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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
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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 

12
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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. 

13

proefschrif Timmerman.indb   13 18-4-2013   10:30:00



Chapter 1

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
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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. 

16
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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. 

17
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ABSTRACT

Objective The aim of this study was to investigate the influence of fetal gender on 
pregnancy outcome in fetuses with enlarged nuchal translucency (NT). 
Methods Pregnancy outcomes of all women who underwent an NT measurement at our 
institution between January 2000 and November 2007 were retrospectively reviewed. 
Separate analyses were performed for fetuses with normal and with enlarged (≥95th 
percentile) NT.
Results A normal NT was measured in 3637 males (51.4%) and 3435 females (48.6%). 
Of the fetuses with enlarged NT 365 were males (57.4%) and 271 females (42.6%) (P 
= 0.001). In this group a normal pregnancy outcome – of those pregnancies for which 
the outcome was known – was registered for 187/332 (56.3%) of the male fetuses and 
98/249 (39.4%) of the female fetuses (P < 0.001; relative risk (RR) for adverse outcome 
for male gender, 0.72). Eighty percent of the chromosomally normal male fetuses with an 
enlarged NT had an uneventful pregnancy outcome; this increased to 90% when only the 
male fetuses with NT measurements ≥95th percentile and <99th percentile and normal 
karyotype were considered (RR for adverse outcome for male gender, 0.47).
Conclusion In a population of fetuses with enlarged NT there are significantly more males. 
Male fetuses with enlarged NT and normal chromosomes have an almost two-fold greater 
chance of a favourable outcome than females. We believe that 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 males, leading to moderately increased nuchal 
fluid accumulation.
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INTRODUCTION

In the attempt to optimize first-trimester screening for chromosomal anomalies, the effect 
of covariables that may affect screening results has been studied extensively. One of these 
covariables is gender. It has been suggested that fetal sex influences the concentrations of 
first-trimester maternal serum markers 1–3. The risk of abnormal maternal serum screening 
results is in fact higher in the presence of a male fetus1. The impact of fetal gender on 
nuchal translucency (NT) thickness has been less studied and is still controversial. Some 
authors have found a significant gender difference in NT thickness 1,4,5, but other studies 
have found no difference 3,6. However, all of these studies investigated gender differences 
in a general population or in a population of fetuses with normal NT thickness and normal 
outcome. The aim of this study was to investigate the influence of fetal sex on pregnancy 
outcome in fetuses with an enlarged NT. 

METHODS 

Our fetal medicine unit – the Academic Medical Centre in Amsterdam – acts as a tertiary 
referral centre for a large geographical area. Many cases diagnosed with enlarged NT in 
other centres are referred to our hospital for advanced first-trimester sonography, invasive 
testing and genetic counselling. First-trimester ultrasound screening is also offered 
routinely to all women booking at our hospital. 
The prenatal database of the Academic Medical Centre was searched for all fetuses with 
enlarged NT measured between January 2000 and November 2007. Enlarged NT was 
defined as a measurement ≥95th percentile for the normal range, according to The Fetal 
Medicine Foundation 7. Cases with normal NT measured in the same period were also 
retrieved and analysed separately. 
Karyotyping was offered to all patients with a risk for Down syndrome of more than 1 in 
200 based on maternal age, NT and first-trimester maternal serum pregnancy associated 
plasma protein-A and free β-human chorionic gonadotropin. Before first-trimester serum 
screening was available, karyotyping was offered in cases of enlarged NT or maternal age 
above 36 years. In all cases of enlarged NT and normal karyotype a two-step ultrasound 
investigation at 13–16 and 20–24 weeks’ gestation was performed to exclude structural 
anomalies. 
Demographic data that may influence first-trimester screening results, such as maternal 
age, parity, weight and smoking were recorded for both the normal and enlarged-NT 
group. Pregnancy outcome was obtained in all cases from forms filled in by patients or 
staff at maternity wards or midwife practices and by reviewing neonatal, pathology and 
clinical pediatric notes, when appropriate. When the infant was born without structural 
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defects or dysmorphic features the chromosomes were assumed to be normal. In all 
cases of enlarged NT or antenatal suspicion of abnormal development the infant was 
investigated by a neonatologist, pediatric cardiologist or geneticist, as indicated.
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intrauterine death (IUD) or neonatal death (NND) and 
termination of pregnancy (TOP) on parental request. 
Statistical analysis was performed with SPSS statistics 14.0 (SPSS Inc., Chicago, IL, USA). 
The chi-square test was used for inter-group comparisons to assess gender differences in 
outcomes between fetuses with normal and enlarged NT, and between groups of fetuses 
with different degrees of NT enlargement; P < 0.05 was considered statistically significant.

RESULTS

The study population consisted of 636 fetuses with enlarged NT and 7072 fetuses with 
normal NT. The demographic data of both groups (normal and enlarged NT), with respect 
to fetal sex, are reported in Table 1. Crown–rump length (CRL) was significantly larger in 
male fetuses in both groups.

Table 1 Parameters measured at first-trimester screening and maternal demographic data of fetuses 
with enlarged (≥95th percentile) and normal (<95th percentile) nuchal translucency (NT) thickness, 
Data expressed as median (range) or %. *Significant difference between normal and enlarged-NT groups 
(P < 0.01). †Significant gender difference (P < 0.01). BMI, body mass index; CRL, crown–rump length.

Enlarged NT Normal NT

All Male Female All Male Female

Fetal

  CRL (mm) 60 (40 – 90)† 62 (40-90)* 60 (40-84)* 58 (40 - 90)† 58 (40 - 86) * 57 (40 - 90) *

  NT (mm) 3.7 (2.2-24.0)† 3.4 (2.2-24)* 3.9 (2.2-20)* 1.3 (0.1-2.6)† 1.3 (0.1-2.6) 1.3 (0.1-2.6)

Maternal

  Age (years) 34 (18-45)† 34 (19-44) 34 (18-43) 36 (16-47)† 36 (16-46) 36 (17-47)

  Parity ≥1 (%) 64 69 58 65 65 66

  BMI (kg/m2) 22.9 (17-43) 23.1 (18-36) 22.3 (18-43) 22.9 (16-57) 22.8 (16-57) 23.0 (17-57)

  Smoking (%) 10.5 10.4 10.8 9.5 9.4 9.6

Normal nuchal translucency
Of the 7072 fetuses with normal NT measurement (<95th percentile) 3637 were males 
(51.4%) and 3435 females (48.6%). This gives a male : female ratio of 1.059 : 1, which 
is consistent with the normal Dutch sex birth ratio 8. Mean NT was 1.35 mm in the male 
population and 1.30 in the female fetuses (P < 0.001). Outcome data of the pregnancies 
were available in all cases. 6739 children (95.3%) were born alive and well.
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Enlarged nuchal translucency
Of the 636 fetuses with enlarged NT (≥95th percentile) 365 were males (57.4%) and 271 
females (42.6%), a male : female ratio of 1.35 : 1 (P = 0.001). Pregnancy outcome was 
available in 581 (91.4%) cases. Of the remaining 55 fetuses with unknown pregnancy 
outcome 33 were males and 22 were females, all of whom had normal chromosomes. 
The overall rate of adverse pregnancy outcome – in the 581 cases for which the outcome 
was known – was 50.9% (296 fetuses: 145 males and 151 females, P = 0.49). The most 
common causes of adverse outcome were chromosomal anomalies (65.5%) and structural 
defects (14.5%). The remaining were miscarriage/ IUD, genetic syndromes, very preterm 
birth leading to NND and TOP because of deteriorating fetal hydrops.
A normal pregnancy outcome was registered in 56.3% (187/332) of the males and in 
39.4% (98/249) of the females (relative risk (RR) for adverse outcome in males 0.72 (95% 
CI, 0.61–0.84); P < 0.001). Overall a normal pregnancy outcome was recorded in 285 
infants (49.1%), and of these 65.5% were males (P < 0.001). 
Table 2 reports the gender distribution according to degree of NT enlargement. Male 
gender was predominant, especially in the group of fetuses with mildly enlarged NT 
(≥95th percentile and <99th percentile). In this group there were 178 males (65.7%) 

Table 2 Gender distribution according to degree of nuchal translucency (NT) enlargement in fetuses with 
NT ≥95th percentile NT is expressed as a combination of absolute values and percentiles. P95; 95th 
percentile

NT Males 
(% of male fetuses)

Females 
(% of female fetuses)

Male: 
female ratio

P95 to 2,9 mm 88 (24.1) 56 (20.7) 1.6 : 1

3,0 to 3,4 mm 90 (24.7) 37 (13.7) 2.4 : 1

3,5 to 4,4 mm 96 (26.3) 62 (22.9) 1.6 : 1

4,5 to 5,4 mm 38 (10.4) 30 (11.1) 1.3 : 1

5,5 to 6,4 mm 17 (4.7) 23 (8.5) 0.7 : 1

≥ 6,5 mm 36 (9.9) 63 (23.2) 0.6 : 1

ALL (≥P95) 365 (100) 271 (100) 1.3 : 1

and 93 females (34.3%) (P < 0.001). Female gender was more common in fetuses with 
an NT ≥5.5 mm. In Table 3 and Figure 1 the distribution of chromosomal anomalies, 
other causes of adverse outcome and uneventful outcome are reported according to fetal 
gender and the degree of NT enlargement. 
Chromosomal anomalies were diagnosed in 194 of the fetuses (98 male and 96 female) 
with enlarged NT (30.5%). There were no differences in the type of chromosomal 
anomalies in male or female fetuses (except for sex chromosome anomalies), and after 
exclusion of sex chromosome anomalies there were no gender differences in the group of 
fetuses with NT above 4.5 mm (83 male and 91 female fetuses, P = 0.54).
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Table 3 Distribution of adverse and uneventful outcomes in the total group of fetuses with enlarged 
(≥95th percentile) nuchal translucency (NT) according to fetal gender and to degree of NT enlargement 
Data are expressed as n (%), with % calculated using the total with known outcomes. *Significant at P < 
0.05. †Significant at P < 0.001. ‡Includes miscarriage, termination of pregnancy, intrauterine demise 
and neonatal death.

Outcome Total NT 95th to 99th 
percentile

NT ≥99th percentile 
to 4.4 mm

NT ≥ 4.5 mm

Male Female Male Female Male Female Male Female

Chromosomal 
anomaly

98 (30) 96 (39) * 27 (17) 10 (12) 23 (27.1) 21 (41) 48 (57) 65 (56)

Structural 
anomaly

18 (5.4) 25 (10) * 6 (3.7) 7 (8.5) 7 (8.2) 3 (5.9) 5 (5.9) 15 (13)

Genetic 
disorder

12 (3.6) 8 (3.2) 4 (2.5) 3 (3.7) 4 (4.7) 1 (2.0) 4 (4.7) 4 (3.4)

Loss ‡ 17 (5.1) 22 (8.8) 3 (1.9) 4 (4.9) 5 (5.9) 1 (2.0) 9 (11) 17 (15)

Uneventful 
outcome

187 (56) 98 (39) † 122 (75) 58 (71) 46 (54) 25 (49) 19 (22) 15 (13)

Total (known 
outcome)

332 249 162 82 85 51 85 116 

Unknown 
outcome

33 22 16 11 11 11 6 0

581 fetuses 

Male  n = 332 Female n = 249 
 

Normal 
karyotype 
n = 234  

 

Chromosomal 
anomalies  

n = 98  
 

Uneventful 
outcome  
n = 122 
(90%) 

 

Uneventful 
outcome  
n = 65 
(66%) 

Normal 
karyotype 
n = 153  

Chromosomal 
anomalies  

n = 96  
 

Uneventful 
outcome  

n = 58 (79%) 

Uneventful 
outcome  

n = 40 (50%) 

NT 95th to 
99th percentile  

n = 135  
 

NT > 99th 
percentile 

n = 99 

NT 95th to 
99th percentile  

n = 73 

NT > 99th 
percentile 

n = 80 

Males overall  
Uneventful outcome 
n = 187/332 (56%) 

Females overall 
Uneventful outcome 
n = 98/249 (39%) 

Figure 1 Pregnancy outcome according to fetal gender and degree of nuchal translucency (NT) 
enlargement in fetuses with enlarged NT (≥95th percentile).
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In Table 4 the RRs and corresponding 95% CIs for adverse outcome dependent on fetal 
gender are reported for all fetuses with enlarged NT, and for those with enlarged NT and 
normal karyotype according to degree of NT enlargement. Overall, male fetuses with 
normal karyotype had almost twice as high a chance of uneventful outcome than females 
(RR for adverse outcome 0.56 (95% CI, 0.40–0.78); P < 0.01). The chance of normal 
outcome was the highest in chromosomally normal males with mildly enlarged NT (≥95th 
percentile and <99th percentile), where the RR for an adverse outcome was 0.47 (95% CI, 
0.24–0.93); P < 0.01.

Table 4 Relative risk (RR) for adverse outcome in male compared with female fetuses with enlarged 
(≥95th percentile) nuchal translucency (NT), with sub-analyses of those with normal karyotype according 
to NT percentile P95; 95th percentile

Uneventful outcome RR for adverse 
outcome (95% CI) 

P

Males (n(%)) Females (n(%))

Total 187/332 (56) 98/249 (39) 0.72 (0.61 - 0.84) <0.01

Normal karyotype 187/234 (80) 98/153 (64) 0.56 (0.40 - 0.78) <0.01

NT P95 to P99 & normal karyotype 122/135 (90) 58/73 (80) 0.47 (0.24 - 0.93) <0.01

NT ≥ P99 & normal karyotype 65/99 (66) 40/80 (50) 0.69 (0.48 - 0.97) <0.05

DISCUSSION

In our population of fetuses with enlarged NT male gender was predominant, but males 
were more likely to have a favourable outcome. Overall, 80% of the chromosomally 
normal males had an uneventful pregnancy outcome. This increased to 90% when the 
degree of NT enlargement was marginal (≥95th percentile and <99th percentile). 
Fetal gender differences in the first trimester have been extensively investigated. It 
has been suggested that fetal sex influences first-trimester maternal serum marker 
concentrations, with male fetuses associated with a higher chance of abnormal serum 
marker concentrations 1–3. However, gender differences in miscarriages do not show any 
clear trends 9,10.
The issue of the impact of gender on the degree of nuchal fluid accumulation has also 
been studied, with slightly controversial results. Yaron et al. 3 and Prefumo et al. 6 did 
not find NT to be significantly related to gender, whereas Lam et al. 4 reported NT to be 
significantly larger in male fetuses (with a gender difference of 0.06–0.1 mm) and Larsen 
et al. 5 also found NT to be slightly, but significantly,
smaller in female fetuses. Similarly, Spencer et al. found NT to be 3–4% smaller in both 
chromosomally normal and Down syndrome female fetuses 1. 
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In our large population of fetuses with normal NT, mean NT was slightly, but significantly, 
larger (by 0.05 mm) in male than in female fetuses. In spite of the statistical significance, 
the clinical implications of this NT difference between sexes are probably limited. 
Intra-observer variation and limitations in ultrasound resolution may have an even larger 
impact on the measurement than 0.05 mm, suggesting no need for gender correction of 
NT in first-trimester risk assessment. Moreover, this correction may not always be readily 
applicable at the time of NT screening, as determination of fetal gender by ultrasound 
examination can only be performed with reasonable accuracy after 12 weeks’ gestation 

11. However, considering that the goal of a good screening program is to minimize the 
false-positive rate, information on fetal gender, when available, should be included as 
additional information with the potential for further refining the accuracy of the algorithm 
used for first-trimester risk assessment. Potentially, this may reduce the false-positive rate 
in male fetuses. 
Thus far there is no hint as to a possible unequivocal explanation for the gender difference 
observed in nuchal fluid accumulation. 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 12–16, alterations 
in the extracellular matrix 17–20 and/or perturbed lymphangiogenesis accompanied by 
endothelial dysfunction 21,22. There is therefore an interesting question regarding which of 
these hypotheses best explains the observed gender difference. 
One may speculate that delayed maturation is more common in male fetuses. Prefumo 
et al. 6 suggested a delay in myocardial maturation in male fetuses as an explanation for 
the higher ductus venosus pulsatility index and enlarged NT observed in male fetuses. 
However, their study lacked the power to confirm a relationship between NT thickness and 
fetal gender. 
From animal studies it is known that myocardium is stiffer during fetal life and that functional 
changes take place during intrauterine development, from as early as 10 weeks’ gestation, 
as suggested by changes in diastolic Doppler flow patterns across the atrioventricular 
valves from mononophasic (A-wave) to biphasic (E and A-waves). As hypothesized by 
Prefumo et al. 6, it is possible that if normal myocardial development and maturation 
are delayed, persistence of a less compliant myocardium beyond 10 weeks may lead to 
impaired diastolic filling, with raised atrial pressures and, ultimately, more pronounced 
fluid accumulation in the fetal neck. A possible delay in myocardial maturation in male 
fetuses may therefore explain the mechanism of more pronounced fetal fluid accumulation 
in fetuses of this gender.
Alternatively, the Y chromosome itself may be responsible for different growth and 
maturation patterns in male fetuses, as suggested by the fact that 46,XY fetuses with 
androgen insensitivity syndrome show female growth patterns 23. This may indeed provide 
a simple explanation for the fact that a faster growth pattern in males, as also supported 
by their statistically significantly greater CRL, may result in a physiologically but significantly 
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larger nuchal fluid accumulation. Other examples of physiologically larger anatomical 
structures may be provided by renal pelvis and posterior horn measurements of the lateral 
ventricles, both of which are larger in males than in females.
It is not known whether growth and maturation progress synchronously. In the hypothesis 
that fetal growth is more accelerated than cardiac maturation, this could provide the 
second alternative explanation for relatively larger NT in males. Investigations of early 
cardiac function have been performed in fetuses with normal and with increased NT, 
but this has not yet been studied separately in male and female fetuses 24,25. Further 
investigations on early cardiac function in male and female fetuses are necessary in 
order to test the hypothesis that gender-related differences may play a role in determining 
differences in maturation and nuchal fluid accumulation. 
It is generally accepted that male sex is considered an independent risk factor for adverse 
pregnancy outcome 26,27. However, based on our data, this does not seem to hold true 
in cases of enlarged NT, as in our population of fetuses with enlarged NT the chance 
of adverse outcome was significantly lower in male fetuses. In agreement with previous 
studies we did not find, in fetuses with enlarged NT, any gender differences in the number 
of chromosomal anomalies 28. However, after the detection of enlarged NT a significantly 
greater proportion of chromosomally normal male fetuses had a favourable pregnancy 
outcome than did chromosomally normal female fetuses. Enlarged NT is known to be 
associated with a wide range of rare genetic syndromes that may not be recognizable at 
birth 29. However, very large series are needed in order to determine whether developmental 
delays in infants born alive and well after detection of enlarged NT are more common in 
either of the sexes. 
Based on our data we can conclude that in a population of fetuses with enlarged NT 
and normal karyotype the chance of a normal outcome is 1.8-fold higher in males than 
in females (adverse outcome 35.9% for female and 20.1% for male fetuses). These data 
may play a role in parental counselling, although increased NT with normal karyotype and 
no structural defects generally has a good prognosis. Further investigation is required to 
determine whether different algorithms for risk assessment and management protocols 
should be developed for male and female fetuses.
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ABSTRACT 

Objective The aim of this study was to determine the impact of fetal gender and 
maternal smoking on the performance of first trimester Down syndrome screening in the 
Netherlands. 
Methods The prenatal database of our Fetal Medicine Unit was searched to identify all 
singleton pregnancies who underwent the first trimester combined test (NT, free β-hCG 
and PAPP-A) for assessment of the risk of Down syndrome between January 2000 and 
October 2008. Differences in screening performance between male and female fetuses 
were determined using Chi-squared and Mann Whitney U tests Smokers and non-smokers 
were compared using likelihood ratios, corrected for a-priori risk. 
Results The study group comprised 4538 fetuses: 2350 males (52%) and 2188 females 
(48%). Women carrying a female fetus had a 22% higher free β-hCG level than women 
carrying male fetuses. NT was 2% larger in male fetuses. Although female fetuses were 
1.2 times more likely to be screen positive, this was not statistically significant (P=0.08). 
Smoking was reported by 249 women (6%). Women who smoked had a 21% lower PAPP-A 
level and they were more likely to become screen positive compared to non-smokers 
(LR1.3, P=0.002).
Conclusions 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. 
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INTRODUCTION 

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% 1,2. 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. 
It is known that free β-human chorionic gonadotrophin (β-hCG) is higher in women 
who carry female fetuses compared to women who carry males (Table 1) 3-7. Pregnancy 
associated plasma protein-A (PAPP-A) is lower in smokers (Table 2) 3,8-18. 

Table 1 Overview of studies concerning effect of fetal gender on first trimester serum markers, NT 
thickness and calculated risk after combined test MedMoM = Median Multiple of the Median

Author Cut-off N NT Free β-hCG PAPP-A Risk

De Graaf ↓ NA 253 euploid Not studied MedMoM 16% 
↓in males

NS Not studied

Spencer 4 1:300 2923 euploid log MoM 3% 
↑ in males

log MoM 15% 
↓in males

log MoM 10% 
↓ in males

Males 1.05 
times likely 

to be screen 
positive, NS.

203 
trisomy 21

log MoM 3% 
↑ in males

log MoM 11% 
↓in males

log MoM 13% 
↓ in males

Lam 19 NA 12189 euploid MedMoM 5% 
↑ in males

Not studied Not studied Not studied

Yaron 5 1:380 1325 euploid NS MedMoM 19% 
↓in males

NS Median risk 
18% 

↓ in males, 
Males LR 

screen+ 0.87 
NS.

Larsen 6 NA 2637 euploid Mean log MoM  
0,009 ↑ in 

males

Mean log MoM 
0,06↓in males

Mean log MoM 
0,03 ↓ in males

Not studied

Ardawi 14 NA 1616 euploid NS MedMoM 23% 
↓ in males

NS Not studied

Cowans 7 1:300 56024 euploid ΔNT 9,4% 
↑ in males

MedMoM 
14,7% 

↓in males

MedMoM 6,3%
↓ in males

Males LR 
screen+ 0,93, 

NS.

722 trisomy 21 ΔNT 9,0 % 
 ↑ in males

MedMoM 
20,3% 

↓in males

NS

Timmerman 20 NA 7072 normal 
NT

0,05 mm 
 ↑ in males

Not studied Not studied Not studied

Δ = delta
↓= significantly lower, ↑= significantly higher, NA= Not Applicable, LR likelihood ratio
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NT is slightly larger in males 4,6,7,19,20 and probably in case of maternal smoking 10,14-17. 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 4,5,7. In smokers 
screen positive rates are slightly higher 10,11,17. Data on effect of smoking on DR show 
conflicting results 11,17. When corrected dose-dependent for smoking, only 0.1% increase 
in screen positive rate in smokers remained, according to Kagan 13. Based on these results 
serum MoM values are corrected for smoking in the UK and since January 2012 in the 
Netherlands. Thus far the influence of smoking on the screening performances in the 
Netherlands has not been reported. The aim of this study is to determine the impact of 
fetal gender and maternal smoking on the performance of first trimester Down syndrome 
screening in the Netherlands. 

Table 2 Results of NT, PAPP-A, free β-hCG and first trimester risk assessment in smokers compared to 
non-smokers

Author Cut-off N NT 
(Median 
MoM)

free β-hCG 
(Median 
MoM)

PAPP-A 
(Median 
MoM)

Risk assessment

Spencer 8 1:300 3111 Euploid Not studied NS 15% ↓ DR 5-6% lower

De Graaf 3 NA 755 Euploid ‡ Not studied NS 26% ↓ Not studied

Spencer 4 1:300? 2887 * Euploid NS Not studied Not studied Not studied

204 Trisomy 21 NS 13% ↓ 6% ↑

Niemimaa 10 1:250 4436 † 8% ↑ NS 22% ↓ Screen positive rate 
1,7% ↑ in smokers

Spencer 11 1:300? 32 730 Euploid NS 3% ↓ 18% ↓ FPR 0.72% ↑ in 
smokers and DR 9.5% 

↓ in smokers

124 Trisomy 21 NS NS NS

Yigiter 12 1275 NS NS 21% ↓$ Not studied

Ardawi 14 1920 10% ↑ 15% ↓ 19% ↓ Not studied

Ardawi 15 2337 16% ↑ 13% ↓ 19% ↓ Not studied

Miron 16 1:210 – 
1:266

53 114 7% ↑ 13% ↓ 17% ↓ Median risk 1:4459 in 
smokers vs 1:4428 in 
non-smokers, p=0.09

Kagan 13 1:300 109 263 Not studied 3% ↓ 20% ↓ Screen positive 
rate 0.1% ↑ if dose 

dependent corrected 
for smoking

Bestwick 17 1:250 12 517 3% ↑ 4% ↓ 20% ↓ Adjust for smoking à 
0.5% ↑ in DR, 0.3% ↑ 

in FPR

Zhang 18 1:230 15751 NS 20%↓ 11%↓ Influence of smoking 
not significant

* number of NT measurements. †  number of serum samples. ‡  number of PAPP-A measurements. $ in 
smokers > 5 cigarettes
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METHODS

The Fetal Medicine Unit of the Academic Medical Centre in Amsterdam is a tertiary referral 
centre for a large geographic area in the North-west of the Netherlands. The prenatal 
database of our FMU contains pregnancies that get their routine antenatal care at the 
hospital and pregnancies referred by primary and secondary care facilities for further 
assessment. 
The prenatal database was searched for women who underwent the first trimester 
combined test (NT, free β-hCG and PAPP-A) between January 2000 and October 2008. 
Only singleton pregnancies with known fetal gender, smoking status, karyotype and 
outcome were included for analysis. Blood samples for analysis of PAPP-A and free β-hCG 
were taken between 9 and 13+6 weeks gestation. From January 2000 until October 2007 
blood samples were analysed at the Dutch National Institute for Public Health and the 
Environment using Auto DELFIA analyser (Perkin Elmer, Turku, Finland). From October 
2007 onwards maternal serum samples are analysed with Ellipse Delfia Xpress equipment 
(Perkin Elmer, Turku, Finland) at the Laboratories of Clinical Chemistry of the Academic 
Medical Centre. NT measurements were performed between 11 and 14 weeks of gestation 
according to the Fetal Medicine Foundation (FMF) guidelines 21.

