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SUMMARY

Chapter 1 provides a general introduction and describes the objectives of this thesis.

In chapter 2 we investigated the impact of fetal gender on pregnancy outcome in fetuses 
with enlarged nuchal translucency (NT) and normal karyotype. In 7072 fetuses with normal 
NT, the male : female ratio was consistent with the normal Dutch sex birth ratio. Of the 
fetuses with enlarged NT 365 were males (57.4%) and 271 females (42.6%). In this group 
a normal pregnancy was registered for 56.3% of the male fetuses and 39.4% of the female 
fetuses. Relative risk for adverse outcome in male fetuses with slightly enlarged NT (i.e. 
p95-p99) was 0.47, compared to female fetuses. A minimal degree of NT enlargement 
in male fetuses without genetic or structural anomalies may be interpreted as a feature of 
accelerated growth or, alternatively, as a maturational delay of the cardiovascular system 
more common in the male gender. This may explain the higher incidence of moderately 
increased nuchal fluid accumulation in males fetuses.

In chapter 3 we determined the impact of fetal gender and maternal smoking on the 
performance of first trimester Down syndrome screening in the Netherlands. The study 
group comprised 4538 fetuses who underwent the combined test (NT, free β-hCG and 
PAPP-A). Women carrying a female fetus had a 22% higher free β-hCG level than women 
carrying male fetuses and a 1.3% higher prevalence of being screen-positive. NT was 2% 
larger in male fetuses. Women who smoked had a 21% lower PAPP-A level and they were 
more likely to become screen positive compared to non-smokers (LR 1.3). Information on 
maternal smoking should be taken into account in first trimester risk assessment to ensure 
that smokers are not unnecessarily classified as high risk for Down syndrome. Information 
on fetal gender may be added as further refinement of first trimester screening algorithm 
in a sequential screening setting approach. The impact of first trimester screening 
co-variables may be especially relevant in women with an intermediate-high a priori DS 
risk. They are more vulnerable for changes in risk assessment and therefore more likely to 
become screen positive. 

Chapter 4 assessed the association of first trimester screening variables NT, PAPP-A and 
free β-hCG and birth weight, with a focus on the prediction of macrosomia. We studied 
a cohort of 6503 fetuses with normal karyotype, of which 315 (4.8%) had an enlarged 
NT (≥P95). Birth weight percentiles were derived with correction for gestational age at 
delivery parity and gender. Multivariable linear regression showed that both NT MoM and 
PAPP-A MoM contributed significantly in predicting the birth weight percentile. Median 
birth weight percentile (P) was significantly lower (P41 vs. P52) in case of low PAPP-A. 
Macrosomia (birth weight ≥P95) was more common (11% vs. 7%) in case of enlarged 
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NT. As fetal growth is highly dependent on insulin and IGF, we speculate that individual 
differences in insulin resistance may be also involved in the aetiology of an enlarged 
nuchal translucency. In this scenario the larger NT can be an early manifestation of a 
healthy large fetus.

In chapter 5 we investigated if ductus venosus (DV) pulsatility index for veins (PIV) 
and a-wave measurements can increase the accuracy of first-trimester Down syndrome 
screening in a high-risk population. Multivariable logistic regression analysis was used to 
construct a prediction rule for chromosomal anomalies at any given maternal age, nuchal 
translucency multiples of the median (NT MoM) and DV-PIV MoM. The discriminative ability 
of the model was assessed by using receiver–operating characteristics (ROC) analysis. We 
studied 445 fetuses with an increased first-trimester Down syndrome risk. In this cohort, 
80% of all chromosomal anomalies were identified by an increased DV-PIV and 68% by 
an abnormal a-wave. The odds of chromosomal anomalies increased by a factor of 4.2 
per MoM increase in DV-PIV, adjusted for NT and maternal age. The area under the ROC 
curve for the prediction of chromosomal anomalies was 0.79. After correction for DV-PIV, 
DV a-wave did not significantly add to the prediction of chromosomal anomalies. Thus, in 
this high risk population the combination in a logistic regression model of NT, DV-PIV and 
maternal age improved the accuracy of screening chromosomal anomalies. 

Chapter 6 evaluated the additional predictive value of ductus venosus pulsatility index 
for veins in the identification of congenital heart defects in fetuses with an enlarged nuchal 
translucency and a normal karyotype. Of 792 fetuses included, 40% had an enlarged NT. 
The DV-PIV was increased in 42% of the fetuses with an enlarged NT and the a-wave was 
abnormal in 30%. CHD was diagnosed in 35 fetuses, 33 of which had an enlarged NT. 
Amongst the fetuses with an enlarged NT, the sensitivities for CHD of an abnormal DV-PIV 
and DV a-wave were 73% and 55%, with specificities of 62% and 73%, respectively. 
Logistic regression analysis showed that in this group the DV-PIV multiple of the median 
(MoM) (as a continuous variable) was significantly associated with the risk of CHD (odds 
ratio = 2.4), independent of the degree of NT enlargement, whereas the DV a-wave did 
not significantly add to the prediction of CHD. DV-PIV can therefore be used as continuous 
variable in combination with NT to increase specificity in the identification of CHD and to 
refine the individual risk assessment.

