DOI: 10.2298/SARH1210606K
UDC: 618.53

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

OPUTMHAJTHU PALL / ORIGINAL ARTICLE

Screening for Aneuploidies by Maternal Age,
Fetal Nuchal Translucency and Maternal Serum
Biochemistry at 11-13+6 Gestational Weeks

Natasa Karadzov-Orli¢', Amira Egic¢', Dejan Filimonovi¢', Maja Marinkovic',

Barbara Damnjanovic¢-Pazin', Zagorka Milovanovic', Ivana Joksi¢’, Snezana Brankovic?,
Relja Lukic¢', Vesna Mandic', Nikola Cerovi¢', Donka Mojovi¢', Sanja Plamenac’,

Minja Stankovi¢', Dragana Magli¢', Zeljko Mikovi¢'

'Department of High-Risk Pregnancy, Obstetrics-Gynecology Clinic “Narodni front’, Belgrade, Serbia;
2Genetics Laboratory, Institute of Mental Health, Belgrade, Serbia

SUMMARY

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 (3-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.

Methods Our screening study for aneuploidies analyzed 4172 singleton pregnancies from January
2006 to December 2010. The sensitivities and false-positive rates using the combined aneuploidies
determination for the risk cut-off of 1:275 were evaluated.

Results In the trisomy 21 pregnancies, the fetal NT was higher than 95% centile, in 72.8%, serum free
b-hCG concentration it was above the 95% centile in 55% and serum PAPP-A was below the 5% centile
in 47% of the cases. In the trisomy 18 and 13, the fetal NT was above 95% centile in 66.6% and 44.4% of
the cases, respectively. The serum free b-hCG concentration was above the 95% centile in 0 and 10%, but
serum PAPP-A was below 5% 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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INTRODUCTION A beneficial effect of screening for trisomy
21 is the concomitant early diagnosis of tri-
somies 18 and 13, which are common chro-

mosomal abnormalities. All three trisomies

The major causes of perinatal death and child-
hood handicap are aneuploidies. Approximate-
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ly 10% of birth defects account for aneuploidies
or chromosome abnormalities and are associat-
ed with high mortality and morbidity rates [1].

The nuchal translucency (NT) was visual-
ized by ultrasonography as a transient sub-
cutaneous collection of fluid behind the fetal
neck at 11-13+6 weeks of gestation [2]. In the
last two decades, many studies focused on
the first trimester searching for the associa-
tion of an increased fetal neck thickness with
chromosomal abnormalities [2-5]. The first
trimester combined screening for trisomy 21
has demonstrated that a combination of ma-
ternal parameters (maternal age and maternal
serum free 3-human chorionic gonadotrophin
(B-hCQG), pregnancy-associated plasma pro-
tein-A (PAPP-A) and fetal ultrasonographic
parameters (fetal N'T) can identify pregnancies
with high risk for aneuploidies [2].

are associated with increased maternal age,
increased fetal NT and decreased maternal
serum PAPP-A. In trisomy 21, serum -hCG
increases whereas in trisomies 18 and 13 it
decreases [2, 3, 4]. Trisomy 13 unlike triso-
mies 21 and 18 is associated with fetal tachy-
cardia [5].

A screening strategy for trisomy 21 based
on maternal age and two biochemical markers
with fetal NT thickness had detection rate of
85-95% for a 5% false-positive rate [1, 2].

OBJECTIVE

In this study, we analyzed detection rate and
false-positive rate of screening for aneuploidies
in the period of five years by combination of
maternal age, fetal NT and serum -hCG and
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PAPP-A using the appropriate software developed by the
Fetal Medicine Foundation (FMF).

