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Abstract. Abnormal nuchal translucency (NT) thickness and 
ductus venosus (DV) blood flow have been associated with 
trisomy 21, 18 and 13. However, the association of abnormal 
DV with these aneuploidies varies among clinical studies. 
The present study examined the possibility of using NT 
combined with DV for the early diagnosis of the three 
aforementioned aneuploidies in the Western Chinese popula-
tion, focusing on three aspects: Biological pathway analysis, 
theoretical statistical analysis and clinical data analysis from 
1,962 first‑trimester pregnant women from Western China. 
The pathway and statistical analyses performed suggested the 
reliability of integrating NT and DV in the prediction of the 
three aneuploidies. The clinical data analysis suggested that 
integrating NT and DV, compared with NT alone, resulted in 
increased predictive power (34.09 vs. 22.45%), better rejec-
tion probability (0.21 vs. 0.44%), increased specificity (96.71 
vs. 94.07%) and increased sensitivity (89.47 vs. 80.49%). The 
present results suggested the reliability of integrating NT and 
DV for the early diagnosis of trisomy 21, 18 and 13 for the 
Western Chinese population. The present results provided 
novel statistical analyses to the field of prenatal diagnosis in 
the Western Chinese population.

Introduction

The ductus venosus (DV) is a blood vessel specific to the fetal 
period and belongs to an important blood circulatory network. 

DV blood flow allows oxygenated blood from the placenta to 
bypass the liver (1). In 1991, using ultrasound, Kiserud et al (2) 
observed the DV in fetuses between middle and late pregnancy, 
investigating the spectrum of the blood flow. A previous study 
investigated the association between fetal DV and chromosomal 
abnormalities in the first trimester of pregnancy (8‑14 weeks) (3).

The most common aneuploidy‑associated syndromes are: 
Down syndrome caused by trisomy 21 (T21), Patau syndrome, 
caused by trisomy 13 (T13), and Edwards syndrome, caused by 
trisomy 18 (T18) (4). Nuchal translucency (NT) thickness is an 
established method for the prediction of all three diseases (5‑7). 
A previous study suggested that abnormal DV may be the cause 
for the increased NT thickness in the case of aneuploidy (8). 
DV assessment may improve early detection of congenital 
heart defects compared with NT measurement alone (9). In 
addition, Maiz et al (10) demonstrated that abnormal DV was 
associated with T21, T18 or T13. Maiz et al (10) observed that 
~7.7% of fetuses presented abnormal DV, and these fetuses 
exhibited a thicker NT. Therefore, NT and DV may be used for 
the early diagnosis of trisomy.

Although multiple previous studies tested the feasibility of 
combining NT and DV for the prediction of the three trisomies 
(T21, T18 and T13), the results were variable (Table I). The 
association between abnormal DV and T21 varied between 
38.3 and 92.1%, depending on the population examined (11,12). 
Furthermore, previous studies tested the reliability of inte-
grating NT and DV for the diagnosis of T21 in the Chinese 
population (13), and in the diagnosis of the other two trisomies 
(T18 and T13) (10). In the present study, a multi‑level analysis 
was performed to test the reliability of combining NT with DV 
for the prediction of T21, T18 and T13 in the Western Chinese 
population. The present study aimed to provide novel statis-
tical analyses to the field of prenatal diagnosis in the Western 
Chinese population.

Materials and methods

Study design. Pathway analysis was conducted to derive 
association data from literature. Subsequently, Bayes' 
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theorem‑based statistical analysis was performed to calculate 
the conditional probabilities. The formulas based on Bayes' 
theorem describe how to calculate the probability of an event, 
based on its association with another event (14). Additionally, a 
statistical analysis was performed based on clinical data from 
1,962 first‑trimester pregnant women from Western China.

Pathway analysis. Data regarding the associations between 
diseases and genes, and among various diseases were 
obtained from the Pathway Studio (www.pathwaystudio.com; 
version 12.0) (15) generated by the MedScan® text‑mining 
tool (16). The Pathway Studio database contains all abstracts 
from PubMed and millions of full‑text articles from journals 
belonging to Elsevier B.V. (Amsterdam, The Netherlands).

Statistical estimation. Besides sensitivity and specificity, the 
present study aimed to use Bayes' theorem to estimate the 
disease predictive power and disease rejection power consid-
ering a thickened NT, an abnormal DV or the two parameters 
combined.

Sensitivity using DV, NT or the two parameters combined. The 
sensitivity using X to predict Y is described as a conditional 
probability p(X/Y), which is calculated using Bayes' theorem, 
(Equation i).

	 p(X/Y) = p(X/Y)/P(Y)� (i)

Where X = DV, NT or (DV||NT); Y = T21, T18, T13 and T. 
Where (DV||NT) represents one of the combinations of DV 
or NT, and T represents any of the three trisomies examined.