Maternal characteristics including maternal age, maternal weight, gestational age and 
trisomy in a previous pregnancy were recorded and taken into account in the Down 
syndrome risk assessment. Current and recent cigarette smoking status were assessed 
by self-reporting at the time of NT measurement. During the study period MoM values 
of PAPP-A and free β-hCG were not corrected for maternal smoking. PAPP-A and free 
β-hCG values were converted to Multiple of Median (MoM) for gestational age and 
maternal weight. Down syndrome risk was calculated based on maternal age, crown rump 
length (CRL), PAPP-A MoM, free β-hCG MoM and fetal NT thickness. Increased Down 
syndrome risk was defined as risk ≥ 1:200, which is the standard cut off value in the 
Netherlands. Karyotyping was offered if the CT Down syndrome risk was ≥ 1:200 or if 
maternal age was 36 years or more. 
Pregnancy outcome was obtained from patients, maternity wards or midwifery practices 
and by reviewing notes from neonatal period or pathology department. When the baby 
was born without structural defects or dysmorphic features, the chromosomes were 
assumed to be normal. 
The pregnancy outcome was classified to be adverse if there was a chromosomal anomaly, 
structural anomaly, genetic disorder, intra-uterine or neonatal death (IUD, NND) or 
termination of pregnancy (TOP) in case of very large NT associated with hydrops fetalis. 
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Statistical analysis was performed with SPSS statistics 16.0 (SPSS Inc., Chicago Ill). 
Chi-square tests and Mann Whitney U tests were used for intergroup comparison of MoM 
values to assess gender differences and differences associated with maternal smoking 
status. Likelihood ratios were converted to log values and linear regression and t-tests 
were used to assess differences in gender and smoking status. 
Values of P<0.05 were considered statistically significant. 

RESULTS

The study group comprised 4547 fetuses from singleton pregnancies that underwent first 
trimester DS screening. Pregnancy outcome and fetal gender were known in 4538 fetuses 
(99.8%). There were 2350 male (51.8%) and 2188 female (48.2%) fetuses (Figure 1). 
Smoking was reported by 249 women (5.5%).

 

2214 non -smokers  
 

4547 singleton fetuses  

4538 singleton fetuses, known outcome  

3 lost to FU  
6 TOP/miscariages without  

karyotyping  

 2350 males  2188 females  

136 (5.8%)  smokers  
 

 

2075 non -smokers  
 

113 (5.2%)  smokers  
 

2060  
risk<1:200  

154 (7.0%)  
risk ≥1:200 

108  
risk<1:200  

28 (20.6%)  
risk ≥1:200 

1893  
risk<1:200  

 

182 (8.8%)  
risk ≥1:200 

97  
risk<1:200  

 

16 (14.2%)  
risk ≥1:200 

5 Tri 21  
 

19 Tri 21  0 Tri 21  
 

3 Tri 21  4 Tri 21  
 

25 Tri 21  0 Tri 21  
 

3 Tri 21  

Figure 1. Flowchart: number of trisomy 21 fetuses according to fetal gender, maternal smoking and first 
trimester DS risk

Maternal characteristics
Pregnancies with female and male fetuses did not differ with respect to maternal age, body 
mass index (BMI) or parity (Table 3). Maternal smoking was associated with a significantly 
higher maternal age. Smoking was more frequent in the subgroup with DS risk ≥ 1:200, 
especially in women carrying a male fetus. Demographic data according to maternal 
smoking and fetal gender are reported in Table 3.
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Outcome
The overall rate of adverse pregnancy outcome was 5.1%. Chromosomal anomalies 
were diagnosed in 88 fetuses, of which 61 had Down syndrome. Structural anomalies 
were diagnosed in 78 fetuses (1.7%) and genetic syndromes in 7 (0.2%). There were 59 
pregnancy losses (1.3%). There was no significant difference between the prevalence of 
adverse outcome in pregnancies with female and male fetuses (P=0.63). Smoking did 
not significantly influence the chance of having a DS baby or other adverse pregnancy 
outcomes either. Maternal smoking was recorded in 6 of the 59 (10%) DS cases compared 
to 6% of the non-DS (P=0.11). Adverse outcome rate was 6.4% in smokers and 5.0% in 
non-smokers (P=0.33). 

Risk assessment 
Median  NT MoM was 2% higher in male fetuses than in females (0.90 vs. 0.88, P=0.02). 
In females whose mother smoked  NT MoM was not significantly higher than NT MoM in 
female fetuses from non-smoking mothers. In contrast males fetuses from mothers who 
smoked had a significantly higher median  NT MoM than male fetuses from non-smoking 
mothers (0.95 in smokers vs. 0.90 in non-smokers, P=0.03). 
Female gender was associated with a 22% increased median MoM free β-hCG compared 
to males (1.14 MoM in females vs. 0.92 MoM in males, P<0.001).
Smoking was associated with significantly reduced PAPP-A MoM levels (0.91 MoM in 
smokers vs. 1.10 MoM in non-smokers, P<0.001). There were no gender differences in 

Table 3. Demographic data of total population and of population at increased risk after the combined 
test, expressed as Median / percentages

N Maternal 
age (yrs)

BMI 
(kg/m2)

Parity ≥ 1 
(%)

Smoking 
(%)

M : F ratio A priori risk

Total

all 4538 37.0 22.9 64% 9.8% 1.07 177

males 2350 36.9 22.8 64% 10.3% - 178

females 2188 37.0 23.0 64% 9.2% - 175

non-smoking 4289 36.9 22.9 64% - 1.07 180

smoking 249 37.7 † 23.4 66% - 1.20 147 †

Risk ≥ 1:200

all 380 37.6 ‡ 23.3 66% 13.5 ‡ 0.92 148 ‡

males 182 37.4 23.1 68% 17.7 - 150

females 198 37.8 23.3 65% 9.5 * - 147

non-smoking 336 37.7 23.1 67% - 0.85 148

smoking 44 37.1 23.8 66% - 1.75 † 150

* significant gender difference
† significant difference between smoking and non-smoking
‡ significant difference between total population en subgroup with DS risk ≥ 1:200
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median PAPP-A MoM levels and there was no difference in β-hCG MoM levels between 
smokers en non-smokers. (Table 4). 

Median calculated Down syndrome risk after the combined test in male fetuses was not 
significantly different from that in female fetuses (1:1526 vs 1:1436, P=0.07).
An increased calculated DS risk (≥1:200) was recorded in 380 fetuses (8.4%). Although 
female fetuses were 1.2 times more likely to be screen positive (Table 4), this was not 
statistically significant (OR 1.19, 95% CI 0.96-1.46, P=0.08). 
The effect of maternal smoking on the risk assessment was much larger, with a median 
calculated Down syndrome risk of 1:1510 in non-smokers and 1:1089 in smokers 
(P<0.001) (Table 4). Of the women who smoked 17.7% had an increased DS risk 
(≥1:200), compared to 7.8% of the non-smokers (Table 4 & 5). After correction for the 
higher a priori risk of smoking women, the likelihood to become screen positive was 1.3 
times higher for smokers than in non-smokers (P=0.002). 

Smoking was recorded in 11.6% of pregnancy with increased first trimester risk, compared 
to 5.5% in the total population (P<0,001). Smoking was recorded in 15.4% of women 
with increased first trimester risk assessment carrying a male fetus and in 8.1% of those 
carrying a female fetus (P=0.026). Smoking mothers with an increased DS risk were more 
likely to carry a boy (63.6% males) than non-smokers (45.8% males) (p<0.001). 

Table 4. Parameters of the first trimester risk assessment, expressed in median MoM’s resp. median 
calculated risk, according to fetal gender and smoking status 

N CRL NT MoM Free β-hCG
MoM

PAPP- A
MoM

Risk after
Combined 
test (1: xx)

Risk ≥ 1:200
n (%)

Total population

all 4538 58 0.89 1.02 1.09 1481 380 (8,4%)

males 2350 59 0.90 0.92 1.08 1526 182 (7.7%)

females 2188 58 * 0.88 * 1.14 * 1.11 1436 198 (9.0%)

Non-smoking

all 4289 58 0.89 1.03 1.10 1510 336 (7.8%)

males 2214 59 0.90 0.92 1.09 1557 154 (7.0%)

females 2075 58 * 0.88 * 1.14 * 1.12 1462 182 (8.8%) *

Smoking

all 249 59 0.89 0.93 0.91 † 1089 † 44 (17.7%) †

males 136 58 0.95 † 0.86 0.93 † 1094 † 28 (20.6%) †

females 113 60 * & † 0.86 * 1.02 * 0.91 † 1077 † 16 (14.2%)

* significant gender difference (Chi squared test, P< 0.05)
†  significant difference between smoking and non-smoking (Chi squared test, P< 0.05)
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DR and FPR
Overall DS detection rate (DR) at the combined test was 83.6%. DR and false positive rate 
(FPR) were similar for fetuses of both sexes (Table 5, P=0.85). 
Among smokers there were only 6 DS cases (DR 100%). FPR was significantly higher in 
smokers (15.6%), compared to non-smokers (6.9%, OR 2.5 95%CI 1.7-3.6 P<0.001). 
(Table 5). 
When using different cut-offs (≥1:100 and ≥1:300) the effect on FPR between smokers 
and non-smokers remained the same (Table 6). 

Table 5 Numbers (N) of fetuses at increased risk after the combined test at different cut off values and 
corresponding Down syndrome detection rates (DR) and false positive rates (FPR), according to fetal 
gender and smoking status

Risk cut off N DR FPR

≥ 1:200 (N=380)

male 182 82% (22/27) 6.9%

female 198 85% (28/32) 7.9%

non-smoking 336 83% (44/53) 6.9%

smoking 44 100% (6/6) 15.6% *

≥ 1:100 (N=237)

male 116 71% (19/27) 4.2%

female 121 82% (27/32) 4.4%

non-smoking 211 77% (41/53) 4.0%

smoking 26 83% (5/6) 8.6% *

≥ 1:300 (N=504)

male 253 89% (24/27) 9,90%

female 251 91% (30/32) 10,30%

non-smoking 450 91% (48/53) 9,50%

smoking 54 100% (6/6) 19,8% *

* significant difference between smokers and non-smokers (Chi squared test, P< 0.001)

Table 6. False Positive Rate (risk ≥ 1:200) according to fetal gender and maternal smoking combined

Smoking Non-smoking All

Male 18.8% 6.2% * 6.9% 

Female 11.8% 7.7% 7.9%

All 15.6% 6.9% *

* significant difference between smokers and non-smokers

-
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DISCUSSION

This study shows that first trimester free β-hCG MoM is 22% higher in female fetuses 
compared to males and PAPP-A MoM is 21% lower in case of maternal smoking.  NT 
MoM is slightly larger in males. Female fetuses have a slightly higher median calculated 
DS risk and tend to have a higher chance to get a screen positive result (risk ≥1:200). 
Smokers were even more likely to get a screen positive result (LR 1.3). 
Our results are consisting with several authors who found larger NT’s in male fetuses 

4,6,7,19,20. As for maternal serum markers, free β-hCG is lower in male fetuses 3-7,14, whereas 
PAPP-A is not uniformly affected by fetal gender 3-7,14 (Table 1). To date the impact of fetal 
gender on first trimester risk assessment has been scarcely studied 4,5,7 (Table 1). 
In keeping with all previous studies PAPP-A was lower in our population in smoking 
mothers 3,8-17. NT might be slightly larger en free β-hCG slightly lower in smoking women, 
but both findings were not confirmed by all authors 3,4,8,10-12,14-17. Furthermore, reports on 
the impact of smoking on first trimester risk assessment show conflicting results (Table 2) 
10,11,13,16,17,22. 
Smoking was self-reported by pregnant women. It is known that accuracy of self-reporting 
is not high with under reporting as high as 26% 23-25 and known irregular smoking habits 
during pregnancy 26. 
Our study population is not a general one. Maternal age, a priori DS risk and screen 
positive rate are high due to the fact that in the Netherlands especially older women 
choose for DS screening. Moreover, our database includes mostly patients referred to 
our FMU in view of an increased DS risk and women booking at our hospital because of 
obstetrical risks. Only a minority consists of young and low-risk pregnant women living in 
the hospital area. In spite of this, median  NT MoM, free β-hCG MoM and PAPP-A MoM 
are similar to average Dutch values 27. Furthermore, male: female ratio in our population 
was in agreement with the normal Dutch sex birth ratio 28. 
The impact of first trimester screening co-variables may be especially relevant in women 
with an intermediate-high a priori DS risk, as most women in our study. When co-variables 
negatively influence NT, PAPP-A or free β-hCG, they are very likely to become screen 
positive. This explains the observed large impact of fetal gender and smoking in our 
population. Furthermore, this can explain why cigarette smoking women had higher a 
priori risks. Especially women with higher a priori risks are more vulnerable for changes in 
risk assessment and therefore more likely to be referred to our FMU. 

This study illustrates that gender (20% higher free β-hCG in females) has less impact on 
the risk estimates than smoking (20% lower PAPP-A). The relative large impact of PAPP-A 
is associated with the smaller standard deviation in both general and DS populations 22. 
A deviation of the PAPP-A level has a more pronounced effect on the likelihood ratio (and 
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ultimate risk) than a deviation of free β-hCG. This larger impact of PAPP-A is illustrated 
by the finding that smoking women carrying a male fetus have higher risk calculations 
compared to non-smoking women carrying a female fetus. Smoking women carrying a 
female fetus get the highest risk calculation (Table 4). 
There is no unequivocal explanation for the gender differences observed in first trimester 
screening markers. 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 males, leading to 
moderately increased nuchal fluid accumulation 20,29. 
Gender differences in β-hCG levels have been observed for decades 30-34 and contribute 
to higher FPR’s in females in second trimester DS screening 34,35. It is hypothised that 
placental gonadotrophine production is regulated by fetal gonads 36,37 or by fetal steroid 
milieu 31, leading to suppression of hCG production by androgens of male fetuses 38. 
Tobacco toxins dysregulate biological functions of fetal cells and maternal smoking is 
associated with alterations in protein metabolism and enzyme activity in the fetus 39. It is 
likely that these metabolic alterations influence nuchal fluid accumulation, although this 
needs to be proven. Furthermore syncytiotrophoblastic necrosis is increased in smokers 40, 
probably causing a decrease in the syncytiotrophoblastic derived proteins PAPP-A and free 
β-hCG. When a dose-dependent correction for smoking is applied, screen positive rate in 
smokers only increases by 0.1% 13. Although the number of cigarettes smoked per day was 
not recorded in our population, we agree that a dose-dependent correction is necessary 
to optimize screening performances. 
Clinical implications of gender differences in first trimester DS screening need to be 
elaborated. According to Cowans correction for fetal gender only slightly influenced DR, 
but almost equalized FPR between the sexes 7. We agree with Cowans that a cost benefit 
analysis needs to be carried out to determine the feasibility of gender correction in first 
trimester screening programs 7. Moreover, correction may not always be readily applicable 
at the time of screening, as ultrasound determination of fetal gender becomes more 
accurate after 12 weeks’ gestation 41,42 and it may not be that easy in a routine setting. 
Other ways of fetal sexing, as in maternal blood (PCR targeted at the SRY gene) do not 
(yet) seem cost-effective. 
Beyond 12 weeks information on fetal gender could be added in a strategy of individual 
risk-oriented two-stage first trimester screening approach, as suggested in fetuses at 
high-intermediate risk after the combined test 43. In a previous report 20 we found that 
male fetuses with an enlarged NT had an almost two-fold greater chance of favourable 
outcome. Information on fetal gender may therefore also be helpful in counselling parents 
in case of enlarged NT and normal karyotype 20,44. 
This study supports the fact that fetal gender and maternal cigarette smoking has impact 
on first-trimester risk assessment. We confirmed that female fetuses tend to have slightly 
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(6%) higher risks at the first trimester risk assessment. The effect of maternal smoking is 
much larger with a 28% higher median calculated DS risk and doubled FPR. 
Algorithms for first-trimester screening need continuous auditing and improvement 45. 
Considering that the goal of a good screening program is to optimize detection rates 
and to minimize false-positive rates, the question is not if, but how information on 
maternal smoking and fetal gender should be included in first trimester DS risk assessment 
protocols. It is clear that correction for smoking is needed to overcome high FPR in first 
trimester risk assessment in smoking women. At present for fetal gender correction can be 
used for further refinement of first-trimester risk assessment algorithms only in a sequential 
screening approach setting. 
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ABSTRACT

Objective The aim of this study was to investigate 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.
Methods The database of our Fetal Medicine Unit was searched for all singleton 
pregnancies who underwent first trimester Down syndrome screening. Fetuses with 
chromosomal or structural defects were excluded. Birth weight percentiles were derived 
with correction for gestational age at delivery, parity and gender. 
Results We included 6503 fetuses. NT was enlarged (≥P95) in 315 fetuses (4.8%). PAPP-A 
was low (≤P5) in 6.6%. Median birth weight was significantly lower (P41 vs. P52) in case of 
low PAPP-A. Macrosomia was more common (11% vs. 7%) in case of enlarged NT. 
Conclusions In fetuses with normal outcome first trimester PAPP-A MoM and  NT MoM 
are significantly related to birth weight. Enlarged NT is associated with macrosomia.
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INTRODUCTION

Since first trimester Down syndrome screening was introduced in the 1990’s the 
association between fetal nuchal translucency thickness (NT) and outcome has been 
studied extensively, especially after an enlarged NT 1-4. 
More recently attention has been focused on the relationship between NT, pregnancy 
associated plasma protein A (PAPP-A) and the free beta unit of the human chorionic 
gonadotrophin(free ßhCG) and birth weight. Several studies report that low levels of 
PAPP-A in the first trimester are associated with a relative low birth weight 5-10, whereas 
most studies did not report an association between free β-hCG and birth weight 5, 7-9 with 
exception of one study 10.
Poon et al 11 reported lower delta NT’s in SGA fetuses, but this finding was not confirmed 
in other studies 8-10. Conversely, in fetuses of diabetic mothers, macrosomia seemed to be 
more common when NT is enlarged 12. Thus far only few studies confirm the association 
between enlarged NT and macrosomia in non-diabetic pregnancies 13-15. 
In the Netherlands 15% of newborns have a birth weight above 4000 grams 16. 
Macrosomia is associated with preventable obstetric complications 17, 18, but it remains 
difficult to predict prenatally. It is therefore important to identify risk factors that may 
improve prediction of macrosomia. 
The aim of this study was to investigate the association of NT, PAPP-A and free β-hCG with 
birth weight in a cohort of fetuses after first trimester screening, with a focus on prediction 
of macrosomia. 

METHODS

The prenatal database of our Fetal Medicine Unit was searched for all NT measurements 
between January 2000 and October 2008. Since the introduction of the combined test 
information on PAPP-A and free β-hCG was also recorded. From 2002 the first trimester 
combined test (NT, PAPP-A and free β-hCG) was performed in our centre on parental 
request; but only since 2007 it is offered to all pregnant women, as part of the Dutch 
Down syndrome screening programme 19. 
Only singleton pregnancies with uneventful outcome were included in the analysis. 
The Fetal Medicine Unit of the Academic Medical Centre in Amsterdam acts as a tertiary 
referral centre for a large geographic area. Fetuses at increased risk for Down syndrome 
are referred to our FMU for advanced first trimester sonography, invasive testing and 
further (genetic) counselling. Furthermore, first trimester screening is routinely offered 
to women booking at our hospital. Nuchal translucency measurements were performed 
according to the Fetal Medicine Foundation (FMF) guidelines 20. 
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All NT, PAPP-A and free β-hCG measurements were converted to multiples of the median 
(MoM) for gestational age. Enlarged nuchal translucency is defined as a measurement 
above the 95th centile for the normal range, according to the Fetal Medicine Foundation 20. 
Socio-demographic data which may influence birth weight such as, parity, maternal 
weight and smoking were recorded. Karyotyping was offered to all patients with a Down 
syndrome risk (based on maternal age, NT and first trimester PAPP-A and free β-hCG) 
of 1:200 or higher. Before first trimester serum screening was available in our region, the 
same cut-off was used for a risk assessment based on (maternal age and) NT alone and 
karyotyping was offered to women aged 36 or older. 
Pregnancy outcome was obtained from questionnaires filled in by patients, maternity wards 
or midwifes practices and by reviewing pathology reports and neonatal and pediatric 
notes. When the baby was born without structural defects or dysmorphic features, the 
chromosomes were assumed to be normal.
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intra-uterine or neonatal death (IUD, NND) and termination 
of pregnancy (TOP) on parental request. 
Birth weights were corrected for gestational age, parity, and gender using reference 
curves of The Netherlands Perinatal Registry 21. Macrosomia was defined as a birth weight 
equal to or above the 95th percentile. Fetuses with birth weights equal to or below the 5th 
percentile were considered as small for gestational age (SGA). 

Statistical analysis was performed by using SPSS statistics 16.0. Chi-square tests and Mann 
Whitney- U tests were used for intergroup comparison to assess birth weight differences 
between fetuses with normal and abnormal NT, PAPP-A and free β-hCG. 
Multiple linear regression analysis was performed to determine the association of NT 
MoM, PAPP-A MoM and free β-hCG MoM and birth weight. 
Values of P<0.05 were considered statistically significant. 

RESULTS

NT was measured in 8076 singleton fetuses. An adverse outcome was recorded in 659 
fetuses (8.2%, 50.1% in case of enlarged NT and 4.2% in case of normal NT). Four 
hundred-sixty-nine fetuses (5.8%) were born prematurely (22 of those with enlarged NT 
and 447 with normal NT, P=0.98). Information on gender, birth weight, term or parity 
was missing in 406 fetuses (5.0%) and 39 pregnancies (0.5%) were lost to follow up. After 
exclusion of these cases the NT study population consisted of 6503 fetuses born at term 
with uneventful outcome and included sufficient data to calculate birth weight percentiles. 
Of the 6503 fetuses, 3814 had had the combined test. Demographic data for the study 
population are presented in Table 1. 
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Median birth weight was 3610 grams in boys and 3450 grams in girls (P<0.001). There 
were no significant gender differences in corrected birth weight percentile. Macrosomia 
and SGA were equally frequent in both sexes. 
Linear regression analysis showed that both NT MoM and PAPP-A MoM, analysed as 
continuous, instead of dichotomous (normal / abnormal)variables, were significantly 
associated with birth weight percentile (beta 0.05 and 0.11, respectively) (Table 3). Median 
birth weight percentile (corrected for term, parity and gender) was significantly lower 
fetuses with low PAPP-A levels (≤ P5) or increased combined risk (≥ 1:200). Furthermore 
there was a positive correlation between birth weight percentile and maternal body mass 
index (BMI) and an inverse relationship between birth weight and maternal cigarette 
smoking (Table 3). 
Macrosomia (birth weight ≥ P95) was significantly more frequent in infants with enlarged 
NT in the first trimester than when NT was normal (11.1% vs 6.6%, P=0.002). The low 
birth weight rate was not different in infants with normal or enlarged NT (Table 2). 
Although median birth weight percentile was lower in fetuses with low PAPP-A, SGA rate 
was not significantly higher in case of low PAPP-A (≤ P5). 
Free β-hCG MoM was not associated with birth weight (percentile), macrosomia- or SGA 
rate. 
An increased DS risk based on the combined test was associated with a lower median 
birth weight percentile, but not with a higher SGA-rate.

Table 1 . Population characteristics for the total population and for the subgroups with abnormal first 
trimester combined test markers (enlarged nuchal translucency thickness (NT>95th percentile), high free 
beta human gonadotrophin (Free β-hCG ≥95thpercentile) low pregnancy associated plasma protein 
(PAPP-A <5th percentile) and high risk of Down syndrome (Tr21 risk >1:200) respectively). 

All
(6503)

NT ≥ P95
(315)

Free β-hCG 
≥ P95 (71)

PAPP-A 
≤ P5 (250)

DS risk 
≥ 1:200 (243)

CRL (mm) 58 (45 - 84) 63 (45 – 84) * 60 (45 - 80) 58 (45 - 83) 59 (45 - 84)

Age (years) 37.1 34.7 * 37.1 36.7 37.8 ‡

Parity ≥1 (%) 66% 66 % 66% 63% 68%

BMI (kg/m2) 22.8 (16-57) 22.9 (18 - 43) 22.4 (19-33) 24.2 (18-57) † 23.1 (18 - 43)

Smoking (%) 5.7% 12.1 % * 5.6% 8.4% † 13.2% ‡

A priori risk 1:171 1:282 * 1:175 1:190 1:144 ‡

Data are presented as median (range) or percentage
P95 = 95th percentile, DS = Down syndrome
* significant difference between normal and enlarged NT
† significant difference between normal and decreased PAPP-A
‡ significant difference between low and increased risk after the combined test
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DISCUSSION

In healthy fetuses an enlarged NT is significantly associated with macrosomia, whereas low 
first trimester PAPP-A is associated with lower birth weight (corrected for term, gender and 
parity). Multivariable linear regression shows that birth weight is significantly associated 
with  NT MoM, PAPP-A MoM, smoking and maternal BMI. 