METHODS

Our prospective screening study for trisomy 21 analyzed
4,172 singleton pregnancies by using the criteria of the FMF
in the period of five years, from January 2006 to December
2010, “in High-Risk Pregnancies Department, Obstetrics
and Gynecology Clinic “Narodni front”. The FMF has es-
tablished a widely accepted method of training, certification
and ongoing audit of results to ensure high quality in the
performance of the 11-13+6 week scan [1]. This screening
included maternal age, fetal NT thickness and maternal se-
rum $-hCG and PAPP-A for a first-trimester assessment of
risk at 11-13+6 weeks of gestation. Transabdominal ultra-
sound examination was performed to diagnose any major
fetal defect and to measure crown-rump length (CRL) and
fetal NT thickness (Figure 1). The pregnancy was dated ac-
cording to the last menstrual period, but if the date was
uncertain or the estimated gestation by CRL was discordant
by more than 7 days from estimated gestation dates, the
CRL was used to date the pregnancy. Maternal demographic
characteristics, ultrasonographic measurements and bio-
chemical results were recorded in a computer database.

All the sonographers involved had completed training
and received the FMF Certificate of Competence in the
11-13+6 weeks scan [1].

In biochemical testing it is necessary to make adjustments
in the measured maternal serum concentration of p-hCG
and PAPP-A to correct for certain maternal and pregnancy
characteristics. Each measured level is first converted to a
multiple of expected normal median (MoM) specific to a
pregnancy of the same gestational age, maternal weight,
ethnicity, smoking status, method of conception and parity.
The MoM distribution of each metabolite in unaffected and
trisomy 21 pregnancies was implicit to be Caucasian [1, 2].

The distribution for fetal NT for CRL using the 95 and
99t centiles (FMF range), for maternal serum B-hCG us-
ing the 95" centile and for PAPP-A using 5" centile were
determined. Sensitivities and false-positive rates were cal-

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

culated by multiplying the maternal age-related risk with
the likelihood ratio (LR) derived from the fetal NT and the
maternal serum biochemistry using the FMF software [1].
The sensitivities and false-positive rates for the risk cut-off
1:275 were calculated.

Measurements of maternal serum f-hCG and PAPP-A
were carried out on the Kryptor analyzer (Brahams, Hen-
ningsdorf, Germany) and were corrected for maternal
weight. After informed consent was obtained from each
woman, amniocentesis was done transabdominally under
direct ultrasound visualization with a 20 G needle (Cook
Medical). All amnion samples were sent for karyotype
analysis to the genetics laboratory of our hospital or Ge-
netics Laboratory, Institute of Mental Health.

Screening accuracy was assessed by performing re-
ceiver-operating characteristics (ROC) curves analysis for
maternal age, NT, f-hCG and PAPP-A in the prediction
of aneuploidy. All calculations were performed using the
SPSS version 17 software package [6].

RESULTS

During a five-year study period, a total of 4,172 singleton
pregnancies with live fetuses underwent screening for an-
euploidy by a combination of fetal NT and maternal serum
B-hCG and PAPP-A. The mean maternal age was 33 years,
and 35% of the mothers were 35 years or older (Table 1).
Mean body weight was 78 kg (range 53-98), and 42.3% of
women were smokers. In 91.9% of women conception was
spontaneous and in 8.1% it was the result of assisted repro-
duction techniques. The mean gestation at screening was
12.2 weeks (range 11.0-13.6 wk) and the mean CRL was 65
mm (range 45-84 mm) (Table 1). Chromosomal abnormali-
ties were detected in 169 fetuses; 97 had trisomy 21 and 72
had other, including Turner syndrome (19), Edwards syn-
drome (28), Patau (11) syndrome and other (14) (Table 2).

In chromosomally normal pregnancies, the fetal NT
was above the 95" centile of the reference range in 4.2 %
(168/4003) of cases, maternal serum p-hCG concentration

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 (%) 423
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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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)