Specificity using DV/NT or the two combined. The specificity 
of using X to predict Y is described by the conditional prob-
ability (Equation ii).

	 p(X/Y) = p(X/Y)/P(Y)� (ii)

Where X = DV, NT or (NT&DV); Y = T21, T18, T13 or T.

Predictive power using DV/NT or the two combined. According 
to Bayes' theory, the predictive power of using X to predict Y is 
calculated with Equation iii. The predictive power defines the 
probability of Y considering that X occurred.

	 p(Y/X) = p(XY)/P(X)� (iii)

Where X = DV, NT, DV&NT and DV&NV; Y = T21, T18, T13 
and T. The predictive power is associated with the reliability of 
using X as an indicator for the prediction of Y.

Rejection power using DV/NT or the two combined. The rejec-
tion power of using X to predict Y is expressed as a conditional 
probability (Equation iv), which indicates the probability of Y 
based on the fact that X did not occur.

	 p(Y/X) = p(XY)/P(X)� (iv)

Where X = DV, NT and (DV&NT); Y = T21, T18, T13 and 
T. The conditional probability p(Y/X) is negatively associated 

with the rejection power. A high rejection power indicates high 
reliability of using X as an indicator for the prediction of Y.

Clinical data. A total of 2,098 pregnant women were recruited 
for the present study. The data obtained were categorized into 
two groups (N1 = 960 and N2 = 1,138). In the first group, NT 
thickness and DV blood flow were examined. In the second 
group, only NT thickness was measured. The inclusion 
criteria were: Single pregnancy, early fetal NT examination, 
11‑13 weeks pregnancy and fetal crown‑rump length (CRL): 
45‑84 mm. Patients were recruited between January 2010 
and December 2014 in The West China Women and Children 
Hospital Affiliated to Sichuan University (Chengdu, China). 
The exclusion criteria were: Severe organ dysfunction, lack 
of follow‑up, fetal chromosomal abnormalities other than 
the three trisomies examined in the present study, severe 
fetal abnormalities and miscarriage. The present study was 
approved by The Ethics Committee of Sichuan University. 
Informed consent was signed by all patients. Following 
removal of the patients meeting the exclusion criteria, the first 
group consisted of 903 patients and the second group consisted 
of 1,059 patients.

NT and DV data acquisition. For the two groups, the 
morphology of the fetus in the first trimester was analyzed and 
NT was measured. The ultrasonography test was performed 
by four physicians in the hospital. Ultrasound examination 
was performed in 10 min. The frequency of the probe was 
3.5‑5.0 MHz. The ultrasound machines used were: Voluson 730 
(GE Healthcare, Chicago, IL, USA), Sequoia 512 (Siemens AG, 
Munich, Germany) and IU22 (Philips Healthcare, Andover, 
MA, USA). The thermal index was <0.8 and the mechanical 
index was <0.77. Routine fetal examinations (including number 
of fetuses, CRL, placenta and amniotic fluid) were conducted 
to confirm the gestational age. The ultrasound results were 
recorded prior to NT measurement. NT measurements were 
performed according to The Fetal Medicine Foundation 
system (17). NT was considered abnormal when the NT was 
≥3 mm or when fetal cystic hygroma was detected.

The DV waveforms were measured in the first group 
(N1  =  960), and the NT was additionally measured. The 
DV blood flow was directed into the atrium and the flow 
velocity detected was higher compared with the peripheral 
vein blood flow. The sampling frame of 2 mm was placed 
at the beginning of the catheter. The sound beam and blood 
flow direction were close to 0 ,̊ using a Doppler correction 
angle <60 .̊ Doppler velocity curve of the venous pulse was 
examined when the fetus was in resting state. The average 
velocity during five cardiac cycles was automatically calcu-
lated and recorded by the built‑in software of the instrument. 
The total time of detection of the DV was <3 min. In the case 
of normal DV flow, all waves indicated the forward direction 
of blood flow (Fig. 1A). These waves include the ventricular 
contraction wave, the ventricular diastolic and the atrial 
contraction wave (A wave). DV blood flow was considered 
abnormal when the absence or the reversal of the A‑waves 
were detected (Fig. 1B).

Other examinations and follow‑up. Pregnant women exhib-
iting the following fetal chromosomal abnormality risk 
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factors: Thickened NT, >35 years old, serological abnormali-
ties, adverse reproductive history, adverse pregnancy exposure 
history and family history of genetic disease, were recom-
mended to undergo a karyotype test following amniocentesis 
or cordocentesis. A follow‑up study was conducted by a team 
composed of an obstetrician, a pediatrician and ultrasonolo-
gists, with the aim to analyze the results of the karyotype test, 
neonatal examination and, in case of miscarriage, examination 

of the fetus following labor induction. Communication by tele-
phone, face‑to‑face interviews and hospital records were used 
to conduct the follow‑up study.

