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Abstract

Objective
To assess the performance of the nuchal translucency (NT) measurement in the first trimester of 

pregnancy as a marker for  congenital heart defects (CHDs) in the fetus  in a low-risk obstetric 

population.

Methods
Nuchal translucency screening was offered over a three year period to consecutive pregnant women 

without known a priori risk factors and attending midwife practices in three different areas in the 

Netherlands. In chromosomally normal fetuses and infants from the study population the NT 

measurements were matched with CHDs detected either prenatally or postnatally. 

Results
NT screening was offered to 6132 women with an uptake of 83%. 4876 NT measurements were 

performed. Pregnancy outcome data were available in 4181 cases (86%). Defects of the heart and great 

arteries (CHDs) were diagnosed in 24 cases (prevalence 5.8/1000). Thirteen of these were classified as 

major (prevalence 3.1/1000). Two major CHDs occurred in fetuses showing an increased NT at the 

first trimester scan. The sensitivity of NT measurement >95th and >99th percentile for all CHDs and 

for major CHDs, was 8% and 15%, respectively. The positive likelihood ratios of NT >95th and >99th 

percentile for major CHDs were 6,5 and 33, respectively.  

Conclusion
An increased NT is also associated with major cardiac defects in the fetus in pregnancies without 

known risk factors and therefore represents an indication for specialised fetal echocardiography. 

However, this association is too weak to envisage a role for NT measurement as a single screening 

strategy for the prenatal detection of cardiac defects.
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Introduction

In chromosomally normal fetuses an increased nuchal translucency (NT) is associated with a broad 

spectrum of developmental disorders including a variety of rare genetic syndromes and cardiac 

defects.1-3 In particular, the latter association has raised much interest. 

Cardiac defects are in fact among the most common congenital defects and account for considerable 

mortality and morbidity.4-7 The impact of ultrasound screening on the detection of major heart 

anomalies in non-selected pregnancies is still rather disappointing with a pick- up rate varying 

between 17 and 60% according to the expertise of the centre.8-13 The sensitivity improves when fetal 

echocardiography is performed in centres of excellence.14 As the majority of heart defects are observed 

in babies without known a priori risk factors, 15;16 the definition of new and more specific selection 

criteria for fetuses on which specialized echocardiography should be performed is crucial in order to 

improve the effectiveness of prenatal detection of these defects17. 

In fetuses with an increased NT the frequency of major congenital heart defects (CHDs) is increased 

compared to the general population.1;2;18;19 Two recent studies based on selected populations have 

again confirmed the relationship between the increased NT and cardiac defects with prevalences of 

major CHDs varying from 30-50%.19;20

Hyett suggested that NT screening may also act as screening for critical cardiac defects.21 Consequently, 

several investigators have studied the use of the NT measurement as a selection criterion for cardiac 

defects.17;18;21-24  However, these cohort based studies report a considerable variation in the observed 

prevalence and the detection rate, with sensitivities varying from 10 to 56%. A recent meta-analysis 

has suggested that the use of a NT above the 99th percentile may lead to the detection of approximately 

30% of congenital heart defects (CHDs).25 The aim of this study was to evaluate the effectiveness of 

routine NT measurement as a potential screening method for major CHDs in a low-risk obstetric 

population. 

Methods

Between June 1999 and January 2001, 6132 pregnant women without risk factors or pregnancy 

complications at the first obstetrical consultation, were offered a NT measurement at the booking 

scan between 10 and 14 weeks´ gestation. These patients were attending midwife practices in three 

different geographical areas in the Netherlands (North-Holland, Enschede and Utrecht). Trained 

ultrasonographers (diploma Fetal Medicine Foundation, (FMF)) carried out all scans. The fetal NT 

thickness was measured according to the guidelines of the FMF and the FMF software was used to 

calculate risks based on the nuchal thickness measurements26. Scans were performed trans-abdominally 

and only if visualisation was poor, the examination continued trans-vaginally.
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Women with an increased risk for chromosomal anomalies (≥1: 200), calculated on the basis of 

maternal age, fetal NT measurement and crown-rump length (CRL) by the software provided by the 

FMF, were offered invasive testing for fetal karyotyping. 

