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INTRODUCTION

Themajorcausesofperinataldeathandchild
hoodhandicapareaneuploidies.Approximate
ly10%ofbirthdefectsaccountforaneuploidies
orchromosomeabnormalitiesandareassociat
edwithhighmortalityandmorbidityrates[1].

Thenuchaltranslucency(NT)wasvisual
izedbyultrasonographyasatransientsub
cutaneouscollectionoffluidbehindthefetal
neckat1113+6weeksofgestation[2].Inthe
last twodecades,manystudiesfocusedon
thefirsttrimestersearchingfortheassocia
tionofanincreasedfetalneckthicknesswith
chromosomalabnormalities[25].Thefirst
trimestercombinedscreeningfortrisomy21
hasdemonstratedthatacombinationofma
ternalparameters(maternalageandmaternal
serumfreeβhumanchorionicgonadotrophin
(βhCG),pregnancyassociatedplasmapro
teinA(PAPPA)andfetalultrasonographic
parameters(fetalNT)canidentifypregnancies
withhighriskforaneuploidies[2].

Abeneficialeffectofscreeningfortrisomy
21istheconcomitantearlydiagnosisoftri
somies18and13,whicharecommonchro
mosomalabnormalities.Allthreetrisomies
areassociatedwithincreasedmaternalage,
increasedfetalNTanddecreasedmaternal
serumPAPPA.Intrisomy21,serumβhCG
increaseswhereasintrisomies18and13it
decreases[2,3,4].Trisomy13unliketriso
mies21and18isassociatedwithfetaltachy
cardia[5].

Ascreeningstrategyfortrisomy21based
onmaternalageandtwobiochemicalmarkers
withfetalNTthicknesshaddetectionrateof
8595%fora5%falsepositiverate[1,2].

OBJECTIvE

Inthisstudy,weanalyzeddetectionrateand
falsepositiverateofscreeningforaneuploidies
intheperiodoffiveyearsbycombinationof
maternalage,fetalNTandserumβhCGand
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Introduction Aneuploidies are the major cause of perinatal death and early psychophysical disorders.
Objective In this study, we analyzed detection and false-positive rates of screening for aneuploidies 
in the first trimester by the combination of maternal age, fetal nuchal translucency (NT) thickness and 
maternal serum free beta-human chorionic gonadotrophin (β-hCG), and pregnancy-associated plasma 
protein-A (PAPP-A) at 11-13+6 weeks of gestation, using the appropriate software developed by the 
Fetal Medicine Foundation.
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determination for the risk cut-off of 1:275 were evaluated.
Results In the trisomy 21 pregnancies, the fetal NT was higher than 95th centile, in 72.8%, serum free 
b-hCG concentration it was above the 95th centile in 55% and serum PAPP-A was below the 5th centile 
in 47% of the cases. In the trisomy 18 and 13, the fetal NT was above 95th centile in 66.6% and 44.4% of 
the cases, respectively. The serum free b-hCG concentration was above the 95th centile in 0 and 10%, but 
serum PAPP-A was below 5th centile in 80.9% and 88.8% of pregnancies. In the trisomy 21 pregnancies the 
median free beta-hCG was 2.3 MoM and the median PAPP-A was 0.45 MoM. Chromosomal abnormalities 
were detected in 169 fetuses: trisomy 21 (97), Turner syndrome (19), trisomy 18 (28), trisomy 13 (11) and 
others (14). Detection rate of combined screening for aneuploides were 86.0% with false positive rate 
of 5.3% (mean age 33±4.9 years, >35 years in 35% of pregnancies).
Conclusion Our study suggests that the strategy of first-trimester combined screening of biochemical 
values and ultrasonographic parameters at 12 gestational weeks identifies higher percentage of 
aneuploidies with a lower false-positive rate than a single parameter strategy.
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PAPPAusingtheappropriatesoftwaredevelopedbythe
FetalMedicineFoundation(FMF).