Table 2b. Birth weight after normal and abnormal combined test markers expressed as median MoM 
and percentage abnormal per birth weight group

Median MoM % (n) abnormal

Birth weight NT PAPP-A β-hCG NT > P95 (315) PAPP-A < P5 (250) β-hCG > P95 
(71)

< 10th percentile 0.87 0.97 * 0.99 10.5% (33) 13.6% (34) 12.7% (9)

10th - 95th percentile 0.87 1.12 1.03 78.4% (247) 80.0% (200) 80.3% (57)

> 95th percentile 0.87 1.21 1.08 11.1% (35) * 6.4% (16) 7.0% (5)

* Significant difference between normal and low / high birth weight
MoM: multiple of the median
NT: nuchal translucency
PAPP-A: pregnancy associated plasma protein
β-hCG: beta human chorionic gonadotrophin

Table 2a. Birth weight after normal and enlarged NT / PAPP-A / free β-hCG in median weight and 
median birth weight percentile

Median birth 
weight (grams)

Median birth 
weight percentile

Overall 3549 52.4

NT

< 95th percentile (6188) 3547 52.3

≥ 95th percentile (315) 3600 54.2

Free β-hCG

< 95th percentile (3743) 3536 51.6

≥ 95th percentile (71) 3550 53.8

PAPP-A

> 5th percentile (3564) 3546 52.6

≤ 5th percentile (250) 3405 † 41.1 †

Risk

< 1:200 (3571) 3542 52.1

≥ 1:200 (243) 3454 ‡ 47.7 ‡

† significant difference between normal and low PAPP-A
‡ significant diference between normal and increased risk
NT: nuchal translucency
PAPP-A: pregnancy associated plasma protein
β-hCG: beta- human chorionic gonadotrophin
risk: calculated Down syndrome risk
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These observations are made in a study population with a high percentage of older 
women, and of screen positive women, reflecting the fact that in the Netherlands especially 
older women choose for DS screening. Moreover, our database included mostly patients 
referred to our FMU in view of an increased DS risk and women booking at our hospital 
because of obstetrical risks. Young and low-risk pregnant women living in the hospital 
surrounding area constitute a minority in the screened population. In spite of this, median  
NT MoM, free β-hCG MoM and PAPP-A MoM are similar to reported average Dutch 
values 22, whereas birth weight is definitely higher in the study population than in the 
average Dutch values, even after correction for gestational age at birth, parity and gender 
(birth weight percentile). 
By using these birth weight percentiles we standardized for parity, gender and gestational 
age at birth. In the multivariate analysis we corrected for maternal BMI and smoking. 
Thereby we corrected for a wide range of co-variables that can influence birth weight.
In the study smoking was self-reported by women. Accuracy of self-reporting is known to 
be poor, with up to 26% under reporting rate 23-25. Moreover smoking habits are known 
to change during pregnancy 26. Interestingly, there were more smokers among mothers of 
fetuses with enlarged NT. One would expect a trend towards lower birth weight in these 
fetuses, but the study showed the opposite with a positive correlation between NT and 
birth weight percentile. 
CRL was significantly larger in fetuses with an enlarged NT but in the multivariable regression 
analysis it did not show a relationship with birth weight. As the majority of enlarged NT 
fetuses were referred to our centre in view of increased first trimester risk after 12 weeks, 
it is likely that the larger CRL was simply the consequence of a predominance of fetuses at 

Table 3. Linear regression for birth weight percentile (univariable and multivariable) in fetuses with 
complete first trimester combined test

Univariable regression Multivariable regression

Beta P Beta P

 NT MoM 0.033 0.04 0.049 0.03

PAPP-A MoM 0.073 < 0.001 0.106 < 0.001

Free β-hCG MoM 0.014 ns 0.022 ns

CRL 0.035 0.032 0.039 ns

Fetal gender -0.018 ns - 0.039 ns

Parity 0.032 0.05 - 0.029 ns

GA at delivery 0.026 ns 0.011 ns

Smoking -0.060 < 0.001 - 0.073 <0.001

Maternal BMI 0.122 < 0.001 0.135 < 0.001

NT: nuchal translucency; MoM: multiple of the median; PAPP-A: pregnancy associated plasma protein; 
β-hCG: beta- human chorionic gonadotrophin; CRL: crown rump length; GA: gestational age; BMI: 
body mass index
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older gestational ages. According to Hackmon 27 CRL at 11-14 weeks is significantly larger 
in fetuses that will be born macrosomic. In the Netherlands pregnancies are usually dated 
on the basis of a CRL measured at 11-14 weeks. It is therefore impossible to assess if the 
predominance of larger CRLs in this study can be an early sign of macrosomia or not. 
Several authors reported an association between first trimester PAPP-A and fetal growth 
restriction 5-10. In our population there was a positive correlation between PAPP-A MoM and 
birth weight and there was a significant correlation between low PAPP-A and median birth 
weight. However, we were unable to confirm the increased SGA-rate in case of low PAPP-A, 
probably due to lack of power (RR 1.4, P=0.20). One study reported an association between 
low free β-hCG and FGR 10, but this was not confirmed by most studies 5, 7-9. Thus far two 
studies found a relation between NT and SGA 11, 28, not confirmed by others 8-10. In this study 
we were also unable to show a relation between NT and SGA, whereas we found a positive 
association between NT MoM and birth weight and between macrosomia and enlarged NT. 
Fetal growth is highly dependent on insulin and insulin-like growth factors (IGF) 29,30. 
Higher PAPP-A levels cause break-down of IGF-binding proteins, resulting in higher free 
IGF levels 31. This is known to lead to more pronounced fetal growth, as confirmed by the 
positive association between first trimester PAPP-A and birth weight, found by Canini 5 and 
in the present study. 
Some authors found lower PAPP-A levels in case of maternal (gestational) diabetes 32,33, 
but no association between NT and gestational diabetes 34,35. Kelekci 12 found enlarged 
NT to be predictive for macrosomia in women with gestational diabetes, whereas two 
other studies did not 36,37. The association between enlarged NT and macrosomia in 
non-diabetic pregnancies is thus far described by one large study 13 and confirmed by two 
smaller ones 14,15. Poon 13 found a linear association between delta NT and birth weight 
and delta NT was significantly larger in fetuses that were macrosomic at birth. In this 
study we confirm this association, but the study size is too small to demonstrate a possible 
relation between NT thickness and diabetes. We speculate that macrosomia in fetuses 
with enlarged NT is not caused by increased glucose supply to the fetus (as in maternal 
diabetes), but by reduced fetal insulin resistance. When fetal insulin resistance is low, a 
larger amount of the available glucose can be used by the fetus, thus resulting in increased 
growth. Several genetic and environmental mechanisms are known to cause individual 
differences in fetal insulin resistance, resulting in different glucose uptake and subsequent 
individual growth patterns 29,38-40. Furthermore a genome wide study identified a locus 
on the X chromosome that appears to be linked to glucose intolerance 41. Female fetuses 
have higher PAPP-A levels 42-44 resulting in higher free IGF. However female fetuses are 
more insulin resistant 45 and (therefore) they have lower birth weights than male fetuses. 
As fetal growth is highly dependent on insulin and IGF, we speculate that individual 
and gender differences in insulin resistance may play a role in the aetiology of nuchal 
translucency. In that case (very) low fetal insulin resistance can cause both enlarged nuchal 
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translucency and macrosomia. This possible association is supported by the fact that male 
fetuses, who are less insulin resistant, have slightly larger NT’s 46 and higher birth weights. 
In this scenario the larger NT can simply be an early manifestation of a healthy large male 
fetus (fat boy). When there are no other anomalies at the first trimester ultrasound scan, we 
can use this information in counselling the parents in their choice for invasive testing. Fetal 
growth should be monitored carefully to confirm the finding of a large fetus. 
In our population one in nine fetuses with an enlarged NT was macrosomic at term 
and therefore potentially at risk of birth complications 18, such as shoulder dystocia 17. 
Macrosomia can be associated with rare (genetic) syndromes, such as Beckwith-Wiedemann 
syndrome (IGF-II over expression), and several metabolic disorders. Further investigation 
is therefore needed to follow-up the development of children born macrosomic. This 
study also suggests that after an increased NT fetal growth should be strictly monitored 
throughout pregnancy to screen for macrosomia.
In conclusion, normal fetuses after enlarged NT have a higher chance to be macrosomic 
at birth compared to fetuses with normal NT. Furthermore birth weight is significantly 
lower in case of low PAPP-A. 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.
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ABSTRACT

Objective To investigate 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. 
Methods The database of our fetal medicine unit was searched for all cases at increased 
first-trimester Down syndrome risk. Multivariable logistic regression 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. 
Results The study population included 445 fetuses. DV-PIV was increased (≥95th 
percentile) in 239 (54%) and DV a-wave was abnormal in 187 fetuses (42%). 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. 
Conclusion In a population of fetuses at increased first trimester risk for Down syndrome, 
the combination in a logistic regression model of NT, DV-PIV and maternal age can 
improve the accuracy of screening for trisomy 21 and other chromosomal anomalies. This 
is the first study that models the additional value of DV-PIV as a continuous variable to NT 
measurement alone in a high-risk first-trimester population.
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INTRODUCTION

The finding of abnormal ductus venosus (DV) flow in first-trimester fetuses was originally 
regarded as a strong and independent marker for Down syndrome and as a potential 
pathophysiological explanation for the cardiac involvement of excessive nuchal fluid 
accumulation1. The initially reported high sensitivity of DV screening was questioned by 
subsequent studies and dependency on other parameters was demonstrated by the finding 
of a correlation between DV flow and nuchal translucency (NT) thickness2,3. In addition 
concerns have been raised with regard to the implementation of this rather difficult 
measurement in a routine setting. 
Nowadays it is generally accepted that the combined finding of an enlarged NT and 
abnormal 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 increased2,4–6. To increase the sensitivity of first-trimester screening, 
many centres have adopted investigation of DV complementary to the combined test in 
first-trimester screening for aneuploidies5,7,8. 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 test1–3,9–15. 
In our institution DV flow is assessed in all fetuses referred for increased first-trimester 
risk. Although DV results are not used to modify the initial risk assessment, they are taken 
into account in counselling parents on the need for karyotyping. The aim of this study 
was to investigate how DV measurements can be best used in our setting to reduce the 
false-positive rate of first trimester screening. A prediction model was constructed to assess 
sensitivity and specificity of the combination of DV pulsatility index for veins (DV-PIV) and 
NT to detect chromosomal anomalies in a tertiary referral center.

METHODS 

From our cohort of all fetuses with an increased risk for Down syndrome based on 
enlarged NT alone or at increased risk at the combined test, registered in our prenatal 
registry between September 1996 and March 2008, we selected those with a known 
DV-PIV. The Fetal Medicine Unit of the Academic Medical Centre in Amsterdam acts as 
a tertiary referral centre for a large geographic area. Fetuses with an increased risk for 
Down syndrome, owing to an enlarged NT alone or to an abnormal combined test result, 
are referred to our hospital for advanced first-trimester sonography, invasive testing and 
(genetic) counselling. First-trimester ultrasound screening is also offered routinely to all 
pregnant women booking at our hospital. Enlarged NT was defined as a measurement 
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above the 95th centile for the normal range, according to The Fetal Medicine Foundation16. 
NT values were converted to multiples of the median (MoM) for gestational age. 
DV flow was assessed as previously described2,17. During the first years of our study period, 
DV-PIV measurement was not part of the standard practice in our centre and was only 
carried out by one sonographer (C.M.B.). Since 2004 DV-PIV has been measured in all 
high-risk fetuses. We were successful in obtaining satisfactory waveforms in 98% of cases. 
In order to correct for intra-fetus variation at least three different sets of waveforms were 
recorded and the mean PIV value of three different measurements was used for the analysis. 
The actual time exposure to color-flow and Doppler ultrasound was limited to a maximum 
of 5 min. PI values for the DV were converted to MoMs according to the reference values 
of Teixeira et al.18. Increased DV-PIV was defined as a measurement above the 95th centile 
for the normal range. DV a-waves were recorded as positive (normal), absent or reversed 
(abnormal).When the a-wave was alternately normal and abnormal this was recorded as 
a mixed a-wave. In the analysis mixed a-waves were considered to be normal. Only when 
the a-wave was abnormal at all three measurements was it classified as abnormal. 
Fetal karyotyping is routinely offered in our centre to all patients with an adjusted Down 
syndrome risk of more than 1 : 200 based on maternal age, NT and first-trimester 
pregnancy-associated plasma protein-A and free β-human chorionic gonadotropin. 
Before first-trimester serum screening was introduced as part of a national screening 
program in The Netherlands (2002), karyotyping was offered in cases of enlarged NT 
or maternal age above 36 years. Numeric chromosomal abnormalities and unbalanced 
translocations were classified as chromosomal anomalies. 
In all cases of enlarged NT and normal karyotype a two-step ultrasound investigation at 
13–16 and 20–24 weeks’ gestation was performed to exclude structural anomalies. 
Pregnancy outcome was obtained in all cases from standard follow-up forms filled and 
returned by patients, maternity wards or midwife practices and by reviewing neonatal, 
pathology and clinical pediatric notes. When the baby was born without structural defects 
or dysmorphic features, the chromosomes were assumed to be normal. In all cases of 
enlarged NT or antenatal suspicion of abnormal development the infant was investigated 
by a neonatologist, pediatric cardiologist or geneticist. 
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intrauterine death or neonatal death and termination of 
pregnancy in case of severe nuchal fluid accumulation. 

Statistical analysis
Chi-square tests were used to compare the prevalence of chromosomal anomalies and 
other pregnancy outcomes between the normal fetuses and those with increased DV-PIV. 
Mann–Whitney U-tests were used to compare continuous non-normally distributed 
characteristics and chi-square tests were used to compare categorical characteristics 
between the groups. The correlation between NT MoM and DV-PIV MoM was calculated 
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with Spearman’s rho correlation coefficient, and P < 0.05 was considered statistically 
significant. Multivariable logistic regression analysis was used to estimate the predicted 
probability of chromosomal anomalies at any given maternal age, NT MoM and DV-PIV 
MoM. Splines were used to determine whether the risk of chromosomal anomalies 
increases at a constant rate with increasing maternal age, NT MoM and DV-PIV MoM. 
Variables were transformed accordingly. 
As we used logistic regression analysis, the predicted probability for chromosomal anomaly 
= 1/(1 + exp − (constant + (βVariable 1 × Variable 1) + (βVariable 2 × Variable 2) + 
etc.)), where βVariable is the regression coefficient for a predictor. 
Discrimination refers to the ability of a variable (test result or model estimate) to distinguish 
between patients who do and do not experience the event of interest, in this case the 
presence of chromosomal anomalies19. The discriminative ability of the model was assessed 
by using receiver–operating characteristics (ROC) analysis. The area under the ROC curve 
provides a quantitative summary of the discriminative ability of a predictive model and has 
a range of 0.5 (no discrimination, random chance) to 1.0 (perfect discrimination). 
Calibration refers to the level of correspondence between the probability of an outcome 
based on the constructed prediction rule (i.e. chromosomal anomalies) and the observed 
proportion of that outcome in the fetuses studied19. Calibration was assessed by comparing 
in 10 subgroups the mean predicted probability with the mean observed probability of 
chromosomal anomalies. For this purpose, the cohort was split into 10 groups based 
on the deciles of the calculated probabilities. The mean predicted probability and the 
mean observed fraction per group were calculated. The predicted and observed means 
are shown in a calibration plot. SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for all 
analyses, except for the splines, which were analyzed in SAS 9.2 (SAS Institute Inc., Cary, 
NC, USA).

RESULTS

Four hundred and seventy-nine fetuses with an increased first-trimester risk for Down 
syndrome (≥ 1 : 200 based on the combined test or based on NT, gestational age and 
maternal age) and a known DV-PIV were included. Karyotype and outcome were known 
in 445 fetuses (93%). Of these, 239 (54%) had an increased DV-PIV (≥95th centile). The 
a-wave was abnormal (zero or reversed) in 187 fetuses (42%). Characteristics of fetuses 
with normal and increased DV-PIV are shown in Table 1. 
Overall adverse outcome rate was 46% (206 of 445 fetuses). Adverse outcome sources 
according to DV-PIV and a-wave normality or abnormality are reported in Table 2. 
Chromosomal anomalies were present in 14% of fetuses with a normal DV-PIV and in 46% 
of fetuses with an abnormal DV-PIV (relative risk (RR) 3.4, P < 0.01). The figure was 17.4% 
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Table 1. Characteristics of fetuses with normal and increased DV-PIV (mean or median and range) 

Total DV-PIV < P95 DV-PIV ≥ P95

CRL (mean) 61 (40 - 86) 62 (40 – 85) 60 (40 – 86) *

 NT MoM 2.3 (0.7 – 8.6) 2.0 (0.7 – 8.2) 2.7 (0.8 – 8.6) *

maternal age 34.5 (19 - 45) 34.7 (19 – 45) 34.3 (21 – 45)

male fetuses 60% 63% 58%

Data are given as mean (range), median (range) or percent.
* Significant difference between normal and abnormal DV-PIV (Mann-Whitney-U resp. Chi squared test, 
p< 0.05)
NT MoM, nuchal translucency multiples of the median. 

Table 3. Outcome parameters for ductus venosus pulsatility index for veins (DV-PIV) ≥95th percentile, 
a-wave abnormality and the combination of both, for all chromosomal anomalies and for trisomy 21.

All chromosomal anomalies Trisomy 21

DV-PIV≥ P95 

(n = 111/139)

a-wave 
abnormal

(n = 94/139)

Both abnormal 
(n = 94/139)

DV-PIV ≥ P95 

(n = 57/72)

a-wave 
abnormal

(n = 48/72)

Both abnormal 

(n = 48/72)

Sn 0.80 0.68 0.68 0.79 0.67 0.67

Sp 0.58 0.70 0.70 0.51 0.63 0.63

RR 3.4
(2.4 - 5.0)

2.9
(2.1 - 3.9)

2.9
(2.2 - 4.0)

3.3 
(1.9 - 5.6)

2.8 
(1.8 - 4.3)

2.8 
(1.8 - 4.4)

OR 5.5
(3.4 - 8.8)

4.8
(3.1 - 7.4)

4.9
(3.2 - 7.6)

4.0 
(2.2 - 7.3)

3.4 
(2.0 - 5.7)

3.5 
(2.0 - 5.9)

PPV 0.46 0.50 0.51 0.24 0.26 0.26

NPV 0.86 0.83 0.83 0.93 0.91 0.91

P95, 95th percentile; Sn, sensitivity; Sp, specificity; RR, relative risk; OR, odds ratio; NPV, negative 
predictive value; PPV, positive predictive value.

Table 2. Outcome according to ductus venosus pulsatility index for veins (DV-PIV) and normality of 
a-wave 

DV-PIV a-wave

< P95 ≥ P95 normal abnormal

Trisomy 21 15 (7.3%) 57 (23.8%) * 24 (9.3%) 48 (25.7%) *

Other chromosomal anomalies 13 (6.3%) 54 (22.6%) * 21 (8.1%) 46 (24.6%) *

Structural anomalies 14 (6.8%) 20 (8.4%) 17 (6.6%) 17 (9.1%)

Miscarriage / IUFD 3 (1.5%) 11 (4.6%) * 4 (1.6%) 10 (5.3%) *

Other adverse outcome 9 (4.4%) 10 (4.1%) 10 (3.9%) 9 (4.8%)

Overall adverse outcome 54 (26.2%) 152 (63.6%) * 76 (29.5%) 130 (69.5%) *

Favourable outcome 152 (73.8%) 87 (36.4%) * 182 (70.5%) 57 (30.5%) *

Total 206 (100%) 239 (100%) 258 (100%) 187 (100%)

Data are given as n (%).
*Significant difference between normal and abnormal DV-PIV or a-wave (chi-square test, P < 0.05). 
IUFD, intrauterine fetal death. P 95, 95th percentile
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and 50.3% in cases of normal and abnormal a-wave, respectively (RR 2.9, P < 0.01) 
(Tables 2 and 3). Trisomy 21 accounted for 52% of the chromosomal anomalies (Table 4). 
Of the 306 chromosomally normal fetuses, a favourable outcome was recorded in 85% 
when the DV-PIV was normal and in 68% when the DV-PIV was increased (P < 0.01). 
According to normal or abnormal a-wave this was 85% and 61%, respectively (P < 0.01). 
The sensitivity, specificity and RRs of an increased DV-PIV and abnormal a-wave for 
chromosomal anomalies are reported in Table 3. 
NT MoM and DV-PIV MoM were significantly correlated, both in chromosomally abnormal 
(r = 0.24, P = 0.005) as well as in chromosomally normal fetuses (r = 0.35, P < 0.001). 
Logistic regression analysis showed that in this high-risk population maternal age, NT 
MoM and DV-PIV MoM were independent predictors for chromosomal anomalies. 
Addition of information on the normality or abnormality of the DV a-wave to a model 
including maternal age,  NT MoM and DV-PIV MoM did not significantly influence the 
chance of chromosomal anomalies. Results of the univariable and multivariable analysis 
for the prediction of chromosomal anomalies are presented in Table 5. 

Table 4. Chromosomal anomalies in all fetuses and subdivided according to normal or increased 
ductus venosus pulsatility index of veins (DV-PIV)

Overall DV-PIV < P95 DV-PIV > P95

Normal karyotype 306 (68,7%) 178 (86,4%) 128 (53,5%) *

Trisomy 21 72 (16,2%) 15 (7,3%) 57 (23,8%) *

Trisomy 18 34 (7,6%) 4 (1,9%) 30 (12,6%) *

Trisomy 13 7 (1,6%) 3 (1,5%) 4 (1,7%)

45X 8 (1,8%) 2 (1,0%) 6 (2,5%)

Other 18 (4,0%) 4 (2,0%) 14 (5,8%) *

Total 445 (100%) 206 (100%) 239 (100%)

Data are given as n (%). 
P95 = 95th percentile
* Significant difference between normal and abnormal DV-PIV (Chi squared test, p< 0.05) 

Table 5. Results of univariable and multivariable analyses for the prediction of chromosomal anomalies.

Univariable analyses Multivariable analyses

Odds ratio (95% CI) P Odds ratio (95% CI) P

NT MoM 2.7 (2.0-3.6) <0.001 2.3 (1.6-3.1) <0.001

DV-PIV MoM 5.9 (3.8-9.2) <0.001 4.2 (2.6-6.9) <0.001

DV a-wave (ab)normality 4.8 (3.1 - 7.4) <0.001 1.7 (0.8 - 3.5) 0.15

Maternal age (years) 1.1 (1.0-1.2) 0.003 1.2 (1.1-1.3) <0.001

DV, ductus venosus; MoM, multiples of the median; NT, nuchal translucency; PIV, pulsatility index for 
veins.
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Based on the logistic regression analysis a prediction model for chromosomal anomalies 
at any given maternal age, NT MoM and DV-PIV MoM was constructed: 
Predicted probability of chromosomal anomaly = 1/(1 + exp − (−7.26 + (0.44 × NT 
MoM) + (1.21 × DV-PIV- MoM) + (0.10 × maternal age)). 
Splines showed that for NT the risk for chromosomal anomalies increased at a constant 
rate up to 3.5 MoM (linear association). An additional increase in NT MoM above 3.5 
did not increase the risk for chromosomal anomalies, therefore all NT MoM values above 
3.5 MoM were set in the model to 3.5. Furthermore splines showed a linear association 
between maternal age and chromosomal anomalies between the ages of 20 and 30 
years. DV-PIV was linearly associated with chromosomal anomalies up to 2.0 MoM. The 
ROC curve derived from this analysis is shown in Figure 1a, while the ROC curve for a 
combination of maternal age, NT MoM and DV-PIV MoM is shown in Figure 1b. 
Results of the calibration analysis of the model are given in Figure 2, which shows the 
association between the mean calculated probability for chromosomal anomalies and 
the mean observed fraction of chromosomal anomalies for each of the 10 decile groups. 
There were 81 fetuses (18% of the population) with a predicted risk of <10%. In this group 
the observed chromosomal anomaly rate was 5%. In the 10% of fetuses (i.e. 45 fetuses) 
with the lowest predicted probability, there were no chromosomal anomalies, and 93% of 
the fetuses in this group had a favourable outcome.