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

doi: 10.2298/SARH1210606K

Maternal age . Estimated risk for Sy
_— Number >35 years NT >95% Free B HCG =95% PAPP-A <5% Down cut-off 5275
N % N % N % N % N %
Normal 4003 1401 35 168 4.2 164 4.2 156 3.9 212 53
Trisomy 21 97 49 51 70 7258 53 55 45 47 83 86
Trisomy 18 28 13 47 18 66.6 0 0 22 80.9 25 920
Trisomy13 11 9 88.8 5 444 1 10 10 88.8 10 88.8
Turner Sy 19 0 0 17 933 8 40 0 0 15 80
47 XXX, XXY or XYY 9 0 0 5 66.6 0 0 3 333 6 66.6
Other 5 1 333 3 66.6 0 0 3 66.6 3 66.6
Total 4172 1473 353 286 6.8 226 54 239 57 354 8.4
N - number of pregnancies
was above the 95" centile in 4.2% (164/4003) and serum
PAPP-A concentration was below the 5% centile of our
cod reference ranges in 3.9% (156/4003) of the cases (Table 2;
Graphs 1 and 2).
S The NT in unaffected population above 95th centile
600 1 Mean=1.87 was found in 4.2% and above 99th centile in only 1.5% of
N=3237 the chromosomally normal fetuses. In the trisomy 21 preg-
nancies, the fetal NT was above the 95 centile in 72.8%
400 and in trisomies 18 and 13 above the 95™ centile in 66.6%
and 44.4%, respectively (Graph 1).
In Turner syndrome NT above 95" centile was detected
200 in 93.3% of cases.
Pregnant women were older than 35 years in 51% of tri-
somy 21. In the trisomy 21 pregnancies, the fetal NT was
0 higher than 95™ centile in 72.8% (70/97), serum free b-hCG
20,7303, %0, 25,70, %%,%0,%%,%,%%, 0, concentration was above the 95" centile in 55% (53/97) and
serum PAPP-A was below the 5" centile in 47% (45/97) of
NT the cases (Table 2 and Graph 3). Screening by a combination

of maternal age, fetal NT and maternal serum biochemistry
using a cut-off of 1:275 identified 86% (83/97) of the fetuses
with trisomy 21 with a false-positive rate of 5.3% (212/4003).
In the remaining 14 (14%) pregnancy with trisomy 21, NT
was bellow 95" centile and maternal age of each of these 14
pregnancies was above 35 years (41£2.1 years).

The rate of the maternal age greater than 35 years was
47.0% and 88.8% in all pregnancies with diagnosed tri-
somy 18 and 13. In the trisomy 18 and 13, the fetal NT was
above 95" centile in 66.6% and 44.4% of the cases, respec-
tively. The serum free b-hCG concentration was above the
95 centile in 0 and 10%, but serum PAPP-A was below 5%
centile in 80.9% and 88.8% cases (Table 2 and Graph 2).

Distribution of centiles for free b-HCG and PAPP-A
in trisomy 21, 18 or 13, Turner syndrome and unaffected
pregnancies is shown in Graph 3. In the unaffected preg-
nancies the median free f-hCG was 1.0 (range 0.4-2.98)
MoM and the median PAPP-A was 0.97 (range 0.1-2.0)
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Graph 3. Distribution of MoM values of free beta-HCG and PAPP-A in
chromosomally normal pregnancy (dark gray) and trisomy 21 (light gray)
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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
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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 %
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Graph 6. Receiver-operating characteristics curves of the performance
of screening for trisomy 21 NT, cut-off = 1.97 MoM; y=67.00.

MoM. In the trisomies 13 and 18, the median free f-hCG
was 0.37 (range 0.1-0.55) MoM and the median PAPP-A
was 0.17 (range 0.02-0.48) MoM.

MoM values for free f-hCG and PAPP-A in trisomy 21
and unaffected pregnancy are shown in Graph 2. In the
trisomy 21 pregnancies the median free beta-hCG was 2.3
(range 0.1-4.6) MoM and the median PAPP-A was 0.45
(range 0.02-2.0) MoM.

Comparison of screening for aneuploidies between a
single parameter, either maternal age, free p-hCG, PAPP-
A or nuchal translucence thickness alone, and combined
screening is shown in Graph 4. For a 5.3% false-positive
rate, the respective detection rate were 30.0%, 45.0%,
63.9%, 73.0% and 86.0%.

The values of ROC curves for PAPP-A (AUC 0.66;
standard error 0.025; 95% 0.64-0.67; Z- statistic 6.33;
p<0.0001) and for NT (AUC 0.78; standard error 0.03;
95% 0.73-0.76; z statistic 8.04; p<0.0001) are shown in
Graphs 5 and 6.

