
The ductus venosus (DV) is a blood vessel in the 
fetal circulatory system that allows highly oxy-
genated blood from the umbilical vein to bypass the 
liver and flow directly to the cerebral and coronary 
circulation.1,2 The pressure gradient between the um-
bilical vein and the right atrium influences the DV, 
and measurement of DV blood flow can be used as an 
indirect indicator of fetal cardiac function.3-5 

Prenatal ultrasonographic screening markers 
have become an important tool for detecting congen-
ital anomalies in recent years.6 First-trimester risk es-
timation of common chromosomal anomalies is 
based on a combination of various factors including 
maternal age, crown-rump length (CRL), fetal nuchal 
translucency thickness (NT), nasal bone (NB), ma-

ternal serum free β human chorionic gonadotropin 
(fβ-hCG), and pregnancy-associated plasma protein-
A (PAPP-A).7,8 Measurement of ductus venosus 
blood flow is an optional part of first-trimester 
screening, but abnormal DV blood flow patterns 
(such as reversed/absent a-wave pattern or increased 
pulsatility index for veins) can be integrated into the 
screening to improve the prediction of chromosomal 
abnormalities, major congenital heart defects (CHD), 
and poor pregnancy outcomes.9-11 

The most common chromosomal defects de-
tected in the first trimester in the general population 
are trisomy 21, 18, and 13.12 Including assessment of 
ductus venosus flow (abnormal DV “a wave” pattern 
and/or abnormal ductus venosus pulsatility index) to 
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first-trimester screening improves the performance of 
screening for those aneuploidies.8 However, there is 
still uncertainty as to which parameter of DV is more 
advantageous. Also, there is limited data about duc-
tus venosus pulsatility index for veins (DV PIV) val-
ues to discriminate the chromosomal abnormalities 
from each other. Meanwhile, it is proposed that the 
addition of DV PIV measurement can result in a de-
tection rate of 94% for aneuploidies.13 

In this study, we attempted to establish a refer-
ence value for the DV PIV during the evaluation of 
DV waveforms in the first trimester of uncomplicated 
singleton pregnancies. In addition, we aimed to de-
termine the DV PIV cut-off value which would allow 
us to establish the sensitivity, specificity, and posi-
tive and negative predictive values for the detection 
of chromosomal abnormalities.  

 MATERIAL AND METHODS 
We reviewed the records of first-trimester ultrasound 
examinations of the 3,243 pregnant women with 
mixed risk groups: (both low and high-risk groups in-
cluded) at 11+0 to 13+6 weeks of gestation in a retro-
spective design. Groups were categorized as 
pregnancies involving fetuses with chromosomal ab-
normalities (between 2009 and 2021) and pregnan-
cies with normal fetuses (uncomplicated singleton 
pregnancies with available ductus venosus ‘a wave’ 
and pulsatility index between 2016 and 2021).  

Ultrasound examinations were performed with 
the Voluson E8 and E10 (4- to 8-MHz transducer; GE 
Healthcare, Little Chalfont, UK) via the transabdom-
inal route by a single maternal-fetal medicine experi-
enced specialist. Our study involved evaluating 
participants for maternal age, gravidity, parity, and 
gestational age. CRL, NT, NB, and DV blood flow 
were routinely examined in all cases at the time of 
first-trimester ultrasound according to Fetal Medicine 
Foundation (FMF-UK) Guidelines. Gestational age 
was determined from the measurement of crown-
rump length. The evaluation method for the DV in-
cludes assessing the a-wave pattern (atrial contraction 
in late diastole), DV PIV, and whether DV is present 
or absent.14 DV measurements were obtained in com-
pliance with The International Society of Ultrasound 

in Obstetrics and Gynecology (ISUOG) Guidelines. 
DV blood Doppler assessment was performed in an 
immobile position and in the right ventral mid-sagit-
tal plane of the fetus. The pulsed Doppler sample was 
small (0.5-1 mm) to prevent contamination from the 
adjacent veins. A minimum of 3 measurements were 
obtained when optimal Doppler traces were generated 
at lower than insonation angle of 30o. The as low as rea-
sonably achievable principle (ALARA) was followed 
during the Doppler evaluation.15 

