sincethereis no definitivéreatmento makea diferencdn
pregnanayutcome©nlyl randomizedahasshownhatreatmentith
progesteronsupplementatidmas a beneficiakfect on pregnancy
outcomeswhilemositheistudiesailedo demonstratbatanytypeof
supporieg, progesteronéumanchorionigonadotropimgsultsin a
significamtiferenceSoalthoughiisknowrthafpostimplantatitailurer
anearlynonviablpregnancgreassociatedithiowserunprogesterone
levelstherds noevidencéhatprogesterormipplementatiompatients
with LPD wouldrestorethe normalhormonaprofile.Thereforepne
approachs to screenonly patientswith eithera historyof recurrent
miscarriagesrecurrerfailuresvithinfertilittherapyinadditiorthebest
accuracisachieveidthesamepathologiseviewshehistologifindings,
andif thedayof ovulatiois basedn LHlevelsathetthansubsequent
menses.

Endocrine modulation of decidual immunity:
Thetransformatiafiendometriutndeciduafectsalicelitypespresent
intheuterinenucosar hesanorphologandfunctionahangegacilitate
implantatiobuttheyalsohelpcontrotrophoblasghigratioandprevent
overinvasiom maternatissue.Attentiorfocuseson the interaction
betweenthe extravillougrophoblasand the leukocytepopulations
infiltratinghe uterinemucosaMostof thesecellsare largegranular
lymphocytds GLsandmacrophagefewT andB cellsarepresentThe
LGlpopulatiosunusuastainingtronglfornaturafilleNKxelimarker
CD56bhutthecellsdlonotexpresgheCD1&ndCD3ANKmarkerd\Kcells
withthisdistincphenotypare foundin highnumbersprimarilyn the
progesterone-prineediometriuaftheuterusThenumbeofCD5&ells,
whichis low in the proliferative-phasadometriunincreasesn the
midlutegbhaseandpeaksn thelatesecretorphase suggestinthat

these patients, the pregnancy is salvaged. Recent experience with Rig¢B88tmewtfLGLIsundehormonalontrolProgesterorigessentiah

(anantiprogestihpisshowrthatthistreatmerdaneffectiveljerminate
pregnanaypto56daydronthelastmenstrugleriod.

this processbecauseLGLs are not found before menarcheafter
menopausayr in conditionassociatedvithunopposeeéstroger{eg,
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endometridtyperplasiagarcinoma)n womenwho haveundergone
oophorectomyGLsappeaonlyaftertreatmentvithbothestrogermnd
progesteronéhencreassmthenumbeofNKcellsattheimplantatiasite
in thefirsttrimestesuggestsgheirrolein pregnancgnaintenancé&hey
preferentiakylitargetellswithittieornoHLAexpressioitheextravillous
trophoblaéivhiclexpressemodifietbrm®flHLA)sresistartolysidy
decidudiiKcellsundemostircumstanced|owingheinvasioneeded
fornormaplacentatiomheseCD56cellsprobablyliferentiatén utero
fromprecursazellsbecausserunievelsarenegligibléheonlycytokine
thathasbeenableto induceproliferatioof thesecellsis IL-2.IL-2also
transformdKcellsintolymphokine-activakéter(LAK cellswhictcan
lysefirst-trimest&ophoblasellsnvitroAsexpected|.-Zhasnotbeen
foundnvivoatuterinémplantatisitesptherwisetimulatioofdecidual
NK cells would cause widespreadiestructiorof the trophoblast.
TrophoblasiLAexpressiosincreasellyinterferoraphenomendhat
mayofer protectiofromLAKcelllysis.Thereforegn equilibriuraxists

Cr

X
placental-bdaopsieareperformednwomemfteramiscarriagendon
thosepatientsvithpreeclampsa intrauteringrowthrestrictiors large
studyof 116 nonpregnamtomerwithrecurrenmiscarriageshotested
negativéor LACandaCLsshowedhat64%hadat leastl abnormal
fibrinolysis-relatezbultmostcommonlg highPAI-1level Nodefects
wergoundnthecontrogroupwhictconsistedf90fertilevomemvithno
history of miscarriagel 994, Patrassi and colleafopurs that 67% of
patientsegardlessfwhetheornottheywereaClpositivehadadefecin
theirfibrinolytipathway Evidencealso suggestghat just beforea
miscarriagdefectarepresenin hemostaticariablesn 1991 Tulppala
andcoworkenevealethatvomenvithahistorpfrecurrenmiscarriages
haveanabundancafthromboxan@oductioat4-6weekgestatioand
adecreasmprostacyclproductioat8- 1L weekgestatiomscompared
withwomerwithoutsucha history Thisshiftin the thromboxane-to-
prostacyclmaticcanleadovasospasnadplateleaggregationausing
microthroméndplacentalecrosidevelofproteilCandfibrinopeptide

between the level of ldkpression on the trophoblast and the amount cfeenmodecreaspistbeforamiscarriageccurssuggestingctivatioof

lymphokirectivatioofNKcells|eadingotheconcepffineregulatioof
trophoblagtvasion.

Hematologic Defects

Hematologic changes and pregnancy:

Manyrecurrentiscarriageare characterizduy defectivglacentation
andmicrothromivitheplacentalasculaturénadditiorcertairinherited
disordershat predisposevomento venousand/orarterialthrombus
formatiomre associatewiththrombophilzausedor pregnancioss.
Variouscomponentsf the coagulatiomand fibrinolytipathwaysare
importanhembryonimplantatiotipphoblagtvasiorgndplacentation.
Becaus¢heassociatiobetweePLAandrecurrernmiscarriags now
firmlyestablisheihtereshasbeengarnereih thepossibleoleof other
hemostatiefectipregnandgss.