DISCUSSION

The aim of the first trimester scan is not only to screen for
aneuploidies but also to detect other fetal malformations
and in this respect the ability for better visualization of
fetal anatomy at 12-13 gestational weeks.

The major finding of our study is that the first-trimester
screening consisting of the combination of maternal age,
fetal NT, free B-hCG and PAPP-A, identified 86.0% of all
pregnancies with trisomy 21 with a false-positive rate of
5.3%. This detection rate is considerably higher than that
obtained with the traditional methods of screening by ma-
ternal age (30%), PAPP-A in a first trimester serum bio-
chemistry (63.9%) or fetal NT alone (73.0%). It has been
reported that screening for trisomy 21at 11-14 weeks by a
combination of the sonographic markers of nasal bone and
NT and the biochemical markers free -hCG and PAPP-A
could result in the detection rate of about 97% for a false-
positive rate of 5% [7, 8]. The observed sensitivity of 86%
by the combined first-trimester method is likely to be un-
derestimated because during the study period women with
a high fetal NT undergo invasive testing before biochemi-
cal screening. When the fetal NT is above 99 percentile,
the estimated risk for trisomy 21 is invariably higher than
1:275 even if the maternal serum-free f-hCG or PAPP-A
are within the normal range.

The findings of this study demonstrate that fetal NT
follows two distributions, one of which is dependent on
CRL while the other is independent of CRL. The distri-
bution in which NT increases with CRL is the same for
chromosomally abnormal or unaffected pregnancies. The
proportion of cases in which NT does not change with ges-
tation is small for unaffected pregnancies and large for the
abnormal group. NT thickness greater than 95% centile has
been associated with an increased risk for a chromosome
abnormality, congenital heart malformation and other
structural defects. If the NT thickness ranges between
3.5-4.4 mm the risk of a fetal chromosome abnormality is
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21%, increasing to 33% if 5 mm, 50% if 6 mm and 65% if
greater than 6.5mm [7].

The median NT was 1.87 for the whole examined popu-
lation and NT more the 99th centile was found in trisomy
21, 18, 13 and Turner syndrome. Fetal NT above the 99*
centile was only 1.5% of the chromosomally normal fe-
tuses. In a fetus with increased NT thickness and a normal
chromosome complement, the prevalence of major cardiac
defects increased exponentially with the thickness of the
NT. The prevalence of major cardiac defects was 1-2% in
fetuses with an NT>3.5 mm, increasing to 3% if 3.5-4.4
mm, 7% if 4.5-5.4 mm, 20% if 5.5-6.4 mm and 30% if 6.5
mm or greater [7, 9]. Ultrasound scan from first-trimester
onward can effectively lead to the correct diagnosis or at
least raise suspicions so that follow-up scans and echocar-
diography in the second trimester can detect or exclude
major cardiac and structural malformations that could not
be identified in the first trimester [10].

The ideal gestation for combined testing in the same
visit would be 12 weeks when estimated detections rates
of trisomy 21 are 85-90%, whereas the false positive rates
are 5% [11]. The alternative strategy for the first-trimester
combined screening is that it can be carried out in two
separate visits; biochemical testing at 9 weeks and ultra-
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UcnuTuBarbe aHeynnouamja Ha OCHOBY KUBOTHe 206U TpyaHuULE, AebbuHe
Habopa BpaTa peryca u buoxeMmjckux napamerapa y cepymy TpyaHMULIE TOKOM
jeaHor npernega usmehy 11 n 13+6 Hege/ba rectayuje

Hatawa Kapaios-Opnuh', Amupa Eruh', lejaH Quanmonosuh', Maja MapuHkosuh', bBapbapa [JamraHoBuh-MaxuH',
3aropka MunosaHosuh', MBaHa Jokcuh', CHexaHa bpaHkoBuh?, Perba Jlykuh', BecHa MaHauh', Hukona Lieposuh!,
[oHka MojoBwuh', Catba MnameHal', Mutba CraHkoBuh', iparaHa Marnuh', Xemko Mukosuh!