We selected the fetuses with abnormal kary-
otypes during the study period which were identified 
either through an invasive test during pregnancy or 
after birth. The inclusion criteria of the first group 
were singleton pregnancies with chromosomal ab-
normalities with available DV PIV and wave records 
measured at 11+0 to 13+6 weeks of gestation. The 
chromosomal abnormalities were detected by chori-
onic villus sampling or amniocentesis procedures pre-
natally, or by direct karyotyping postnatally. Besides, 
we have determined the second group as a control 
group and have included participants by performing 
a search of the same database to establish a reference 
range for DV PIV with an aim of making a compari-
son with the fetuses of the abnormal karyotype group. 
The inclusion criteria for the second group were sin-
gleton pregnancies with CRL range between 45-84 
mm, fetal NT thickness less than 95th centile, and 
without major structural or chromosomal abnormal-
ities during follow-up or birth or phenotypically nor-
mal neonates who were followed up after birth. 

Abnormal DV “a wave” was identified as nega-
tive “a wave” pattern, reversed “a wave” pattern, and 
absence of ductus venosus flow. We used the receiver 
operating characteristic (ROC) curve analysis to de-
termine the optimal DV PIV threshold for diagnos-
ing chromosomal abnormalities. Sensitivity (Sen), 
specificity (Spe), positive predictive value (PPV), and 
negative predictive value (NPV) were identified for 
abnormal DV PIV, and abnormal “a wave” to deter-
mine chromosomal abnormalities.  

We obtained informed consent from each par-
ticipant. We followed ethical guidelines when con-
ducting research involving human subjects in 
accordance with the Declaration of Helsinki. The 
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study was approved by Acibadem University Ethics 
Committee (date: March 11, 2022, no: 2022-05/16).  

STATISTICAL ANALYSES  
Maternal characteristics and fetal ultrasonographic 
variables were analyzed with SPSS version 21.0 
(IBM, Armonk, NY). Categorical variables were pre-
sented as numbers and percentages, while continuous 
variables were presented as mean and standard devi-
ation or median and range values where needed. To 
establish a reference range for the DV PIV measure-
ments, histogram test was used. The normality of the 
distribution was assessed using the Kolmogorov-
Smirnov test, and appropriate parametric or non-para-
metric tests were used for comparing continuous 
measurements between groups. ROC analysis was 
used to determine the optimal cut-off values of DV 
PIV for diagnosing chromosomopathies, sensitivity, 
specificity, and positive likelihood ratios were calcu-
lated. Finally, chi-square or Fisher’s test statistics were 
used for comparing categorical variables, and a p-value 
<0.05 was considered significant in all analyses.  

 RESULTS 
A total of 644 fetuses from 3,243 pregnancies evalu-
ated within 12 years, were included in the study in 
accordance with the inclusion criteria (104 pregnan-
cies involving fetuses with chromosomal abnormali-
ties and 540 fetuses with euploid or phenotypically 
normal in neonates after birth). Maternal features and 
fetal ultrasonographic variables were presented in 
Table 1. Mean age, NT, and DV PIV were higher, 

and mean NB was lower in pregnancies involving fe-
tuses with chromosomal abnormalities (all those p 
values were lower than 0.001).  

The distribution of DV PIV measurements was 
found to be suitable with the Gaussian distribution 
(p=0.20), and the mean DV PIV was 0.99±0.12. The 
5th and 95th percentiles were also reported as 0.78 and 
1.21 (±2 SD). Additionally, a histogram of the DV 
PIV measurements in pregnancies with normal fe-
tuses was presented in Figure 1.  

Fetal trisomy cases (n=76) were observed in 
73.1% of pregnancies involving fetuses with chro-
mosomal abnormalities. Consecutively, trisomy-21 
was found in 48 (46.2%) cases, trisomy-18 in 20 
(19.2%) cases, and trisomy-13 in 8 (7.7%) cases. In 
addition, triploidy was detected in 10 (9.6%) cases, 
monosomy X in 9 (8.7%) cases, and other chromo-
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Pregnancies involving fetuses with Pregnancies with  
chromosomal abnormalities (n=104) normal fetuses (n=540) Total (n=644) p value 

Age (years, mean±SD) 34.9±4.9 32±3.9 32.5±4.2 <0.001 
Gravidity (median) (maximum-minimum) 1 (1-6) 1 (1-7) 1 (1-7) 0.13 
Parity (median) (maximum-minimum) 1 (1-3) 1 (1-5) 1 (1-5) 0.16 
Crown-rump length (mm, mean±SD) 61.1±9.7 60±7.1 60.1±7.6 0.15 
Weeks of gestation (weeks, mean±SD) 12.4±0.6 12.3±0.5 12.4±0.6 0.34 
Nuchal translucency (mm, mean±SD) 4.4±2.8 1.71±0.35 2.14±1.5 <0.001 
Nasal bone (mm, mean±SD) 1.8±0.6 2.1±0.3 2.06±036 <0.001 
Ductus venosus pulsatility index for veins (mean±SD) 1.38±0.49 0.99±0.14 1.05±0.27 <0.001 
Abnormal a wave, n (%) 32 (32.7%) 11 (2%) 43 (6.7%) <0.001 

TABLE 1:  Maternal and fetal characteristics of the pregnancies.

