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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 

79

proefschrif Timmerman.indb   79 18-4-2013   10:30:15



Chapter 6

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

Exomphalos TOP Confirmed
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Total correction with fenestrated VSD 
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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
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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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