In chapter 7 we investigated hepatic artery (HA) flow in first-trimester fetuses. HA flow 
was thus far only incidentally observed in first trimester fetuses with enlarged NT. We 
prospectively measured HA flow in a cohort of 34 first trimester fetuses with enlarged NT 
an 25 controls. DV-PIV was recorded as well. In the fetuses with enlarged NT karyotype was 
abnormal in 16 cases. Two pregnancies were terminated in view of fetal anomalies. In three 
other infants an abnormality was confirmed after birth (Noonan syndrome, unspecified 
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genetic syndrome and cardiac defect). The remaining 13 fetuses with enlarged NT and 
the 25 controls had an uneventful pregnancy outcome. Mean HA-PI was significantly 
lower in fetuses with adverse outcome (chromosomal anomalies 1.60; chromosomally 
normal fetuses with adverse outcome 1.66) than in controls (2.03). HA-PI was significantly 
and inversely correlated with NT and DV-PIV. This study showed that low-resistance HA 
flow can be observed in first-trimester fetuses. This suggests that endothelial response 
to vasoactive substances is present from as early as the late first trimester of pregnancy. 
Based on its association with adverse outcome, first trimester low-resistance HA flow can 
be regarded as an ominous sign.

Chapter 8 describes the association between an enlarged nuchal translucency and 
orofacial clefts. We studied a cohort of 8347 fetuses who underwent NT measurement in 
our centre, of which 513 had an enlarged NT. Karyotype was normal in all cases. Orofacial 
clefts were found in 18 cases (incidence 2.2:1000), of which 10 had an enlarged NT (19.5 
per 1000), relative risk 19. In fetuses with normal NT the cleft was mostly an isolated finding, 
where in fetuses with enlarged NT it was often part of multiple congenital anomalies or of 
a genetic syndrome. A detailed ultrasound examination with special attention given to the 
orofacial area is therefore indicated in fetuses with enlarged NT.

In chapter 9 we overview the outcome of fetuses with an enlarged NT and normal 
karyotype. When conventional karyotyping is normal, enlarged NT is a strong marker 
for adverse pregnancy outcome, such as miscarriage, intrauterine death, congenital 
heart defects, numerous other structural defects and genetic syndromes. The risk of 
adverse outcome is proportional to the degree of NT enlargement. In this chapter we 
give an overview on the literature on structural and genetic disorders found in fetuses with 
enlarged NT. Although the majority of structural anomalies are amenable to ultrasound 
detection, unspecified genetic syndromes involving developmental delay may only emerge 
after birth. Concern over these prenatally undetectable conditions is a heavy burden for 
parents. However, following detection of enlarged NT the majority of babies with normal 
detailed ultrasound examination and echocardiography will have an uneventful outcome 
with no increased risk for developmental delay when compared to the general population. 
Counselling should emphasize this to help parents restore hope in normal pregnancy 
outcome and infant development.

DISCUSSION

With the introduction of the combined test in 2007, Down syndrome screening became 
available for all pregnant women in the Netherlands. In the past decade more stringent 
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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 this context accurate information on co-variables that may affect screening performance 
is of great importance. This thesis reports on several co-variables that influence first 
trimester screening performance. Subsequently, markers for use in contingent screening 
programs are discussed and the outcome of fetuses after an increased first trimester risk 
is studied. 

Overview
Over 20 years ago nuchal translucency ( NT) screening was introduced solely as Down 
syndrome screening. Soon it became clear that an enlarged NT is also associated with a 
wide range of birth defects, especially when other markers or anomalies are seen at the 
12-weeks scan. 
In this thesis we found that in fetuses with an enlarged NT, the risk of chromosomal 
anomalies is even higher when the ductus venosus pulsatility index for the veins (DV-PIV)
is increased. In fact, the odds of chromosomal anomalies increased by a factor of 4.2 per 
MoM increase in DV-PIV, adjusted for NT and maternal age. Furthermore, we described 
for the first time low-resistance hepatic artery (HA) flow as a first trimester marker for 
chromosomal anomalies. HA flow was thus far only incidentally observed in first trimester 
fetuses with enlarged NT. We prospectively measured HA flow in a cohort of first trimester 
fetuses with enlarged NT. We found that first trimester low-resistance HA flow can be 
regarded as an ominous sign, with an adverse outcome rate of over 60%. 
When the karyotype is normal, an enlarged NT is associated with a range of structural 
defects. It is known that an enlarged NT is more sensitive in screening for congenital heart 
defects than family history. We described how DV-PIV can add to the identification of 
congenital heart defects in fetuses with an enlarged nuchal translucency. In fact, adding 
DV-PIV can identify 73% of cardiac defects for a specificity of 62%. 
Another association we described in this thesis is the nineteen times higher risk of orofacial 
clefts in fetuses with an enlarged NT. In fetuses with normal NT the cleft was mostly an 
isolated finding, where in fetuses with enlarged NT it was often part of multiple congenital 
anomalies or a genetic syndrome. 