Normal pregnancy-associated hypercoaguable state:

In normapregnancyhereis anincreaseén thelevelsof procoagulant
factorssuchasfactors/Il, VI, X, andfibrinogergs earlyas 12weeks'

thecoagulatiamascaden2005arevievoftheliteraturontheprevious
10yearsrevealedhatonly3 typesof thrombophilimaybe relatedo
recurrergregnandpsselevatetiomocysteitevelsfactol Leideror
APC resistance (associated with second trimester loss), and
antiphospholi@dtibodie@ssociatedithsecondrimesteloss).Most
studiegeporithat5-20%of womerwithrecurrenpregnanciosshave
positivéestresult$orantiphospholigidtibodiednacohorbf76women
withantiphospholipdtibodie§0%o0f pregnancipssesoccurredfter
thefirsttrimestecomparewith10%in womerwithouantiphospholipid
antibodies.

Activated protein C resistance (Factor V Leiden):

FactoWV isa coagulatidiactothatis normallgleave@dndinactivatebly
activategroteirC (APC)Patientsvitha singlgpoinimutatiommthegene
codindorfactolproducamutatethctol (calledractov Leidenthais
resistartbinactivatiooyAPCresultingnincreasethrombiproduction
and a hypercoagulabtate. This mutatedgeneis inheritedas an

gestation. HoweMis thrombogenicity is not balanced by an increaseautosomalominaritaitandisthemostommonausefthrombosisnd

naturallpccurringnticoagulaniie ,antithrombli,protein€andS).In
factproteirslevelslecreasby40-50%yhileantithrombliandprotein
C levelsremainconstantFibrinolytiactivityis also decreasedwith
progressiveilycreasinigvelofplasminogectivatanhibitor-(PAl-1),
producellyendotheliakllsandplasminogeactivatanhibitor-@Al-2),
producetby thetrophoblastiuringoregnancyr heefectsof PAl-1and
PAl-2arelocalizetbtheinvasiverophoblasihichsseeminghegulated
to someextentby the balancebetweerplasminogeactivatorand
inactivatorglateleactivatioandincreasegroductioafthromboxane,
as well as decreasedsensitivityto the antiaggregatioaefects of
prostacyclimcreasetheprothrombatateof pregnancyasorelaxation
andtheresultingtasiofthevenoudloodlowfurthefavorgoagulation.
Urokinasplasminogeactivatofu\), whichs activearoundhetimeof
implantatiortriggerghe localizegroductionf plasminwhichin turn
catalyzeghe destructiorof the extracellulamatrix,thus facilitating
implantatioruPA is alsofoundin the maternalenoussinusesand,
thereforeplaysa rolein maintaininthe patencyfthesechannelsuPA
receptorsire alsoexpresseadn first-trimestérumartrophoblastells,
actingolimidepositiooffibrinntheintervillouspaces.

Changes associated with abnormal pregnancy:
Compellingvidencesuggestgshatwomenwitha historyof recurrent
miscarriagarein a procoagulastateevenwhertheyarenotpregnant.
Abnormalestationareassociatedithproductioafcertairfactorgeg,
cytokineghatmayconvera thromboresistaridotheliuto onethatis
morethrombogenidbnormajestationsaveabnormdibrindistribution
inchorionicillithatmakellogenicontacvithmaternalssueEndothelial
cellsntheseareasappeatobedeficienththethrombin-thrombomodulin
anticoagulamathwaymakinghe areamoreproneto clotformation.
Defectiverophoblastvasionfthespirakrteriehasbeenfoundvhen

familialhrombophiliajtha prevalencef3-5%nthegenergbopulation.
Inpatientwithahistorpfvenoushrombositheprevalenaatesashigh
as 40%.In normalpregnancieAPCresistancenaturallydecreases.
HowevemwomerwithAPCresistancbeforepregnanciendto havean
everngreatedegreefresistancen 1995 Raiandcolleaguesvaluated
120womenvithahistorgfrecurremhiscarriageNoneofthewomeihad
a historyofthrombosi$,AC,or aCLantibodies heprevalencef APC
resistance/ashighein womermwhohada second-trimestaiscarriage
tharinthosewithafirst-trimestlersg20%vs5.7%)T hebesivaytodetect
APCresistancisbothcoagulation-basassayandDNAestingodetect
theactuamutation.

Coagulationinhibitors:

Littledataexistevaluatingleficienciesf antithrombihil, proteirS, or
proteilCandpregnandgss.

Specific coagulation factor deficiencies:
ThedeficienagffactoXll(Hagemargassociatedithbothsystemiand
placentahrombosiadingorecurremhiscarriagaasmanyas22%of
patientsvaluateithl studyOveralhowevethedateondeficienayfthis
factoarelimited.

Abnormal homocysteine metabolism:
Homocysteimsanaminacidormeduringheconversioofmethionine
tocysteinedyperhomocystinemiaichmaybecongenitaracquireds
associatediththrombosendprematureasculadiseaserl hiscondition
is alsoassociatedithpregnanclpss.in 1 study21%ofwomerwitha
historpfelevatetiomocysteiteveldadrecurrergregnandpss.The
genefortheinheritedormis transmitteith anautosomakcessivéorm.
The mostcommoracquiredormis dueto folatedeficiencyin these
patients, folic acid replacement helps achieve normal homocysteing
withifiewdays.
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TROUBLESHOOTING

