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Discussion and Summary

How the idea for this thesis evolved, along with its aims and an outline were given in Chapter 1. We 

wished to investigate the relationship between the increased nuchal translucency (NT) and the fetal 

heart in order to assess the risk of a congenital heart defect (CHD) in the presence of an increased NT 

to evaluate if the NT measurement can be used as a screening test to increase the prenatal detection of 

CHDs, to describe the CHDs found with excessive nuchal fluid in the first trimester and to evaluate 

the possible role of cardiac dysfunction in the development of this fluid accumulation. Furthermore we 

wished to evaluate the role of fetal echocardiography and Doppler measurements of cardiac function 

in the prenatal diagnosis of cardiac defects and cardiac dysfunction.

In Chapter 2 the current knowledge of the relationship between an increased NT measurement and 

fetal heart structure and function in chromosomally normal fetuses is reviewed. Some of the relevant 

pathophysiological theories behind the increased NT are discussed including (transient) cardiac failure, 

overperfusion of the head and neck, venous congestion, disorders of angiogenesis and lymphogenesis, 

disorders of neurogenesis and neural crest migration anomalies as well as early fetal flow disorders1-14. 

The literature is reviewed for relevant information concerning the relationship between an enlarged 

NT and CHDs. An enlarged NT in the presence of a normal karyotype, increases the chance of 

finding a CHD. The risk increases exponentially with NT thickness15,16. 

Regarding the question of whether the NT measurement can be used to screen for CHDs, Hyett et al. 

(1999) started the ball rolling by reporting the finding of an increased NT in 56% of the fetuses with 

CHDs in a study of 29154 pregnancies1. They recognized then that by performing an echocardiogram 

on the 1% of fetuses with a NT measurement ≥99th percentile, 40% of major CHDs, (catheter or 

surgical intervention required), could potentially be identified. Many studies on the performance of 

the NT measurement as a potential first screening step in the detection of CHDs to identify high-risk 

fetuses for referral to specialized centers for echocardiography followed17-24. Makrydimas et al. (2003) 

in a meta-analysis of 8 studies, (including 58492 fetuses) found that a NT >99th percentile had a 

sensitivity of 31% and specificity of 98.7%, with a positive predictive rate of 24 for the identification 

of major CHDs while a sensitivity of 37% and specificity of 96.6% respectively was found when using 

the 95th percentile of NT measurement cut off17. Wald et al. (2008) in a later meta-analysis of 7 studies 

defined the relationship between an enlarged NT (cut-off 1.7 multiples of the median (MoM) at a 

false positive rate of 5%) and specific CHDs “likely to benefit” from prenatal diagnosis. They found 

an increased NT in 52% of CHDs they considered to be likely to benefit from prenatal diagnosis19. 

The difference between the sensitivity of the increased NT for CHDs found by Hyett et al. initially1, 

and the subsequent researchers has been partially explained by the different study populations 

examined. In Chapter 3 the potential role of the NT measurement in the screening for CHDs in a 

low-risk Dutch population of 4181 women is examined. CHDs were diagnosed in 24 cases giving 

a prevalence of 5.8/1000 for all CHDs and 3.1/1000 for major CHDs. The sensitivity of the NT 

measurement for both >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 
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were 6.5 and 33, respectively. Thus an increased NT is also associated with major CHDs in the fetus 

in pregnancies without known risk factors and therefore represents an indication for specialized fetal 

echocardiography. However, this association is too weak to envisage a role for the NT measurement as 

a single screening strategy for the prenatal detection of CHDs20. 

In search of better predictors of CHDs in the young fetus the additional role of an abnormal ductus 

venosus (DV) pulsatility index for veins (PIV) in fetuses with an increased NT in the detection of 

CHDs is examined, (Chapter 4). We found an abnormal DVPIV in two thirds of the fetuses with an 

increased NT, normal karyotype and CHDs. The sensitivity of an abnormal DVPIV for CHDs was 

70% with a specificity of 62%. The DVPIV MoM significantly influenced the risk of a CHD (odds 

ratio 2.4) at any cut-off point suggesting that the DVPIV can be used to increase the specificity of the 

NT in the identification of CHDs25.