Figure 1. Receiver–operating characteristics curves for the prediction of chromosomal anomalies by 
maternal age, nuchal translucency multiples of the median (NT MoM) and ductus venosus pulsatility 
index for veins (DV-PIV) MoM (a), and their combination (predicted probability) (b). Area under the curve 
(AUC) for maternal age = 0.58 (95% CI, 0.52–0.64); AUC for NT MoM = 0.72 (95% CI, 0.67–0.76); 
AUC for DV-PIV MoM = 0.73 (95% CI, 0.68–0.78). AUC for combination of maternal age, NT MoM 
and DV-PIV MoM = 0.79(95% CI, 0.74–0.83).
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This study demonstrates that in fetuses with high first-trimester Down syndrome risk (≥1 : 
200) the risk of chromosomal anomalies significantly increases with increased DV-PIV (RR 
3.4) or abnormal DV a-wave (RR 2.9). In this cohort, 80% of the chromosomal anomalies 
were identified by an increased DV-PIV (≥95th percentile) and 68% by an abnormal 
a-wave. When DV-PIV is analyzed as a continuous variable, the odds of chromosomal 
anomalies increase by a factor of 4.2 per MoM increase in DV-PIV, adjusted for NT and 
maternal age. 
This is the first published model including DV-PIV as a continuous variable for further 
refinement of risk assessment in first-trimester fetuses referred in view of a high risk for 
chromosomal anomalies. 
The combination in a prediction model of DV-PIVMoM, NT MoM and maternal age, used 
as continuous variables, has a better predictive ability for chromosomal anomalies than 
does NT MoM or DV-PIV MoM alone. After correction for maternal age, NT MoM and 
DV-PIVMoM in a prediction model, normality or abnormality of the DV a-wave did not 
significantly influence the chance of chromosomal anomalies. The odds of chromosomal 
anomalies increase by a factor 4.2 per MoM increase in DV-PIV. The area under the 
ROC curve, providing a quantitative summary of the discriminative ability of the model19, 
is 0.79. This confirms that DV-PIV provides good discrimination between fetuses with and 
without chromosomal anomalies and can refine risk assessment at any cut-off point. The 
calibration – the level of correspondence between model-based probability and observed 
number of chromosomal anomalies19 – is especially good in the lower range, thereby 

Figure 2. Calibration plot of the 
prediction model for chromosomal 
anomalies (mean predicted and 
observed chromosomal anomalies 
and 95% confidence interval in 
10 decile groups of the study 
population)
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correctly identifying fetuses with the lowest risk of chromosomal anomalies. As the model 
performance is only internally validated in the same population it was derived from, we 
cannot exclude an overestimation of its predictive ability. A prospective validation of the 
model is therefore needed. If prospectively validated, the model can potentially reduce 
the number of needed karyotyping procedures by 10%. This estimation is based on the 
fact that in our population of fetuses selected by a risk cut-off of 1 : 200, in the 10% with 
the lowest predicted probability there were no chromosomal anomalies. The impact may 
be even greater when a lower cut-off is used, as confirmed by Borrell et al.20 in a general 
population, where addition of DV-PIV to risk assessment in the combined test reduced the 
false-positive rate (FPR) at all cut-off values. 
NT MoM and DV-PIV MoM were significantly correlated in this study. Logistic regression 
analysis showed a significant increase of Nagelkerke R2 when DV-PIV MoM was added 
to NT MoM (R2 = 0.13–0.20), indicating that the second test still adds predictive value. 
The reported high detection rates of DV-PIV (≥95th percentile) for trisomy 21 and other 
chromosomal anomalies (79% and 80%, respectively) are difficult to compare with 
previous studies reporting on detection rates of NT and DV, based on populations of 
fetuses with both enlarged and normal NT1–3,7,9,13,14,21,22. Moreover, some workers only 
analyzed the a-wave1,3,7,21, and others both DV-PIV and a-wave2,9,22,23. 
Prefumo et al.8 reported, in fetuses with a Down syndrome risk of ≥1 : 300, a likelihood 
ratio for abnormal DV flow of 9.4. Maiz et al.6 found in a general population that an 
abnormal DV a-wave had an odds ratio for chromosomal anomalies of 19. In our high-risk 
population the RRs for chromosomal anomalies in cases of increased DV-PIV or abnormal 
a-wave were 3.4 and 2.9, respectively. 
In our population an increased DV-PIV was associated with a higher detection rate 
for chromosomal anomalies than abnormal DV a-wave (detection rate of 80% and 
68%, respectively), but specificity showed opposite trends (specificity 58% and 70%, 
respectively). The lower specificity of DV-PIV can, at least partly, be overcome by using 
DV-PIV as a continuous variable, as shown by the predictive model where DV-PIV MoM 
has a significant influence on the risk of chromosomal anomalies at any cut-off point (odds 
ratio 4.2). This is in agreement with the findings of Borrell et al.20 in a low-risk population, 
where adding DV-PIV to the combined test reduced FPR at all tested cut-off values. 
When considering implementing DV assessment in screening policies, aspects such as 
the learning curve and repeatability of the waveforms should be considered2,24. Intra- 
and inter-observer reproducibility of DV studies show variable results25–27. In this study all 
DV measurements were performed by two experienced operators. A mixed a-wave – the 
situation where one of three repeat measurements was abnormal – was recorded in 15% 
of the fetuses and these cases were classified as normal for purposes of analysis. Such 
variation in DV waveforms is also reported in second- and third trimester fetuses28,29. 
Whether it is the result of a true biological variation or purely a methodological problem 
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(contamination of nearby vessel), ultrasonographers should be aware of it and repeat the 
investigation to confirm results, especially in an otherwise normal fetus. 
DV measurements could directly be integrated into the first-trimester screening 
algorithm4,6,7,18, or, alternatively, be used in a two-step contingent screening approach, 
reserving them for fetuses at increased or intermediate risk, to reduce FPR1–3,9–15. 
Nicolaides et al.13 advocate individual risk-oriented two-stage screening in fetuses with a 
risk of between 1 : 101 and 1 : 1000. 
In this study DV was measured prospectively on all referred patients. Although DV results 
were not used to modify the initial risk assessment, they were taken into account in 
counselling the parents on the need for karyotyping. In view of the fact that DV-PIV can 
reduce the FPR of the combined test we also envisage a role for DV-PIV in a two-step 
approach in fetuses at intermediate or high risk after the combined test. 
Technical and interpretative difficulties also call for restricting DV screening to a two-step 
approach, where the investigation is carried out in units with sufficient experience and 
awareness of the pitfalls. In a routine setting, the possible negative effects (anxiety) 
produced by the finding of an abnormal DV flow in an otherwise normal fetus probably 
will not outweigh the positive effect on detection rates. 
Another positive effect of using DV assessment in a contingent screening policy is that the 
investigation will take place late in the first trimester, when the potential bio-effects of color 
and pulsed Doppler30 and the chance of finding an abnormal flow pattern are reduced6. 
In a population of fetuses at increased first-trimester risk for Down syndrome the 
combination of NT, DV-PIV and maternal age can improve the accuracy of screening for 
trisomy 21 and other numeric chromosomal anomalies. This is the first study that models 
the additional value of DV-PIV as a continuous variable to NT measurement alone in a 
high-risk first-trimester population. 
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ABSTRACT

Objective This study was carried out to evaluate the additional predictive value of ductus 
venosus pulsatility index for veins (DV-PIV) in the identification of congenital heart defects 
(CHDs) in fetuses with an enlarged nuchal translucency (NT) and a normal karyotype.
Methods All chromosomally normal fetuses referred to our Fetal Medicine Unit between 
September 1996 and December 2008 with known NT, DV-PIV and ductus venosus (DV) 
a-wave measurements were included. Intrafetus variation in DV-PIV was overcome by 
averaging three recordings. Follow-up included special focus on CHD. The odds of CHD 
at any NT and DV-PIV value were evaluated using logistic regression analysis.
Results Of 792 fetuses included, the NT was enlarged (equal to or above the 95th 
percentile (P95)) in 318 (40.2%). The DV-PIV was abnormal (≥P95) in 41.8% of the fetuses 
with an enlarged NT and the a-wave was abnormal (negative or reversed) in 29.9%. 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 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 risk 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.
Conclusion Two-thirds of fetuses with an enlarged NT, a normal karyotype and CHD 
have an increased DV-PIV. DV-PIV can be used as continuous variable in combination 
with NT to increase specificity in the identification of CHD and to refine the individual risk 
assessment.
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INTRODUCTION

Although cardiac defects are among the most common congenital defects, prenatal 
detection rates are still disappointing, varying from 27 to 60% 1,2. The experience of, and 
the equipment used by, the sonographer are essential to achieve high detection rates and 
an accurate diagnosis 3. 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, is effective. Recently it has been 
suggested that early diagnosis of CHD, in late first/early second trimester, has a high 
sensitivity in expert hands 4,5. It is therefore important to define specific and cost-effective 
screening protocols in order to detect the genuinely high-risk fetuses. Although different 
nuchal translucency (NT) cut-offs have been used in the literature, enlarged NT has been 
confirmed as a marker for CHD 3,6–8 and there is general consensus that specialized fetal 
echocardiography is indicated in this situation. If the 95th percentile is used as selection 
criterion, 5% of fetuses will be referred for specialized echocardiography, which is a burden 
for specialized 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.
The finding of abnormal ductus venosus (DV) flow patterns, (negative/reversed a-wave, 
increased pulsatility index for the veins (PIV)), in euploid first-trimester fetuses with an 
enlarged NT, enhances the likelihood of structural anomalies and poor pregnancy 
outcome 9–11. Abnormal DV a-wave is also a predictor of cardiac defects in these fetuses, 
with a reported sensitivity of up to 90% 12–17. 
The aim of this study was therefore to evaluate whether, in our clinical setting, the ductus 
venosus pulsatility index for veins (DV-PIV) measurement could be used to improve the 
prediction of CHD in fetuses with an enlarged NT and a normal karyotype.

METHODS

The Fetal Medicine Unit of the Academic Medical Centre in Amsterdam acts as a tertiary 
referral center for a large geographic area. Fetuses with an increased risk for Down 
syndrome, owing to an enlarged NT alone or because of abnormal combined test results, 
are referred to our hospital for advanced first-trimester sonography, invasive testing and 
(genetic) counselling. First-trimester ultrasound screening is also offered routinely to all 
women who book into our hospital. Our prenatal database was searched for all cases 
with NT, ductus venosus pulsatility index for veins (DV-PIV) and ductus venosus a-wave 
measurements who were seen between September 1996 and December 2008. During 
the first years of the study period, DV-PIV was not routinely measured in all fetuses, as only 
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one investigator (C.M.B.) performed this measurement; this investigator performed the 
measurement in all referred fetuses seen by her. DV-PIV has been measured in all referred 
fetuses since 2004. 
The NT was defined as enlarged when it was equal to or above the 95th percentile for 
the normal range (≥P95), according to The Fetal Medicine Foundation 18. NT values were 
converted to multiples of the median (MoM) for gestational age.
The DV was measured as previously described 9,13. In order to correct for intra-fetus 
variation at least three different sets of waveforms were recorded. The mean pulsatility 
index for veins (PIV) value, of three different measurements, was used for the analysis. All 
ultrasound examinations were  performed with use of the as low as reasonably achievable 
(ALARA) principle. The actual time exposure to color-flow and Doppler ultrasound was 
limited to a maximum of 5 min. If satisfactory waveforms were not obtained within that 
time-lag, the Doppler investigation was not continued. 
DV pulsatility index values were converted to MoM according to the reference values of 
Teixeira et al. 19. Increased DV-PIV was defined as a measurement equal to or above the 
95th percentile for the normal range.
When the a-wave was alternately normal and abnormal this was recorded as mixed 
a-wave. In the analysis, mixed a-waves were considered as normal. Only when the a-wave 
was abnormal at all three measurements was it classified as abnormal.
Fetal karyotyping was offered to all patients with an adjusted Down syndrome risk of 
more than 1 : 200 based on maternal age, NT and first-trimester pregnancy associated 
plasma protein-A and beta-human chorionic gonadotropin levels. Before first-trimester 
serum screening was introduced in our region (2002), karyotyping was offered in cases of 
enlarged NT or maternal age >36 years.
In all cases of enlarged NT and normal karyotype, a two-step ultrasound investigation at 
13–16 and 20–24 weeks’ gestation was performed to exclude structural anomalies.
Pregnancy outcome was obtained in all cases from questionnaires filled in and returned by 
patients,maternity wards or midwifes’ practices and by reviewing neonatal, pathology and 
clinical pediatric notes. When the baby was born without structural defects or dysmorphic 
features, the chromosomes were assumed to be normal. In all cases of enlarged 
NT or antenatal suspicion of abnormal development, the infant was investigated by a 
neonatologist, pediatric cardiologist or geneticist. 
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intrauterine or neonatal death and termination of pregnancy 
in the presence of a very enlarged NT. 
Cardiac defects were classified as major when they required surgery, catheter intervention 
or a prolonged hospital stay (or, when the parents decided to terminate the pregnancy, 
when the cardiac defect would probably have required surgery).
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Statistical analysis
Chi-square tests were used to compare the prevalence of CHD between the normal and 
increased DV-PIV fetuses. The Mann–Whitney U-test was used to compare continuous 
non-normally distributed characteristics between the groups and the chi-square test to 
compare categorical characteristics between the groups. Correlation between NT MoM 
and DV-PIV MoM was calculated using Spearman’s rho correlation coefficient. A P < 0.05 
was considered statistically significant. Logistic regression analysis was used to determine 
variables that had a potential predictive value for CHD.
Discrimination refers to the ability of a variable (test result or model estimate) to distinguish 
between patients who do and do not experience the event of interest, in this case the 
presence of (major)CHD 20. Discriminative ability of the variables was assessed using 
receiver–operating characteristics (ROC) curve analysis. The area under the ROC curve 
(AUC) provides a quantitative summary of the discriminative ability of a predictive variable 
and has a range of 0.5 (no discrimination, like a coin flip) to 1.0 (perfect discrimination).
Calibration refers to the level of correspondence between the probability of an outcome 
based on the constructed prediction rule (i.e. CHD) and the observed proportion of that 
outcome in the fetuses studied 19. Calibration was assessed by comparing, in 10 subgroups, 
the mean predicted probability with the mean observed probability of CHD. For this purpose, 
the cohort was split into 10 groups based on the deciles of the calculated probabilities. 
The mean predicted probability and the mean observed fraction were calculated for each 
group. The predicted and observed means are shown in a calibration plot.
SPSS 16.0 (SPSS Inc., Chicago, IL, USA) was used for all analyses.

RESULTS

The NT and DV-PIV were measured in 1019 fetuses. Outcome was known in 966 fetuses 
(95%; 46 fetuses were lost to follow up and seven pregnancies were terminated without 
karyotyping). Chromosomal anomalies were found in 174 fetuses (18%). Therefore, 792 
fetuses with a normal karyotype and known outcome were included in the study (Figure 1). 
Demographic data are shown in Table 1. 
The NT was enlarged (≥ P95) in 318 fetuses (40.2%). Of these, 133 (41.8%) had an 
increased DV-PIV (≥ P95) and 95 (30%) had an abnormal (absent or reversed) a-wave. 
The a-wave showed a mixed pattern in 47 fetuses (15% of the enlarged NT fetuses) (i.e. 
abnormal a-wave – either absent or reversed – at one or two of the three measurements).
Of the 474 fetuses with a normal NT, 88 (18.6%) had an increased DV-PIV and 65 (14%) 
had an abnormal a-wave (Figure 1). The median NT MoM was higher when the DV-PIV 
was increased (1.2 vs. 1.8; P < 0.001). NT MoM and DV-PIV MoM were significantly 
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correlated (Spearman rho 0.26; P < 0.001), both in fetuses with CHD (Spearman rho 
0.52, P = 0.001) as well as in fetuses without CHD (Spearman rho 0.21, P < 0.001).
The overall adverse outcome rate was 14% (110 fetuses). The most common causes of 
adverse outcome were fetal death (intrauterine death and termination of pregnancy, 23 
fetuses) and structural anomalies (53 fetuses).
When the NT was normal, the normality or abnormality of the DV-PIV did not significantly 
change the chance of an adverse outcome. However, in fetuses with an enlarged NT, the 
adverse outcome rates were 17.3% and 39.1%, respectively (P < 0.001), according to 
normality or abnormality of DV-PIV measurement, and 17.5% and 47.4%, respectively (P 
< 0.001), according to the a-wave (Table 2). 

Table 1 Demographic data of fetuses with normal (<P95) and increased (≥P95) ductus venosus 
pulsatility index for veins (DV-PIV)

Total DV-PIV < P95 DV-PIV ≥ P95

CRL (mean) 61 (40 – 86) 61 (40 – 86) 61 (40 – 86)

maternal age (mean) 35 (19 – 46) 35 (19 – 46) 34 (21 – 45)*

a priori DS risk 315 (16-1243) 305 (16-1243) 326 (19-1123)

Data are given as mean (range) or median (range). 
*Significant difference between normal and abnormal DV-PIV (Mann–Whitney test, P < 0.05).
<P95, below the 95th percentile; ≥P95, equal to or above the 95th percentile.

Figure 1 Flow chart of the fetuses included in this study. CHD, congenital heart defect; DV-PIV, ductus 
venosus pulsatility index for veins; MCHD, major congenital heart defect; NT, nuchal translucency; TOP, 
termination of pregnancy.
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Cardiac defects, of which 26 (74%) were classified as major, were diagnosed in 35 fetuses. 
The cardiac diagnosis and pregnancy outcome are available in Table 3. Of the 35 fetuses 
with CHD, the NT was enlarged in 33 (24 major), the DV-PIV was increased in 25 and 
the a-wave was abnormal in 18. Of the 33 fetuses with an enlarged NT and a cardiac 
defect, 24 had an abnormal DV-PIV (detection rate 73%) and 18 had an abnormal a-wave 
(detection rate 55%). Of the two fetuses with a normal NT and CHD, one had a normal 
DV-PIV and a normal a-wave, and one had an abnormal DV-PIV but a normal a-wave 
(Figure 1, Table 3).
Table 4 shows the sensitivity, specificity, predictive values and relative risk for cardiac 
defects in fetuses with an enlarged NT and an abnormal DV-PIV and/or an abnormal 
a-wave.

Figure 2 Receiver–operating characteristics (ROC) curves for the prediction of all cardiac defects (a) 
and major cardiac defects (b) using our logistic regression model including nuchal translucency multiples 
of the median (NT MoM) and ductus venosus pulsatility index for veins multiples of the median (DV-PIV 
MoM) in fetuses with an enlarged NT. Area under both ROC curves was 0.72.

Table 2 Outcome after normal (<P95) or increased (≥P95) nuchal translucency (NT) and ductus 
venosus pulsatility index for veins (DV-PIV) and normal or abnormal a-wave measurements

NT<P95 NT ≥ P95

DV-PIV a-wave DV-PIV a-wave

Outcome <P95 >P95 normal abnormal <P95 >P95 normal abnormal

Favourable 366 (94.8) 82 (93.2) 388 (94.9) 60 (92.3) 153 (82.7) 81 (60.9) 184 (82.5) 50 (52.6)

Adverse 20 (5.2) 6 (6.8) 21 (5.1) 5 (7.7) 32 (17.3) 52 (39.1)* 39 (17.5) 45 (47.7)*

Total 386 88 409 65 185 223 223 95

Data are given as n (%). 
*Significant difference between normal and abnormal DV-PIV (chi-square test, P < 0.001). 
<P95, below the 95th percentile; ≥P95, equal to or above the 95th percentile.
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Table 3 Cardiac defects, NT, DV-PIV and outcome in chromosomally normal fetuses with enlarged NT. 

CRL NT DV PIV a-wave

Prenatal diagnosis Out
come

Postnatal Diagnosis

TreatmentCardiac Non cardiac Cardiac Non cardiac

1 64 2.8 0.73 P No anomalies Alive Small perimembranous VSD No intervention

2 73 3.5 1.02 P No anomalies Alive HLHS, mitral and aortic stenosis. Norwood-Glenn shunt-Fontan

3 72 3.6 1.04 P AVSD, hypoplastic LV, left isomerism TOP Confirmed

4 71 3.1 1.28 P No cardiac anomalies Urachuscyste Alive PS(mild) Noonan, 
Urachuscyste

No intervention

5 79 4.5 1.20 P HLHS with polyvalvular disease TOP HLHS with polyvalvular disease, mitral 
atresia, aortic stenosis / atresia

6 69 5.2 1.16 P No anomalies Alive VSD (perimembranous), ASD II, 
dysplastic TV with regurgitation 

Craniosynostosis left with 
frontal bulging, OK+

VSD and ASD closure, TV-valvuloplasty

7 56 4.2 1.40 P Muscular VSD Alive Confirmed Spontaneous closure

8 61 2.7 1.50 R Unbalanced AVSD, DORV, hypoplastic 
LV, PS, left isomerism

Alive Confirmed B/T shunt, Glenn shunt and Fontan 
operation 

9 54 3.6 1.30 P No anomalies Alive Tricuspid Atresia 1B with ARSA ADHD B/T shunt, Glenn shunt and Fontan 
operation 

10 50 3.3 2.05 P Pulmonary atresia with intact ventricular 
septum

Exomphalos TOP Confirmed

11 65 7.5 1.30 R Transient cardiac failure Alive Small VSD Spontaneous closure 

12 49 3.7 2.27 R No anomalies Alive Small VSD Spontaneous closure 

13 68 6.0 2.20 R No anomalies Echogenic 
bowel

Infant 
death

DCRV, dysplastic pulmonary valve, 
ASD II, HCM. 

Noonan Died after resection DCRV and ASD 
closure

14 47 5.0 1.80 R No anomalies Alive DORV, VSD, PS 22q11 Total correction

15 57 5.7 2.20 A TGA, VSD, PS Alive Confirmed Rastelli procedure

16 49 4.5 2.30 R TOF TOP Confirmed  

17 60 2.9 1.94 R No anomalies Alive VSD, PDA PDA closure during heart catheterisation 

18 50 3.3 3.00 R AVSD Short fingers Alive Incomplete AVSD No intervention

19 48 7.0 1.30 P Pulmonary atresia, VSD Edema, FGR Alive Confirmed 2 x B/T shunts, stenting LPA stenosis. 
Total correction with fenestrated VSD 
patch

20 57 5.0 2.70 R No structural scan performed SUA Alive VSD(m), mild PS, ASD II Coffin-Siris syndrome ASD II closure during heart 
catheterisation

21 49 2.2 1.30 P Aortic dilatation Alive Aortic dilatation, Mitral regurgitation Marfan syndrome Aortic root replacement with mitral and 
tricuspid valvuloplasty

22 86 9.6 2.00 R Aortic regurgitation, bicuspid aortic 
valve, dysplastic mitral valve

Edema TOP Confirmed Hypertelorism, cleft palate, 
clubfeet

23 60 8.0 2.70 R HLHS TOP HLHS, mitral and aortic atresia, 
hypoplastic aortic arch 

SMA type 1

24 60 6.0 3.50 R AVSD with heartblock IUD No PM evaluation

25 64 5.8 4.20 R Small LV, VSD, aortic hypoplasia SUA Alive Double discordance, VSD, PS, 
Ebstein’s anomaly, TV

B/T shunt, Glenn shunt and Fontan 
operation

26 54 6.8 5.00 R Tricuspid stenosis, VSD, hypoplastic RV TOP HRHS-tricuspid atresia, PS, left
Isomerism
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Table 3 Cardiac defects, NT, DV-PIV and outcome in chromosomally normal fetuses with enlarged NT. 

CRL NT DV PIV a-wave

Prenatal diagnosis Out
come

Postnatal Diagnosis

TreatmentCardiac Non cardiac Cardiac Non cardiac

1 64 2.8 0.73 P No anomalies Alive Small perimembranous VSD No intervention

2 73 3.5 1.02 P No anomalies Alive HLHS, mitral and aortic stenosis. Norwood-Glenn shunt-Fontan

3 72 3.6 1.04 P AVSD, hypoplastic LV, left isomerism TOP Confirmed

4 71 3.1 1.28 P No cardiac anomalies Urachuscyste Alive PS(mild) Noonan, 
Urachuscyste

No intervention

5 79 4.5 1.20 P HLHS with polyvalvular disease TOP HLHS with polyvalvular disease, mitral 
atresia, aortic stenosis / atresia

6 69 5.2 1.16 P No anomalies Alive VSD (perimembranous), ASD II, 
dysplastic TV with regurgitation 

Craniosynostosis left with 
frontal bulging, OK+

VSD and ASD closure, TV-valvuloplasty

7 56 4.2 1.40 P Muscular VSD Alive Confirmed Spontaneous closure

8 61 2.7 1.50 R Unbalanced AVSD, DORV, hypoplastic 
LV, PS, left isomerism

Alive Confirmed B/T shunt, Glenn shunt and Fontan 
operation 

9 54 3.6 1.30 P No anomalies Alive Tricuspid Atresia 1B with ARSA ADHD B/T shunt, Glenn shunt and Fontan 
operation 

10 50 3.3 2.05 P Pulmonary atresia with intact ventricular 
septum

Exomphalos TOP Confirmed

11 65 7.5 1.30 R Transient cardiac failure Alive Small VSD Spontaneous closure 

12 49 3.7 2.27 R No anomalies Alive Small VSD Spontaneous closure 

13 68 6.0 2.20 R No anomalies Echogenic 
bowel

Infant 
death

DCRV, dysplastic pulmonary valve, 
ASD II, HCM. 