FIGURE 1: Histogram of ductus venosus pulsatility index measurements in preg-
nancies with normal fetuses.
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somal anomalies (balanced translocation, unbalanced 
translocation, deletion anomaly, etc.) in 9 cases 
(8.7%). Regarding the prognosis of those chromoso-
mal abnormalities: 92 of them were terminated, 8 of 
them continued to normal uncomplicated birth, and 
fetal demise occurred in 4 patients. Cardiac anoma-
lies such as ventricular septal defect, atrioventricular 
septal defect, and tetralogy of Fallot were suspected 
during the first-trimester screening in 28 patients, and 
cardiac anomalies were diagnosed in 17 patients in 
the further follow-up of in pregnancies involving fe-
tuses with chromosomal abnormalities. Cardiac 
anomalies could not be confirmed after birth due to 
the termination of 96 (92.3%) of the cases and a low 
acceptance rate of autopsies by parents. 

While abnormal DV “a wave” pattern (negative 
“a wave” in 8 cases, absent DV in 3 cases) was ob-
served in 11 (2.0%) fetuses in pregnancies with nor-
mal fetuses, abnormal ductus venosus “a wave” 
pattern was observed in 30.8% (n=32) of pregnancies 
involving fetuses with chromosomal abnormalities 
[reversed “a wave” in 17 (16.3%), negative “a wave” 
in 10 (9.6%), and absence of ductus venosus in 5 
(4.8%) of the fetuses]. The DV could not be observed 
in a total of 5 cases: 2 cases with trisomy 21, 2 cases 
with trisomy 18, and in 1 case with trisomy 13. En-

larged NT was detected in only 3 of those pregnan-
cies. All cases without DV were terminated. Figure 2 
shows a fetus with an reversed ‘a wave’ in the ductus 
venosus blood flow. 

A DV PIV measurement above the 95th centile 
was found in 22 (4.1%) patients in pregnancies with 
normal fetuses, while 50 (50.5%) patients were found 
to be above the designated range in pregnancies in-
volving fetuses with chromosomal abnormalities 
(p<0.001). Optimal cut-off value for DV PIV to di-
agnose chromosomal abnormalities was 1.025 with 
the 63.6% sensitivity, 60.3% specificity, and area 
under curve was 0.78 (95% confidence interval 0.72-
0.83). According to ROC analysis; Sen, Spe, PPV, 
NPV, LR+, and LR- of abnormal DV PIV in detect-
ing chromosomal abnormalities were 61.5%, 60.5%, 
23.1%, 89.1%, 1.56, and 0.64, respectively. Sen, Spe, 
PPV, NPV, LR+, and LR- of abnormal DV “a wave” 
in detecting chromosomal abnormalities were 30.8%, 
98%, 74.4%, and 88.0%, 15.4, and 0.71, respec-
tively.  

In the abnormal karyotype group, enlarged NT 
(>95th centile) was detected in 58 (55.8%) fetuses 
and abnormal DV PIV similarly in 50 (48.1%) fe-
tuses. However, only 36 (34.6%) of the fetuses in the 
abnormal karyotype group had both enlarged NT and 
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FIGURE 2: A trisomy 21 fetus with a reversed “a wave” in the ductus venosus blood flow.



abnormal DV PIV. Abnormal DV PIV and normal 
NT were found in 14 (13.5%) fetuses in pregnancies 
involving fetuses with chromosomal abnormalities 
and CHD was detected in 7/22 (31.8%) of these fe-
tuses. There were 27 (26%) cases in the abnormal 
karyotype group that had neither enlarged NT nor ab-
normal DV PIV.  

Mean DV PIV values, abnormal/normal DV 
PIV, and abnormal/normal DV a wave characteris-
tics in all chromosomal abnormalities were presented 
in Table 2. While the lowest DV PIV values were ob-
served in cases with trisomy 21, the highest DV PIV 
values were found in cases with trisomy 18 and 13 in 
the abnormal karyotype group.  