The relationships between abnormal DV flow, CHDs and the increased NT as well as between 

tricuspid regurgitation at 11-14 weeks’ gestation, CHDs and an increased NT are also reviewed in 

Chapter 2.  Maiz et al. (2008) in a meta-analysis of 7 studies, including 600 chromosomally normal 

fetuses with a NT measurement ≥95th percentile, found that an abnormal DV flow pattern at 11-

14 weeks’ gestation in the presence of a NT ≥3.5mm was associated with a 3 fold increased risk of 

CHDs4. The finding of a normal DV flow pattern in this setting halved the CHD risk. Faiola et al. 

(2005) reported an 8 times increased risk of CHDs when tricuspid regurgitation is found at 11-14 

weeks’ gestation26. 

In Chapters 5, 6 and 7 information is given regarding the CHDs found associated with an increased 

NT in high-risk Dutch pregnancies. 

A study of 967 fetuses with an increased NT is reported in Chapter 5.  Major CHDs (requiring a 

surgical or catheter intervention) were identified in 7% (68) of these fetuses. The prevalence of major 

CHDs was 4.9% in the fetuses with a normal karyotype and 12.4% in those with chromosomal 

abnormalities. In the fetuses with normal chromosomes the CHD frequency increased exponentially 

from 1.9%, when the NT measurement was between 2.5 and 3.5mm, to 27.7% when the NT was 

≥6.5mm. Septal defects predominated when the NT was ≤3.5mm. When the NT was >3.5mm, an 

equal distribution of CHD types was seen in the fetuses with a normal karyotype15. Thus a variety of 

CHDs is associated with an increased NT in the first trimester of pregnancy including conotruncal 

defects, branchial arch derivative defects, left and right obstructive lesions (inflow and outflow) and 

shunts. Chapter 6 describes the uncommon finding of fetal aortic incompetence in a fetus with an 

increased NT where the nuchal fluid persisted beyond the 14th week of gestation27. 

The majority of CHDs can be diagnosed prenatally. Despite the generally disappointing sensitivity 

of fetal ultrasound screening for CHDs, (≈50%), after adequate selection and referral, fetal 

echocardiography can be 85-95% accurate in experienced hands28-37. Accurate prenatal cardiac 

diagnoses are crucial for good counseling and management. The making of a prenatal diagnosis should 
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also be beneficial. A reduction in mortality and morbidity in prenatally compared to postnatally 

diagnosed babies has only been verified in ductal-dependant lesions38-44. Retrospective audits and 

quality control checks are important so that established practices are monitored and revised as needed 

and trends are followed to ensure adequate allocation of resources. Chapter 7 evaluates the prenatal 

diagnosis of cardiac anomalies in a referral centre. 

Chapter 7a reports on a cohort of 623 fetuses referred for echocardiography. Referral trends, indications 

for fetal echocardiography, as well as diagnoses, co-morbidity and outcome of fetuses are evaluated. 

A significant increase in referrals followed the introduction of a national prenatal screening program 

including the increased NT for the detection of Trisomy 21 and the 20 weeks ultrasound anomaly 

scan (referrals doubled between 2005 and 2008). An increased NT was the referral indication in 32% 

of the fetuses, making it the main referral indication for echocardiography in this cohort. CHDs were 

diagnosed in 34% of the fetuses seen with an increased NT measurement. The referral indications 

were adequate as almost half of the fetuses seen had cardiac pathology.  

Eighty percent of the cardiac diagnoses were CHDs and these fell mostly into the severe spectrum. 

The mortality rate was high being 43% in the chromosomally normal fetuses with CHDs. Twenty 

three percent of these fetuses also had extra-cardiac anomalies. These findings were in keeping with 

that of other studies. The diagnosis of the CHD was made before 24 weeks’ gestation (cut-off for 

pregnancy termination (TOP) in The Netherlands) in 66% of the fetuses referred, and in 34% it was 

made before 19 weeks’ gestation. The TOP rate for all cardiac pathology was 24.2% and for CHDs 

30%. The TOP rates for CHDs diagnosed before 19 and 24 weeks’ gestation were 61% and 44%, 

respectively.   