Noonan Died after resection DCRV and ASD 
closure

14 47 5.0 1.80 R No anomalies Alive DORV, VSD, PS 22q11 Total correction

15 57 5.7 2.20 A TGA, VSD, PS Alive Confirmed Rastelli procedure

16 49 4.5 2.30 R TOF TOP Confirmed  

17 60 2.9 1.94 R No anomalies Alive VSD, PDA PDA closure during heart catheterisation 

18 50 3.3 3.00 R AVSD Short fingers Alive Incomplete AVSD No intervention

19 48 7.0 1.30 P Pulmonary atresia, VSD Edema, FGR Alive Confirmed 2 x B/T shunts, stenting LPA stenosis. 
Total correction with fenestrated VSD 
patch

20 57 5.0 2.70 R No structural scan performed SUA Alive VSD(m), mild PS, ASD II Coffin-Siris syndrome ASD II closure during heart 
catheterisation

21 49 2.2 1.30 P Aortic dilatation Alive Aortic dilatation, Mitral regurgitation Marfan syndrome Aortic root replacement with mitral and 
tricuspid valvuloplasty

22 86 9.6 2.00 R Aortic regurgitation, bicuspid aortic 
valve, dysplastic mitral valve

Edema TOP Confirmed Hypertelorism, cleft palate, 
clubfeet

23 60 8.0 2.70 R HLHS TOP HLHS, mitral and aortic atresia, 
hypoplastic aortic arch 

SMA type 1

24 60 6.0 3.50 R AVSD with heartblock IUD No PM evaluation

25 64 5.8 4.20 R Small LV, VSD, aortic hypoplasia SUA Alive Double discordance, VSD, PS, 
Ebstein’s anomaly, TV

B/T shunt, Glenn shunt and Fontan 
operation

26 54 6.8 5.00 R Tricuspid stenosis, VSD, hypoplastic RV TOP HRHS-tricuspid atresia, PS, left
Isomerism
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Table 3 Cardiac defects, NT, DV-PIV and outcome in chromosomally normal fetuses with enlarged NT. (Cont). 

CRL NT DV PIV a-wave

Prenatal diagnosis Out
come

Postnatal Diagnosis

TreatmentCardiac Non cardiac Cardiac Non cardiac

27 54 3.1 2.78 A VSD Alive 2 small VSD’s Spontaneous closure 

28 70 3.1 0.94 P Unbalanced AVSD Abnormal 
legs, 
polydactyly

TOP No postmortem examination Ellis von Creveld syndrome

29 46 5.0 1.12 M Hypoplastic LV Mild 
hydro-nefrosis, 
radial club 
hands

TOP Hypoplastic LV without connection to 
aorta, mono atrium

30 83 5.0 1.50 R Common arterial trunk, VSD TOP Common arterial trunk, VSD 22q11  

31 60 1.6 1.50 P Left isomerism, unbalanced AVSD with 
hypoplastic LV, TAPVD to coronary 
sinus, hypoplastic aortic arch

Alive Confirmed, also interruption of the 
aortic arch

Hybrid Norwood-Fontan. 
Stage 1: 
Ductal stenting and bilateral pulmonary 
artery banding completed 

32 59 1.4 1.20 P No anomalies Alive ASD+VSD 22q11 Pulmonary artery banding, ASD 
closure with Amplatzer device during 
catheterisation, pulmonary artery 
debanding 

33 62 3.7 1.15 P No anomalies Alive PDA  PDA Coiling during heart catheterization

34 58 5.5 5.60 R No structural scan performed IUD Common arterial trunk

35 56 7.6 3.20 R 2 VSDs Overlapping 
fingers, 
echogenic 
bowel, FGR

NND VSD, HCM Mitochondrial defect

ARSA aberrant right subclavian artery
ASD atrial septal defect
AVSD atrioventricular septal defect 
A wave P = present / positive, A = absent, 
R = reversed, M = mixed
B/T shunt Blalock Taussig shunt
DCRV double chambered right ventricle

DORV double outlet right ventricle
FGR fetal growth restriction
HCM hypertrophic cardiomyopathy
HLHS hypoplastic left heart syndrome
HRHS hypoplastic right heart syndrome
IUD intra uterine death
LPA left pulmonary artery

LV left ventricle
(m) muscular
NND neonatal death
PDA persistent ductus arteriosus
PM post mortem
PS pulmonary stenosis
RV right ventricle

TAPVD Totally anomalous pulmonary venous drainage
TGA transposition of the great arteries
TOF tetralogy of Fallot
TOP termination of pregnancy
TV tricuspid valve
VSD ventricular septal defect

The median NT MoM and median DV-PIV MoM were significantly higher in fetuses with 
CHD than in those without CHD (2.8 vs. 1.2 and 1.2 vs. 0.9, respectively; P < 0.01).
Logistic regression analysis showed that both the  NT MoM and the DV-PIV MoM had a 
significant influence on the risk of CHD. When the DV-PIV was analyzed as a continuous 
variable, the odds of cardiac defects increased by 2.6 per MoM increase in DV-PIV, 
adjusted for NT (odds ratio = 2.6). Similarly, the odds of CHD increased with 1.6 per 
MoM increase in NT, adjusted for DV-PIV (Table 5). In a subgroup of fetuses with an 
enlarged NT, only the DV-PIV MoM significantly influenced the chance of CHD (odds ratio 
= 2.4) (Table 5). 
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Table 3 Cardiac defects, NT, DV-PIV and outcome in chromosomally normal fetuses with enlarged NT. (Cont). 

CRL NT DV PIV a-wave

Prenatal diagnosis Out
come

Postnatal Diagnosis

TreatmentCardiac Non cardiac Cardiac Non cardiac

27 54 3.1 2.78 A VSD Alive 2 small VSD’s Spontaneous closure 

28 70 3.1 0.94 P Unbalanced AVSD Abnormal 
legs, 
polydactyly

TOP No postmortem examination Ellis von Creveld syndrome

29 46 5.0 1.12 M Hypoplastic LV Mild 
hydro-nefrosis, 
radial club 
hands

TOP Hypoplastic LV without connection to 
aorta, mono atrium

30 83 5.0 1.50 R Common arterial trunk, VSD TOP Common arterial trunk, VSD 22q11  

31 60 1.6 1.50 P Left isomerism, unbalanced AVSD with 
hypoplastic LV, TAPVD to coronary 
sinus, hypoplastic aortic arch

Alive Confirmed, also interruption of the 
aortic arch

Hybrid Norwood-Fontan. 
Stage 1: 
Ductal stenting and bilateral pulmonary 
artery banding completed 

32 59 1.4 1.20 P No anomalies Alive ASD+VSD 22q11 Pulmonary artery banding, ASD 
closure with Amplatzer device during 
catheterisation, pulmonary artery 
debanding 

33 62 3.7 1.15 P No anomalies Alive PDA  PDA Coiling during heart catheterization

34 58 5.5 5.60 R No structural scan performed IUD Common arterial trunk

35 56 7.6 3.20 R 2 VSDs Overlapping 
fingers, 
echogenic 
bowel, FGR

NND VSD, HCM Mitochondrial defect

ARSA aberrant right subclavian artery
ASD atrial septal defect
AVSD atrioventricular septal defect 
A wave P = present / positive, A = absent, 
R = reversed, M = mixed
B/T shunt Blalock Taussig shunt
DCRV double chambered right ventricle

DORV double outlet right ventricle
FGR fetal growth restriction
HCM hypertrophic cardiomyopathy
HLHS hypoplastic left heart syndrome
HRHS hypoplastic right heart syndrome
IUD intra uterine death
LPA left pulmonary artery

LV left ventricle
(m) muscular
NND neonatal death
PDA persistent ductus arteriosus
PM post mortem
PS pulmonary stenosis
RV right ventricle

TAPVD Totally anomalous pulmonary venous drainage
TGA transposition of the great arteries
TOF tetralogy of Fallot
TOP termination of pregnancy
TV tricuspid valve
VSD ventricular septal defect

After correction for NT MoM and DV-PIV MoM in the multivariable logistic regression 
analysis, the normality or abnormality of the DV a-wave did not significantly influence the 
chance of cardiac defects (odds ratio = 1.0; 95% CI = 0.4–3.0; P = 0.94). 
The discriminating abilities of NT MoM and DV-PIV- MoM were confirmed by ROC curve 
analysis (Figure 2). Results of the calibration analysis are shown in Figure 3. This figure 
shows the association between the mean calculated probability for CHD and the mean 
observed fraction of CHD for each of the 10 decile groups.
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Table 4 Sensitivity, specificity, relative risk, odds ratio and positive and negative predictive values of a ductus 
venosus pulsatility index for veins measurement equal to or above the 95th percentile (DV-PIV ≥P95), a-wave 
abnormality and the combination of both, for all congenital heart defects and for major congenital heart 
defects with an enlarged nuchal translucency (NT)

All CHD with NT ≥ P95 (n = 33) Major CHD with NT ≥ P95 (n = 24)

DV-PIV
≥ P95

(n = 24)

a-wave 
abnormal
(n = 18)

Both 
abnormal 
(n = 18)

DV-PIV
≥ P95

(n = 17)

a-wave 
abnormal
(n = 12)

Both 
abnormal 
(n = 12)

Sensitivity (%) 73 55 55 71 50 50

Specificity (%) 62 73 74 61 72 73

Relative Risk (95% CI) 3.7 (1.8 – 7.7) 2.8 (1.5-5.4) 3.0 (1.6-5.6) 3.4 (1.4 – 7.9) 2.4 (1.1-5.0) 2.5 (1.2-5.3)

Odds Ratio (95% CI) 4.3 (1.9 – 9.6) 3.2 (1.6-6.8) 3.4 (1.6-7.1) 3.7 (1.5 – 9.3) 2.5 (1.1-5.9) 2.7 (1.2-6.2)

Positive Predictive 
Value

0.18 0.19 0.20 0.13 0.13 0.13

Negative Predictive 
Value

0.95 0.93 0.93 0.96 0.95 0.95

Table 5 Results of multivariable analysis to predict the chance of congenital heart defects (CHD) or 
major congenital heart defects (MCHD) at any given nuchal translucency multiple of the median (NT 
MoM) and ductus venosus pulsatility index for veins multiple of the median (DV-PIV MoM)

All fetuses Fetuses with enlarged NT

OR (95% CI) P AUC OR (95%CI) P AUC

CHD 0.84 0.72

 NT MoM 1.6 (1.3-2.0) <0.001 1.2 (0.9-1.6) 0.25

DV-PIVMoM 2.6 (1.6-4.3) <0.001 2.4 (1.5-3.9) <0.001

MCHD 0.85 0.72

 NT MoM 1.7 (1.3-2.1) <0.001 1.3 (1.0-1.8) 0.10

DV-PIVMoM 2.4 (1.4-4.0) <0.001 2.2 (1.3-3.7) 0.003

AUC, area under the ROC-curve; OR, odds ratio.

Figure 3 Calibration plot of the 
prediction model for congenital heart 
defects (CHDs) (mean predicted and 
observed CHDs in 10 decile groups of the 
study population).
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DISCUSSION

This study shows that the risk of CHD in euploid fetuses with an enlarged NT is increased 
threefold when the DV-PIV is also abnormal (relative risk=3.7). A DV-PIV≥P95 can detect 
73% of all cases of CHD. Logistic regression analysis shows that DV-PIV MoM influences 
the risk of CHD significantly at any cut-off point (odds ratio = 2.4, P < 0.001). After 
correction for NT and DV-PIV, the DV a-wave does not significantly add to the CHD 
prediction.
A wide spectrum of CHD was encountered in this study, with a predominance of 
atrioventricular septal defects and hypoplastic left hearts. This is in agreement with a 
recent study by Vogel et al. 21. The high CHD prevalence (4.4%) and the high proportion 
of chromosomally normal fetuses with an enlarged NT and adverse outcome (14%) reflect 
the high-risk nature of this tertiary centre-referred population.

Figure 4 Ductus venosus flow patterns in a Down syndrome fetus with an atrioventricular septal  defect 
and tetralogy of Fallot. (a) At 13 weeks, the crown–rump length was 72 mm and the ductus venosus 
pulsatility index for veins (DV-PIV) was 2.8 with reversed a-wave. (b) At 17 + 4 weeks, the DV-PIV was 
0.89 with positive a-wave; normalization of abnormal DV flow with advancing gestation was observed.

a

b
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Although the association between CHD and increased DV-PIV has long been known in 
the second and third trimesters 22–24, its value as a first-trimester marker for CHD has been 
investigated only minimally 16. 
In fetuses with an enlarged NT, the DV a-wave has shown sensitivities varying from 24 to 
90% in the prediction of CHD 14–17,22. Maiz et al. 15 reported that an abnormal DV a-wave 
in fetuses with an enlarged NT is associated with a threefold higher chance of major 
CHD. The 73% detection rate of DV-PIV for CHD in this study confirms the findings of 
Maiz et al. for the DV a-wave 15 and is at variance with the 90% reported by Favre et al. 14. 
Comparison of detection rates is difficult, owing to differences in study populations and 
definitions of the CHDs included.
In our population with enlarged NT, increased DV-PIV had a higher detection rate for 
CHD than did an abnormal DV a-wave (73% and 55%, respectively), but the specificity 
showed opposite trends (62% and 73%, respectively). The lower specificity of DV-PIV can, 
at least partly, be overcome by using DV-PIV as a continuous variable in combination with 
NT, as illustrated by the ROC curves in Figure 2, because the DV-PIV MoM was found to 
be significantly associated with the risk of CHD (odds ratio = 2.4), independent of the 
degree of NT enlargement. When corrected for DV-PIV, the (ab)normality of the a-wave 
did not significantly influence the risk of CHD. 
The calibration (i.e. the level of correspondence between model-based probability and 
the observed number of CHD) is moderate in the higher ranges, probably as a result of 
the small numbers of CHD in the extremely high-risk groups. As the model performance 
is validated in the same population from which it was derived, we cannot exclude an 
overestimation of its predictive ability. A prospective validation is therefore needed in 
larger populations.
Favre et al. 14 found that, in a referred population, the addition of the DV measurement to 
NT alone did not increase the sensitivity for CHD, but the specificity improved. We cannot 
confirm this, as in our population there were only two fetuses with CHD and a normal NT. 
Sensitivity may also be affected by the timing of the DV measurement, as DV flow seems to 
normalize towards 14 weeks, even when CHD are present 25 (Figure 4).
When considering DV measurements as a screen for CHD, aspects such as learning 
curve 26 and repeatability of waveforms9 should be considered. Intra- and inter-observer 
reproducibility in studies of DV measurements show results that vary from substantial to 
acceptable 27–29. 
We observed a mixed a-wave in 15% of the fetuses with enlarged NT and in 6% of the 
fetuses with normal NT. In the case of a-wave discrepancy, the cases were classified as 
normal for the analysis, whereas for the DV-PIV the average of three different recordings 
was used. 
Such variation in DV waveforms is also reported in second- and third-trimester fetuses 

30,31, but a pathophysiologic explanation for this intrinsic variability is still lacking. 
Ultrasonographers should be aware of this, regardless of whether it is the result of true 
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biological variation or a purely methodological problem (e.g. contamination of the nearby 
vessel), especially when an abnormal waveform is found in an otherwise normal fetus. 
Repetition of the investigation to confirm consistency of the results is warranted.
A possible way of implementing DV investigation in a clinical setting is by using a two-step 
contingent screening approach 32. This can reduce false-positive rates in fetuses at increased 
risk after the combined test 33 and can be used to select chromosomally normal fetuses to 
be referred for detailed scans, including early echocardiography 9,11,15,17,28,32,34–38. Such an 
approach would also minimize interpretation problems by restricting DV studies to a few 
specialist centers. Moreover, analysis of DV-PIV as a continuous variable can further refine 
the individual risk assessment for CHD in these fetuses.
The pathophysiologic mechanism linking NT, CHD and abnormal DV flow is still obscure 

3,39. In second trimester fetuses an abnormal DV flow is usually associated with cardiac 
failure 40. It has therefore been tempting to extrapolate this also to the first-trimester fetus 
with enlarged NT 9,12,14,41. 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 42, 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. 
A large study on diastolic cardiac function measured at 11–14 weeks in chromosomally 
normal and abnormal fetuses failed to show differences among fetuses with normal and 
abnormal hearts 43. Recently, our group found a correlation between tricuspid valve 
E/A-wave velocities, E/TVI (E-wave velocity corrected for stroke volume) and NT thickness 
in chromosomally normal fetuses with normal hearts at 11–14 weeks’ gestation 44. Hence, 
the DV anomaly may reflect changes in right heart function.
Enlarged NT, CHD and DV abnormality may have as common denominator an insult 39, 
such as hypoxia 44, that affects the neural crest cells migrating to the neck, the conotruncal 
region of the heart and the DV 45,46. Another proposed mechanism for DV flow abnormality 
is abnormal innervation or endothelial thickening of the DV, analogous to that observed 
in trisomy 16 mouse fetuses 47. 
In conclusion, in chromosomally normal fetuses with enlarged NT, an increased DV-PIV is 
a marker for CHD. An abnormal DV-PIV is present in almost three-quarters of CHD cases. 
DV-PIV can be used as a continuous variable to increase specificity. Further research is 
needed to investigate the advantage of DV-PIV, used as a continuous variable, above 
a-wave assessment, in the prediction of CHD in fetuses with an enlarged NT and a normal 
karyotype. This study suggests that DV-PIV measurement could lead to a substantial 
improvement in individual risk assessment for CHD. The pathophysiology of abnormal 
DV flow in first-trimester fetuses with enlarged NT and CHD is still a challenging mystery.
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ABSTRACT

Objective Low-resistance hepatic artery (HA) flow has been reported in severely growth-
restricted fetuses. The same finding has been incidentally observed in first trimester fetuses 
with enlarged nuchal translucency (NT). The aim of this study was to investigate HA flow 
in first-trimester fetuses. 
Methods Crown–rump length (CRL), NT, ductus venosus (DV) pulsatility index for veins 
(PIV) and HA pulsatility index (PI) were measured prospectively in fetuses at increased risk 
on first-trimester assessment for aneuploidy and in a control group of low-risk fetuses. 
Outcome of pregnancy was known in all cases. Independent sample t-test was used for 
intergroup comparison. 
Results NT, DV-PIV and HA-PI were measured prospectively in 59 fetuses. Thirty-four had 
an enlarged NT and underwent karyotyping, which was abnormal in 16 cases (trisomy 
21, n = 12; trisomy 18, n = 3; 47,XXY, n = 1). Two pregnancies were terminated in 
view of fetal anomalies. In three other infants an abnormality was confirmed after birth 
(Noonan syndrome, unspecified genetic syndrome and cardiac defect). The remaining 
13 fetuses with enlarged NT and the 25 with normal NT had an uneventful pregnancy 
outcome. HA-PI was significantly and inversely correlated with NT and DV-PIV. 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). 
Conclusions Low-resistance HA flow can be observed in first-trimester fetuses and, based 
on its association with adverse outcome, it can be regarded as an ominous sign.

proefschrif Timmerman.indb   96 18-4-2013   10:30:20



First-trimester hepatic artery flow

Chapter

7

INTRODUCTION

While investigating ductus venosus (DV) flow in severely growth-restricted fetuses, a strong 
arterial signal can sometimes be recorded on the reverse channel. This signal arises 
from the hepatic artery (HA), a vessel situated in close proximity to the DV (Figure 1). 
From studies in second- and third- trimester growth restricted fetuses it is known that the 
flow in this vessel increases in conditions of redistribution of the fetal circulation driven 
by hypoxemia 1–3. This mechanism has been called the hepatic arterial buffer response 
(HABR) 3. The underlying mechanism of the HABR is a compensatory one, aiming to 
maintain blood supply to the liver when there is increased shunting of umbilical venous 
blood through the DV. In postnatal life the HABR operates in conditions of reduced portal 
flow such as in anemia, hypovolemia or liver cirrhosis 4–6. 
While investigating DV flow in first-trimester fetuses at increased risk of aneuploidy we 
incidentally observed that in particularly severe circumstances (hydrops, large nuchal 
translucency (NT)) a similarly strong arterial signal can be detected on the reverse channel 
of the DV Doppler flow spectrum 7. The aim of this study was to prospectively investigate 
blood flow in this vessel and to attempt to understand the underlying pathophysiological 
mechanism of HABR in first-trimester fetuses.

Figure 1 Doppler waveforms showing ductus 
venosus (top channel) and hepatic artery 
(bottom channel) flow patterns in a severely 
growth-restricted fetus at 27 weeks’ gestation.

METHODS 

Ultrasound and Doppler investigations at the Fetal Medicine Unit of the Academic 
Medical Centre were performed by two operators (C.M.B., P.G.R.) using General Electric 
Voluson 730 Expert and E8 ultrasound machines (GE Healthcare Ultrasound, Milwaukee, 
WI, USA). All ultrasound examinations were performed transabdominally after 11 weeks’ 
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gestation with use of the ‘as low as reasonably achievable’ (ALARA) principle, with the 
output settings of the ultrasound equipment resulting in thermal index and mechanical 
index values below 0.6. 
In all cases the crown–rump length (CRL) and NT thickness were measured and a survey 
of fetal anatomy was carried out. DV flow was evaluated and the pulsatility index for veins 
(PIV) was measured as previously described 7. The high-pass filter was kept as low as 
possible and the sample gate narrowed. 
In first-trimester fetuses the HA is seen in continuity with the celiac artery, branching 
off the aorta and running in the supero-anterior direction towards the DV, with which it 
comes into close contact (Figure 2). After recording the DV waveform the sample gate can 
be slightly moved towards the descending thoracic aorta so that HA waveforms can be 
visualized simultaneously on the reverse channel (Figure 3). The sample gate can also be 
moved in such a way as to obtain only waveforms from the DV (Figure 3b) or from the HA 
(Figure 3c). In all cases the pulsatility index (PI) of the HA waveforms was measured using 
the automated system of the ultrasound equipment after manual tracing of at least three 
waveforms 8,9. Doppler tracings and measurements were stored digitally. 
From January 2008 to November 2009 C.M.B. attempted to record and measure HA 
flow prospectively in all fetuses referred in view of an increased first-trimester risk prior 

Figure 2 a. Longitudinal ultrasound view of the 
trunk of a 12-week fetus showing the umbilical 
vein, the ductus venosus and the descending 
thoracic aorta on color flow mapping. 

b. The hepatic artery (arrowhead) is seen as the 
vessel coming into close contact with the ductus 
venosus (*) and in continuity with the celiac 
artery, arising as the first anterior branch from 
the descending aorta. The hepatic artery forms a 
triangle with the descending aorta and the ductus 
venosus. 

c. Normal hepatic artery waveform of a 13-week 
fetus.

a b

c
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to karyotyping. Measurements in low-risk first trimester fetuses were performed by P.G.R. 
on women undergoing the combined test at our institution. Few women without specific a 
priori risk factors undergo NT screening at our institution, the majority being referred for 
fetal assessment and karyotyping in view of an increased NT, combined test risk of ≥1: 
200 or fetal anomalies. 
In all cases at increased risk for aneuploidy karyotyping was performed by chorionic villus 
sampling. In continuing pregnancies repeat detailed scans were carried out. Pregnancy 
outcome was obtained from hospital notes and follow-up forms filled in by parents. 

Statistical analysis 
The independent samples t-test was used for intergroup comparison. Correlations were 
assessed using Spearman’s rho, and P < 0.05 was considered statistically significant. 

Figure 3 a. Doppler recording of ductus 
venosus flow (upper trace) and hepatic artery 
flow (lower trace) in a 12-week fetus with 
trisomy 21. The sample gate includes the 
ductus venosus and the hepatic artery, the 
waveforms of which are very clearly recorded 
in spite of no clear color Doppler visualization 
of the vessel. Note the high velocities. 

b. Doppler recording with the sample gate 
including the ductus venosus only. The hepatic 
artery waveform can still be seen faintly in the 
upper channel. 

c. Doppler recording with the sample gate 
moved slightly toward the fetal aorta to 
include only the hepatic artery waveform.

a b

c
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RESULTS

Crown–rump length, NT, DV and HA measurements and fetal outcome were collected in 
59 fetuses. Cases in which measurements were not complete or were not satisfactory were 
excluded. The success rate in obtaining clear HA, DV and both DV and HA waveforms 
was 81, 73 and 65%, respectively of the fetuses referred to C.M.B. after a finding of 
increased risk at first-trimester assessment. Maternal age, CRL, NT measurement, a priori 
and calculated risk at first-trimester screening are shown according to fetal and neonatal 
outcome in Table 1. 

Table 1 Characteristics of the outcome groups. Data shown as median (range) or n (%). *Background 
risk for aneuploidy before the combined test. CRL, crown–rump length; NT, nuchal translucency.

Maternal 
age (years)

CRL 
(mm)

NT 
(mm)

A priori 
risk

Risk after 
combined 

test

Risk 
≥ 1:200

Normal NT + 
favourable outcome

37
(28 - 42)

61
(46 - 80)

1.7
(1.0 – 2.5)

1:189
(54 - 792)

1:924
(9 - 6224)

5/25 
(20%)

Enlarged NT + 
favourable outcome

34
(28 - 42)

71
(52 - 84)

3.0
(2.6 – 5.3)

1:325
(53 - 852)

1:50
(8 - 677)

9/13 
(69%)

Trisomy 21 36
(28 - 43)

64
(53 - 90)

4.2
(3.1 – 12)

1:156
(33 – 624)

1:2
(2 - 37)

12/12 
(100%)

Other chromosomal 
anomaly

39
(32 - 42)

52
(45 – 58)

7.0
(2.8 – 8)

1:89
(36 - 448)

1:2
(2 - 18)

4/4 
(100%)

Adverse outcome 
(euploid)

31
(24 - 41)

48
(47 – 54)

5.0
(3.1 – 7)

1:512
(56 - 1003)

1:12
(3 – 14)

5/5 
(100%)

All 35
(24 - 43)

61
(45 – 90)

2.9
(1 – 12)

1:204
(33 - 1003)

1:50
(2 - 6224)

35/59 
(92%)

Figure 4 Mean hepatic artery pulsatility index (PI) and 95% CI’s in relation to nuchal translucency 
thickness (NT) and fetal outcome.
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The NT was increased (≥95th centile) in 34 fetuses (58%). The karyotype was abnormal 
in 16 of these cases (47%) (trisomy 21, n = 12; trisomy 18, n = 3; 47XXY, n = 1). The 
pregnancy was terminated in 14 of the 16 chromosomally abnormal pregnancies, and two 
trisomy 21 fetuses died in utero. Two pregnancies were terminated due to abnormal fetal 
development. The remaining 16 fetuses with an enlarged NT were live born. Anomalies 
were confirmed or diagnosed after birth in three cases (one Noonan syndrome, one 
unspecified genetic syndrome with corpus callosum agenesis and one ventricular septal 
defect and pulmonary atresia). The other 13 fetuses with increased NT and the 25 with 
normal NT were phenotypically normal at birth and had an uneventful neonatal period. 
In fetuses with normal NT and normal outcome the mean HA-PI was 2.03 ± 0.46. HA-PI 
was significantly lower (independent samples t-test, P < 0.05) in fetuses with enlarged 
NT (1.76 ± 0.37), enlarged NT and chromosomal anomalies (all, 1.60 ± 0.28; trisomy 
21, 1.57 ± 0.26) and in chromosomally normal fetuses with enlarged NT and adverse 
outcome (1.66 ± 0.27) (Table 2, Figure 4). Fetuses with chromosomal anomalies had low 
mean HA-PI, irrespective of the degree of NT enlargement (Figure 5). The relationships 
between HA-PI and NT and DV-PIV are shown in Figure 6. In fetuses with enlarged NT 
there was a significant correlation between NT and DV-PIV (Spearman rho, 0.30) and a 
significant negative correlation between HA-PI and NT (Spearman rho, 0.34) and between 
HA-PI and DV-PIV (Spearman rho, 0.58). Figure 7 shows the relationship between HA-PI 
and CRL for the whole group. 

