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INTRODUCTION

An increased nuchal translucency (NT) in a first trimester fetus is a marker for chromosomal 
anomalies. However, in the presence of a normal karyotype, an enlarged NT is associated 
with fetal loss, a wide range of congenital anomalies, especially cardiac defects, and 
genetic syndromes.

History

Screening for Down syndrome was introduced in the western world in the seventies. The 
screening was  originally solely based on maternal age. Women aged 36 year or more 
were offered invasive procedures that carry a small risk of miscarriage. In the eighties the 
triple test was added as a more advanced second trimester screening test, with a detection 
rate of about 60%. 
In the 1990’s the discovery of nuchal translucency measurement at 11-14 weeks made it 
possible to move Down’s screening to the first trimester, thereby fulfilling pregnant women’s 
preference for early detection1. The detection rate of algorithms that combine maternal 
age with NT for Down syndrome is about 75% with a false positive rate (FPR) of about 
5%. In the late 1990’s first trimester screening was optimized by combining maternal age, 
maternal serum markers PAPP-A and free β-hCG with NT thickness. This made it possible 
to identify about 85–90% of affected fetuses 2.

In the Netherlands, the Fetal Medicine Unit of the Academic Medical Centre was one of 
the first to offer Down syndrome screening by nuchal translucency in 1994. Initially NT was 
measured in a research setting, shortly followed in 1998 to anyone asking for the test. In 
our setting screening by nuchal translucency alone was replaced by screening based on 
a combination of NT and maternal serum markers (combined test) around 2002. Some 
hospitals followed, but the greater part of the pregnant population still had no access to 
this test. Only in 2007 the combination of nuchal translucency measurement and maternal 
serum combined test was introduced nationwide, thus becoming available to all pregnant 
women. 

In the last decade more first ultrasound markers have been explored in the attempt to 
optimize the performance of first trimester screening. Moreover, variables that may affect 
screening performance have been investigated.  These markers and other variables are 
evaluated to reduce the false positive rate for the same detection rate. 

11

chapter 1.indd   11 22-4-2013   08:17:07



Chapter 1

In the meantime it has also become clear that the impact of nuchal translucency  goes 
far beyond Down syndrome screening alone. In the presence of a normal karyotype, an 
enlarged NT is associated with an increased risk of adverse fetal outcome 3,4.

Combined test

The current screening policy for Down syndrome in the Netherlands is the first trimester 
combined test. This screening strategy combines maternal age and NT thickness with 
maternal serum markers PAPP-A and free β-hCG. With this combination about 85–90% 
of affected fetuses can be identified 2.

1. NT measurement 
Nuchal translucency refers to the sonographic appearance of subcutaneous accumulation 
of fluid behind the fetal neck in the first trimester of pregnancy. The presence of NT is part 
of normal development of the fetus between 11 and 14 weeks gestation. Only when the 
NT becomes too large, the risk of anomalies is increased.
In the beginning, enlarged NT was defined using a fixed cut-off point, generally around 
2.5 or 3 mm or the 95th or 99th centile. Since it quickly became apparent that NT thickness 
changes with gestational age, normal ranges were developed. 
The measurement should be performed between 11 and 14 weeks, with best performance 
obtained at 11–12 weeks 5,6 when the measurement is performed by qualified 
ultrasonographers undergoing regular quality assessment 7,8.

2. Serum markers
Pregnancy associated plasma protein A (PAPP-A) is a specific placental hormone, 
acting as insulin growth factor binding protein (IGFBP) proteinase in pregnancy. It is an 
indicator of placental function and development. The plasma levels of PAPP-A increase 
exponentially in the first trimester of pregnancy. Further increase in PAPP-A levels during 
the second and third trimester is more gradual, maximum levels were attained at term. In 
first trimester Down syndrome fetuses PAPP-A is significantly lower (0.4 times the normal 
median) compared to chromosomally normal fetuses. Later in pregnancy this difference 
diminishes, therefore PAPP-A is only useful as screening marker in the first trimester. 
Free β-human Chorionic Gonadotrophin is produced by the syncytiotrophoblast of the 
placenta and it is detectable in maternal serum from as early as 11 days of gestation. 
Free β-hCG prevents regression of the corpus luteum and serum concentrations increase 
until 10-11 weeks of gestation, thereafter it slowly diminishes end reaches a steady state 
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at 16-18 weeks of pregnancy. In first trimester Down syndrome pregnancies free β-hCG 
ratios are elevated (1.8 times the normal median). 