Women with a NT measurement above the 95th percentile and normal fetal karyotype were offered 

a structural scan at 20 weeks of pregnancy, in view of the high risk for structural defects, especially 

cardiac defects in these fetuses. All the other women in this study did not undergo a routine 20 week 

scan, according to the Dutch obstetrical care policy of that time. Routine ultrasound investigation 

was not part of standard pregnancy care in the Netherlands and only pregnant women with specific 

indications (increased risk) were referred for specialized echocardiography. 

Pregnancy outcome data were obtained either directly from participating women by returned outcome 

forms, or from maternity wards. In cases of non-responders or uncertainty, contact with the parents 

was established by telephone if possible. 

Cardiac defects were classified as major if they required surgery or interventional catheterization 

within the first year of life.

Special care was taken in tracing all CHDs in the study population, detected either prenatally, in the 

immediate postnatal period or later in infant life, in order to avoid underestimation of the actual 

number of CHDs. We therefore sought the cooperation of the Paediatric Cardiology departments 

of several Academic Centres, where neonates or infants could possibly have been referred with a 

suspicion of cardiac pathology. The names of all infants diagnosed with CHDs in these centres that 

were born between January 1999 and December 2001 were crossed checked with those of mothers 

who had undergone a NT measurement as participant in the study. Moreover, all parents of children 

diagnosed with a CHD were sent a letter, in which they were asked if they had participated in our 

NT study in the pregnancy at issue. Non-responders were contacted by telephone about 2 years after 

the end of the study. 

The sensitivity of an increased NT (≥95th and 99th percentile) for CHDs was calculated with the 

Statistical Package for Social Sciences (SPSS) statistical package for all chromosomally normal children 

in the study population. Confidence intervals (CI) were calculated by Confidence Interval Analysis 

(CIA). 

Results

Of the 6132 women offered NT screening, 5090 accepted, resulting in an uptake of 83%. The median 

maternal age was 31 years (range 16-45 years) and 12% of the women were 36 years or older. The 

median gestational age at NT measurement was 12 weeks with a median CRL of 59 mm (range 38 -84 

mm). The fetal NT was successfully measured in 4876 fetuses (68 twin pregnancies). In 280 fetuses 

no measurement could be performed because of a missed abortion diagnosed at scanning (1.5%), a 

gestational age over 14 weeks (2.4%) and only in 1.7% because of technical difficulties. Pregnancy 
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Figure 1. Overview of patients enrolled in the study and prevalence of all congenital heart defects (CHD) 
and major heart defects (MCHD, requiring surgery or of complex nature) in relationship with NT measu-
rement. 

TOP, termination of pregnancy; IUD; intra-uterine death
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outcome data were available in 4181 cases (86%). Fetuses with chromosomal abnormalities were 

excluded (n=38) as well as pregnancies lost to follow-up (n= 694). The remaining 4144 pregnancies 

were analysed (Figure 1).The NT was above the 95th percentile in 100 fetuses and  above the 99th 

percentile in 21. 

In the study population a total of 24 CHDs were detected either prenatally or postnatally, (prevalence 

6 per 1000). Of these, 22 cases resulted in liveborn babies, (one had a termination of pregnancy 

(TOP) because of severe hydrops and one was an intra-uterine death (IUD)). A major CHD was 

detected in 12 liveborn babies and another was observed in the pregnancy that was terminated. The 

NT was above the 99th percentile in 2/13 fetuses with a major CHD. One was the earlier mentioned 

TOP (NT 5mm). In the only liveborn baby where the NT was increased (4.3 mm) the heart defect 

was confirmed postnatally. The infant also presented with dysmorphic features and at the age of two, 

Coffin-Siris syndrome was diagnosed. This child has recently undergone interventional management 

for the CHD. In all the other cases with CHDs the NT measurement was <95th percentile. 

The prevalence of major CHDs in fetuses with a NT measurement >99th percentile was 9.5% (2/21). 