Table 2 Hepatic artery pulsatility index in relation to nuchal translucency thickness (NT) and fetal 
outcome. SEM, standard error of the mean.

Outcome N mean SD SEmean 95%CI mean min max

Normal NT + 
favourable outcome

25 2.03 0.46 0,09 1.85 – 2.21 1.52 3.00

Enlarged NT + 
favourable outcome

13 1.99 0.40 0,11 1.77 – 2.21 1.44 2.90

Trisomy 21 12 1.57 0.26 0,07 1.43 – 1.71 1.32 2.12

Other chromosomal 
anomaly

4 1.69 0.36 0,18 1.33 – 2.05 1.25 2.00

Adverse outcome 
(euploid)

5 1.66 0.27 0,12 1.42 – 1.90 1.40 2.03

Total 59 1.87 0.43 0,06 1.75 – 1.99 1.25 3.00
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Figure 6. Scatterplots of hepatic 
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to NT and fetal outcome 
a. plotted against nuchal 
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DISCUSSION 

This is the first prospective study on HA flow in first trimester fetuses. The finding of 
low-resistance HA flow in fetuses with enlarged NT is an unfavourable prognostic factor, 
as it is highly associated with chromosomal anomalies (trisomy 21 and other aneuploidies), 
genetic syndromes and fetal anomalies. DV-PIV and HA-PI show opposite trends and are 
inversely related. This suggests that low-resistance HA flow, detected along with a high 
pulsatility DV waveform (increased DV-PIV), may be indicative of hemodynamic changes 
triggered by the same pathological event. This study confirms our preliminary observation 
that when low-resistance HA flow is observed in fetuses with very large NTs or with hydrops 
of varying severity it is associated with a high incidence of adverse outcome7. 
The present study involved a cohort of prospectively investigated predominantly high-risk 
fetuses, reflecting the tertiary referral centre nature of our Fetal Medicine Unit, and calls 
therefore for larger studies of unselected first-trimester fetuses. However, Doppler studies 
must be performed cautiously early in pregnancy. Besides the ALARA recommendation 
the Doppler examination should be limited in time and only carried out in the late first 
trimester. 
The HA arises in most fetuses from the celiac artery (CA), and less frequently (18% of 
cases) from the superior mesenteric artery10. The common HA branches off into the right, 
left and middle HA. In first-trimester fetuses the vessel is seen in continuity with the CA, 
branching off the aorta and running in a supero-anterior direction towards the DV, with 
which it comes into close contact (Figure 2). Due to the small fetal size it is impossible to 
exactly map CA branching in the first trimester. However, sampling the vessel close to the 
DV ensures that the recorded arterial waveforms originate from the HA. 

CRL
908070605040

H
A 

PI
3,00

2,50

2,00

1,50

1,00

Adverse outcome, 
euploid

Other chrom anomaly
Trisomy 21

Enlarged NT + 
favorable outcome

Normal NT + favorable 
outcome

Outcome Figure 7. Scatterplot of hepatic 
artery pulsatility index (PI) and crown–
rump length for all fetuses. 
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Waveforms from the HA were easy to record in the first trimester, particularly in cases 
with low-resistance flow. At variance with DV flow patterns, HA flow appears constantly 
abnormal with less fluctuation 11. This may represent an advantage over DV investigations. 
The first report on low-resistance HA flow in the fetus dates back to 1999. Low-resistance 
HA flow had been documented in second-trimester growth-restricted fetuses 1. The authors 
suggested that in cases of shunting of oxygenated umbilical venous blood through the DV, 
the total blood supply to the liver is maintained by a concomitant, significant increase in 
arterial blood flow through the HA. The liver can be seen as a fourth preferential organ 
besides heart, brain and adrenal glands, where a preferential perfusion occurs in cases of 
poorly oxygenated umbilical venous blood to maintain liver function 12. Doppler umbilical 
venous flow quantification in similar circumstances provides evidence of a significant 
increase in venous blood shunting through the dilated isthmic part of the DV, at the expense 
of fetal hepatic perfusion 13. Other clinical reports have documented the presence of an 
arterial redistribution to the right liver lobe at early stages of hemodynamic adaptation in 
growth restricted fetuses 2,3. In a recent study that provided reference ranges for HA flow in 
the second and third trimesters, an activated HABR was documented in three cases – two 
anemic fetuses and one that was growth restricted. In all cases the PI was low and in the 
two anemic fetuses it returned to within normal ranges after transfusion 3. 
The vascular architecture of the human liver is embryologically very complex 14. 
Vasculogenesis starts very early in pregnancy and only small changes in vascular 
architecture occur after 25 weeks 15–17. Hepatic perfusion is maintained constant by an 
adenosine-mediated regulation of blood supply to the organ. HA blood flow is therefore 
not controlled by the metabolic status of the hepatocytes, but rather by changes in 
portal flow. When portal flow decreases, less adenosine is washed away and the local 
concentration rises, resulting in arterial dilation and increased hepatic artery flow – i.e. 
the HABR 4–6. 
In this study evidence of low-resistance flow in the HA suggests endothelial response to 
vasoactive substances from as early as the late first trimester of pregnancy. Although 
velocities were not measured systematically, these tended to be high in fetuses with 
low-resistance HA flow (Figure 3a,b). It is not clear which mechanism – the hematopoietic, 
as in cases of anemia, the hepatopoietic, as in cases of hypoxia-induced impaired 
liver function or some other mechanism – enhances liver perfusion in these challenged 
first-trimester fetuses. 
In first-trimester fetuses hypoxia is postulated as a common denominator for abnormal 
DV flow, altered right ventricular diastolic function and discordant ventricular afterload, 
possibly to ensure cerebral perfusion 18,19. The concomitant reduction in portal flow may 
cause adenosine accumulation, resulting in HA dilatation to maintain adequate liver 
perfusion. 
The fetal liver has a prominent role in regulating fetal growth. It differentiates from being 
an essentially hematopoietic organ in the first trimester to a hepatopoietic organ during 
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the second trimester. Signals from the extracellular matrix, soluble factors secreted by 
neighbouring cells, or direct cell–cell interactions are crucial for the differentiation of the 
hepatocytes 20. 
That liver function is impaired in second-trimester chromosomally abnormal fetuses can 
be inferred from association with low levels of alpha-fetoprotein, hematopoietic disorders 
and hepatomegaly 21. Arterial liver perfusion may be increased to preserve hematopoietic 
activity in these pregnancies from early in gestation. 
The association of HABR with genetic syndromes such as Noonan is also intriguing. 
Interestingly, the Noonan infant in the present study was hydropic at birth, had 
hepatomegaly and was subsequently diagnosed with juvenile myelomonocytic leukemia. 
PTPN11 encodes the protein tyrosine phosphatase SHP-2, relaying signals from growth 
factor receptors to Ras and other effectors. Mutant SHP-2 proteins induce aberrant 
growth in multiple hematopoietic compartments. It is not clear if in this case the excessive 
hematopoiesis is the cause or the effect, as in fetal anemia, of the increased HA flow to 
the liver 22. 
In conclusion, the finding of low-resistance HA flow in first-trimester fetuses can be regarded 
as an unfavourable prognostic sign irrespective of the pathophysiological mechanism, 
which remains unclear. Further studies involving larger cohorts of first-trimester fetuses are 
needed to confirm this preliminary observation and to elucidate its clinical value and the 
pathophysiological background. 
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ABSTRACT

Objectives The aim of this study was to investigate whether there is an association between 
enlarged nuchal translucency (NT) and orofacial clefts.
Methods The pregnancy outcome of women who underwent an NT measurement between 
January 2000 and November 2008 was reviewed. All orofacial clefts detected prenatally 
and postnatally in karyotypically normal fetuses/infants were reviewed and a distinction 
was made between isolated defects and clefts as part of multiple congenital anomalies 
(associated). 
Results The cohort included 8638 fetuses. The NT was enlarged in 746 (8.6%). The 
karyotype was normal in 8347 fetuses, including 513 of the fetuses with an enlarged NT. 
Isolated or associated cleft lip, with or without cleft palate (CL/P), or cleft palate (CP) 
were diagnosed in 18 chromosomally normal fetuses (an incidence of 2.2 per 1000). In 
eight of these cases the NT was normal (8/7834; an incidence of 1.0 per 1000) and in 
the remaining 10 it was enlarged (10/513; an incidence of 19.5 per 1000). CL/P and CP 
were isolated or associated in three and seven of the chromosomally normal fetuses with 
an enlarged NT, respectively. Euploid fetuses with an enlarged NT had a relative risk for 
any clefts of 19 and a relative risk for isolated or associated clefts of 8 and 53, respectively 
(P < 0.001).
Conclusions Chromosomally normal fetuses with an enlarged NT have an increased risk 
of orofacial clefts. CL/P and CP are, in these fetuses, mostly associated findings, frequently 
part of a genetic syndrome. A detailed ultrasound examination with special attention given 
to the orofacial area is indicated in these fetuses.
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INTRODUCTION

Orofacial clefts are among the most common major congenital anomalies, with an 
incidence of 1–2 per 10001,2. There are large geographical and racial differences in the 
prevalence of cleft lip with or without cleft palate (CL/P), and males are more frequently 
affected. By contrast, cleft palate without cleft lip (CP) is more frequent in females. 
Prenatal detection of clefts is important because orofacial clefts are often associated with 
other structural defects, syndromes or chromosomal anomalies3. Moreover, also in the 
case of isolated clefts, prenatal diagnosis is essential to prepare parents for the postnatal 
care that their baby will require.
Detection of (isolated) CL/P by routine ultrasound examination is variably effective, 
ranging from 18 to 58% 4,5. This variation can be explained, at least in part, by cohort 
heterogeneity in a priori risk based on family history 6 and the use of teratogenic drugs 
(such as corticosteroids or phenytoin 7). Other risk factors for clefts, such as poor nutritional 
status (including folate acid deficiency) 8,9, alcohol abuse 10 or nicotine abuse 11,12, are 
considered rather aspecific and do not categorize fetuses as being at high risk. Prenatal 
detection of isolated CP is even more challenging, as the palate cannot be examined 
using the conventional two-dimensional (2D) ultrasound technique.
In a previous study we observed that, of all the structural anomalies found in euploid 
fetuses with an enlarged nuchal translucency (NT), orofacial clefts were the second most 
frequent, after cardiac defects 13. This association between enlarged NT and orofacial 
clefts had not been reported previously and prompted the present study, in which we 
determined the prevalence of CL/P and CP in fetuses in which NT had been measured. 
The aim of this study was to investigate if an enlarged NT is associated with orofacial 
clefts.

METHODS

The prenatal database of the Fetal Medicine Unit (FMU) of the Academic Medical Centre 
in Amsterdam was searched for all NT measurements performed between January 2000 
and October 2008. 
First-trimester ultrasound screening is offered routinely to women booking at our hospital 
or living in the surrounding areas. Furthermore, our institution acts as a tertiary referral 
centre for a large geographical area. Cases with an enlarged NT diagnosed in other 
centres are referred to our FMU for specialized firsttrimester ultrasound screening, invasive 
tests and (genetic) counselling. NT is measured between 11 + 0 and 13 + 6 weeks by certified 
ultrasonographers according to The Fetal Medicine Foundation guidelines 14. Enlarged NT 
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was defined as a measurement equal to or above the 95th centile for the normal range, 
according to The Fetal Medicine Foundation. 
Karyotyping was offered to all patients with a risk for Down syndrome of more than 1 
in 200, based on maternal age, NT and first-trimester levels of pregnancy-associated 
plasma protein-A (PAPP-A) and beta-human chorionic gonadotropin (β-hCG). Before first 
trimester serum screening was available in our region (in 2002), karyotyping was offered 
according to an NT measurement-adjusted risk of 1 in 200 at 12 weeks, or maternal age 
≥36 years. 
In all cases of an enlarged NT and a normal karyotype, a two-step ultrasound investigation 
at 13–16 and 20–24 weeks of gestation was performed to exclude structural anomalies. 
In addition, specialized scans with attention to the fetal face were performed in the event 
of maternal use of teratogenic drugs or a family history of clefts. Until 2007, routine 
ultrasound investigation was not part of the standard pregnancy care available in The 
Netherlands. Therefore, a structural anomaly scan was not routinely offered to women 
with a normal NT before 1 January 2007.
Demographic data, including information on maternal age, parity, maternal weight, 
smoking and drug use, were reviewed.
Pregnancy outcome was obtained in all cases from questionnaires filled in by patients, 
maternity wards, or (in the case of home birth) midwife practices, and by reviewing 
neonatal, pathology and clinical pediatric notes. When a baby was born without structural 
defects or dysmorphic features, the chromosomes were assumed to be normal. In all cases 
of an enlarged NT or an antenatal suspicion of abnormal development the infant was 
investigated by a neonatologist, a pediatric cardiologist or geneticists, as indicated.
Adverse pregnancy outcome was defined as chromosomal anomalies, structural 
anomalies, genetic disorders, intrauterine death (IUD), neonatal death (NND) and 
termination of pregnancy (TOP).
All facial clefts detected prenatally and postnatally in karyotypically normal fetuses/infants 
were included in the analysis. Associated cleft was defined as CL/P or CP in combination 
with other (structural) anomalies or in the setting of a recognizable genetic syndrome. 
Statistical analysis was performed using SPSS 16.0 (SPSS Inc., Chicago, IL, USA). 
Chi-square tests were used for intergroup comparison. Values of P < 0.05 were considered 
statistically significant. 

RESULTS

The study population consisted of 8638 fetuses, of which 746 (8.6%) had an enlarged NT. 
Demographic characteristics are reported in Table 1.
Adverse pregnancy outcome was recorded in 8.4% of the study population. The adverse 
outcome rate was 49.9% when the NT was enlarged and 4.5% when the NT was within 
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the normal range (Table 1). Chromosomal anomalies were recorded in 291 fetuses: 
233 (31.2%) were found in fetuses with an enlarged NT and 58 (0.7%) were found in 
fetuses with a normal NT. In the chromosomally abnormal cases, clefts were diagnosed 
in seven fetuses: five had trisomy 13, one had trisomy 18 and one had trisomy 21. CP 
was also diagnosed in a fetus with an enlarged NT and multiple congenital anomalies. 
The karyotype was normal in this case, but additional molecular genetic investigations 
(subtelomere multiplex ligation-dependent probe amplification (MLPA)) revealed partial 
monosomy 4q and partial trisomy 7q. 
In the 8347 chromosomally normal fetuses, CL/P was diagnosed in 18 cases (2.2 per 
1000), of which 10 were fetuses with an enlarged NT (Tables 2 and 3). The defect was 
isolated in nine cases (four with CP and five with CL/P) and associated with other anomalies 
in nine cases (five with CP and four with CL/P). In three cases (two with an enlarged NT 
and one with a normal NT) there was a positive family history for orofacial cleft, whereas 
in the remaining 15 cases there were no known risk factors.
Of the 513 chromosomally normal fetuses with an enlarged NT, three had an isolated cleft 
(one had CP and two had CL/P) and seven had clefts associated with other anomalies 
(four had CP and three had CL/P). Therefore, in cases with an enlarged NT, the relative 
risk was 7.6 for isolated clefts and 53.5 for clefts associated with other anomalies (P < 
0.001; Table 3). 

Table 1 Demographic and outcome data of cases with normal and enlarged nuchal translucency (NT) 

Normal NT
(n = 7892

NT ≥ 95th percentile
(n = 746)

Demographic data

CRL (mm) 58 (45 – 84) 61 (45 – 84) *

Age (years) 37.0 (16 – 47) 34.8 (18 – 45) *

Parity ≥ 1 (%) 65.0% 64.6%

BMI (kg/m2) 22.9 (16 – 44) 22.9 (17 – 43)

Smoking (%) 5.7 % 9.8%

Outcome data

Alive & well 7535 (95.5%) 374 (50.1%) *

Miscarriage/ IUD / immature † 135 (1.7%) 32 (4.3%) *

Structural anomalies 116 (1.5%) 67 (9.0%) *

Genetic anomalies 24 (0.3%) 10 (1.3%) *

Chromosomal anomalies 58 (0.7%) 233 (31.2%) *

TOP because of hydrops 1 (0.0%) 19 (2.5%) *

TOP for other reason 23 (0.3%) 11 (1.5%) *

Demographic data are expressed as median (range) or as % and outcome data as n (%). *Significant 
difference between normal and enlarged NT groups. BMI, body mass index; CRL, crown–rump length; 
IUD, intrauterine fetal death; TOP, termination of pregnancy.†Delivery <24 weeks.
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Table 2 Nuchal translucency (NT) measurement, family history of orofacial cleft, time of detection, type 
of facial cleft, associated anomalies and pregnancy outcome in all cases with facial clefts and a normal 
karyotype 

NT Family 
history

First scan Later scan(s) Outcome Postpartum / 
pathology

Isolated clefts

1 1.1 - No anomalies No anomalies Live born CP 

2 1.3 + (father) No anomalies Unilateral 
CL and CP

Live born CL(left sided) and CP 

3 1.3 - No anomalies No anomalies Live born CL

4 1.4 - No anomalies Not performed Live born Bilateral CL and CP 

5 1.6 - No anomalies Not performed Live born CP

6 1.8 - No anomalies Not performed Live born CP

7 2.9 - No anomalies No anomalies Live born CP

8 3.0 - No anomalies Bilateral CL, CP 
suspected

Live born Bilateral CL and CP

9 4.0 - No anomalies Bilateral CL and CP TOP Bilateral CL and CP 
confirmed, no autopsy

Associated clefts

10 1.4 - No anomalies No anomalies Live born CP, small VSD, Pierre-
Robin sequence

11 1.8 - No anomalies Bilateral CL and 
CP, Micro- and 

holoprosencephaly, 
heart dysplastic 

valves

TOP Holoprosencephaly, 
bilateral CL and CP

12 3.4 + (mother 
Stickler 

syndrome)

Micrognathia Micrognathia, CP 
suspected

Live born CP, micrognathia, Pierre 
Robin sequence

13 3.4 - No anomalies Larynxatresia, CP 
suspected

TOP Larynxatresia, CP, talipes 

14 5.0 - Strawberry shaped 
skull, CL, edema, 
ventriculomegaly

Not applicable TOP Encephalomeningocele 
of skullbase, CL (right 

sided)

15 5.6 - No anomalies No anomalies Live born CP, hip dysplasia, 
epilepsy

16 7.7 + (mother 
and sibling)

SUA, unilateral 
cleft, generalised 
edema, scoliosis

As first scan + 
hydrocephalus

TOP Hydrocephalus, vertebral 
anomalies, SUA, bilateral 

CL and CP, abnormal 
ear position

17 9.0 - Hydrops Not applicable Miscarriage Bilateral CL and CP

18 10.0 - Arthrogryposis Not applicable TOP Joint contractures, low-
set ears, CP

CL, cleft lip; CP, cleft palate; SUA, single umbilical artery; TOP, termination of pregnancy; VSD, ventricular 
septal defect.
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The prenatal detection rate of CL/P was 60% (2/10 were detected at the first-trimester scan 
in fetuses with an enlarged NT and multiple anomalies and another four were detected at 
later scans). None of the eight CPs was diagnosed prenatally, although CP was suspected 
in a fetus with an enlarged NT, micrognathia and a positive family history (mother) for 
Stickler syndrome. The fetus was also affected by this autosomal-dominant condition. 

DISCUSSION

This study demonstrates a clear association between excessive nuchal fluid accumulation 
in the first trimester and orofacial clefts. Chromosomally normal fetuses with an enlarged 
NT have a 19-fold greater chance of having CL/P or CP than fetuses with a normal NT. 
More than half (56%) of the clefts observed in this study occurred in such fetuses.
Merging of orofacial prominences and shelves occurs early in the fetal head-shaping 
process. Palatogenesis is complete at around 14 weeks of gestation 15. Craniofacial 
development is highly complex, with a large array of genes required to complete normal 
palatogenesis16. In fetuses with CL the accompanying CP is probably secondary, resulting 
from the defect in facial prominence fusion. As this is not the case when CP occurs in the 
absence of CL, CP without CL is considered to be an etiologically distinct entity 15, probably 
involving disturbances in different genetic pathways. A variety of genes are currently being 
analyzed as candidates for non-syndromic orofacial clefting 15,16.
Nuchal fluid accumulation is visible during the last phase of organogenesis of the 
fetal face and palate. Ontogenesis of the orofacial region and nuchal area are linked 

Table 3  Incidence of isolated, associated and all clefts in fetuses with normal karyotype, in cases with 
enlarged nuchal translucency (NT) compared with normal NT

Type of cleft Overall NT < P95 NT ≥ P95 RR (95% CI)

Isolated All 1.1 : 1000
(9 / 8347)

0.8 : 1000
(6 / 7834)

5.8 : 1000 
(3 / 513)

7.6 (1.9 – 30) *

CL/P 5 3 2 10.2 (1.7-61) *

CP 4 3 1 NS

Associated All 1.1 : 1000 
(9 / 8347)

0.3 : 1000 
(2 / 7834)

13.6 : 1000 
(7 / 513)

53.5 (11 – 257) *

CL/P 4 1 3 45.8 (4.8-440) *

CP 5 1 4 61.1 (6.8-546) *

All 
(isolated and 
associated)

All 2.2 : 1000
(18/8347)

1.0 : 1000
(8/7834)

19.5 : 1000 
(10/513)

19.1 (7.6 – 48) *

CL/P 9 4 5 19.1 (5.1-71) *

CP 9 4 5 19.1 (5.1-71) *

Data expressed as incidence or n. *Significant difference between normal and enlarged NT groups. CL/P, 
cleft lip with or without cleft palate; CP, cleft palate; RR, relative risk.
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by the migration of neural crest cells (NCC) to both areas. NCC also migrate, in the 
early embryonic period, to certain regions of the heart 17,18 and to the ductus venosus 

19,20. Recent studies have confirmed the role of NCC in the development of craniofacial 
structures and of the heart in transgenic mice with Noonan syndrome 21,22.
Because an enlarged NT is common in Noonan syndrome, these studies confirm that 
NCC disturbances may be involved in the ontogeny of a range of cardiac and craniofacial 
defects observed in association with an enlarged NT 21,22.
The prevalence of clefts associated with other anomalies varies considerably in the 
literature, from 3 to 64%, depending on differences in selection criteria, definitions, length 
of follow-up, population characteristics, and the knowledge and technology available to 
achieve syndrome recognition 23. Two recent large (European) studies found associated 
clefts in 47% and 37%, respectively 4,5 of cases. CL/P was more frequently associated with 
structural anomalies 4, whereas CP was more often found in syndromic cases 4,5. This study 
confirms that in fetuses with an enlarged NT, CP is frequently observed in the setting of 
abnormal development or a recognizable (genetic) syndrome. 
In our population, the overall incidence of clefts was 2.8 per 1000 pregnancies and 1.4 
per 1000 live births. Although this is in agreement with the findings of a recent large 
European cohort study 4, the prevalence figures of this study cannot be extrapolated to 
the general population because about half of our population consisted of fetuses referred 
to our FMU for further assessment and karyotyping as a result of the presence of an 
enlarged NT. This explains the high percentage of enlarged NT (8.6%) in the cohort. 
The incidence of clefts observed in fetuses with chromosomal anomalies (2.4%) is an 
underestimation. Detailed first-trimester scans were not performed in all cases with an 
abnormal karyotype and, when pregnancies were terminated surgically, ascertainment of 
clefts was not possible. The prevalence of clefts in fetuses with trisomy 13 and trisomy 18 
is known to be up to 41% and 7%, respectively 24.
In chromosomally normal fetuses the incidence of orofacial clefts was 0.1% when the NT 
was normal and 2.0% when the NT was enlarged. An enlarged NT seems to be equally 
associated with CL/P and CP. In fetuses with an enlarged NT, clefts were predominantly 
associated with other anomalies (70% of cases; CL/P was present in three of five fetuses 
and CP was present in four of five fetuses), while in fetuses with a normal NT, clefts 
occurred predominantly in isolation (75% of cases).
In five cases with an enlarged NT the associated cleft was probably part of a genetic 
syndrome: in one case the mother had Stickler syndrome; and in one case subtelomere 
analysis using MLPA revealed a subtle unbalanced chromosomal aberration. This suggests 
that microscopic genetic aberrations can be at the root of genetic syndromes, with an 
enlarged NT as the only obvious first-trimester signal. Subtelomere analysis using MLPA 
was not performed in any of the other cases, as at that time it was not available. In another 
case, CP was detected postnatally in an infant which as a fetus had an enlarged NT. 
Later, also hip dysplasia and epilepsy were diagnosed. This stresses that clefts in fetuses 
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with an enlarged NT are often associated with other forms of abnormal development. In 
fact, of the fetuses with an enlarged NT and clefts, only two (out of 10) are still alive and 
developing normally. In view of this, the finding of an enlarged NT in otherwise normal 
fetuses requires detailed ultrasound investigation of the fetal face and palate, especially 
when other subtle anomalies or ultrasound markers are present. CP should be suspected 
in all cases of micrognathia and unexplained polyhydramnios.
An isolated orofacial cleft is considered to be an anomaly of variable severity, but with a 
generally good prognosis. Prenatal diagnosis is important to exclude associated anomalies, 
to define the need for karyotyping or other genetic investigations (for example, to search 
for 22q11 deletion) and to counsel parents about the prognosis and management 25. 
Prenatal detection enables parents to be adequately prepared for the special feeding 
requirements of their baby. 
The accuracy of prenatal diagnosis of CL/P varies considerably in the literature, from 18 
to 58% 4,5, and detection rates are even lower for isolated CPs 3. Clefts that are part of 
multiple anomalies are more frequently diagnosed prenatally 24. In a recent evaluation 
of all clefts diagnosed in our FMU over the last 10 years, 25/85 clefts diagnosed in 
chromosomally normal fetuses were associated with other anomalies 26.
Variation in the detection rates of orofacial clefts may be dependent on the referral 
policies for detailed scans of women at increased risk for clefts as a result of a positive 
family history 6 or the use of teratogenic drugs 7. In these women, three-dimensional (3D) 
ultrasound examination of the fetal face and palate can be an extra tool that often enables 
the correct prenatal diagnosis of severity of CL/P or even CP 27–30.
In conclusion, the risk of orofacial clefts is increased in the presence of an enlarged NT. 
Detailed (3D) scans, with special attention given to the fetal face and palate, should be 
performed in all fetuses with an enlarged NT and a normal karyotype. CL/P and CP 
are, in these fetuses, mostly an associated finding, which are frequently part of a genetic 
syndrome. In such cases, cooperation with a geneticist, in an attempt to identify the 
syndrome, is mandatory for appropriate parental counselling.
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ABSTRACT

Nuchal translucency (NT) measurement between 11 and 14 weeks’ gestation is an 
undisputed marker for aneuploidies. When conventional karyotyping is normal, 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. 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.
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INTRODUCTION

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 1 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 2-4. 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 5-7. In this overview of the most recent literature, 
the current knowledge on the association between an enlarged NT in karyotypically 
normal fetuses and fetal outcome will be discussed and guidelines for objective parental 
counselling suggested. 