METHODS

Ourprospectivescreeningstudyfortrisomy21analyzed
4,172singletonpregnanciesbyusingthecriteriaoftheFMF
intheperiodoffiveyears,fromJanuary2006toDecember
2010,“inHighRiskPregnanciesDepartment,Obstetrics
andGynecologyClinic“Narodnifront”.TheFMFhases
tablishedawidelyacceptedmethodoftraining,certification
andongoingauditofresultstoensurehighqualityinthe
performanceofthe1113+6weekscan[1].Thisscreening
includedmaternalage,fetalNTthicknessandmaternalse
rumβhCGandPAPPAforafirsttrimesterassessmentof
riskat1113+6weeksofgestation.Transabdominalultra
soundexaminationwasperformedtodiagnoseanymajor
fetaldefectandtomeasurecrownrumplength(CRL)and
fetalNTthickness(Figure1).Thepregnancywasdatedac
cordingtothelastmenstrualperiod,butifthedatewas
uncertainortheestimatedgestationbyCRLwasdiscordant
bymorethan7daysfromestimatedgestationdates,the
CRLwasusedtodatethepregnancy.Maternaldemographic
characteristics,ultrasonographicmeasurementsandbio
chemicalresultswererecordedinacomputerdatabase.

Allthesonographersinvolvedhadcompletedtraining
andreceivedtheFMFCertificateofCompetenceinthe
1113+6weeksscan[1].

Inbiochemicaltestingitisnecessarytomakeadjustments
inthemeasuredmaternalserumconcentrationofβhCG
andPAPPAtocorrectforcertainmaternalandpregnancy
characteristics.Eachmeasuredlevelisfirstconvertedtoa
multipleofexpectednormalmedian(MoM)specifictoa
pregnancyofthesamegestationalage,maternalweight,
ethnicity,smokingstatus,methodofconceptionandparity.
TheMoMdistributionofeachmetaboliteinunaffectedand
trisomy21pregnancieswasimplicittobeCaucasian[1,2].

ThedistributionforfetalNTforCRLusingthe95thand
99thcentiles(FMFrange),formaternalserumβhCGus
ingthe95thcentileandforPAPPAusing5thcentilewere
determined.Sensitivitiesandfalsepositiverateswerecal

culatedbymultiplyingthematernalagerelatedriskwith
thelikelihoodratio(LR)derivedfromthefetalNTandthe
maternalserumbiochemistryusingtheFMFsoftware[1].
Thesensitivitiesandfalsepositiveratesfortheriskcutoff
1:275werecalculated.

MeasurementsofmaternalserumβhCGandPAPPA
werecarriedoutontheKryptoranalyzer(Brahams,Hen
ningsdorf,Germany)andwerecorrectedformaternal
weight.Afterinformedconsentwasobtainedfromeach
woman,amniocentesiswasdonetransabdominallyunder
directultrasoundvisualizationwitha20Gneedle(Cook
Medical).Allamnionsamplesweresentforkaryotype
analysistothegeneticslaboratoryofourhospitalorGe
neticsLaboratory,InstituteofMentalHealth.

Screeningaccuracywasassessedbyperformingre
ceiveroperatingcharacteristics(ROC)curvesanalysisfor
maternalage,NT,βhCGandPAPPAintheprediction
ofaneuploidy.Allcalculationswereperformedusingthe
SPSSversion17softwarepackage[6].

RESULTS

Duringafiveyearstudyperiod,atotalof4,172singleton
pregnancieswithlivefetusesunderwentscreeningforan
euploidybyacombinationoffetalNTandmaternalserum
βhCGandPAPPA.Themeanmaternalagewas33years,
and35%ofthemotherswere35yearsorolder(Table1).
Meanbodyweightwas78kg(range5398),and42.3%of
womenweresmokers.In91.9%ofwomenconceptionwas
spontaneousandin8.1%itwastheresultofassistedrepro
ductiontechniques.Themeangestationatscreeningwas
12.2weeks(range11.013.6wk)andthemeanCRLwas65
mm(range4584mm)(Table1).Chromosomalabnormali
tiesweredetectedin169fetuses;97hadtrisomy21and72
hadother,includingTurnersyndrome(19),Edwardssyn
drome(28),Patau(11)syndromeandother(14)(Table2).