In the group of fetuses with a normal NT measurement and normal karyotype (n=4044) the prevalence 

of major cardiac defects diagnosed pre- or postnatally was 3/ 1000 (11/4044). 

The sensitivity of both NT >95th and >99th percentile was 8% for all CHDs and 15% for major 

CHD. In Table 1 sensitivity, specificity, positive and negative predictive value, likelihood ratios and 

confidence intervals are reported. Table 2 reports the details of all the CHD cases.

Discussion

This study confirms the association between an increased NT and cardiac defects. In fact the likelihood 

ratios of a NT measurement above the 95th and above the 99th percentile for major CHD were 6.5 

and 33.4, respectively. However, the performance of an increased NT measurement as a predictor 

of major CHDs in this low-risk obstetrical population was modest. The prevalence of major CHDs 

among fetuses with a NT >95th or 99th percentile was 2%. This is not dissimilar from the yield of 

Table 1. Sensitivity, specificity, predictive values and likelihood ratios of the 95th and 99th percentile of NT for 
(major) cardiac defects in chromosomally normal fetuses

 NT >p95 all CHDs NT >p95 Major CHDs NT >p99 all CHDs NT >p99 Major CHDs
  95% CI  95% CI  95% CI  95% CI

Prevalence 0.5 0.4 – 0.9 0.3 0.2 – 0.5 0.5 0.4 – 0.9 0.3 0.2 – 0.5
Sensitivity 8.3 2.3 – 25.8 15.4 4.3 – 42.2 8.3 2.3 – 25.8 15.4 4.3 – 42.2
Specificity  97.1 – 98.0 97.6 97.1 – 98.0 99.5 99.3 – 99.7 99.5 99.3 – 99.7
PPV 2.0 0.6 – 7.0 2.0 0.6 – 7.0 9.5 2.7 – 28.9 9.5 2.7 – 28.9
NPV 99.5 99.2 – 99.6 99.7 99.5 – 99.8 99.4 99.2 – 99.6 99.7 99.5 – 99.9
LR+ 3.5 0.9 – 13.4 6.5 1.8 – 23.6 18.1 4.5 – 73.3 33.4 8.7 – 129.2
LR- 0.9 0.83 – 1.06 0.9 0.69 – 1.09 0.92 0.82 – 1.04 0.85 0.67 – 1.07

CHD, Congenital heart defect; LR, likelihood ratio; NPV, Negative predictive value; NT, nuchal translucency; PPV, 
positive predictive value; p95, 95th percentile; p99, 99th percentile.
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fetal echocardiography in pregnant women at increased risk of CHDs in their offspring, where about 

1- 4% of the referred fetuses will be found to be affected.27;28 Moreover, of the 13 major CHDs in the 

present study, only two were identified by an increased NT. This implies a screening sensitivity of the 

NT for major CHDs of 15%. 

The importance of prenatal detection of major cardiac defects has been addressed recently by a 

number of authors.15;29;30 Optimising peri- and neonatal care has been shown to improve neonatal 

outcome especially in cases of ductal-dependent defects.29-31 Moreover, if early attempts at intra-uterine 

management of critical aortic and pulmonary stenosis and pulmonary atresia with intact septum prove 

successful, this may drastically change the prognosis of some severe heart defects in the future.32 

Routine evaluation of the fetal heart has a yield for the detection of CHDs strictly dependent on 

the expertise of the centre.8-14 Ideally, fetuses at high risk should be effectively selected and referred 

to centres of excellence for specialized fetal echocardiography.17;21 NT screening is suggested to have 

Table 2. Heart defects, NT measurement (in mm) and need for surgery in chromosomally normal fetuses. 