Results

Pathway analysis. The pathway analysis suggested that three 
genes, jagged 1, pappalysin 1 (PAPPA) and 5'‑nucleotidase 
ecto, and nine diseases were associated with all three triso-
mies (T21, T18 and T13). Furthermore, certain genes and 
diseases identified were associated with NT and DV (Fig. 2). 
Specifically, NT and DV were associated with congenital heart 
defects and with PAPPA. The present results suggested that 
NT and DV are associated with all three trisomies, which 
suggested the possibility of using NT with DV as a clinical 
indicator for the diagnosis of T21, T18 and T13.

Statistical analysis. Mathematical statistical analysis using 
Bayes' theorem suggested that combining DV and NT may 
lead to increased specificity and sensitivity. However, to 
improve the prediction and rejection power using the combi-
nation of DV and NT, certain conditions are required, which 
were described above in the ‘Prediction power’ and ‘Rejection 
power’ sections. X1 was selected to indicate the occurrence of 
abnormal NT, and X2 to indicate the occurrence of abnormal 
DV. Y indicates the occurrence of any trisomy among T13, 
T18 and T21.

Improved sensitivity. As p((NT ||DV)&Y) ≥ p(NT&Y), i.e., 
p((X1||X2)&Y) ≥ p(X2&Y), subsequently,

	 � (v)

Where p((X1||X2)/Y) refers to the sensitivity of using NT and 
DV to predict Y (e.g., when one of the conditions of NT or DV 
occurs, Y occurs); p(X2/Y) refers to the sensitivity of using NT 
alone to predict Y. Equation v suggested that combining NT 
with DV may lead to an improved sensitivity in predicting the 
occurrence of trisomies.

Table I. Previous studies demonstrating various co‑occurrence rates of abnormal DV and trisomies.

Author, year	 n	 T21	 T18	 T13	 Population examined	 (Refs.)

Maiz et al, 2009 	 19,800	  81/122 (66.4%)	   21/36 (58.3%)	 11/20 (55%)	 British	 (10)
Prefumo et al, 2005 	      572	    18/47 (38.3%)	 ‑	 ‑	 British	 (11)
Matias et al, 1998 	      486	    35/38 (92.1%)	  12/12 (100%)	        5/7 (71.4%)	 Mixed	 (12)
Hsiao et al, 2014 	 20,586	    12/25 (48.0%)	 ‑	 ‑	 Chinese, Taiwanese	 (13)
Murta et al, 2002 	      372	   18/18 (100%)	      1/1 (100%)	       2/2 (100%)	 Brazilian	 (18)
Zoppi et al, 2002 	      325	 14/20 (70%)	    6/7 (85.7)	       1/1 (100%)	 Italian	 (19)
Borrell et al, 2003 	   3,382	 36/48 (75%)	 17/24 (71%)	 ‑	 Spanish	 (20)
Antolin et al, 2001 	      924	        5/7 (71.4%)	       3/3 (100%)	 ‑	 Spanish	 (21)
Toyama et al, 2004 	   1,097	     5/7 (71.4)	     3/5 (60%)	       1/1 (100%)	 Brazilian	 (22)
Stressig et al, 2011 	   3,648	      5/35 (14.3%)	 ‑	 ‑	 German	 (23)
Wagner et al, 2016 	   4,641	 ‑	 32/40 (80%)	      8/13 (61.5%)	 German	 (24)

DV, ductus venosus; T, trisomy.

Figure 1. DV flow assessment. Fetuses with (A) normal and (B) abnormal DV 
during the 13th week of pregnancy. DV, ductus venosus.
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Improved specificity. As p(NT&DV&Y ) ≥ p(NT&Y ), i.e., 
p(X1&X2&Y) ≥ p(X2&Y), subsequently,

	 � (vi)

Where p(X1&X2/Y) is the specificity of using NT with DV 
to predict Y; p(X2/Y) is the specificity for using NT alone to 
predict Y. Equation vi suggested that, theoretically, combining 
NT and DV may lead to an improved specificity in predicting 
the occurrence of trisomies.

Prediction and rejection power. The prediction probability 
p(Y/X1) describes the probability of Y based on the fact that 
X1 occurs. The rejection probability p(Y/X1) describes the 
probability of Y based on the fact that X1 does not occur. In 
order to improve the reliability of the diagnosis, increased 
predictive power and decreased rejection probability are 
required. If p(Y/X1 X2) < p(Y/X1 X2), using X1 with X2 can lead 
to improved predictive power and rejection power compared 
with X1 alone. However, clinical data are required to estimate 

and test the conditional probabilities derived by Bayes' 
theorem.