 DISCUSSION 
The mean DV PIV value for uncomplicated single-
ton pregnancies was 0.99, which can serve as a ref-
erence value for future studies. However, the mean 
DV PIV value for the group of pregnancies with 
chromosomal abnormalities was higher, at 1.38. 
Also, the lowest DV PIV values were found in 
cases with trisomy 21, and the highest DV PIV val-
ues in cases with trisomy 18 and 13. The more se-
vere findings of anomalies except trisomy 21 (Tr 
18-13, and triploidy) seemed to be correlated with 

the higher DV PIV measurements or with the de-
tection of abnormal “a wave” patterns. According 
to Wright et al, fetuses with trisomy 18 had higher 
DV PIV than trisomy 21 and 13, and the difference 
in DV PIV values in trisomy 21, 18, and 13 could 
depend on cardiac defects or severe multiple ab-
normalities.16 

We presented DV PIV reference values (0.78-
1.21) for 11+0 to 13+6 weeks of gestation which is 
rather similar to the literature.17-19 The rate of fetuses 
with DV PIV beyond the 95th centile was 69.4% in 
pregnancies involving fetuses with chromosomal ab-
normalities and 8.6% in pregnancies with normal fe-
tuses. According to Antolin et al., the overall 
detection rate of chromosomal abnormalities was 
65%, similar to our findings when using the 95th cen-
tile DV PIV pulsatility index as a cut-off.20 On the 
other hand, their 95th centile of DV PIV value was 
higher than our cut-off values (DV PIV: 1.33-1.49 vs 
1.21-1.38). Also, Wagner et al. reported higher values 
for DV PIV than our study in fetuses with trisomy 21 
regardless of CHD (median DV PIV 1.50-1.61).21 
The differences in DV PIV cut-off values observed 
between studies can be attributed to a number of fac-
tors, including patient selection, ethnic variations, or 
differences in methodology.15 
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Mean±SD 1Abnormal DV PIV Normal DV PIV 2Abnormal DV Normal DV 
DV PIV (n=72) (n=567) “a wave” (n=43) “a wave” (n=601) 

All chromosomopathies (n=104) 1.38±0.5 50 (69.4%) 49 (8.6%) 32 (74.4%) 72 (12%) 
p<0.001 p<0.001 

Trisomy 21 (n=48) 1.35±0.4 24 (33.3%) 22 (3.9%) 13 (30.2%) 35 (5.8%) 
p<0.001 p<0.001  

Trisomy 18 (n=20) 1.53±0.6 13 (18%) 6 (1.1%) 8 (18.6%) 12 (2%) 
p<0.001 p<0.001 

Trisomy 13 (n=8) 1.39±0.6 2 (2.8%) 4 (0.7%) 4 (9.3%) 4 (0.7%) 
p=0.14 p<0.001 

Triploidy (n=10) 1.42±0.6 5 (6.9%) 5 (0.9%) 3 (7.0%) 7 (1.2%) 
p=0.003 p=0.02 

Monosomy X (n=9) 1.38±0.5 4 (5.6%) 5 (0.9%) 3 (7.0%) 6 (1%) 
p=0.012 p=0.018 

Others (n=9) 1.14±0.7 2 (2.8%) 7 (1.2%) 1 (2.3%) 8 (1.3%) 
p=0.27 p=0.47 

TABLE 2:  Mean DV PIV values, abnormal/normal DV PIV, and abnormal/normal DV a wave characteristics in all chromosomal  
abnormalities.

1Abnormal DV PIV was defined as DV PIV>1.21; 2Abnormal DV “a wave” was defined as a negative “a wave”, reversed “a wave”, or absent ductus venosus; DV PIV: Ductus venosus 
pulsatility index for veins.