BONE MARROWASPIRATION/ BIOPSY

Overview

The procedure known as
trepanningpr trephinationof
bone is the oldest surgical
practicehat continueso have
clinical relevance in modern
times.Themethodlatesas far
backastheNeolithiperiocand
initiallyentailedthe drillingof
cranial bones as a form of
medical intervention for
headacheandmentalllnessed-doweveit wasnotuntill905wherthe
ItaliarphysiciaRianeseeportedhonemarrovinfiltratiobytheparasite
Leishmanj#hatthisprocedurerasappliedowarctlinicaévaluationn
thepresendayinspectioofthebonenarrovsconsideresheofthemost
valuablaiagnostitoolsto evaluatdhematologidisordersindications
have includedhe diagnosisstaging,and therapeutienonitoringor
lymphoproliferatilisordersuchaschronitymphocytleukemiéCLL),
Hodgkin and Non-Hodgkin lymphoma, hairy cell leukemia,
myeloproliferative disorders, and multiple myeloma. Furthermore,
evaluatioof cytopeniahrombocytosigukocytosigsnemiaandiron
statuscanbe performedlheapplicationf bonemarrowanalysishas
growroincorporathermonhematologionditiong.orexamplanthe
investigatidarfeveofunknowarigifFUO)specificallpthosgatients
withautoimmurdeficiencgyndrom@IDS)themarrownayreveathe
presencefmicroorganisnsjchastuberculosi®dycobacterivavium
intracellular@ViAl)infectionshistoplasmosikishmaniasignd other
disseminateflingalinfectionsFurthermorehe diagnosi®f storage
diseasefeg.Niemann-PidiseasendGauchediseasegpswellasthe
assessmerfor metastaticarcinomandgranulomatouseasegeg,
sarcoidosisgan be performedBone marrowanalysiscan also be
performedn patientswith idiopathichrombocytoperpairpura(ITP),
incidentaklevatedserumparaproteitevels,iron deficiencyanemia,
B, /folatedeficiengyolycythemigera,or infectiousnononucleosisiit
theseconditionaremoreappropriatetliagnosedy routindaboratory
Bone marrowconsistsof stem cells, which are large, "primitive,”
undiferentiateckellssupportelyfibrousissuecalledstromar hereare2
mairtypefstencellandthereforéhebonemarrowonsistsf2types

Bone marrow aspiration.

Cr

X
orimmuneleficiencgtatusThismaycontributéo a highinfectiomisk,
suchas in patientsvithhumanmmunodeficieneyus(HIV)infection,
underlyingutoimmungeficiencgeg,WiskotldrictSyndromeand/or
the use of immunosuppressiagentsRiskof bonefragilityPrevious
surgeriesshemotherapgndradiatiortherapycanincreasehe risk of
bonefragilityaswellaspathologiprocessethatmaycontributeo bone
resorptiorfeg, osteoporosisnultiplenyeloma)?reviousliagnosi®f
malignancieThesearea riskformetastasit bone Glycogestorage
diseasesRiskforhematolog@nomalieContributinfgctorsncludea
patient'snutritionstatus, alcoholismmedicationsand historyof a
coagulatiofactordeficiencyAllergiesTestingand/orknowledgef a
patient'sllergystatusarepreventiveneasure® thepotentiadllergens
exposedduringbone marrowsamplingsuch latex, anestheticgeg,
lidocaineqntiseptiqggpovidone-iodine).
Clinical presentation: Performathorougphysicaxaminatidnassess
the patientfor signsof malignangynfectionslesionsassociateavith
hemorrhagiojuryas wellas disordersf hemostasiandcoagulation.
Laboratongstsshouldnitialljncludeompletblooctel (CBCrountsa
reticulocyteountperipherddloodsmearsprothrombiime/international
normalizechtiq PT/INR@ndactivategartialhromboplastimeaPTT).
Othestudiesakeintoaccountheclinicapresentatiaandmayconsisof
thefollowingserunmironstudiesserunferritirstudyvitamif,,andfolate
levels, erythrocyte sedimentation rate (ESR), serum protein
electrophorespgatelefunctiostudies;oagulatiamixingtudyfibrirD-
dimersserunfibrinogetevels serumbilirubidevelsandradiographs.
Obtainnformegatientonsenthatprovideprocedurahformatioand
potentialcomplicationgeg, hemorrhageinfectionspain). This will
minimizanyapprehensioathepatientnayhave.
Collection Site
The safe and preferred sites for bone marrow aspiration and/or bio
describetielow Aspiration and biopsy: Posteriosuperioiliaccrest:
Thissthemostommonkmployesiteforreasonsfsafetyadecreased
risk of pain,and accessibilityrhe posteriosuperioiliac crestsite is
localizetbthecentratresareaSeeheimagdelow

Patient position (posterior superior iliac crest).
AntericsuperiatiaccrestThidsanalternativeitewhertheposteridliac

of cellular tissue. One type of stem cell is involved in producing bloodtesiis unapproachaldenotavailablelueto infectioripjuryor morbid

andheotheisinvolvethproducingtfromatellsyhictareresponsibfer
thesupportingtromaSamplingfthemarroweonsistsfeitheaspiration
ofthecellulacomponeand/oacquiremeaftissudragmentéspiration
of themarrowas showrbelowhasbeenprimarilytilizedor cytologic
assessmentithanalysidirectetbwaranorphologgndobtainmeta
diferentiatellcountFurthesamplingllowsfor materialo be directed
towardother ancillarytest such as cytogeneticanoleculastudies,
microbiologic cultures, immunohistochemistry, and flow cytometry.
Biopsieson the otherhand,allowfor studiesof the marrow’ overall
cellularitydetectionf focallesionsandextentof infiltratioby various
pathologientities.
ForpatienéducatioimformatiomisittMedicine@steoporosismdBone
HealthCenterand CanceiScreenin@enteras wellas BoneMarrow
Biopsy

Preliminary Assessment

An initialreviewof the patiens clinicalbackgrounds necessaryo
determinehethesbonemarrowvaluatioswarranted.