In pregnancies where the increased NT resolves and detailed ultrasound examinations 
reveal no additional anomalies, the residual chance of structural anomalies and abnormal 
neurodevelopment may not be higher than in a the general population. In these fetuses 
a (slightly) enlarged NT can be influenced by a range of co-variables. In this thesis we 
investigated the impact of fetal gender on pregnancy outcome in fetuses with enlarged 
nuchal translucency (NT) and normal karyotype. Of these fetuses 57% were males and 
43% were females. In this group a normal pregnancy was registered in 56% of the male 
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fetuses and 39% of the female fetuses. Relative risk for adverse outcome in male fetuses 
with slightly enlarged NT (i.e. p95-p99) was 0.47, compared to female fetuses. On the 
other hand, free β-hCG levels were 22% higher in women carrying a female fetus, leading 
to a 1.3% higher prevalence of being screen positive compared to women carrying a male 
fetus. Furthermore we studied the influence of NT on birth weight in healthy term fetuses. 
Macrosomia (birth weight ≥P95) was more common (11% vs. 7%) in case of enlarged NT. 
In this scenario a minimal degree of NT enlargement in male fetuses without genetic or 
structural anomalies can be an early manifestation of a healthy large fetus. 

Etiology
The underlying mechanism of NT enlargement is still poorly understood. Possible 
explanations for this transient finding have been sought in hemodynamic disturbances 
causing temporary cardiac dysfunction, alterations in the extracellular matrix and/or 
perturbed lymphangiogenesis accompanied by endothelial dysfunction. 
The pathophysiologic mechanism linking NT, CHD and abnormal DV flow is still obscure. 
In second trimester fetuses an abnormal DV flow is usually associated with cardiac 
failure. It has therefore been tempting to extrapolate this also to the first-trimester fetus 
with enlarged NT. Abnormal DV flow may reflect impaired atrial contraction and reduced 
myocardial compliance with fluid accumulation akin to that seen during right ventricular 
failure. Tricuspid valve regurgitation, commonly observed in first-trimester fetuses with 
CHD, seems to point in the same direction, as does the preponderance of atrioventricular 
septal defects (AVSDs) and hypoplastic left heart syndrome in our cohort. Increased 
right atrial pressure can be expected in these cases, as a result of atrioventricular valve 
regurgitation or left-to-right shunting over the foramen ovale. Studies on AV-valve velocities 
show indications that the DV anomaly may reflect changes in right heart function.
In this thesis we found a gender difference in NT thickness. Thus far there is no hint 
as to a possible unequivocal explanation for this observed gender difference in nuchal 
fluid accumulation. One may speculate that delayed maturation is more common in male 
fetuses. A delay in myocardial maturation in male fetuses is mentioned as an explanation 
for the higher ductus venosus pulsatility index and enlarged NT observed in male fetuses. 
Furthermore, individual and gender differences in insulin resistance may play a role in 
the aetiology of nuchal translucency. As fetal growth is highly dependent on insulin and 
IGF, we speculate (very) low fetal insulin resistance can cause both enlarged nuchal 
translucency and macrosomia. This possible association is supported by the fact that male 
fetuses, who are less insulin resistant, have slightly larger NT’s and higher birth weights. 
This supports our suggestion that, when no anomalies are found, a larger NT can be an 
early manifestation of a healthy large (male) fetus.
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Counselling
NT has been measured for 20 years, but still there is not a general consensus on how to 
counsel parents of a euploid fetus with enlarged NT. An increased first trimester risk is 
a burden for the parents. Especially the visual impact on the parents of the nuchal fluid 
collection seen at ultrasound examination can raise anxiety about future development 
and postnatal outcome. It is therefore most important that counselling is based not only 
on the calculated Down syndrome risk, but to perform detailed first trimester scan. The 
risk of chromosomal anomalies is especially high when anomalies are found, or markers 
highly associated with chromosomal anomalies, such as abnormal ductus venosus flow. 
When conventional karyotyping is normal, an enlarged NT is a strong marker for adverse 
pregnancy outcome, associated with miscarriage, intrauterine death, congenital heart 
defects, and numerous other structural defects and genetic syndromes. The risk of adverse 
outcome is proportional to the degree of NT enlargement. We advocate a two-stage 
screening program, where fetuses with an enlarged NT or other markers at the 12 weeks 
scan are referred to a specialized fetal medicine unit. These units are fully equipped for 
more specialized ultrasound scans and parental counselling. 
A detailed second trimester scan must be performed in all fetuses with increased first 
trimester risk and normal karyotype. Cases with suspicious ultrasound findings detected 
at the midtrimester detailed scan should undergo extra investigations and subsequent 
counselling. 
Although the majority of structural anomalies are amenable to ultrasound detection, 
unspecified genetic syndromes involving developmental delay may only emerge after birth. 
Concern over these prenatally undetectable conditions is a heavy burden for parents. 
However, following detection of enlarged NT the majority of babies with normal detailed 
ultrasound examination and echocardiography will have an uneventful outcome. Based on 
current knowledge, in pregnancies where the increased NT resolves and detailed ultrasound 
examinations reveal no additional anomalies, parents can be confidently reassured that 
the residual chance of structural anomalies and abnormal neurodevelopment may not 
be higher than in a the general population. Counselling should emphasize this to help 
parents restore hope in normal pregnancy outcome and infant development.