Inchromosomallynormalpregnancies,thefetalNT
wasabovethe95thcentileofthereferencerangein4.2%
(168/4003)ofcases,maternalserumβhCGconcentration

Figure 1. Longitudinal view of a 12-week fetus with thickened 
nuchal translucency (NT) and nasal bone

Table 1. Clinical characteristics of study population

Parameter Value

Number of pregnancies 4172

Maternal age (years) 33±4.89

Weight, median (kg) 78±2.33

Spontaneous conception (%) 91.9

Smoker (%) 42.3

Gestational age (weeks) 12.2±0.4

Crown-rump length (mm) 65.0±2.3

Karyotype, normal 4003

Trisomy 21 97

Other aneuploidies 72
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wasabovethe95thcentilein4.2%(164/4003)andserum
PAPPAconcentrationwasbelowthe5thcentileofour
referencerangesin3.9%(156/4003)ofthecases(Table2;
Graphs1and2).

TheNTinunaffectedpopulationabove95thcentile
wasfoundin4.2%andabove99thcentileinonly1.5%of
thechromosomallynormalfetuses.Inthetrisomy21preg
nancies,thefetalNTwasabovethe95thcentilein72.8%
andintrisomies18and13abovethe95thcentilein66.6%
and44.4%,respectively(Graph1).

InTurnersyndromeNTabove95thcentilewasdetected
in93.3%ofcases.

Pregnantwomenwereolderthan35yearsin51%oftri
somy21.Inthetrisomy21pregnancies,thefetalNTwas
higherthan95thcentilein72.8%(70/97),serumfreebhCG
concentrationwasabovethe95thcentilein55%(53/97)and
serumPAPPAwasbelowthe5thcentilein47%(45/97)of
thecases(Table2andGraph3).Screeningbyacombination
ofmaternalage,fetalNTandmaternalserumbiochemistry
usingacutoffof1:275identified86%(83/97)ofthefetuses
withtrisomy21withafalsepositiverateof5.3%(212/4003).
Intheremaining14(14%)pregnancywithtrisomy21,NT
wasbellow95thcentileandmaternalageofeachofthese14
pregnancieswasabove35years(41±2.1years).

Therateofthematernalagegreaterthan35yearswas
47.0%and88.8%inallpregnancieswithdiagnosedtri
somy18and13.Inthetrisomy18and13,thefetalNTwas
above95thcentilein66.6%and44.4%ofthecases,respec
tively.TheserumfreebhCGconcentrationwasabovethe
95thcentilein0and10%,butserumPAPPAwasbelow5th
centilein80.9%and88.8%cases(Table2andGraph2).

DistributionofcentilesforfreebHCGandPAPPA
intrisomy21,18or13,Turnersyndromeandunaffected
pregnanciesisshowninGraph3.Intheunaffectedpreg
nanciesthemedianfreeβhCGwas1.0(range0.42.98)
MoMandthemedianPAPPAwas0.97(range0.12.0)

Table 2. Cases of each chromosomal group with values above or below certain cut-off levels in maternal age, fetal nuchal translucency 
thickness (NT) and maternal free beta-human chorionic gonadotropin (HCG) and pregnancy-associated plasma protein-A (PAPP-A)

Group Number

Maternal age  
≥35 years NT ≥95% Free β HCG ≥95% PAPP-A ≤5% Estimated risk for Sy 