The NT measurement, introduced as a screening method for Trisomy 21 in The Netherlands, is 

only coved by medical insurance in the case of high-risk pregnancies. Many Dutch women do not 

consider Trisomy 21 a reason for pregnancy termination and the association between the increased 

NT and CHDs is not mentioned in the counseling for the first trimester screening. This results in 

a remarkably low uptake, (25%), for NT measurement (combined test). The introduction of the 

20 week anomaly scan for all pregnancies in 2007 has already resulted in an increase in referrals for 

fetal echocardiography. With increasing appreciation of the relationship between an increased NT, 

abnormal DV flow and tricuspid regurgitation at 11-14 weeks’ gestation and CHDs, an increase 

in referrals for echocardiography, with a shift to referrals earlier in pregnancy, can be expected in 

future. Resources need to be provided to cope with this expected increase. The responsibility of health 

systems is on one hand to improve the quality and efficiency of prenatal diagnosis through teaching 

programs and workshops and on the other hand to correctly inform health care providers (midwives 

and sonographers) and patients on new diagnostic possibilities. Unfortunately many pregnant Dutch 

women still miss out on the opportunity for early prenatal diagnosis of CHDs believing that an 

increased NT only signifies an increased risk for Trisomy 21. Health care providers and planners need 
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to focus on primary prevention, early treatment (including improved prenatal diagnosis) and the 

ongoing care of children and adults with CHDs if they are to reduce the burden of CHDs. 

Chapter 7b evaluates the accuracy of prenatal cardiac diagnosis and its benefit in our referral unit 

using novel modifications of two existing scoring systems taking into account the cardiac anatomy, 

expected prognosis and progression, availability of therapy/ surgery and co-morbidity. This approach 

simplifies the evaluation of prenatal diagnosis in these complex patients. The prenatal diagnosis of 

cardiac defects was found to be accurate, beneficial and the counseling appropriate in a tertiary referral 

centre, except in cases of suspected aortic arch abnormalities. The decision to terminate a pregnancy 

and the fetal outcome correlated with the CHD severity.

 

Direct measurements of cardiac function are required to better define the relationship between fetal 

cardiac (dys)function and the NT measurement. The first studies were performed on fetuses in mid-

gestation, after the increased NT would have resolved in most cases. Simpson and Sharland (2000) 

measured left ventricular ejection fraction in fetuses with a ventricular septal defect around 20 weeks’ 

gestation and showed no significant difference between those who had had an increased NT and 

those who had not8. Rizzo et al. (2003) looked at cardiac function at 20–23 weeks’ gestation in 

chromosomally normal fetuses that had had an increased NT (>95th percentile) compared to normal 

controls. Their findings also suggested normal systolic function but reduced myocardial relaxation 

was found in the group with an increased NT7. These findings at 20 weeks’ gestation, however, do 

not exclude or confirm possible cardiac dysfunction at the time when the NT was increased. With the 

improvement in echo techniques over the years it has become possible to measure cardiac function 

in the first trimester. Direct measurements of cardiac function at 11-14 weeks’ gestation, when the 

increased NT is still present, can determine if cardiac dysfunction is related to the nuchal thickness. 

Few researchers have done this45-47. Although the initial findings of Hata et al. (2002) suggested a 

significant relationship between atrioventricular valve flow velocities and NT thickness in normal 

fetuses44
, 
the findings of others did not46,47. Huggon et al. (2004) measured the myocardial performance 

index (MPI) and E/A ratio across the atrioventricular valves in a series of 638 fetuses at 11–14 weeks’ 

gestation. They found no significant differences in cardiac function between normal fetuses, fetuses 

with chromosomal defects, fetuses with CHDs and fetuses with an increased NT (>4mm) and normal 

chromosomes46. 