Future
In the near future non-invasive fetal karyotyping in maternal blood will be available in 
the Netherlands. The first goal of nuchal translucency measurement, screening for Down 
syndrome, will thereby be history. However, in this thesis we confirm that the predictive 
value of nuchal translucency goes far beyond Down syndrome screening. A first trimester 
enlarged nuchal translucency is associated with a broad range of fetal anomalies, 
especially when it is found in the presence of other markers or anomalies. 
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Pregnant women prefer screening for DS in the first trimester of pregnancy, even though it 
might cause anxiety in those eventually delivering a healthy baby. Even those women who 
decline the screening program, favoured being informed about it. Since 2007 all pregnant 
women in the Netherlands are offered counselling on Down syndrome screening, but thus 
far information on the impact of nuchal translucency beyond Down syndrome screening 
is not part of the counselling program. In our opinion this means withholding pregnant 
women important information on the real value of nuchal translucency screening. 
According to the Hippocratic oath doctors will respect patient’s autonomy. This implies 
that doctors must provide all relevant information concerning the patient’s health. The fact 
that a decision or choice may cause anxiety or distress is no good reason to let someone 
else decide what is best for a person instead of the person herself. We must assume that 
the patient has developed a set of values and beliefs according to which she is capable 
to determine which clinical strategies are consistent with her interests. In this light, how 
can we assume that pregnant women can decide about DS screening, but would not 
want to know about an increased risk of other fetal anomalies? Furthermore, Hippocrates 
taught us the principle of beneficence. Doctors must serve the health related interest of the 
patient. Several years ago a similar discussion was going on, whether pregnant women 
should be informed about their options for Down syndrome screening. In that discussion 
the only patient to benefit was the pregnant woman and her decision on abortion. Now 
we have the opportunity to screen for major fetal anomalies, where also the fetus might 
benefit from correct diagnosis through expert ultrasound scans, intra-uterine treatment or 
special neonatal care. To grab that opportunity, we need to inform pregnant women on all 
screening methods. Only when completely informed, women can make an autonomous 
decision on their options for screening methods on their fetuses health. 
Prenatal care should emphasise first trimester risk assessment for fetal anomalies. In the 
Netherlands, where all necessary treatments are covered by health insurances, pregnant 
women under 36 years have to pay for the 11-14 weeks scan. This situation might wrongly 
imply that first trimester screening is not meant for younger women. Although their risk of 
DS is more likely to be low, this is not the case for other fetal anomalies. We truly regret 
that financial costs form a second barrier for pregnant women to make an autonomous 
decision on their screening options. 
We strongly advise to set up a complete counselling program on first trimester screening 
beyond DS, freely accessible to all pregnant women. After counselling, all pregnant 
women should be able to choose for a blood test for Down syndrome, Trisomy 13 and 18 
at 10 weeks gestation. Next examination should be a detailed 12 weeks ultrasound scan 
for all pregnant women, as important step in individual risk assessment. We advocate 
a two-stage screening program, where fetuses with an enlarged NT or other markers 
at the 12 weeks scan are referred to a specialized fetal medicine unit. These units are 
fully equipped for the more specialized ultrasound scans and parental counselling. In 
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this setting there will also be place for more advanced DNA investigations on placental 
biopsies or amniotic fluid, such as microarray CGH investigation. 

In conclusion, nuchal translucency goes far beyond DS screening. An enlarged NT is 
associated with a wide range of structural and genetic anomalies. A detailed first trimester 
scan is an important step in screening for those anomalies and in individual risk assessment. 
All pregnant women should be informed about first trimester screening options and get 
free access to the screening program.
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