Medical history: Travelhistoryexposurego parasitegleishmaniasis),
fungi(histoplasmosiBryptococclsnycobacteriemmuneompromise

obesityThe anteriosuperioiliac crestsiteis localizedo the center

prominencandethelipofthecrestThidocatiorsgenerallyotpreferred
duetothedenseorticdayeywhichmakesbtainingamplemoreificult

andsmalleinsize aswellascreatesriskforanincreasegainfuévent.

Aspiration only: Thesternunissamplednlyasalastresorinthosenlder

thanl2yearsandnthosevhcaremorbidlgbesebutitshouldeavoided
inhighhagitate@atientslodecreastheriskofpenetratingeunderlying
soft-tissuergansthesternasiteislimitedoaregiorithatspandetween
thesecona@ndthirdntercostabacesr hetibisissamplednlyforinfants
youngethan 1 year and the procedurés conductedindergeneral
anesthesidalhissiteis localizedo the proximaanteromedialurface,
belowthetibialtubercleT hetibiallocations notutilizedn olderpatients
becausthemarrowellularitgnotconsistent.

Procedure

Amarrovbiopsyftheposterior/anteribaccrests generallperformed
beforeaspiratiosamplinglueto thefactthe biopsytechniquénduces
elevatethromboplastiobstance$heconsequenadthissareduction
intheefectivenessfanaspiratiosamplingdoweveas manyclinical

requestareforanaspiratiosamplenlythisechniquisdescribefifst.
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Aspiration: The patient is placed in the lateral decubitus position, with éneobtainetlyattaching separatsyringegollecting mLatatime The

toplegflexe@ndthelowetegstraightalpatéheiliaccrestandmarkhe
preferredamplingitewithapenAseptitechniquisemployedhcluding
sterileglovesand gown.The site is preparednith an antisepticeg,
povidone-iodiner chlorhexidingluconate)scrubbedand draped,
exposingnlythesitetobesampledSegheimagebelow

Skirpreparation. Sitepreparation.
Theskinandtheunderlyintissueto theperiosteurareinfiltrateavitha
locabnesthetieg approximatelPmLof1%Xylocaingidocaine p\10-
mLsyringavitha25-gaugeeedlésusedoinjectaninitiaD.5mLdirectly
undertheskin,raisinga wheal A 22-gaug@eedlds usedto penetrate
deepeintathesubcutaneotissuendheunderlyingeriosteuraparea
roughlcmindiameter

Local anesthetic injection.
Adequacyftheanesthesistestedygentlyproddintheperiosteumith
thetipoftheneedleandguestionirtgepatientoranypainfutensatioftis
importarto beawareof change@ thepatient'somforkevelthroughout
the procedurego not only decreasehe patient'sanxietylevel,but to
minimizenovementbaimayafectheeficacyftheprocedurélaving
familynembepresentayhelptoalleviatéhepatient'anxietyloensure
suficientpaincontrols beingmanagedvell,the persorperforminthe
procedurshouldalktothepatientliscusshestepgakerthroughotie
processandlistento the manners wellas the contenbf the patient's
response.

Askinincisioiis madewitha smalsurgicabladethroughvhicklthebone

AspirationeedI@lacement. Bonenarrowspiration.
Oncethe needlecontactghe bone,it is advancedby slowlyrotating
clockwisandcounterclockwisetithecorticabonespenetrateandthe
marrowavitysenteredContaaiththemarroweavitysusuallyotecy
a suddemeductiom pressureThedepthof the penetratioshoulchot
extendbeyondninitial. cm.
OncewithithemarrowavitythestyletsremovedJsingg20mLsyringe,
approximatddy3mLofbonemarrowsaspiratedvolumegreatethar0.3
mL may dilute the samplewith peripherablood and thus is not
recommende@ihemateriatollectedorbonemarrovglidess generally
not mixedwithan anticoagularandit is processetmmediatelfy a
technologighisavoidsnycellulamorphologartifactdftherastobea
delay in slide preparation, place the sample in an EDTA
(ethylenediaminetetraaeetianticoagulant-contaimirg preferably
apediatric-sizébeoavoicexposurmexcesanticoagulant.
Ifadditionaharrovisneededorancillargtudiessubsequespecimens

samplearethentransferremhtoananticoagulant-contairirigethatis
appropriat®therequestestudyheparifiorcytogenetenalysisither
heparinor EDRA for immunophenotypirfgrmalinfor a Cytoblock
preparatioandglutaraldehyéi@ultrastructurkamination.
Themarromeedlésremove@ndpressuresappliedotheaspiratiosite
withgauzeintibnybleedinbasstoppefseePostprocedu@are).
Oncethe aspirations completecthe specimeris processedby the
hematopatholagghnician.

Bone marrow biopsy: Anyof severaheedlemodelscanbe utilized;
howeverthe Jamshidneedleis consideredhe mostpopular This
disposableeedléstapereatthedistaendiohelpretairthespecimefor
improveextraction.
Patienpreparaticistobefolloweththemannepreviouslgescribefbr
bonemarrowaspiration.
Theneedlewithstyletockednplaceisheldwiththepalmandndexinger
andrepositionezbthata newinsertiositeiscreatedorbiopsyampling.
Onceheneedl¢ouchethebonesurfacehestyletsremoved.

W

Bone marrow biop&gmshidi needle placement.
Usingirmpressureslowlyrotateheneedlén analternatinglockwise-
counterclockwisstionandadvancét intothe bonemarrovcavityto
obtaimnadequatbonamarrovgpecimemeasuringpproximately6-3
cminlength.