Chapter 8 covers our findings regarding the relationship between fetal cardiac function between 11 

and 35 weeks’ gestation and NT thickness in chromosomally normal fetuses. This is the first study 

investigating cardiac function throughout gestation in normal fetuses with a normal heart and normal 

or enlarged NT at 11-14 weeks’ gestation48. We found a significant increase in atrioventricular valve 

E- and A-wave and E/A velocities as well as peak velocity over the semilunar valves, acceleration time 

over the aortic valve, stroke volume and cardiac output during pregnancy. At 11-14 weeks the aortic 

valve acceleration time, tricuspid E/A and E/TVI ratios and DVPIV increase, and the pulmonary 

valve acceleration time decreases with increasing NT MoMs. After mid-gestation pulmonary valve 
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acceleration time increases and aortic acceleration time, tricuspid E/A and E/TVI ratios decrease with 

increasing NT MoMs. The MPI is not related to the NT thickness. Our results suggest better active 

right ventricular relaxation and increased right but reduced left ventricular afterload at 11-14 weeks’ 

supporting the association between over-perfusion of the head and neck and the increased NT. After 

mid-gestation, our results suggest increased left but reduced right ventricular afterload and reduced 

right ventricular relaxation in fetuses with an increased NT. The nuchal fluid regression usually seen 

at this stage coincides then with reduced over-perfusion of the head and a steadily decreasing right 

ventricular afterload. Fetuses with an enlarged NT tend to have higher birth-weights49, suggesting 

increased umbilical artery flow along with reduced placental resistance. 

Interestingly, our findings in the 11-14 week fetus with an increased NT are analogous to those of 

the second and third trimester severely growth-restricted fetus with increased placental impedance 

where dilatation of the DV and redistribution of blood flow occurs to ensure coronary and cerebral 

perfusion in response to hypoxia50-53. A positive relationship between NT thickness and pregnancy-

associated hypertension has been described54. A disturbance of hemodynamics or flow secondary to 

an environmental insult has been considered as the link between the increased NT and heart defects11. 

The mechanism of hemodynamic regulation in the first trimester fetus with an increased NT is still 

unclear, as is that of the excessive nuchal fluid accumulation, but it is plausible that hypoxia could be 

that primary insult, linking the increased NT and the fetal heart in fetuses with a normal karyotype. 

Growth-restricted fetuses have been shown to have an altered cardiac function in adult life. It is 

then possible that the observed changes in cardiac function in fetuses with excessive nuchal fluid 

accumulation at 11-14 weeks’ gestation may affect cardiac function in postnatal life. This requires 

further investigation. 

The influence of gender on cardiac function in fetuses with and without an increased NT measurement 

is described in Chapter 9. We found the tricuspid valve E/TVI to be significantly increased while the 

pulmonary valve acceleration time is significantly decreased in female fetuses throughout gestation 

compared to males. These findings suggest better right ventricular relaxation and increased right 

ventricular afterload in female fetuses compared to male fetuses and support the hypothesis of 

diastolic function maturational delay in male fetuses55. Whether they contribute to the male gender 

vulnerability and their relatively worse outcome is unclear. The potential relationship between this 

finding and the increased incidence of increased NTs is plausible, although it is especially in the 

marginal degrees of enlargement that male sex is predominant. This has led to the speculation that the 

overrepresentation of boys in the group of fetuses with mildly enlarged NTs may be a consequence 

of larger size, rather than of a difference in cardiac function56. A relationship between gender, fetal 

weight and feto-placental weight ratio has been described. The larger fetal size in boys may result from 

a larger uterine area covered by the placenta which is then fed by more low-resistance utero-placental 

vessels. The more favourable feto-maternal exchange would result in better fetal growth in the males. 