3. Algorithm 
In first trimester Down syndrome screening NT, PAPP-A and free β-hCG are expressed 
as Multiple of the Median (MoM) for gestational age. The MoM values are calculated by 
dividing the serum markers or NT values of one pregnancy by the median level for the 
entire population at a given gestational age. The MoM’s are combined in an algorithm 
enabling Down syndrome risk calculation expressed as chance of 1:X. This screening 
algorithm can detect 85% - 90% of Down syndrome fetuses for a fixed false positive 
rate of 5%. In the Netherlands, chorion villus sampling or amniocentesis is offered if the 
chance of Down syndrome is equal or more than 1:200. These diagnostic tests give an 
almost 100% certainty on the fetal karyotype. 

Co-variables

In the past decade more stringent criteria have been set to optimise the performance 
of first trimester Down syndrome screening, by increasing the detection rate (DR) and 
reducing the false positive rate (FPR). In the United Kingdom the target for DR is 90% for 
a FPR of less than 2% 9,10. In this context accurate information on co-variables that may 
affect screening performance is of great importance. Two of the variables for which an 
effect on the performance of first trimester screening has been reported are fetal gender 
and maternal cigarette smoking. 
Free β-human chorionic gonadotrophin (free β-hCG) is higher in women carrying a 
female fetus compared to women who carry males 11-15. Pregnancy associated plasma 
protein-A (PAPP-A) is lower in smokers; 11, 16-26. 
NT is slightly larger in males 12,14,15,27 and probably in case of maternal smoking 18,22-25. 
It is very likely that co-variables that are associated with NT, PAPP-A or free β-hCG affect 
the screening performances (DR and FPR) as well. The impact of fetal gender on first 
trimester risk assessment is not yet clear 12,13,15. In smokers screen positive rates are slightly 
higher 18,19,25. Data on the effect of smoking on the DR show conflicting results 19,25. When 
corrected dose-dependent for smoking, only 0.1% increase in screen positive rate in 
smokers remains 21. Based on these results serum MoM values are corrected for smoking 
in the UK and since January 2012 in the Netherlands. 
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Ductus venosus

The combined finding of an enlarged NT and abnormal ductus venosus (DV) flow patterns 
enhances the likelihood of an abnormal karyotype. Even if the karyotype is normal, 
the chance of structural anomalies, in particular cardiac, or poor pregnancy outcome 
is increased 28-31. To increase the sensitivity of first trimester screening, many centres of 
excellence have adopted investigation of DV complementary to the combined test in first 
trimester screening for aneuploidies 30,32,33. Alternatively, DV measurements can be used 
after risk assessment has been performed, in a two-step contingent screening approach, 
to reduce false positive rates in fetuses at increased risk based on NT enlargement alone 
or on the combined test 28,34,35-42. 
Although cardiac defects are among the most common congenital defects, prenatal 
detection rates are still disappointingly low, varying from 27% to 60% 43,44. The 
experience of, and the equipment used by the sonographer are essential ingredients for 
high detection rates and accurate diagnosis 45. An effective way of achieving this is by a 
two-step screening and diagnosis policy, whereby patients with risk-factors are referred 
to specialized units where congenital heart defects (CHD) can be diagnosed or excluded 
by expert echocardiography. Recently it has been suggested that early diagnosis of 
CHD, in late first - early second trimester, has a high sensitivity in expert hands 46,47. It 
is therefore important to define specific and cost-effective screening protocols in order 
to detect the really high-risk fetuses. Although different NT cut-off’s have been used in 
the literature, enlarged NT has confirmed itself as a marker for CHD 45, 48-50 and there is 
general consensus that specialised fetal echocardiography is indicated in this situation. 
If the 95th percentile is used as selection criterion, 5% of fetuses will be referred for 
specialised echocardiography, which is a burden for specialised fetal medicine units. 
Interestingly, the number of fetuses referred for early echocardiography can be reduced 
by the addition of other selection criteria for CHD to the enlarged NT. Abnormal DV flow 
is a predictor of cardiac defects in these fetuses, with a reported sensitivity of up to 90% 

29,37,51-54. DV measurement can be used in combination with NT to increase specificity in 
the identification of CHD and to refine the individual risk assessment.