No Heart defect NT (mm) Diagnosis Intervention
1 Mild pulmonary stenosis 0.7 PP No 
2 Tetralogy of Fallot * 0.8 PP Surgery
3 Tetralogy of Fallot * 0.8 PP Surgery
4 Cardiac defect, unspecified 0.8 Prenatally IUD
5  Left coronary artery origin from pulmonary artery, 0.9 PP Surgery 

mitral regurgitation, ASD*
6 Cardiac defect, unspecified* 1.0 PP Surgery
7 Small VSD 1.0 PP No 
8 Large ASD* 1.1 PP Interventional 
    management 
9 TGA* 1.1 PP Surgery
10 Mild pulmonary valve stenosis 1.1 PP No 
11 Mild aortic valve regurgitation 1.2 PP No 
12 Pulmonary stenosis* 1.3 PP Surgery
13 Perimembranous VSD 1.3 PP No 
14 TGA* 1.3 PP Surgery
15 Aortic valve stenosis 1.4 PP No 
16 TGA , VSD* 1.4 PP Surgery
17 Tricuspid valve regurgitation* 1.4 PP Surgery
18 Polyvalvular dysplasia* 1.4 PP Surgery
19 Secundum ASD 1.5 PP No 
20 Aortic valve stenosis 1.7 PP No 
21 VSD 1.9 PP No surgery
22 Muscular VSD 2.3 PP No surgery
23 Cardiac defect, unspecified with severe hydrops* 4.3 Prenatally TOP
24 Large ASD, VSD, pulmonary stenosis * 5.0 PP Interventional
    management

Cases are ordered according to the NT measurement. Major Congenital Heart Defects (*) are defined as requiring 
surgery or interventional catheterization within the first year of life. 
ASD, atrial septal defect; IUD, intra-uterine death; PP, post partum; TOP, Termination of pregnancy; TGA, 
Transposition of the great arteries; VSD, ventricular septal defect.
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the potential of effectively identifying fetuses at high-risk for CHDs.21 Hyett et al. showed, in a 

population-based cohort study of chromosomally normal fetuses, a strong association between a 

nuchal translucency above the 95th percentile and major cardiac defects. NT screening was able to 

identify the majority (56%) of fetuses with major defects of the heart and great arteries. Had the 99th 

percentile been used, it would have resulted in referral of 1% of fetuses with normal karyotype to a 

specialised centre and about 40 % of major CHDs would have been found in this group. Table 3 gives 

a summary of all published studies on the NT measurement as a screening tool for CHDs. Other 

authors have failed to reproduce the high association between an increased NT and CHDs reported 

in Hyett’s study.22-24;33 In our study the sensitivity of an increased NT  for major CHDs (15 % for 

both 95th and 99th percentiles) was lower than reported by Hyett and Orvos 34, but not very dissimilar 

from the findings of Schwärzler and Mavrides.22;23 However, we may conclude that in only one out of 

seven studies the NT measurement was capable of detecting the majority of CHDs. In a meta-analysis 

based on eight studies, Makrydimas et al. have shown that an increased NT measurement has an 

overall sensitivity for a major CHD of 37% and 31% respectively, when the 95th or the 99th percentile 

are considered.25

In spite of the considerable variation in prevalences, sensitivitities and specificities reported by the 

various studies, the likelihood ratios for a NT >95th/99th percentiles remain fairly consistent. An 

explanation for this may be that major CHDs are relatively “rare” events and their prevalence may 

vary largely depending on the population and study design. However, once an increased NT is found 

the chance that a cardiac defect may be found in that fetus is increased similarly to women with 

known risk factors.

In our study, the only liveborn child in whom an increased NT and a major CHD was diagnosed 

appeared to be affected by Coffin-Siris syndrome. As genetic syndromes are also often associated with 

Table 3: Studies reporting on the association between increased NT and heart defects