The test: NT measurement
There is much evidence that NT measurement alone or as part of the combined test 
is an excellent screening test for fetal aneuploidies 8-10. The measurement should be 
made between 11 and 14 weeks, with best performance obtained at 11–12 weeks 10,11 
when the measurement is performed by qualified ultrasonographers undergoing regular 
quality assessment 12,13. Of fetuses with NT above the 95th centile, about 20–30% have 
a chromosomal aberration 6,14. In the presence of a normal karyotype, there remains an 
increased risk of adverse pregnancy outcome because of spontaneous fetal loss, isolated 
anomalies, and genetic syndromes 5,6,15-19. The normal range of NT measurement changes 
with gestational age and enlarged NT is variably defined in the literature using a fixed cut 
off (2.5 or 3 mm, 95th or 99th percentile) or the multiple of the median (MoM) approach 
20. Whether a distinction should be made between NT and cystic hygroma in the first 
trimester 10,21 is questionable, and of limited clinical relevance since the management is 
identical 22. 

Pathological associations with increased NT in euploid fetuses 
In euploid fetuses, the prevalence of fetal death increases exponentially with increasing 
NT. In the combined data from three studies reporting on a total of 4991 euploid fetuses 
with increased NT, the prevalence of miscarriage or fetal death increased from 1.6% in 
those with NT between the 95th and 99th centiles to about 20% for NT of ≥6.5 mm 
5,6. However, this is likely to be an underestimation of true mortality rate, as in cases of 
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deteriorating fetal hydrops up to 30% of couples decide to terminate pregnancy before 
intra uterine fetal death occurs 6. 

Fetal death 
A large variety of structural anomalies and developmental disorders have been described 
in the setting of an enlarged NT 5. Congenital heart defects (CHDs) are predominant, 
followed by cleft lip and palate 6, diaphragmatic hernia 23, skeletal dysplasias 24-26, and 
renal anomalies. The prevalence of major abnormalities in euploid fetuses increases 
exponentially with NT size, from 2.5% for NT between the 95th and 99th centiles, to about 
45% for an NT of ≥6.5 mm 6,18,27. 

Congenital heart defects 
The prevalence of CHD is in the order of six times higher in fetuses with a NT ≥99th 
percentile than in an unselected population 28-30. There does not seem to be an 
association between any specific CHD and enlarged NT 31. The chance of CHD increases 
exponentially with increasing NT from 0.6 to 5% when the NT is between 2.5 and 3.5 mm, 
to 64% when it is >8.5 mm 28-30, 32-39. 
At present, it is not possible to draw a definitive conclusion on the role of NT measurement 
in screening for major CHD. The first large study on the subject reported a sensitivity of 
56% for critical CHD, requiring surgical treatment 32. A subsequent meta-analysis including 
other seven studies 40 reported a sensitivity of 30%. In a pooled analysis of data from four 
large centres the same author found that a NT ≥2.5 and ≥3.5 mm was found in 35.5 
and 23%, respectively, of 397 euploid fetuses with major CHD 41. Low detection rates for 
CHD (around 15%) are reported in studies where NT is measured in unselected or low-risk 
populations 42,43 and when fetuses with cystic hygromas are excluded 39. However, two 
recent studies, a meta-analysis of four studies and a 10-year overview of the association 
between nuchal fluid accumulation and CHD diagnosed at referral centres, re-evaluated 
the role of NT measurement in screening for CHD 44,45 and showed enhanced detection 
and improved neonatal outcome in duct dependent CHD, such as transposition of the 
great arteries 44. Study of ductus venosus (DV) flow patterns in these fetuses may improve 
the selection of those requiring specialized echocardiography as absent or reversed flow 
during the a-wave is associated with a three-fold increase in the likelihood of a major 
CHD 46,47. Tricuspid regurgitation (TR) at 11–13 + 6 weeks’ gestation may also play a role 
in identifying fetuses with CHD as those with TR have an 8-fold increased risk 48. 

Genetic syndromes 
The list of genetic syndromes presenting with an increased NT is growing constantly (Table 
1). Most of these syndromes are sporadic with prevalence in the order of 1 : 10.000 or 
lower, making it impossible to prove a definite association between specific syndromes and 
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9increased NT. For syndromes such as Noonan, Smith-Lemli-Opitz, spinal muscular atrophy 
and other muscle-skeletal disorders the association with increased NT is undisputed. 
However, an enlarged NT is a nonspecific indicator of abnormal development, common 
to several different pathologic pathways 15. 

Table 1. Genetic syndromes and chromosomal aberrations described in fetuses with increased NT and 
reported after publication of Souka’s overview (2005)

Pallister Killian syndrome 96, 97, 98

Apert syndrome 99, 100

Walker-Warburg syndrome 101

Coffin-Siris syndrome 6

Fryn’s syndrome 6 
Ritscher-Schinzel syndrome 102

Split-hand/foot malformation 103

Diastrophic dysplasia 6

Spondyloepiphyseal dysplasia congenita (SEDC) 25

Cerebro-fronto-facial syndrome (Dandy-Walker variant and frontofacial dysmorphisms) 104

Chondroectodermal dysplasia (Ellis-Van Creveld syndrome) 105

Thrombocytopenia-absent-radius (TAR) syndrome 106

Cardiofaciocutaneous syndrome 107

Multiple pterygium syndrome 108 
Orofaciodigital syndrome Type IV (Mohr-Majewski) 109

Arthrogryposis, renal dysfunction, cholestasis (ARC) 110

Thanatophoric dysplasia 111

Type I 112

Osteochondrodysplasia with severe osteopenia, preaxial polydactyly, clefting and dysmorphic features 
resembling filamin-related disorders 113

Androgen insensitivity syndrome 114

Unbalanced translocations: 115

—mono 9p24.3-pter and tri17q24.3-qter 116

—46,XY,invdup(9)(p22.1p24) [arrCGH 9p22.1p24 (RP11-130C19–>RP11- 87O1)x3] 117

—Trisomy 15q due to t(X;15) (q22.3;q11.2) translocation 118

Deletions:
—Chromosome 8 deletion 6

—De novo proximal interstitial 9q deletion 68

—Six-megabase deletion of chromosome 14q = 46,XX,der[14]t[13;14][q34;q32.2] 119

—13q-syndrome 120

—Partial deletion of chromosome 6p21 (46,XX,del(6)(p21)) 121

—De novo 16p13.11 microdeletion 70 
—Chromosome 5q subtelomeric deletion syndrome 122

Marker chromosome (16) (p13.1–>q12.2) 123

Trisomy 1q 124
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Neurodevelopmental delay 
There is still limited information on the real prevalence of neurodevelopmental delay in 
euploid fetuses with increased NT. Studies on large series and long term follow-up with 
standardized clinical evaluation of the infants are necessary to provide reliable data and 
prevent underestimation 5,49. Nine long-term follow-up studies have thus far reported an 
incidence of developmental delay varying between 0 and 8.7% (Table 2) in chromosomally 
and anatomically normal fetuses with increased NT. The studies are heterogeneous in 
cohort size, cut off used for increased NT, follow-up length and methodology. Normality 
was reported by questionnaire completed by parents in four studies. In five studies, all 
infants were examined clinically, but only two used a control group. In Senat’s paper, 
follow-up at the age of 2 using the Ages and Stages questionnaire filled in by 162 couples, 
reassuring results were reported. The incidence of developmental delay in children with 
enlarged NT was 1.2%, which was not statistically different when compared to a control 
group of 370 unselected infants 50. These results are in keeping with the incidence of 
developmental delay in our series: 1.6% (7/425), of which only 1/3 was not associated 
with ultrasound features that may have triggered suspicion (0.5%) 6. In our experience, 
all seven cases with developmental delay occurred in fetuses with an NT >4 mm. In only 
three out of seven cases syndrome recognition was possible. 

Table 2. Long-term follow-up of chromosomally and anatomically normal fetuses with increased NT 

Reference NT 
cut off

Method Control 
group

Age 
(month)

Lost 
(%)

Developmental 
delay [n (%)]

Brady (1998) 125 3.5 mm Clinical examination Yes 6–42 1 1/89 (1.1)

Van Vugt (1998) 126 3.0 mm Questionnaire No 7–75 32 1/34 (2.9)

Adekunle (1999) 127 4.0 mm Questionnaire No 13–38 26 2/23 (8.7)

Maymon (2000) 128 >p95 Questionnaire/telephone No 12–36 0 0/36 (0)

Hiippala (2001) 129 3.0 mm Clinical examination No 24–84 15 1/50 (2)

Souka (2001) 18 3.5 mm NA No — 0 4/980 (0.4)

Senat (2002) 19 4.0 mm Clinical examination No 12–72 7 3/54 (5.6)

Cheng (2004) 130 3.0 mm Clinical examination No 8–30 0 1/14 (7.1)

Senat (2007) 48 >p99 Clinical examination ASQ scores Yes 0–24 0 2/162 (1.2)

Bilardo (2007) 6 >p95 Questionnaire/telephone No 6–60 3.3 7/425 (1.6)

p95 and p99: 95th and 99th percentiles; 
ASQ, Ages and Stages Questionnaires; 
—, information not provided.

Management of euploid fetuses with increased NT 
A recent survey on which protocol should be used in fetuses with increased first trimester 
screening and normal karyotype 51 points out that increased NT should always trigger 
detailed assessment of fetal cardiac anatomy (Figure 1). 
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9The current consensus is that fetal echocardiography should be offered in all cases in which 
NT is >3.5 mm (99th percentile). The cost-effectiveness of using lower cut offs (2.5 mm, 
95th centile) needs, in view of the rather low positive predictive value (PPV) (2–3%) further 
investigation. Our recommendation is that all cases of euploid fetuses with NT above 3.5 
mm are referred to tertiary level centres for further investigations. However, if resources 
are available and parents are particularly anxious earlier, detailed investigations may be 

Figure 1. Proposed management protocol for euploid fetuses with enlarged NT
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offered at lesser degrees of enlargement (95th centile). Maymon et al. 20 recommend use 
of NT MoM of 2 or a delta NT of 1.5 as cut off for further investigations. 
In experienced hands and with high-resolution ultrasound equipment the majority of severe 
malformations, as well as major CHD, may be detected by the end of the first trimester 

52-57. This enables early reassurance for most women. Where anomalies are present it 
allows time for additional investigations, counselling and, if appropriate, for an ‘unrushed’ 
decision on termination of pregnancy (TOP) at an earlier stage where emotional impact 
may be less 58, although this is debated 59. 
Some authors have proposed that, in fetuses with enlarged NT and obvious structural 
anomalies, TOP may be offered directly, saving the costs of karyotyping 60,61. However 
karyotyping is important not only to define recurrence risk, but also to help parents in the 
decision making process. 
Other first trimester screening markers can give an indication of the risk of detecting 
additional anomalies in euploid fetuses. For example, abnormal DV flow is associated with 
poor pregnancy outcome (cardiac and other anomalies, perinatal deaths) and should be 
regarded as an additional risk factor warranting close ultrasound surveillance 47,62,63. 
Infection screening should not be routinely performed 64, but it may be appropriate when 
NT enlargement evolves in the second trimester into an increased nuchal fold, generalized 
edema, or unexplained hydrops or in women with young children who have been recently 
ill or have been ill themselves 65,66. 
Additional genetic investigations in fetuses with enlarged NT and normal conventional 
karyotype, such as molecular testing (subtelomere MLPA and CGH microarrays) are 
promising techniques for identifying microscopic genomic aberrations (microdeletions, 
unbalanced translocations) responsible for syndromic associations including structural 
anomalies and mental retardation 67-70. However, as their value has not yet been 
investigated prospectively in large series, caution should be used in interpreting isolated 
findings in fetuses without structural anomalies. Screening for 22q11 deletions should only 
be performed in fetuses with confirmed cardiac defects 71,72. 
When at subsequent scans even subtle anomalies and/or dysmorphic features are found, 
a genetic opinion should be sought to attempt identification of a classifiable syndrome. A 
thorough family history, including consanguinity, should be taken to distinguish inherited 
syndromes (autosomal recessive or dominant) with a high recurrence risk from sporadic 
syndromes (featuring a de novo mutation). In our experience the latter are predominant. 
On occasions a careful diagnostic workup, including examination of the parents, can 
reveal a specific syndrome or carrier status in one of them 73. 
In couples known to be carriers of conditions with a high recurrence risk NT may be used 
as early reassurance or warning sign of likely recurrence 6,34,76,77. 
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How to counsel parents 

Before first trimester screening 
Not all women undergoing first trimester screening are aware of its possibilities and 
limitations 76. Women should also be properly informed that first trimester screening is 
not only for Down syndrome, but may reveal additional risk factors for the pregnancy 
requiring further investigations. The amount of anxiety that this uncertainty can cause 
should not be underestimated 77. 
It is therefore mandatory that all pregnant women are properly counselled about prenatal 
screening 76, 78-81 and that Health systems provide guidelines to allow parents to make an 
informed choice regarding first trimester screening 82. 

After increased NT and normal karyotype 
After a normal karyotype has been established the first question parents usually ask is: 
‘What is now the chance of a normal pregnancy outcome?’ 
Based on the literature, the overall chance of adverse outcome varies substantially 
according to the cohort characteristics. When fetuses with increased NT are part of a 
cohort of unselected fetuses undergoing first trimester screening, the incidence of adverse 
outcome (anomalies, miscarriages, TOP and fetal and neonatal death) varies between 
3% 7,27 and 6% 15. In contrast, in selected cohorts of fetuses with an enlarged NT the 
adverse outcome rate is about 3–6 times higher (∼20%) 5,6,83. The five largest studies 
published since 2000 comprise a total of 2271 fetuses and report a mean incidence 
of 10.6% (range 2.1–26%) for isolated structural anomalies and 4.4% (0.5–6.4%) for 
genetic disorders detected before birth with an additional 2.5% (2.2–6.6%) of anomalies 
detected after birth 6,18,19,27 (Table 3). However, these studies are difficult to compare 20 
due to differences in populations, definitions of NT enlargement (3 mm, 95th centile, 99th 

Table 3. Largest studies published after 2000 reporting on structural anomalies and genetic disorders 
detected in fetuses with enlarged nuchal translucency and percentage of anomalies only detected after 
birth.

Euploid 
fetuses (n)

NT (mm) Structural 
anomalies

Genetic 
disorders

Anomalies detected 
after birth

Mangione (2001) 131 202 ≥3.0 mm 23/202 (11.4%) 1/202 (0.5%) —

Souka (2001) 18 1320 ≥3.5 mm 162/1320 (12.3%) 44/1320 (3.3%) 22/980 (2.2%)

Michailidis (2001) 27 235 ≥P95 5/235 (2.1%) — —

Senat (2002) 19 89 ≥4 mm 23/89 (25.8%) 4/62 (6.4%) 4/62 (6.5%)

Bilardo (2007) 6 425 ≥P95 27/425 (6.3%) 23/425 (5.4%) 10/375 (2.7%)

Total 2271 240/2271 (10.6%)
(range 2.1-25.8%)

72/1629 (4.4%)
(range 0.5-6.4%)

36/1417 (2.5%)
(range 2.2-6.5%)

P95, 95th centile
—, not reported.
Genetic disorders include neurodevelopmental delay
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centile or 4 mm) and NT distribution 84. Table 4 gives an overview of the frequency of 
various outcome variables according to degree of NT thickness 6. In Figure 2, the chance 
of favourable outcome reported by two studies is presented per degree of NT thickness. 
This information may be used for parental counselling, particularly for couples who can 
understand the concept of risk and statistics. In case of very large NT parents should be 
informed that there is a high chance of spontaneous lethality and that not all anomalies, 
and especially cardiac, are amenable to prenatal detection 85. 
Recently, it has also been observed that an enlarged NT is more frequently observed in 
male fetuses. Boys with marginal degrees of NT enlargement (>95th–99th percentile) 
have a higher chance of uneventful outcome than females 86. 
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Figure 2. Chance of favorable outcome after different degrees of NT enlargement (according to Bilardo 
et al., 2007 and Souka et al., 2005)

Common questions from parents 
When faced with the question by parents: ‘What is the cause for the extra fluid in the neck?’ 
it is easier to find a plausible explanation when increased NT is found in the setting of a 
definite spectrum of malformations: cardiac, skeletal, neuromuscular, diaphragmatic hernia 

5,87, than in the absence of a clear cause. We still totally ignore the origin of ‘physiological’ 
nuchal fluid accumulation, as seen exclusively between 11 and 14 weeks. Variable degrees 
of nuchal edema may be present before full establishment of lymphatic development 87,88 
and prior to establishment of the intervillous circulation and renal function maturation 89,90. 
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This can ‘normalize’ before 14 weeks in one out of five fetuses 91. However, at present there 
is still insufficient data to equate a disappearing enlarged NT with true ‘normality’. 
In about 3% of fetuses with increased NT nuchal edema, isolated or in combination with 
other forms of fluid accumulation, can persist at the time of the 20 weeks scan 6. It is not 
clear whether this finding represents failure of resolution or if it has a different etiology 92. 
During embryogenesis tyrosine phosphatase (SHP2) deficiency affects neural crest cell 
function and triggers the events leading to the typical heart and skull anomalies seen, for 
instance, in Noonan syndrome (NS) fetuses 93. 
When nuchal edema persists parents should be counselled that there is a 10% risk of 
evolution to hydrops and perinatal death or a live birth with a genetic syndrome, such as 
Noonan syndrome 5. Follow-up scans to monitor evolution of the condition are indicated. 
After family history is taken a geneticist may advise on appropriateness of DNA testing for 
certain genetic conditions, such as spinal muscular atrophy. 
Noonan syndrome is one of the most frequent genetic syndromes encountered in 
association with nuchal fluid or cystic hygroma in pregnancy. The exact incidence of NS 
in these fetuses is uncertain, but it may vary between 1 and 3% 94. Genetic testing for this 
condition is possible, but it takes a long time and it is not always clear-cut, due to the 
heterogeneity of the condition. In fact, half of the NT cases do not show a PTPN11 mutation 

94. Parents should also be informed that, in the absence of severe cardiac anomalies, the 
prognosis of the condition is generally good, with a good chance of normal intellectual 
development in the vast majority of cases 95. 

Residual risk of adverse outcome after ‘normal’ scans 
After a normal mid-gestation scan the crucial question of parents is: ‘What is the residual 
chance that abnormal development will emerge after birth?’ 
Based on our series of 451 fetuses with increased NT, adverse outcome in fetuses with 
normal ultrasound examination occurred in 4% of cases and included an equal proportion 
of intrauterine deaths, undetected heart defects and genetic syndromes. In Senat’s report 
anomalies were detected after birth in 18/179 (11%) of fetuses with negative findings at 
ultrasound (US) 50. Both Souka et al. 5 and our studies 6 found that, if at the 20 weeks 
scan no features of abnormal development were detected, including subtle anomalies 
(persistence of nuchal edema, pericardial effusion etc.), the chance of uneventful outcome 
was similar to the general population regardless of increase in NT (Figure 3). However, 
this observation needs to be substantiated by larger series as the numbers surviving with 
very large NT’s is small 85. Longer term follow-up is also required as some conditions 
may only present later in childhood. Thus, one case of NS syndrome with mild pulmonary 
stenosis was only diagnosed at 3 years of age after publication of our series 6. Moreover, 
ultrasound examination is not very specific. Critical examination of our data showed that 7 
(14%) of the 50 fetuses with suspicious ultrasound findings had an uneventful outcome. This 
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means that obsessive searching for subtle ultrasound features of abnormal development 
may also lead to anxiety and unnecessary TOP in healthy fetuses 6. 

CONCLUSION 

Grossly, one out of five fetuses with enlarged NT and normal karyotype has an adverse 
outcome. The chance of an uneventful pregnancy outcome is inversely related to the 
initial degree of enlargement. Cases with suspicious ultrasound findings detected at the 
mid-trimester detailed scan should undergo extra investigations and counselling by a 
geneticist. 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. However, larger 
studies conducted with uniform protocols and with standardized long-term follow-up are 
necessary to definitively reinforce this conclusion. 
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Figure 3. Chance of favourable outcome after normal scan in euploid fetuses with different degrees of 
NT enlargement (according to Bilardo et al., 2007)
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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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SAMENVATTING

Hoofdstuk 1 geeft een algemene inleiding en beschrijft het doel van dit proefschrift. 

In hoofdstuk 2 hebben wij, bij foetussen met een verdikte NT en normaal karyotype, het 
effect onderzocht van het foetale geslacht op de zwangerschapsuitkomst. Wij onderzochten 
een cohort van 7072 foetussen met een normale NT, in deze groep was de verhouding 
tussen jongens en meisjes gelijk aan de normale verdeling in Nederland. Daarnaast 
onderzochten wij een groep foetussen met een verdikte NT, dit waren 365 jongens (57.4%) 
en 271 meisjes (42.6%). In deze groep was de zwangerschapsuitkomst normaal bij 56.3% 
van de jongens en 39.4% van de meisjes. Het relatieve risico op een slechte uitkomst voor 
jongens met een marginaal verdikte NT (p95-p99) was 0.47, ten opzichte van meisjes. 
Een marginaal verdikte NT bij jongens zonder genetische of structurele afwijkingen kan 
worden gezien als een teken van versnelde groei. Een alternatieve verklaring kan een 
vertraging in de rijping van het cardiovasculaire systeem zijn, zoals vaker wordt gezien bij 
foetussen van het mannelijke geslacht. Dit kan de hogere incidentie van matig verdikte 
NT’s bij jongens verklaren. 

In hoofdstuk 3 hebben wij het effect onderzocht van het foetale geslacht en roken 
door de moeder op de uitkomst van de eerste trimester Down syndroom screening in 
Nederland. De onderzoeksgroep bestond uit 4538 foetussen die de combinatietest 
ondergingen (NT, β-hCG en PAPP-A). Bij vrouwen die zwanger zijn van een meisje, zij 
de bloedwaarden van het β-hCG 22% hoger. Dit leidt ertoe dat vrouwen die zwanger 
zijn van een meisje een 1.3% hogere kans hebben om positief te screenen (berekend 
Down syndroom risico > 1:200) dan vrouwen die zwanger zijn van een jongen. De NT 
was 2% dikker bij jongens. De bloedwaarden van PAPP-A waren 21% lager bij vrouwen 
die rookten. Rooksters screenen 1.3 keer vaker positief dan niet-rooksters (Likelihood 
ratio 1.3). Gegevens over het rookgedrag van de aanstaande moeder moeten worden 
meegenomen in de berekening van het risico op Down syndroom, zodat rooksters niet 
ten onrechte als hoog risico worden geclassificeerd. Informatie over het foetale geslacht 
kan worden gebruikt om het screeningsalgoritme in tweede instantie verder te verfijnen. 
Het effect van variabelen die invloed hebben op de eerste trimester risicoberekening is 
vooral van belang voor vrouwen met een hoge vooraf kans op Down syndroom. Zij zijn 
kwetsbaarder voor veranderingen in de risicoberekening en hebben daarmee een grotere 
kans om positief te screenen. 