Down cut-off ≥275

N % N % N % N % N %

Normal 4003 1401 35 168 4.2 164 4.2 156 3.9 212 5.3

Trisomy 21 97 49 51 70 72.8 53 55 45 47 83 86

Trisomy 18 28 13 47 18 66.6 0 0 22 80.9 25 90

Trisomy13 11 9 88.8 5 44.4 1 10 10 88.8 10 88.8

Turner Sy 19 0 0 17 93.3 8 40 0 0 15 80

47 XXX, XXY or XYY 9 0 0 5 66.6 0 0 3 33.3 6 66.6

Other 5 1 33.3 3 66.6 0 0 3 66.6 3 66.6

Total 4172 1473 35.3 286 6.8 226 5.4 239 5.7 354 8.4

N – number of pregnancies

Graph 2. Distribution of multiple median (MoM) values of free beta
-human chorionic gonadotropin (HCG) and regnancy-associated 
plasma protein-A (PAPP-A) in normal population and aneuploidy

Graph 1. The distribution of nuchal translucency for crown-rump 
length in the studied fetuses

SD=0.69
Mean=1.87

N=3237

NT



    

609Srp Arh Celok Lek. 2012 Sep-Oct;140(9-10):606-611

www.srp-arh.rs

MoM.Inthetrisomies13and18,themedianfreeβhCG
was0.37(range0.10.55)MoMandthemedianPAPPA
was0.17(range0.020.48)MoM.

MoMvaluesforfreeβhCGandPAPPAintrisomy21
andunaffectedpregnancyareshowninGraph2.Inthe
trisomy21pregnanciesthemedianfreebetahCGwas2.3
(range0.14.6)MoMandthemedianPAPPAwas0.45
(range0.022.0)MoM.

Comparisonofscreeningforaneuploidiesbetweena
singleparameter,eithermaternalage,freeβhCG,PAPP
Aornuchaltranslucencethicknessalone,andcombined
screeningisshowninGraph4.Fora5.3%falsepositive
rate,therespectivedetectionratewere30.0%,45.0%,
63.9%,73.0%and86.0%.

ThevaluesofROCcurvesforPAPPA(AUC0.66;
standarderror0.025;95%0.640.67;Zstatistic6.33;
p<0.0001)andforNT(AUC0.78;standarderror0.03;
95%0.730.76;zstatistic8.04;p<0.0001)areshownin
Graphs5and6.

DISCUSSION

Theaimofthefirsttrimesterscanisnotonlytoscreenfor
aneuploidiesbutalsotodetectotherfetalmalformations
andinthisrespecttheabilityforbettervisualizationof
fetalanatomyat1213gestationalweeks.

Themajorfindingofourstudyisthatthefirsttrimester
screeningconsistingofthecombinationofmaternalage,
fetalNT,freeβhCGandPAPPA,identified86.0%ofall
pregnancieswithtrisomy21withafalsepositiverateof
5.3%.Thisdetectionrateisconsiderablyhigherthanthat
obtainedwiththetraditionalmethodsofscreeningbyma
ternalage(30%),PAPPAinafirsttrimesterserumbio
chemistry(63.9%)orfetalNTalone(73.0%).Ithasbeen
reportedthatscreeningfortrisomy21at1114weeksbya
combinationofthesonographicmarkersofnasalboneand
NTandthebiochemicalmarkersfreeβhCGandPAPPA
couldresultinthedetectionrateofabout97%forafalse
positiverateof5%[7,8].Theobservedsensitivityof86%
bythecombinedfirsttrimestermethodislikelytobeun
derestimatedbecauseduringthestudyperiodwomenwith
ahighfetalNTundergoinvasivetestingbeforebiochemi
calscreening.WhenthefetalNTisabove99thpercentile,
theestimatedriskfortrisomy21isinvariablyhigherthan
1:275evenifthematernalserumfreeβhCGorPAPPA
arewithinthenormalrange.