Author N NT>p95  MCHD  MCHD and NT>p95  LR+

Hyett 1998 29154 1822 (6.3%) 50 (1.7/1000) 28/ 50 (56%) 9 (7-1.6)
Schwärzler 1999* 4500 110 (2.4%) 9 (2.0/1000) 1/9 (11.1%) 4.6 (0.7-29)
Mavrides 2001* 7339 258 (3.5%) 26 (3.5/1000) 4/26 (15.4%) 4.4 (1.8-11)
Michailidis 2001 6606 235 (3.6 %) 11 (2.0/1000) 4/11 (36.4%) 10.3 (4.7-23)
Orvos 2002 4251 - 39 (9/1000) 18/39 (51%)* 
Hafner 2004 12978 649 (5.0%) 27 (2.1/1000) 7/27 (26 %) 5.2 (2.8-10)
Bahado-Singh 2005* 8167 378 (4.6%) 21 (2.6/1000) 3/21 (14 %) 3.1 (1.1-8.4)
Present study, 2005 4081 100 (2.2%) 11 (2.7/1000) 2/13 (15%) 6.5 (1.2-23.6)
Total 77076 3552 (4.6%) 194 (2.5/1000) 67/194 (36%) 

Studies using a 2.5 mm cut-off for the detection of MCHD are marked with *
MCHD, number of infants with a major cardiac defects and prevalence per 1000 fetuses; MCHD and NT> p95, 
number of infants with a major cardiac defect in the group presenting with NT measurement above the 95th centile or 
an NT > 2.5 mm; N, number of fetuses with normal karyotype in cohort; NT, nuchal translucency; NT >p95, number 
of fetuses with normal karyotype and NT measurement above the 95th percentile. 
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an increased NT, it is not clear which of the two entities- the heart defect or the syndrome or both- 

was responsible for the excessive nuchal fluid accumulation in this fetus1;2. 

In our study the prevalences of all and major CHDs were 6 and 3/1000, respectively. A similar 

prevalence has been reported for CHDs diagnosed within the first year of life35. However, if the 

prevalence figures reported by Campbell et al. and Tegnander et al. are considered,  the prevalence of 

major CHDs in this and other studies reported in Table 3, are at the low end of the spectrum13;36.

In the literature there is not yet consensus on the definition and prevalence of major CHDs. In a 

debate among experts in the field, definitions such as ‘defect with a significant effect on a child’s life’, 

‘potentially life threatening’, ‘surgical repair is most likely to be required’ and ‘lesions that continue 

to be associated with significant mortality or morbidity’ were proposed36. Proposed ranges for the 

estimated prevalence for major CHDs showed also a considerable variation, from 2 to 9‰. 

Explanations for the presumed low prevalence of CHDs in this study may be the exclusion of aneuploid 

fetuses. Moreover, in fetuses where an intrauterine death occurred (3) a CHD may theoretically have 

been present. Confirmation or exclusion of a CHD in these cases was not possible. Another possible 

explanation is that the study population consisted primarily of pregnant women attending midwife 

practices, i.e. a low-risk population, as in the Netherlands pregnant women with known risk factors 

(among others diabetes, a CHD in one of the parents or siblings etc.) are cared for by obstetricians.

In this study special attention was paid to overcome any verification bias leading to underestimation 

of the true prevalence of major CHDs, as may occur in the case of late postnatal diagnosis. We have 

therefore sought the cooperation of the Paediatric Cardiology departments of the three academic 

hospitals acting as referral centres for the study regions and cross-checked our patient list with that 

of children diagnosed with CHDs in the study period. However, it is still possible that infants with 

a CHD diagnosed later in infancy, or missed and those whose parents have moved to another area 

in the country, may have escaped our top-down search for unreported CHDs. However, one may 

assume that CHDs diagnosed later in infancy are unlikely to fall under the classification of major 

cardiac defects’.

 

In conclusion, the risk for a major cardiac defect is increased when the NT is increased, which means 

that a NT above the 95th or 99th percentile is a strong indication for specialised echocardiography. 

However, in this study the majority of CHDs occurred in children with a normal NT measurement. 

Therefore, if the goal is to improve perinatal outcome by increasing prenatal detection of major 

cardiac defects, fetal echocardiography at 18-22 weeks remains the most important screening tool. A 

recent change in antenatal care policy in the Netherlands now also includes a routine anomaly scan 

at 18-22 weeks in all pregnancies. The challenge for all fetal medicine experts remains therefore to 

improve the diagnostic efficiency of routine fetal heart assessment in pregnancy.
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