Hoofdstuk 4 evalueert de invloed van NT, PAPP-A en β-hCG in het eerste trimester 
op het geboortegewicht, met de nadruk op de voorspelling van macrosomie. We 
bestudeerden een cohort van 6503 foetussen met een normaal karyotype, waarvan er 
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315 (4.8%) een verdikte NT (≥P95) hadden. Geboortegewicht percentielen (P) werden 
berekend, gecorrigeerd voor geslacht, pariteit en zwangerschapstermijn bij de geboorte. 
Multivariabel lineaire regressie toonde aan dat  NT MoM en PAPP-A MoM significant 
bijdroegen aan de voorspelling van de geboortegewicht percentiel. De mediane geboorte 
gewicht percentiel was significant lager (P42 vs P52) wanneer PAPP-A verlaagd was. 
Macrosomie (geboortegewicht >P95) kwam vaker voor (11% vs 7%) bij gezonde foetussen 
die in het eerste trimester een verdikte NT hadden. In dit scenario kan een marginaal 
verdikte NT bij een mannelijke foetus, zonder genetische of structurele afwijkingen, een 
vroege manifestatie zijn van een gezonde grote baby. Aangezien foetale groei sterk 
afhankelijk is van insuline en IGF (insulin like growth factor), is het mogelijk dat individuele 
verschillen in insuline resistentie een rol spelen in de etiologie van een verdikte NT. 

In hoofdstuk 5 onderzochten we of het meten van de weerstand in de doorstroming van 
de ductus venosus (ductus venosus pulsatility index for veins, DV-PIV) en de DV a-wave 
de nauwkeurigheid kan verhogen van de eerste trimester Down syndroom screening 
in een hoog-risico populatie. Door middel van multivariabele logistische regressie 
werd een model ontwikkeld om de kans op chromosoomafwijkingen te voorspellen bij 
iedere maternale leeftijd,  NT MoM en DV-PIVMoM. Het discriminerend vermogen van 
het model hebben wij geëvalueerd met behulp van receiver–operating characteristics 
(ROC) analyse. We onderzochten 445 foetussen met een verhoogd eerste trimester 
risico op Down syndroom. In dit cohort werd 80% van de chromosoomafwijkingen 
geïdentificeerd door een verhoogde DV-PIV en 68% door een abnormale a-wave. 
De kans op chromosoomafwijkingen nam met een factor 4.2 toe per MoM toename 
in DV-PIV, gecorrigeerd voor NT en maternale leeftijd. Na correctie voor DV-PIV had 
de DV a-wave geen toegevoegde voorspellende waarde. Concluderend werd in deze 
hoog-risico populatie de nauwkeurigheid van de screening op chromosoomafwijkingen 
verbeterd door NT, DV-PIV en maternale leeftijd te combineren in een logistisch regressie 
model. 

Hoofdstuk 6 beschrijft hoe de DV-PIV een bijdrage kan leveren aan de identificatie 
van congenitale hartafwijkingen bij foetussen met een verdikte NT en normaal karyotype. 
Van de 792 onderzochte foetussen, had 40% een verdikte NT. De DV-PIV was verhoogd 
bij 42% van de foetussen met een verdikte NT en de a-wave was abnormaal bij 30%. 
Vijfendertig foetussen hadden een congenitale hartafwijking, waarvan er 33 een verdikte 
NT hadden. 
Door DV-PIV toe te voegen aan de screening, kan 73% van de hartafwijkingen worden 
geïdentificeerd, met een specificiteit van 62%. In de groep met een verdikte NT was de 
sensitiviteit van een abnormale DV-PIV voor hartafwijkingen 73%, die van een abnormale 
a-wave 55%. De bijbehorende specificiteit was respectievelijk 62% en 73%. Logistische 
regressie analyse toonde aan dat in deze groep de DV-PIV MoM (geanalyseerd als continue 
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variabele) significant was geassocieerd met de kans op congenitale hartafwijkingen (odds 
ratio 2.4), onafhankelijk van de mate waarin de NT was verdikt. De DV a-wave had geen 
toegevoegde voorspellende waarde. 
Concluderend kan DV-PIV als continue variabele worden geanalyseerd in combinatie met 
NT. Samen kunnen zij specifieker screenen op congenitale hartafwijkingen dan NT alleen. 

In hoofdstuk 7 onderzochten we de doorstroming van de arteria hepatica in eerste 
trimester foetussen. Tot nu toe werd het stroomprofiel van de arteria hepatica alleen 
bij toeval gezien tijdens de eerste trimester echo bij foetussen met een verdikte NT. Wij 
hebben deze doorstroming prospectief gemeten bij 34 foetussen met een verdikte NT 
en 25 controles. Tevens werd de DVIV gemeten. Van de studiegroep met een verdikte 
NT hadden 16 foetussen een abnormaal karyotype. Twee zwangerschappen werden 
beeindigd vanwege foetale afwijkingen. Bij drie kindren werd na de geboorte een 
afwijking vastgesteld (Noonan syndroom, aspecifiek genetisch syndroom, hartafwijking). 
De overige 13 foetussen met een verdikte NT en alle controles hadden een normale 
uitkomst. De gemiddelde pulsatility index inde arteria hepatica (HA-PI) was significant 
lager bij foetussen met een slechte uitkomst (chromosoomafwijkingen 1.60; slechte 
uitkomst met normaal karyotype 1.66) dan bij de controles (2.03). HA-PI was omgekeerd 
evenredig met NT en DV-PIV. 
Deze studie toont aan dat een lage weerstand in de doorstroming van de arteria hepatica 
aan het eind van het eerste trimester kan worden waargenomen. Dit suggereert dat 
endotheel respons op vasoactieve stoffen al aanwezig is bij deze termijn. Gezien de 
associatie met een slechte uitkomst, kan een lage weerstand in de doorstroming van de 
arteria hepatica worden beschouwd als een omineus teken. 

Hoofdstuk 8 beschrijft de associatie tussen een verdikte NT en cheilo/gnato/palato 
schisis. Wij hebben een cohort bestudeerd van 8347 foetussen bij wie een NT meting is 
verricht in ons centrum. Hiervan hadden 513 foetussen een verdikte NT. Allen hadden 
een normaal karyotype. In 18 gevallen werd een schisis vastgesteld (incidentie 2.2:1000), 
waarvan 10 met een verdikte NT (19.5:1000). Hiermee was het relatieve risico op schisis 
negentien bij foetussen met een verdikte NT, ten opzichte van foetussen met een normale 
NT. Wanneer foetussen met een normale NT een schisis hadden, was dit bijna altijd een 
geïsoleerde afwijking. Bij foetussen met een verdikte NT daarentegen, werd een schisis 
vaak gezien in combinatie met multiple congenitale afwijkingen of als onderdeel van een 
genetisch syndroom. Een gedetailleerde echo met speciale aandacht voor het gezicht is 
daarom geïndiceerd bij alle foetussen met een verdikte NT. 

In hoofdstuk 9 geven wij een overzicht van de uitkomst van foetussen met een verdikte 
NT en een normaal karyotype. Wanneer het conventionele karyotype normaal is, is een 
verdikte NT een sterke marker voor slechte zwangerschapsuitkomsten, zoals miskramen, 
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intra-uteriene foetale sterfte, congenitale hartafwijkingen, talloze andere structurele 
afwijkingen en genetische syndromen. Hoe groot het risico op een slechte uitkomst 
is, hangt samen met de mate waarin de NT verdikt is. In dit hoofdstuk geven we een 
overzicht van de literatuur over structurele en genetische afwijkingen die voorkomen 
bij foetussen met een verdikte NT. Hoewel de meeste structurele afwijkingen zijn op te 
sporen met echoscopisch onderzoek, komen sommige aspecifieke genetische syndromen 
met ontwikkelingsachterstand pas na de geboorte aan het licht. Ongerustheid over deze 
aandoeningen, die voor de geboorte niet zijn te detecteren, is een grote last voor de 
aanstaande ouders. Echter, ook na een verdikte NT resulteert het grootste deel van de 
zwangerschappen, wanneer bij gedetailleerd echoscopisch onderzoek geen afwijkingen 
worden gezien, in de geboorte van een gezond kind. Counseling moet hierop de nadruk 
leggen en de ouders helpen opnieuw vertrouwen te krijgen in een goede uitkomst van de 
zwangerschap en normale ontwikkeling van het kind.

DISCUSSIE

Met de introductie van de combinatietest in 2007, kregen alle zwangere vrouwen in 
Nederland de mogelijkheid tot screening op Down syndroom. De laatste jaren zijn steeds 
striktere criteria opgesteld om de screening op Down syndroom in het eerste trimester van 
de zwangerschap te verbeteren, de detectiegraad te verhogen en het aantal fout-positieven 
te verlagen. In deze context is gedegen kennis over variabelen die de screening kunnen 
beïnvloeden van groot belang. Dit proefschrift beschrijft verschillende variabelen die de 
accuratesse van de screening kunnen beïnvloeden. Daarnaast worden enkele andere 
eerste trimester echo markers besproken. Ook wordt de uitkomst bestudeerd van foetussen 
die in het eerste trimester een verhoogd risico op Down syndroom hadden.

Overzicht
Ruim twintig jaar geleden werd nuchal translucency (NT) screening uitsluitend 
geïntroduceerd als screenings methode voor het Down syndroom. Al snel werd duidelijk 
dat een verdikte NT ook is geassocieerd met een breed scala aan aangeboren afwijkingen, 
met name als op de echo bij 12 weken zwangerschap ook andere markers of afwijkingen 
worden gezien. 
In dit proefschrift wordt beschreven dat het risico op chromosoomafwijkingen toeneemt 
wanneer niet alleen de NT verdikt is, maar ook de pulsatility index in de ductus venosus 
(DV-PIV) verhoogd is. De kans op chromosoomafwijkingen wordt 4.2 keer zo groot 
per MoM toename in DV-PIV, gecorrigeerd voor NT en maternale leeftijd. Daarnaast 
beschrijven wij voor het eerst dat een lage doorstromingsweerstand in de arteria hepatica 
in het eerste trimester van de zwangerschap een marker is voor chromosoomafwijkingen. 

156

proefschrif Timmerman.indb   156 18-4-2013   10:30:34



Samenvatting en algemene discussie

Chapter

11

Tot nu toe werd het stroomprofiel van de arteria hepatica alleen bij toeval gezien tijdens 
de eerste trimester echo bij foetussen met een verdikte NT. Wij hebben deze doorstroming 
prospectief gemeten in een cohort foetussen met een verdikte NT. Hieruit is gebleken, 
dat de lage weerstand in de doorstroming van de a hepatica in het eerste trimester een 
omineus signaal is, waarbij 60% van de foetussen een ongunstige uitkomst heeft. 
Wanneer het karyotype normaal is, hebben foetussen met een verdikte NT een verhoogd 
risico op verschillende structurele afwijkingen. Het is bekend dat een verdikte NT een 
sensitievere methode is om te screenen op hartafwijkingen dan de familie anamnese. 
Wij hebben beschreven hoe de DV-PIV een bijdrage kan leveren aan de identificatie 
van congenitale hartafwijkingen bij foetussen met een verdikte NT. Door DV-PIV toe te 
voegen aan de screening, kan 73% van de hartafwijkingen worden geïdentificeerd, met 
een specificiteit van 62%. 
Een andere associatie die wij hier beschrijven is de negentien keer hogere kans op een 
(cheilo/gnato/palato) schisis bij foetussen met een verdikte NT. Wanneer foetussen met 
een normale NT een schisis hadden, was dit bijna altijd een geïsoleerde afwijking. Bij 
foetussen met een verdikte NT daarentegen, werd een schisis vaak gezien in combinatie 
met multiple congenitale afwijkingen of als onderdeel van een genetisch syndroom. 
Bij foetussen waarbij de verdikte NT verdwijnt en uitgebreid echoscopisch onderzoek 
geen andere afwijkingen laat zien, is daarna de kans op structurele afwijkingen of 
ontwikkelingsproblematiek waarschijnlijk niet hoger dan in de algemene populatie. Bij 
deze foetussen kan de (licht) verdikte NT beïnvloed zijn door verschillende variabelen. 
In dit proefschrift hebben wij, bij foetussen met een verdikte NT en normaal karyotype, 
het effect onderzocht van het foetale geslacht op de zwangerschapsuitkomst. Van deze 
foetussen was 57% jongen en 43% meisje. In deze groep vonden wij een normale 
zwangerschapsuitkomst bij 56% van de jongens en 39% van de meisjes. Het relatieve 
risico op een slechte uitkomst voor jongens met een marginaal verdikte NT (p95-p99) was 
0.47, ten opzichte van meisjes. Daar staat tegenover dat bij vrouwen die zwanger zijn van 
een meisje, de bloedwaarden van het β-hCG 22% hoger zijn. Dit leidt ertoe dat vrouwen 
die zwanger zijn van een meisje een 1.3% hogere kans hebben om positief te screenen 
(berekend Down syndroom risico > 1:200) dan vrouwen die zwanger zijn van een jongen. 
In een ander hoofdstuk van dit proefschrift wordt de invloed beschreven van de NT op 
het geboortegewicht. Macrosomie (geboortegewicht >P95) kwam vaker voor (11% vs 7%) 
bij gezonde foetussen die in het eerste trimester een verdikte NT hadden. In dit scenario 
kan een marginaal verdikte NT bij een mannelijke foetus, zonder genetische of structurele 
afwijkingen, een vroege manifestatie zijn van een gezonde grote baby. 

Etiologie
Het mechanisme dat leidt tot het ontstaan van NT is nog steeds niet ontrafeld. Mogelijke 
verklaringen voor dit voorbijgaande fenomeen zijn onder meer gezocht in haemodynamische 

157

proefschrif Timmerman.indb   157 18-4-2013   10:30:34



Chapter 11

stoornissen die tijdelijk hartfalen veroorzaken, veranderingen in de extracellulaire matrix 
en/of verstoorde lymfangiogenese in combinatie met endotheeldysfunctie. 
Ook het pathofysiologisch mechanisme dat NT, congenitale hartafwijkingen en abnormale 
DV doorstroming met elkaar verbindt, is nog onbekend. In het tweede trimester is 
abnormale doorstroming van de DV vaak geassocieerd met hartfalen. Het is verleidelijk 
om dit te extrapoleren naar eerste trimester foetussen met een verdikte NT. Abnormale DV 
doorstroming kan een teken zijn van afgenomen atriale contractiekracht en verminderde 
compliantie van het myocard, met vochtophoping zoals die ook wordt gezien bij falen van 
het rechter ventrikel. Het terugstromen van bloed door de tricuspidaal klep, dat ook vaak 
wordt gezien bij eerste trimester foetussen met een hartafwijking, wijst in dezelfde richting, 
net als het overmatig vaak voorkomen van atrio-ventriculaire (AV) septumdefecten en 
hypoplastisch linker hartsyndromen in ons cohort. In deze situaties kan toegenomen druk 
in het rechter atrium worden verwacht, als gevolg van de terugstroom van bloed over de 
AV-kleppen of een links-rechts shunt over het foramen ovale. Onderzoek naar de snelheid 
van bloedstromen door de AV-kleppen wijst erop dat de abnormale DV doorstroming de 
weerspiegeling kan zijn van veranderingen in de rechter hartfunctie. 
In dit proefschrift vonden we een verschil in NT dikte tussen jongens en meisjes. Tot op 
heden is er geen eenduidige verklaring voor dit verschil. We kunnen speculeren dat 
vertraagde rijping vaker voorkomt bij mannelijke foetussen. Een vertraging in de rijping 
van het myocard van mannelijke foetussen is eerder genoemd als mogelijke verklaring 
voor de hogere weerstand in de DV doorstroming en voor de dikkere NT bij jongens. 
Daarnaast kunnen geslachtelijke en individuele verschillen in insulinegevoeligheid een rol 
spelen in de etiologie van NT. Aangezien foetale groei sterk afhankelijk is van insuline en 
IGF (insulin like growth factor), lijkt het vermoeden gerechtvaardigd dat een (zeer) lage 
insulineresistentie zowel een verdikte NT als macrosomie kan veroorzaken. Dit mogelijke 
verband wordt ondersteund door het feit dat mannelijke foetussen, die minder insuline 
resistent zijn dan vrouwelijke, iets dikkere NT’s hebben en hogere geboortegewichten. Dit 
ondersteunt ons beeld dat wanneer er geen afwijkingen worden gevonden, een verdikte 
NT een vroege uiting kan zijn van een gezonde grote (mannelijke) foetus. 

Counseling
NT metingen worden al twintig jaar verricht. Toch is er nog steeds geen consensus over 
hoe ouders gecounseld moeten worden in geval van een verdikte NT bij een euploide 
foetus. Het feit dat de foetus een verhoogde kans heeft op afwijkingen is een grote last 
voor aanstaande ouders. Vooral de het zien van de vochtophoping in de nek kan angst 
veroorzaken over de toekomstige ontwikkeling en postnatale uitkomst van het kind. Het 
is zeer belangrijk dat de counseling niet alleen is gebaseerd op het berekende risico op 
Down syndroom, maar dat een gedetailleerde eerste trimester echo wordt verricht. Het 
risico op chromosoomafwijkingen is met name hoog, wanneer echografisch structurele 
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afwijkingen of andere markers worden gezien, zoals abnormale DV doorstroming. 
Wanneer het conventionele karyotype normaal is, is een verdikte NT een sterke marker 
voor een slechte zwangerschapsuitkomst. Een verdikte NT is geassocieerd met miskramen, 
intra-uteriene foetale sterfte, congenitale hartafwijkingen en talrijke andere structurele 
afwijkingen en genetische syndromen. Hoe groot het risico op een slechte uitkomst is, 
hangt samen met de mate waarin de NT verdikt is. 
Wij pleiten voor een screeningsprogramma in twee stappen, waarbij foetussen met 
een verdikte NT of andere echomarkers bij 12 weken, worden verwezen naar centra 
die gespecialiseerd zijn in foetale echoscopie. Deze centra zijn volledig toegerust voor 
de meer gespecialiseerde echo’s en counseling van de aanstaande ouders. Bij alle 
foetussen met een verhoogd risico in het eerste trimester en een normaal karyotype moet 
een gedetailleerde echo worden verricht in het tweede trimester van de zwangerschap. 
Wanneer bij deze tweede trimester echo ook maar de geringste afwijkingen worden 
gezien, moeten extra (echo) onderzoeken worden gedaan en dient bijpassende counseling 
plaats te vinden. 
Hoewel de meeste structurele afwijkingen zijn op te sporen met echoscopisch onderzoek, 
komen sommige aspecifieke genetische syndromen met ontwikkelingsachterstand pas 
na de geboorte aan het licht. Ongerustheid over deze aandoeningen, die voor de 
geboorte niet zijn te detecteren, is een grote last voor de aanstaande ouders. Echter, het 
grootste deel van de zwangerschappen waarbij (na een verdikte NT) echoscopisch geen 
afwijkingen worden gezien, resulteert in de geboorte van een gezond kind. Op basis 
van onze huidige kennis kunnen we daarom, wanneer de verdikte NT verdwijnt en geen 
andere afwijkingen worden gevonden, de aanstaande ouders gerust stellen dat de kans 
op structurele afwijkingen en ontwikkelingsproblematiek waarschijnlijk niet groter is dan in 
de algemene populatie. Counseling moet hierop de nadruk leggen en de ouders helpen 
opnieuw vertrouwen te krijgen in een goede uitkomst van de zwangerschap en normale 
ontwikkeling van het kind. 

Toekomst
Zeer binnenkort zal non-invasieve foetale karyotypering in maternaal bloed beschikbaar 
zijn in Nederland. Het eerste doel van de NT meting, screenen op Down syndroom, zal 
daarmee verleden tijd zijn. Echter, in dit proefschrift bevestigen we dat de voorspellende 
waarde van NT veel verder gaat dan Down syndroom screening. Een verdikte NT in het 
eerste trimester van de zwangerschap is geassocieerd met een breed scala aan foetale 
afwijkingen. Dit geldt in het bijzonder wanneer er naast de verdikte NT andere markers of 
afwijkingen worden gevonden. 
Zwangere vrouwen geven de voorkeur aan Down syndroom screening in het eerste 
trimester van de zwangerschap, ook al kan dit angst veroorzaken bij hen die uiteindelijk 
van een gezonde baby zullen bevallen. Zelfs vrouwen die niet mee willen doen aan de 
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screening, staan er positief tegenover dat zij over de mogelijkheid van screening zijn 
geïnformeerd. 
Sinds 2007 worden alle zwangere vrouwen in Nederland geïnformeerd over Down 
syndroom screening, maar informatie over de verdere waarde van de NT meting maakt 
geen deel uit van deze counseling. Naar onze mening wordt zwangere vrouwen hiermee 
belangrijke informatie onthouden over de werkelijke waarde van NT screening. Volgens 
de Hippocratische eed moeten artsen de autonomie van de patiënt respecteren. Dit 
impliceert dat artsen alle informatie geven die relevant is voor de gezondheid van de 
patiënt. Het feit dat een beslissing of keuze angst of verdriet bij iemand kan veroorzaken, 
is geen valide reden om iemand anders te laten beslissen wat het beste is voor diegene. 
We moeten aannemen dat iedere patiënte normen en waarden heeft ontwikkeld, op basis 
waarvan zij in staat is om zelf te beslissen welke klinische aanpak het beste overeenkomt 
met haar belangen. Hoe kunnen we, zo bezien, aannemen dat een zwangere vrouw kan 
beslissen over Down syndroom screening, maar niet geïnformeerd zou willen worden 
over andere aandoeningen bij de foetus? Naast respect voor de autonomie van de 
patiënt, heeft Hippocrates ons het beginsel van “goed doen” geleerd. Artsen moeten 
het gezondheids-gerelateerde belang van de patiënt dienen. Enkele jaren geleden ging 
deze zelfde discussie over het informeren van zwangere vrouwen over Down syndroom 
screening. In die discussie was er één patiënt wiens belang in het geding was: de 
zwangere vrouw en haar eventuele keuze voor abortus. Nu hebben we de mogelijkheid 
om te screenen voor grote foetale afwijkingen, waarbij ook de foetus baat kan hebben bij 
een correcte diagnose door gespecialiseerde echoscopie, intra-uteriene behandeling of 
gespecialiseerde neonatale zorg. Om deze mogelijkheden te kunnen benutten, moeten we 
zwangere vrouwen informeren over alle screeningsmethoden. Alleen wanneer zij compleet 
zijn geïnformeerd, kunnen vrouwen een autonome keuze maken over de mogelijkheden 
tot screening van de gezondheid van hun kind. 

In de prenatale zorg moet in onze ogen meer nadruk komen te liggen op screening 
op foetale afwijkingen in het eerste trimester. In Nederland, waar alle noodzakelijke 
behandelingen worden gedekt door de zorgverzekering, moeten zwangere vrouwen die 
jonger zijn dan 36 jaar, betalen voor de eerste trimester structurele echo. Deze (politieke) 
keuze kan ten onrechte impliceren dat eerste trimester screening niet zinvol is voor jonge 
vrouwen. Hoewel het waarschijnlijker is dat jonge vrouwen een lager risico hebben op 
Down syndroom, is hun risico op andere afwijkingen niet lager dan dat van zwangeren die 
ouder zijn dan 36 jaar. Wij betreuren het ten zeerste dat kosten een tweede belemmering 
kunnen vormen voor zwangere vrouwen om een autonome keuze te maken over hun 
opties voor foetale screening. 
Ons dringende advies luidt dan ook om een compleet counselingsprogramma op te zetten 
over screening in het eerste trimester, dat kosteloos toegankelijk is voor alle zwangere 
vrouwen. Na deze counseling zouden alle zwangere vrouwen moeten kunnen kiezen 
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voor een bloedtest voor Down syndroom/ Trisomie 13 en 18 in de tiende week van de 
zwangerschap. De volgende stap in de individuele risico-analyse zou een gedetailleerde 
12 weken echo moeten zijn. Wij pleiten voor een screeningsprogramma in twee stappen. 
Wanneer bij de 12 weken echo een verdikte NT of andere echomarkers worden 
gezien, moet de zwangere worden verwezen naar een centrum dat gespecialiseerd is in 
foetale echoscopie. Deze centra zijn volledig toegerust voor de meer gespecialiseerde 
echo’s en counseling van de aanstaande ouders. In deze setting zal ook ruimte zijn 
voor geavanceerder DNA onderzoek op materiaal verkregen via een vlokkentest of 
vruchtwaterpunctie. 

Concluderend vertelt de nuchal translucency ons veel meer dan het risico op Down 
syndroom. Een verdikte NT is geassocieerd met een breed scala aan structurele en 
genetische afwijkingen. Een gedetailleerde eerste trimester echo is een belangrijke stap 
in de screening op deze afwijkingen en in de individuele risico-analyse. Alle zwangere 
vrouwen moeten worden geïnformeerd over de mogelijkheden van screening in het 
eerste trimester van de zwangerschap. Ook moeten zij kosteloos toegang krijgen tot het 
screeningsprogramma. 
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