A smaller placental surface could then explain the relatively increased afterload in female fetuses and 

the relatively lower birth weights of female fetuses57.
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The first study on fetal cardiac function in Trisomy 21 fetuses throughout gestation is found in Chapter 

10. We found them to have an abnormal cardiac function throughout gestation, even in the absence 

of CHDs when compared to fetuses with and without an increased NT. Evidence was found for 

cardiac loading (increased preload and afterload) and, systolic (first trimester) and later diastolic, left 

ventricular dysfunction. The aortic and tricuspid A-wave velocities and were significantly reduced in 

the Trisomy 21 fetuses throughout gestation58. Should our findings be replicated, then the recognition 

of the reduced semilunar valve peak velocity and right ventricular A-wave velocity with an increased 

E/A velocity ratio and DVPIV in the 11-14 week old Trisomy 21 fetus, could be added to a two-step 

screening policy to increase the prenatal detection of Trisomy 21 in centers competent in performing 

these measurements.   

Clinical and anatomical correlations of Doppler measurements of cardiac function in two cases of 

endocardial fibroelastosis with cardiac failure are presented in Chapter 1159. Doppler parameters of 

cardiac dysfunction were found to correlate with the fetal clinical condition and post mortem findings. 

Doppler evidence of diastolic dysfunction was found in the absence of hydrops suggesting that the 

early recognition of abnormal diastolic Doppler parameters may help to identify at-risk fetuses who 

may benefit from early diagnosis and management. 

Conclusions 

In fetuses with a normal heart and normal chromosomes the NT measurement at 11-14 weeks’ 

gestation is related to fetal cardiac function throughout gestation. The right ventricular diastolic 

function and ventricular afterload vary with the NT measurement. The afterlaod changes in the 

ventricles are discordant, with reduced aortic and increased peripheral resistance in fetuses with an 

increased NT at 11-14 weeks’ gestation. The resultant over-perfusion of the head and neck may 

explain the increased NT in these fetuses. The observed changes in cardiac function invert in mid-

gestation, allowing for the drainage of the excess fluid in the neck. The implications of these findings 

for adult life require further investigation. 

Male fetuses have a relatively reduced right ventricular relaxation and afterload throughout gestation 

compared to females. These findings support the hypothesis of delayed right ventricular diastolic function 

maturation in the male fetus and also give an explanation for the larger birth weights seen in males. 

Trisomy 21 fetuses have abnormal cardiac function throughout gestation, even in the absence of CHDs 

when compared to karyotypically/ phenotypically normal fetuses with normal hearts and normal or 

increased NTs. Our findings suggest cardiac loading (increased preload and afterload) and, systolic 

(first trimester) and later diastolic, left ventricular dysfunction in the Trisomy 21 fetuses. Consistent 

findings throughout gestation were reduced aortic and tricuspid A-wave velocities. 
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Reliable direct measurement of cardiac function is possible at 11-14 weeks’ gestation and can assist in 

the recognition of fetuses with Trisomy 21 and those with CHDs. In later gestation they can assist in 

the identification of at-risk fetuses who may benefit from early diagnosis and management.  

The NT measurement is a moderately effective screening tool for CHDs overall, but its role in 

detection of CHDs likely to benefit from prenatal diagnosis appears more promising. Fetuses with 

an increased NT have an increased risk for CHDs.This risk increases exponentially with increasing 

NT measurement. The finding of an abnormal DVPIV with an increased NT increases the likelihood 

of a CHD further. The combination of an increased NT, an abnormal DV Doppler flow profile and 

tricuspid regurgitation at 11-14 weeks’ gestation, is a strong marker for CHDs and is an indication for 

an early fetal echocardiogram. The prenatal diagnosis of CHDs is beneficial and accurate in experienced 

hands. No particular bias for one form of CHD over another has been found in association with 

increased nuchal fluid.

A NT measurement should be part of normal prenatal care. A fetal echocardiogram should be 

performed at 20 weeks’ gestation in fetuses with an NT ≥95th percentile but <99th percentile. When 

the NT measurement is ≥99th percentile, or when tricuspid regurgitation and/or an abnormal DV 

flow pattern is found along with the increased NT, an earlier echocardiogram is indicated, followed 

by a repeat scan at around 20 weeks’ gestation. These recommendations plus information about 

the relationship between the increased NT and risk for CHDs need to be made available to public 

and health care providers. The resultant increased demand for (early) fetal echocardiography and 

sonographers with this special expertise needs to be planned and provided for.
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