ThefindingsofthisstudydemonstratethatfetalNT
followstwodistributions,oneofwhichisdependenton
CRLwhiletheotherisindependentofCRL.Thedistri
butioninwhichNTincreaseswithCRListhesamefor
chromosomallyabnormalorunaffectedpregnancies.The
proportionofcasesinwhichNTdoesnotchangewithges
tationissmallforunaffectedpregnanciesandlargeforthe
abnormalgroup.NTthicknessgreaterthan95thcentilehas
beenassociatedwithanincreasedriskforachromosome
abnormality,congenitalheartmalformationandother
structuraldefects.IftheNTthicknessrangesbetween
3.54.4mmtheriskofafetalchromosomeabnormalityis

Graph 3. Distribution of MoM values of free beta-HCG and PAPP-A in 
chromosomally normal pregnancy (dark gray) and trisomy 21 (light gray)

Graph 4. Receiver-operating characteristic curves of screening for an-
euploidy by maternal age, serum free beta-hCG, pregnancy-associated 
plasma protein-A, fetal nuchal translucency thickness and combined 
screening

Graph 5. Receiver-operating characteristics curves for the performance 
of screening for trisomy 21 pregnancy-associated plasma protein A, cut 
off = 0.44 MoM, y=60.10 %

Graph 6. Receiver-operating characteristics curves of the performance 
of screening for trisomy 21 NT, cut-off = 1.97 MoM; y=67.00.
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21%,increasingto33%if5mm,50%if6mmand65%if
greaterthan6.5mm[7].

ThemedianNTwas1.87forthewholeexaminedpopu
lationandNTmorethe99thcentilewasfoundintrisomy
21,18,13andTurnersyndrome.FetalNTabovethe99th
centilewasonly1.5%ofthechromosomallynormalfe
tuses.InafetuswithincreasedNTthicknessandanormal
chromosomecomplement,theprevalenceofmajorcardiac
defectsincreasedexponentiallywiththethicknessofthe
NT.Theprevalenceofmajorcardiacdefectswas12%in
fetuseswithanNT>3.5mm,increasingto3%if3.54.4
mm,7%if4.55.4mm,20%if5.56.4mmand30%if6.5
mmorgreater[7,9].Ultrasoundscanfromfirsttrimester
onwardcaneffectivelyleadtothecorrectdiagnosisorat
leastraisesuspicionssothatfollowupscansandechocar
diographyinthesecondtrimestercandetectorexclude
majorcardiacandstructuralmalformationsthatcouldnot
beidentifiedinthefirsttrimester[10].

Theidealgestationforcombinedtestinginthesame
visitwouldbe12weekswhenestimateddetectionsrates
oftrisomy21are8590%,whereasthefalsepositiverates
are5%[11].Thealternativestrategyforthefirsttrimester
combinedscreeningisthatitcanbecarriedoutintwo
separatevisits;biochemicaltestingat9weeksandultra

soundscanningat12weeks.Theestimateddetectionrates
inthatstrategywouldbe9093%,respectively,withafalse
positiverateof3and5%[12].Ithasbeenreportedthat
theperformanceofcombinedscreeningfortrisomy21
decreasedwithgestationat3%ofafalsepositiverate[11,
13,14,15].Theestimateddetectionratewas92%,85%
and79%at11,12and13weeksrespectively.Inourstudy
themeangestationageofthefirsttrimesterincombined
screeningarmwas12.2weeks.Thisageisinlinewithour
strategytodetectnotonlyaneuploidiesbutalsootherfetal
malformationswhichcouldbebettervisualizedat1213
gestationalweeksthanatearlierage.Finally,thecostand
patientsacceptabilityofthetwoalternativepoliciesoffirst
trimesterscreeningwouldalsodependontheexistingin
frastructureofantenatalcare.