Previous studies mostly reported DV Doppler 
only by evaluating DV as a waveform.8,20-25 The re-
sults of our study demonstrate that each parameter in-
dicating abnormal DV blood flow (abnormal DV “a 
wave” pattern and abnormal DV PIV) could be found 
associated with chromosomal abnormalities when 
compared with controls. On the contrary, Wagner et 
al. reported the combining the DV “a wave” with DV 
PIV for assessment of the DV did not significantly 
improve the detection rates of trisomy 21.26 The con-
cern of that study was the computed risk for trisomies 
based on the combination of DV “a wave” and DV 
PIV measurements may not accurately reflect the true 
risks. Recent studies have compared the detection 
rates of increased DV PIV with the detection rates of 
reversed “a wave” for trisomies and found that the 
DV PIV measurement alone may be more effective in 
detecting these chromosomal abnormalities.27,28  

The use of the quantitative DV flow (DV PIV) 
for screening trisomy 21 has been shown in recent lit-
erature to provide more accurate results compared to 
the qualitative flow assessment with a low positive 
predictive value.6,16,29 By using the ROC curve, our 
study shows that abnormal DV blood flow was pre-
sent in 61.5% fetuses with chromosomal abnormali-
ties with 63.6% sensitivity, and specificity of 60.3%. 
A study by Bilardo et al. found an abnormal DV PIV 
or an abnormal “a wave” in the DV waveform sensi-
tivity of 65% for detecting chromosomal abnormali-
ties.30 Also, Maiz et al. reported that the inclusion of 
DV flow in a combination of maternal age, fetal NT, 
maternal serum fβ-hCG, and PAPP-A markers can 
improve the performance of first-trimester screening 
for aneuploidies.8  

On the other hand, Martinez et al. conducted a 
study that the abnormal DV blood flow was a signif-
icant predictor of CHD in fetuses with normal NT 
and normal karyotype.31 We have detected abnormal 
DV PIV with the absence of enlarged NT in 22 
(21.2%) fetuses in the abnormal karyotype group and 
CHD was detected in 7/22 of these fetuses. A previ-
ous meta-analysis showed that the predictive value of 
abnormal DV during early pregnancy for CHD, re-
gardless of NT status, had a sensitivity and specificity 
of 50% and 93%, respectively.4 Certainly, NT mea-
surement and DV blood flow evaluation should be 

presented as complementary methods in the predic-
tion of aneuploidies in the first-trimester. 

There are some concerns about the accuracy of 
DV blood flow Doppler evaluation due to errors in 
measurement techniques that could lead to misinter-
pretation. It could be difficult to distinguish adjacent 
vessels or DV may not be visible in some cases.30 
Therefore, it is necessary to receive appropriate train-
ing and be experienced in DV Doppler studies for ob-
taining the waveform properly. Concerns about 
assessment of DV flow “a wave” pattern, which 
could be susceptible to operator bias has been over-
come with the use of DV PIV by reducing the bias 
and facilitating assurance comparable with that for 
NT.6 In our study, we could not detect DV in 4.8% of 
the chromosomally abnormal group that was a simi-
lar rate with literature (the incidence of absent DV 
was 5.8% in aneuploidy cases according to Wiechec 
et al. study).32 The appropriate evaluation of the re-
versed “a wave” or absence of DV is crucial because 
these kinds of DV pathologies are usually observed in 
severe cases.32,33 In a study, which analyzed 26 cases 
with absent DV, the incidence of the aneuploidies 
was higher in cases with absent DV and enlarged 
NT.34 We observed that all cases with absent DV 
were trisomies regardless of NT. 

DV-PIV can be used as a continuous variable to 
increase the specificity of screening for CHD. The de-
tection rate for CHD with enlarged NT and increased 
DV PIV was 73%.35 However, prenatal detection rates 
of CHD are still insufficient. One of the limiting fac-
tors for our study was that the number of CHD cannot 
exactly be known due to the termination of some of 
the fetuses in the early weeks of gestation. The other 
limiting factor of the study was its retrospective and 
monocentric design. Furthermore, maternal age and 
NT were observed to be higher in the chromosome ab-
normality group, which may indicate that these could 
be the possible confounders for DV evaluation. On 
the other hand, the strengths of the study that utilizes 
DV Doppler studies for prenatal screening would in-
clude having a single perinatologist, who is highly ex-
perienced in the said field and who has routinely 
measured DV PIV during first-trimester screening. 
Since our clinic is a referral center, chromosomal ab-
normalities have been detected more frequently.  
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 CONCLUSION 
DV PIV measurements could lead to a significant im-
provement in risk assessment for chromosomal abnor-
malities. We suggest that the measurement of DV PIV 
between 11-14 weeks of gestation should be added to 
first-trimester screening. Moreover, if abnormal DV 
PIV were to be present, a careful follow-up scan 
should be performed. DV PIV exceeding 95th centile 
could be typical for the detection of trisomies. Patterns 
of “a wave” could point out rigorously but fewer cases. 
However, we could not make a statement on such lit-
tle study population, further studies with larger series 
are required to evaluate clinical importance. 
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