Rotatethe needlealongits axisto helploosenthe samplepullback
approximately3mm andadvancéheneedlagairslightlyatadiferent
angletohelpsecur¢hespecimen.
Followinghisprocedureslowlypullthe needleout, whilerotatingn an
alternatingjockwisandcounterclockwis®tion.
Removéhespecimefromtheneedlendintroduce probehrouglthe
distatuttingend Iftheaspiratevasunsuccessf(ie,a"drytap")thecore

biopsymaybe usedto maketouchpreparationseeSlidePreparation).

Thismusbeperformebleforglacinghespecimeimformalin.
Placehespecimeimformalisolutioforhistologigrocessing.

Themarrowneedlés removedandpressurés appliedo the sitewith
gauzeintianybleedinbasstoppe(sedostprocedu@are).

The Sternum

NoteWiththissite onlyaspiratiois to be performe@ndit is onlyto be
performedhnadolesceandadulpatienpopulations.

Thesecondo thirdintercostdévelof the sternunis palpatedandthe
selectedamplsiteismarkedvitheapenNoteTheareachoseshoulde
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to onesideof the midlineas the marrowcellularitys consideretb be
diminisheatthaiocation.
Thedesignatearedspreparedithanantiseptiscrulanddraped.
Aseptitechniguisemployedhcludingterilglovesandgown.
Locahnesthetisusedoinfiltratéontheskirntotheperiosteum.
Aftesmaltutismadédntheskinwithasurgicaladetheaspirationeedle
withthestyletockedhplaceisinsertedntitheneedl¢ouchethebone.
Withthesametechniquéescribeth theabovesectior{seeProcedure:
Posterior/AnterlbacCrest)advancéheneedléntothemarroveavity
obtairthespecimergndremoveheneedleNote Unlikeothersitesthe
attachegjuards notto beremovedatherit is adjustedo allowforthe
maximundepthof needlepenetratioto 0.5 cm. Thispreventseedle
slippagthatarnresulininjurgotheunderlyingediastinalgans.
Corebiopsiearenottobeperformefionthesternum.

Unilateral Versus Bilateral lliac Crest Biopsy

Controversgxistsin the applicatioof bilateralliacbiopsiesHowever
recenstudiedavendicatethathistechniquimicreasetheprobabilityf
detectindocallesionssuchasin the caseof carcinomandlymphoma
stagingwherell-16%of casesnaybe missedvithunilaterabiopsies.
Wangetal reporte@nimprovemeitidentifyingonemalignananthe
followingathologicases Hodgkindiseaséy19.5%sarcomaky14%,
carcinomasy11.5%andnon-Hodgkipmphomlay4.6%Unilateraliac
samplingvas considereduficientin patientgdiagnosedvith multiple
myeloma,chronic myeloproliferativéisorders,and myelodysplastic
syndromes.

Postprocedure Care
Aftetheprocedurdympressurisapplieforsminutesseverdhyerof
sterilegauzeplacedverthewoundsite.Removeesiduaantiseptito
avoidfurtheskinirritatiofby thesolutionlf hemorrhagieomthewound
persistsghenplacehepatienin thesupingositionwithgauzeoverthe
woungaite sothatconsisterressureanbeappliedoraminimurof30
minutesRarelybleedingnaybe presentif thatis the case,consider
placingpressurdressin@gaimwithithepatieninasupingositiorforan
additiond hourThepatienistobedischargedithordershathewound
dressingstobemaintaineidadrystatefor48hoursThewounditeisto
becheckeftequentlandif persisteriileedingrworseningainoccurs,
thesdindingaretobereportetbthecliniciasofice.

Slide Preparation

Thisstagein bonemarrowpreparatioshouldoe performedy trained
personnel, such as a hematopathology technician. Thin-spread
preparatiorgfaspiration-collecsaimpleglacedntoglassslidescan
be preparedh numerousvays all of whichhavethe aimto retainand
evaluatenarrowparticlesThesespiculesffatdropletgnotprominently
seenin pediatricasesandfragmenteldonearelikelyto haveadherent
cellulamaterigdndthusbeatargeformorphologavaluatiodnaspirate
smeaiis themostsimplistiof themethodssimilatin presentatioas a
peripherélloodmearddropoftheacquiredpecimeisplaced cmfrom
theedgethatopposethefrostedlabeledéndand witha secondjlass
slideplace@ta30%nglethesampléspushetbwardheopposingiden
onerapicdsmootistrokeExcessampleanberemovedbytiltingheglass
slideontogauzeorpipettingheextraneoutuid Squasipreparatiorare
preparednglasslidedyplacingnarroyparticlesnaslideandpressing
the particlesvithanotheslide. Thesepreparationare usedto better
observecellulaiinteractionas the architecturef the marrowunitis
preservedThe coverslip methodproducesampleghat havebeen
concentratedoreghanthesquasipreparatioitheaspiratarticleare
selectedroma petridishanddirectlylacedntoa glasscovesslip.Ina
mannesimilatothesquasimethodgsecondoveslipisgenthappliedo
crushthe sample Eachcoverslip is thenstainedindividuallyThus,
enhancedemovabf contaminatirgeripherdiloods performedgain
with retention of the marrow unit architedioreshiopsy touch prints

Crix

techniciagentljtoucheshetissuegragmenontoa glassslidethiscan
providenorphologietailsimilatothatofanaspirateMarrovparticles
canbecollectethaggregatasaclotandprocesseithasimilamanneto
thatboftissueThesoliccomponeigconcentratdayplacinghespecimen
inafinelymeshedbagthatretainghetissugragmentfutwhichallows
excesfluidoescape.