CONCLUSION

Ourstudysuggeststhatthestrategyoffirsttrimestercom
binedscreeningofbiochemicalvaluesandultrasonograph
icparametersat12gestationalweeksidentifieshigherper
centageofallpregnancieswithaneuploidieswithalower
falsepositiveratethanasingleparameterstrategy.
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КРАТАК САДРЖАЈ
Увод Ане у пло и ди је су глав ни узрок смр ти фе ту са и смет њи 
у ра ном пси хо фи зич ком раз во ју де те та.
Циљ ра да Циљ на шег ис тра жи ва ња био је да се од ре ди 
успе шност скри нин га пр вог три ме стра на ане у пло и ди је 
ко ри шће њем сле де ћих па ра ме та ра: жи вот не до би труд ни-
це, де бљи не на бо ра вра та фе ту са (енгл. nuchaltranslucency
–NT) и хор мо на сло бод ног бе та ху ма ног хо ри он ског го на-
до тро пи на (β-hCG) и пла зма-про те и на А удру же ног с труд-
но ћом (PAPP-A) у се ру му труд ни це из ме ђу 11 и 13+6 не де ља 
ге ста ци је.
Ме то де ра да Сту ди јом су ис пи та не 4.172 јед но плод не труд-
но ће од ја ну а ра 2006. до де цем бра 2010. го ди не. Рас по де-
ла и про це на ри зи ка при ком би но ва ном ис пи ти ва њу на 
ане у пло и ди је од ре ђе на је у од но су на гра нич ну вред ност  
од 1:275.
Ре зул та ти У гру пи фи зи о ло шких труд но ћа уче ста лост NT 
из над 95. це нти ла би ла је 4,2%. Код труд ни ца с три зо ми јом 
21 NT из над 95. цен ти ла ди јаг но сти ко ван је у 72,8% слу ча-

је ва, а код труд ни ца с три зо ми јом 13 и 18 у 44,4%, од но сно 
66,6% труд но ћа. Код фи зи о ло шких труд но ћа сред ња вред-
ност β-hCG би ла је 1,0 MoM, а сред ња вред ност PAPP-A 0,97 
MoM. У гру пи же на с три зо ми јом 13 и 18 сред ња вред ност 
β-hCG би ла је 0,37 MoM, a PAPP-A 0,17 MoM. Код труд ни ца с 
три зо ми јом 21 сред ња вред ност β-hCG би ла је 2,3 МоМ, a 
PAPP-A 0,45 MoM. Ане у пло и ди је су утвр ђе не код 169 фе ту са: 
97 с три зо ми јом 21, 19 с Тар не ро вим (Turner) син дро мом, 28 
с три зо ми јом 18, 11 с три зо ми јом 13, и 14 фе ту са са дру гим 
три зо ми ја ма. Сен зи тив ност ком би но ва ног скри нин га код 
ане у пло и ди ја би ла је 86% с уче ста ло шћу ла жно по зи тив-
них вред но сти од 5,3% (сред ња ста рост труд ни ца би ла је 
33±4,9 го ди на, с тим што је 35% труд ни ца би ло ста ри је од 
35 го ди на).
За кљу чак Сту ди ја је по ка за ла да се ком би но ва ним скри-
нин гом пр вог три ме стра пре по зна је ви сок про це нат ане у-
пло и ди ја уз ма лу уче ста лост ла жно по зи тив них на ла за.
Кључ не ре чи: ане у пло и ди је; скри нинг пр вог три ме стра; 
де бљи на врат ног на бо рa
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Испитивање анеуплоидија на основу животне доби труднице, дебљине 
набора врата фетуса и биохемијских параметара у серуму труднице током 
једног прегледа између 11 и 13+6 недеља гестације
Наташа Караџов-Орлић1, Амира Егић1, Дејан Филимоновић1, Маја Маринковић1, Барбара Дамњановић-Пажин1, 
Загорка Миловановић1, Ивана Јоксић1, Снежана Бранковић2, Реља Лукић1, Весна Мандић1, Никола Церовић1, 
Донка Мојовић1, Сања Пламенац1, Миња Станковић1, Драгана Маглић1, Жељко Миковић1

1Одељење високоризичних трудноћа, Гинеколошко-акушерска клиника „Народни фронт“, Београд, Србија;
2Генетска лабораторија, Институт за ментално здравље, Београд, Србија