'Opemberbe BUCOKOPU3NYHMX TPYAHONA, MHEKONOLLKO-aKyLlepcKa KnHuKa,,HapoaHu ¢ppoHT’, beorpaa, Cpbuja;
“TeHeTcKa nabopatopuja, VIHCTUTYT 3a MeHTanHo 3passbe, beorpap, Cpbuja

KPATAK CALIP?KA)J

YBop AHeynionguje Cy raBHW y3poK CMpTy peTyca 1 CMeTH I
y paHoOM Ncuxodr3nyKom pasBojy feTeTa.

Lum paga Lnb Hawer nctpaxnBatrba 610 je ga ce ogpean
YCNELWHOCT CKPUHMHIA NPBOT TPUMECTPa Ha aHeyniouauje
Kopuwherem cnegehnx napamertapa: XUBOTHe [o6V TPyAHU-
Le, nebmwuHe Habopa Bpata deTyca (eHrn. nuchal translucency
- NT) n xopmoHa c/1o60AHOr 6eTa XyMaHOT XOPUOHCKOT FOHa-
potponuHa (3-hCG) n nnasma-npoterHa A yapyXeHor ¢ Tpya-
Hohom (PAPP-A) y cepymy TpyaHuLe uamehy 11 1 1346 Hepermba
recrauuje.

Metope paga Crygujom cy ncnutaHe 4.172 jegHonnogHe Tpya-
Hohe opf jaHyapa 2006. fo Aeuembpa 2010. roanHe. Pacnope-
na 1 nNpoLeHa pr3nKa Npyi KOMOMHOBAHOM UCMIUTKBAkbY HA
aHeynnouguje ogpeheHa je y ogHOCY Ha rpaHUYHY BpegHOCT
on 1:275.

Pesyntatm Y rpynu dusnonowkux tpygHoha yuectanoct NT
n3Hag 95. ueHTnna 6una je 4,2%. Kog TpyaHMLa € TpM30OMUjoM
21 NT n3Hap 95. LeHTnna AnjarHoCT1KOBaH je y 72,8% ciyya-
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jeBa, a Ko TpyaHMUa ¢ Tpuomujom 13 1 18y 44,4%, ogHOCHO
66,6% TpynHoha. Kop dusmonolwkux TpygHoha cpenta Bpea-
HocT 3-hCG 6una je 1,0 MoM, a cpegntba BpeaHocT PAPP-A 0,97
MoM.Y rpynu »eHa c Tpusomujom 13 1 18 cpefba BpegHoOCT
B-hCG 6wna je 0,37 MoM, a PAPP-A 0,17 MoM. Kog TpyaHuua ¢
Tpu3ommjom 21 cpera BpegHocT B-hCG 6una je 2,3 MoM, a
PAPP-A 0,45 MoM. AHeynnowuguje cy yTBpheHe Ko 169 peTyca:
97 c pusommjom 21, 19 c TapHeposum (Turner) ciHapomMom, 28
c Tpmsomujom 18, 11 ¢ Tpruzomujom 13, 1 14 petyca ca gpyrum
Tpr3ommnjama. CEH3UTUBHOCT KOMOMHOBAHOT CKPUHIIHTA KOZ,
aHeynnouguja 6una je 86% c yyectanowwhy naxxHo No3uTMB-
HVX BpeaHocTn of 5,3% (cpefra cTapocT TpyaHUUa buna je
33+4,9 roguHa, € TUM WTO je 35% TpyaHMLa buno ctapuje og
35 roguHa).

3akmyuak CTyauja je nokasana fja ce KOMOVHOBAHUM CKpW-
HVWHIOM MPBOT TPUMECTPa NPeno3Haje BUCOK NPOoLieHaT aHey-
nnaouamnja y3 Mmany y4ectanocT laXKHO NO3UTUBHYX Hanasa.
KrbyuHe peun: aHeynnounguje; CKOUHUHT MPBOT TPUMECTPa;
peb/bMHa BpaTHOT Habopa
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