Bone

Bone marrow aspiration and biopsy slides before staining.
Standardstainsusedfor the initialevaluatiomncludeWrightor May-
Grunwald-Giemsginingvhichenhanceytologidetail Otherspecial
stainganbeutilizedorvarioupurposesuchasPrussiablueforironin
casesof suspectechemosiderosisr for the ringedsideroblastsf
myelodysplastisyndromesMyeloperoxidas&udan Black B, and
leukocytalkalingphosphatasare usedin the categorizatioof acute
myeloideukemiaf eriodiacid-ScHifPAS)stainenhancedepictionf
cellghatareimplicateidglycogestorageéiseases.

Morbidity/Mortality

In 2002the BritishSocietyf Haematologgitiatecdin annuakurveyto
assesghevariougypesandincidencef bonemarrovbiopsyadverse
eventsBainsummarizegesultofa 7-yea(19950 2001 yetrospective
studyand identified26 adverseeventsamongapproximate4,890
biopsiesyithanoverathnnuahcidencef0.05%T hemostommoside
efectsin orderof decreasinfiequencwerethefollowingaemorrhage,
needlebreakageandinfectionsRiskfactorsfor hemorrhagicluded
concurrentanticoagulatiotherapyor underlyingmyeloproliferative/
myelodysplassyndromen whichplatelefunctiorwasafected.Two
casesverefatalandwereattributetb sepsisasndmassivéaemorrhage.
FoureardateraprospectiwtudypyBairrevealed5adverseventina
singleyear withan overalincidencef 0.07%notsignificantlgiferent
fromtheprevioustudy'sesultsHowevealthoughemorrhageasstill
considerettiemostommonkncounteregideeffectthisstudyevealed
thatpain,anaphylactieactionandfracturesvereprominergecondary
consequenceBvofatalitgasesattributetblaceratioofbloodressels,
weraeporteffon0,32®onemarrovaspiratioandbiopsyrocedures.
Special Concerns

Generahnesthesi@ requiredor pediatricases,somesternabone
marrowsamplingasesandin thosepatientsvhoare highlyanxious.
Sternadbonemarrovaspirationasahigheriskofcomplicatiotisarother
sitegduetothedelicatbonestructuréapproximatelymthickinadults).
Penetratiaoftheunderlyingnediastinarganganresultnmediastinitis,
pulmonargmbolismpneumothorakardiactamponadeand cardiac
tissue injurfror these reasons, biopsies are not to be performed fro
sternumiwarenessfanatomicariationandpathologigbhatmayafect
bonedensity(eg, osteoporosispultiplenyelomagan preventurther
complicatiorandinjuriesThrombocytopeiliganota contraindicatiom

are useful, especially if the aspirate is dry and the only sample availdid@émarrowaspiratiorand biopsy Correctiveactionis requiredor

the bonemarrowbiopsy In touchpreparationghe hematopathology

coagulatiodisorderbeforebonemarroveamplingipplicatioof sterile
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techniqudsrequireththepreventioafinfection®rytap,orthelackof
specimerobtainmenduringthe aspiratiorsamplingorocessjs most
commonlglueto technicgbroblemsuchasmisalignmenttheneedle.
Otherconditionshatshouldoe considerednd may contributéo the
decisiorof obtaininga biopsyare recentradiatiortherapyexposure,
aplastic anemia, myelofibrosis, or bone infiltrative Aeoplasmthat
tissueshrinkageanoccuatanapproximatateof25%afteprocessing,
thedesirediopsysamplingizeshouldnitiallype greatethanl.5cm,
preferablg-3cminlength{pediatrisamplesiaybeassmalbs0.5cm).
Sucha sizewillallowfortheevaluatioof 5 or 6 intertrabeculapaces,
whichsconsideresuficiensamplinfpradiagnosifarelychronipain

Cr

X
mayoccuatthesiteofbonenarrowamplinghusrequirinfurtheclinical
management.
Medical-Legal Pitfalls
Failureto preventrecognizeor initiaterapidresponseo excessive
bleedingr, rarelyto an anaphylaxianesthetieventduringthe bone
marrovsamplingrocedurg~ailuréousepropesafetyechniquesuch
as havinga guarddeviceto prevenheedleslippagespecificallguring
sternahspirationt-ailuréoidentifgomplicatiomsamplingniliaccrest
that results in penetration of the underlying gastrointestinal tract as
bloodressels—thattemwhichrungheriskofthedevelopmenfmassive
retroperitondamorrhagndgluteatompartmesyndrome.

BOUQUET
In Lighter

---AplanesonitswaytoTorontowherablondéneconomglasgyetsup,and
movesothefirstclasssectiomndsitsdownTheflightaittendanwatcheber
dothis,andasksto seeherticketshethentellstheblondehatshepaidfor
economglassandhashewilhavedositintheback.
Theblondereplies;I'mblonde)'m beautifullm goingto TorontoandI'm
stayingightere.”
Theflightattendargoesntothecockpiandtellsthepilotandtheco-pilothat
therdsablonddimbagittingnfirstclassthatbelongmeconomyandwon't
moveéackoherseat.
Theco-pilogoeshackotheblondandtriestoexplainhatbecaussheonly
paidforeconomghewillhaveto leaveandreturnio herseat.Theblonde
replies;|'mblondd, mbeautifullmgoingoToront@nd'mstayingighhere.”
Theco-pilatellsthepilothatheprobablghouldavethepolicevaitingvhen
theylandoarresthisblondevomamvhovon'tistertoreason.
Thepilosays,yowsaysheisablondePllhandl¢his)'mmarrietbablondel.
speaklonde.”