Outcome after an enlarged NT

NT measurement alone or as part of the combined test is an excellent screening test for 
fetal aneuploidies 5,55,56. All major chromosomal defects are associated with increased 
NT thickness. The risk of chromosomal anomalies increases with the degree of NT 
enlargement. Of the fetuses with an NT above the 95th centile, about 20–30% have a 
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chromosomal aberration 4,57. Consequently, the first line of management in case of an 
enlarged NT should be the offer of fetal karyotyping by chorionic villus sampling (CVS). 
In the presence of a normal karyotype, an enlarged NT is associated with fetal loss, genetic 
syndromes and a wide range of congenital anomalies, especially cardiac defects 3,4,58-62. 
The prevalence of major fetal abnormalities in chromosomally normal fetuses increases 
from 1.6% in those with a normal NT (<p95) to 2.5% for NT between the 95th and 99th 
centiles and exponentially thereafter to about 45% for NT of 6.5 mm or more.

Etiology

The underlying mechanism of NT enlargement itself is still poorly understood. Possible 
explanations for this transient finding have been sought in hemodynamic disturbances 
causing temporary cardiac dysfunction 28,34,36,63,64, alterations in the extracellular matrix 

65-68 and/or perturbed lymphangiogenesis accompanied by endothelial dysfunction 69,70.

Practice and counselling

Although NT screening was introduced over 15 years ago, there is not yet a general 
consensus on how to counsel parents of a euploid fetus with enlarged NT. In an editorial 
published in 2001 entitled ‘Nuchal translucency in the first trimester of pregnancy: ten 
years on and still a pain in the neck?’ Ville (2001) clearly depicts how challenging it can 
be to give parents realistic and correct information on the subject. The visual impact 
on the parents of the nuchal fluid collection seen at ultrasound examination can raise 
anxiety about future development and postnatal outcome 4,28,71. Even if this accumulation 
usually tends to disappear after 14 weeks, the uncertainty can persist and be exacerbated 
by excessively cautious or defensive counselling by the medical practitioner. This is 
also reflected by the fact that some couples in these circumstances request pregnancy 
termination even in the absence of clear fetal anomalies 3,4,72. 
In fetuses with an enlarged NT and normal karyotype, many major fetal abnormalities can 
be diagnosed or suspected at the time of the 11-13+6 weeks’ scan, or later at the second 
trimester scan (around 20 weeks of gestation). When no major fetal abnormalities are 
seen at the second trimester scan, parents can be reassured that the chances of delivering 
a baby without (major) anomalies is about 97% for NT below the 95th centile and 93% for 
NT between the 95th and 99th centiles.

15

proefschrif Timmerman.indb   15 18-4-2013   10:30:00



Chapter 1

Objectives and outline

Nuchal translucency goes far beyond Down syndrome screening. An enlarged NT is 
associated with a wide range of structural and genetic anomalies. Since the introduction 
of first trimester screening, lots of data has been collected on ultrasound and biochemical 
assessment of first trimester pregnancies. 
This thesis reports on several co-variables that influence first trimester screening 
performance, especially fetal gender and maternal smoking. 
Furthermore the value of ductus venosus and hepatic artery, as markers for use in 
contingent screening programs are discussed.
Subsequently, the outcome of fetuses with an increased first trimester risk is studied in this 
thesis. We focused on fetuses with normal karyotype and on parental counselling. 

Several co-variables can influence first trimester screening performance. In Chapter 2 the 
influence of fetal gender on NT is described and in Chapter 3 the influence of fetal gender 
and maternal smoking on first trimester Down syndrome risk assessment is evaluated.

In Chapter 4 we describe the high macrosomia rate we found after enlarged nuchal 
translucency in our study population.

The combined finding of an enlarged NT and abnormal ductus venosus flow patterns 
enhances the likelihood of an abnormal karyotype. Even if the karyotype is normal, the 
chance of structural anomalies, in particular cardiac, or poor pregnancy outcome is 
increased. In Chapter 5 ductus venosus pulsatility index of veins (DV-PIV) is modelled to 
reduce the false-positive rate in first-trimester screening for Down syndrome. In Chapter 6 
DV-PIV is used as continuous variable in combination with NT to increase specificity in the 
identification of congenital heart defects.

In Chapter 7 we describe low-resistance hepatic artery (HA) flow as a first trimester 
marker for chromosomal anomalies. 

In Chapter 8 we describe the strong association between an enlarged nuchal translucency 
and orofacial clefts in chromosomally normal fetuses.

As enlarged NT is associated with a wide range of structural and genetic anomalies, 
appropriate counselling is challenging. In Chapter 9 we suggest how to counsel the 
parents in case of enlarged nuchal translucency in euploid fetuses. 
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In Chapter 10 we summarise and discuss the results of this thesis and we evaluate their 
implications for clinical practice. 

In Chapter 11 we summarise and discuss the results of this thesis and we evaluate their 
implications for clinical practice in Dutch. 
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