Hegoesbackto theblondeandwhisper#n herear andshesays,"oh,I'm
sorry'andgetaupandgoesackoherseaineconomy
Theflightattendareindco-piloareamaze@ndaskechimwhathe saidto
makenemovavithouanyfuss.

"Itoldher"firstlasssn'goingoTorontd.

---THEPERFECT HUSBAND

Several men are in the locker room of a gotfetlular phone on a bench

ringsanda manengageshehands-frespeakefunctiomndbegingotalk.
Everyonelsentheroonstopgolisten.

MAN: "Hello"

WOMAN: "HiHoneyit'sme Areyouattheclub?"

MAN: "Yes."

WOMAN: "I'mattheshopsiowandfoundhisbeautifubathecoatit'sonly
$2,000sitOKifl buyit?"

MAN: "Suregoaheadfyouiketthamuch."

WOMAN: "l alsostoppedbytheLexuglealershipndsawthenewmodelsl
sawone reallyiked."

MAN: "Hownuch?"

WOMAN: "$90,000;"

MAN: "OKbpuftforthafpricd wanttwithalltheoptions."

WOMAN: "GreatOh andonemorehing. lwagusttalkingoJanieandfound
outthatthe housd wantedastyearis backonthemarketThey'reasking
$980,00fDrit."

MAN: "W&ll thergoaheadndmakeanofferof$900,000-hey'ibrobabliake
it.Ifnotwecangotheextraeighty-thousaifid'swhayoureallyvant."”
WOMAN: "OKl'llseeyouater! loveyousomuch!"

MAN: "Byelloveyoutoo."

Themanhangsup. Theothemenin thelockeroomarestaringat himin

Heturnaindasks;Anyonknovwvho'phonghiss?"

Wisdom Whispers

| Whenyouwerebornyouwerecryingandeveryonaroundg/ou
wassmiling.iveyoutifesothatvheryoudie,You'reheonewho
issmilind\ndeveryonaroungouscrying.

|  The happiesof peopleDon'tnecessarilyave the best of
everythingfheyjustmakethe mostof everythinghatcomes
alongheimway

| It'struethatwedon'tknowWhatve'vegotuntilit'sgone Butit's
alsotruethatwe don'tknowWhatwe'vebeenmissinguntilit
arrives.

| Thebeskindoffrienddsthekindyoucansitonaporctandswing
with NevesayawordAndthenwalkawayfeelindikeit wasthe
bestonversatigou'vevehad.

Brain Teasers Match the following Gross Pictures with

corresponding disease entities.

1. A. Polycystic kidney

2. B. Renal cell carcinoma
3. C. Renal infarct

4. D. Renal tuberculosis
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INTERPRETATION

INTERPRETING ANTIPHOSPHOLIPIDS ANTIBODIES

AND MISCARRIAGES

The Antiphospholipid syndrome (APS) is an autoimmune disorder

characterizely the clinicalpresenceof thromboembolitiseaseor

pregnancgomplicationghatincludefetalloss, fetalgrowthrestriction,

preeclampsiaysociatedithdemonstratiaipersisterantiphospholipid

antibodie®\PSscharacterizdryanautoimmun@ocesshatisseparate
in manywomenfrom systemidupuserythromatosy$SLE)and other
connective diseases. Lupus anticoagulants (LA) and Anticardiolipin
antibodieACA)reclinicallymportardntiphospholipdtibodieARA)
that belongto a heterogeneougroupof antibodieslirectedagainst
negativelghargephospholipidé AandAClLpredispos®clottingnvivo,
predominantlyy interferingviththe antithrombotiole of plateletsand
thereforareassociatedithclinicathrombosis.AandACLaretherefore
considerebbeimportanmharkergorpregnandpssandintrauterinietal
demiseA greaterpregnancyoss was observedn womenwho were
repeatedlpositivdor LA. In a studyby Donald Feinsteina historyof
pregnandpssoccurreth24ofthe55pregnanciespatientwithpersistent
LApositivitgomparedith8 of67pregnanciés LAnegativeregnancies.
RecentlizAs andAC/As havebeerrecognizedshavingroleinrecurrent
pregnanciossevenin womerwithno clinicallydiagnosedutoimmune
diseasel hediagnosisfAPSsbasednbottclinicahindaboratorgriteria.
Theclinicatriteriancludesasculahrombosisrpregnanayorbidityrhe

laboratorycriteriaincludesa positivetest for lupus anticoagulants,

anticardiolipamtibodiesrantia-2-gycloprotdiantibodiesntwoormore
occasionatleastl2weekspartSincéreatmewithanti-aggregantsgh
dose intravenousmmunoglobulirend plasmapheresisan lead to
successfydregnancieswouldoe wiseto monitocloselycaseswith AR
positivity

Lupus anticoagulants:

Cr

X
abnormathena confirmatogssaypasedndR/VT(LAconfirmjnustbe
used Routinelottingestssuchas PTandAPTTshoulde performetb
evaluatéhepossibilitgfotheicoagulatiaisorderthatmayinterferen LA
methodology. Solid phase assays for anti-phospholipid assays
(Anticardiolipmtibodiesglthouglirequentlpositiven patientsvithLA
shoulahotbeconsidereasaconfirmatoprocedur®rLAactivity
Based on these recommendations an approach to LA diagnosis has
been charted as described below:

Approach to LA diagnosis table

(o )
SCREENING TESTS MIXING STUDIES CONFIRMATORY STUDIES
TEST1 Abnormal | MIXING STUDY Fﬁg;‘rfcto DOCUMENTATION OF ;
(e.g. KCTIAPTT) (PP + NP) PHOSPHOLIPID Positive
Lol DEPENDENCE
(e.g. dRVVT)
ey Abnormal F:g?r,ee c:u T
Yy Corrects S
Corrects
. QTE:J@T) FACTOR ASSAYS
INCUBATED
Normal MIXING STUDY
SPECIFIC FACTOR
DEFICIENCYOR . .. o
\STOP EVALUATION FOR LA INHIBITOR NP - Normal Num:‘)

Establishing routineapproactiio LA diagnosisvouldeadto improved
managemeattheseatientshinumbeofintegrateslystemfordiagnosis
ofLAshavebeerdevelopedhesesystem@corporai@screeningssay
amixingtudyandconfirmatoprocedurmtoa singleéattery Asimplified
methodorperformintheDR/VThasbeenintroducedn thismethodhe
venomgalciumheparimeutralizeandphospholipidgecombinedhtoa
singlereagen{DR/VTscreen)Thereagenhasbeenfurthemodifiedo
show phospholipiddependencéy increasinghe phospholipidand
modifyinthefactoXactivatqiDR/VTconfirm) hebaselindR/VTcanbe
performednthepatienplasmaand/orl: 1 mixturef patienandnormal
plasmalf an abnormaiimeis obtainedthe confirmatorgssaycanbe
performedWisldf and colleaguehave introduceanotherintegrated

First described in 1952, the Lupus anticoagulant (LA) an immunoglobuippisacho thediagnosisf LAs. APTTE anddR/VE areperformedn

an immediat@ctingcoagulatiomhibitomwhichappeargo be directed
specificallpgainsthe phospholipidsoietyof prothrombinasmmplex
formedyinteractiooffactorXa,Va,platelgphospholipidsdcalciunl. A
binddophospholipattivecoagulatidiactorsvhictslowslowrtherateof
thrombigeneraticandhereforeetardsloformatioimvitroputpromotes
bothvenousand arteriathrombosig vivo.Its strongassociatiomwith
thromboembolphienomenospontaneousiscarriagandstillbirtthas
beenestablisheih severaktudiesSeverahreasof concerrhavebeen
identifiedn the diagnosi©f LA includinghe pre-analyticalariables,
analyticalariableshiologihiomogeneityf LAs,andtheirrelationshifm
othephospholipittpendaintibodies.

In its 1991 report The Lupus anticoagulant / Antiphospholipid
subcommittee (Subcommittee) recommended four criteria for diagnosis
of LA: Prolongaticof phospholipidependartiottingassayEvidencdf
inhibitiondemonstratethy mixing studies.Evidenceof phospholipid
dependenckaclofspecifimhibitioafanyonecoagulatidactor

The following recommendations and guidelines serves to be useful for
LA diagnosis: Bothpatienandnormaplasmahouldeasplatelet-fress
possiblgheplateletounshouldelessthanl0X 10/L. Twoormoretests
shouldeusedoscreeriora LAbeforghediagnosis excludeditleast
oneofthesdestsshouldebasednalowphospholip@bncentratideg.
KCTdRVVT)Theassayshouldepreserdiferenassayrinciplegforeg.
APTTanddRVVT)Inhibitoactivitshoulde documenteay theeffectof
patienplasmanpoolediormaplasmarhisstepcanbeincorporatadto
theinitiakcreeningroceduréidiagnosisfLAshouldotbemadeonthe
basisof multipleabnormascreening@ssaysand mixingstudiesalone.
Confirmatostudiesneedto be performetb documerthe phospholipid
dependencef theinhibitorConfirmatorgssaysmustbe basedon the
methodjivinganabnormalcreeningssayroreg.lfdRVVT(LAscreenis

normablasmandatestimixturefpatienaindnormablasméanaratioofl:1
atlowandhighconcentration$phospholipidBheraticofclottingimesof
the test mixtureat low and high concentratiorsf phospholipiis then
comparetbtheratiofclottingme®fthenormablasmatthelowandhigh
concentrationfphospholipids.

The Anticardiolipin Antibody
TheACAontheothethandareimmunoglobuliflgG lgMandlgAclass)
directedgainshcomplegonsistingfa-2gycloproteli@-2GPIboundo
cardiolipimnanionighospholipidnticardiolipantibodiewerethefirst
antiphospholipiantibodiesdentifiedby immunoassayOriginallythe
antigeniepitopencardiolipiwashoughreside@ncardiolipiitselfbutt
has beensubsequentighownthat the antigendetectecby cardiolipin
antibodiesesidesvithire proteircardiolipinomplexisuallynvolving-2
GPl as proteinpartner Currenimmunoassayfer ACAare therefore
performedh the presencef &2 GPIl.Theanticardiolipgntibodiesre
usuallydetectedy solid phaseimmunoassaysichas ELISAbased
methodandemplogardiolipianda-2GPI(ascofactonsolidohase.
Conclusion
Recurrerfetalossisresponsibiacausingreaphysiologicahentaand
socialagonyto womenACAand LA are the clinicalljmportanfFAs
contributing to this enigrha. simplicity of the anticardiolipin antibody t
andthebeliethatit is alwaysassociatedithLAhasbeenresponsiblia
reducinghecaseffetallossto someextentHoweveseverataseof
recurremhiscarriageseassociatedithLAbutnotACLandthecomplexity
of LA detectiorhas be a hurdlein reducinghe pregnancynorbidity
associatedithAPSTheavailabilitgfpropeguidelinefrdiagnosisfLA
andthe improvemerin the assaydor its detectiorwoulddefinitelyoe
responsiblén fosteringhe diagnosiof lupusanticoagulantfhereby
alleviatintpeagonyfmiscarriag&swomen.
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