Clinical results. The occurrence of each trisomy in different 
cases are presented in Table II. The first group was composed 
of 903 subjects. Among these subjects, 58 presented DV 
abnormality, 63 exhibited thickened NT, and 44 presented 
abnormal DV and thickened NT, concomitantly. The second 
group was composed of 1,059 patients. A total of 84 patients 
exhibited thickened NT. The statistical analyses associated 
with DV were performed considering data from the first group. 
Regarding NT, data from the two groups were considered. 
The results of the statistical analyses performed are presented 
in Table III. Collectively, the sensitivity, specificity and the 
predictive power were calculated, considering DV alone, NT 
alone or combining DV and NT.

The results presented in Table III suggested that, in order 
to predict the occurrence of trisomies, combining DV and NT 
resulted in increased sensitivity and specificity compared with 
one indicator alone. Accordingly, combining the two indicators 

Figure 2. Diagram of the functional network demonstrating possible associations between NT and DV, and T21, T18 and T13. Network was built using Pathway 
Studio software and it contains three common genes (highlighted in yellow), nine common associated diseases (not highlighted), and two clinical parameters: 
NT and DV (highlighted in green). DV, ductus venosus; NT, nuchal translucency; T, trisomy. For detailed description of the network, please refer to the 
supplementary file (https://figshare.com/s/8a2728cf0d42502eece4).

Table II. A total of 41 cases of trisomies from the two groups of 1,962 participants.

	 Group 1 (N1 = 903)	 Group 2 (N2 = 1,059)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
T	 DV&NT	 DV&NT	 DV&NT	 NT	 NT	 Total 

T21	 10	 1	 2	 13	 4	 30
T18	   3	 1	 ‑	   3	 ‑	   7
T13	  2	‑	‑	     2	‑	    4
Any	 15	 2	 2	 18	 4	 41

DV, ductus venosus; NT, nuchal translucency; T, trisomy.
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increased the predictive power by over 50%, and the rejection 
power increased by over 40%, as presented in Fig. 3.

Discussion

While NT has been well accepted as prospective screening 
indicator of chromosomal abnormalities, recently, DV wave 
form has also been suggested as an additional clinical maker 
for the early trisomy diagnosis (18). However, previous studies 
considering various populations led to contrasting results, and the 
number of previous studies analyzing the Chinese population is 
limited (3‑7,10‑13). The present study investigated the reliability 
of combining DV and NT for the early diagnosis of the three most 
common trisomies in Western China: T21, T18 and T13. The anal-
yses performed were based on: Investigation of previous literature, 
theoretical statistical analysis and analysis of clinical data.

The pathway analysis suggested that DV and NT were asso-
ciated with multiple risk factors, including diseases and gene 
dysregulations that were associated with the three trisomies, as 
shown in Fig. 2. Note that for each relation (edge) presented in 
Fig. 2, there were one or more supporting references. In total, 
there were about 825 references supporting the relationships 
presented in Fig.  2 (please see ‘Additional data’ available 
at https://figshare.com/s/8a2728cf0d42502eece4). In addition to 
the directly reported relationships (19,20), other evidences were 
also presented in the pathway (Fig. 2) in favor of the rationality 
of using both NT and DV for the detection of chromosomal 
abnormalities. Previous studies suggested that NT thickness, 
DV abnormalities and the expression levels of PAPP‑A may be 
considered in the diagnosis of chromosomal abnormalities to 
increase the detection rate and decrease the rate of false posi-
tives (21,22). Both NT screening and DV have been suggested 

Figure 3. Comparison of the diagnosis power using three parameters: DV, NT and DV with NT. (A) Normalized predictive power: All the prediction probabili-
ties were normalized to NT alone. (B) Normalized rejection power: The reciprocal rejection probabilities were normalized to NT alone. Reciprocal rejection 
probability is presented since the rejection probability and the rejection power are inversely associated. The color of the bars does not reflect the value of the 
variables but is merely to increase the visibility of the figure. DV, ductus venosus; NT, nuchal translucency.

Table III. Probabilities calculated using the two datasets.

Statistics values	 Cases	 T21, %	 T18, %	 T13, %	 Any T, %

Sensitivity	 p (DV/T)	 84.62	 100.00	 100.00	 89.47
	 p (NT/T)	 76.67	 85.71	 100.00	 80.49
	 p ((NT&DV)/T)	 84.62	 100.00	 100.00	 89.47
Specificity	 p (DV/T)	 94.81	 93.91	 93.77	 95.35
	 p (NT/T)	 93.58	 92.79	 92.7	 94.07
	 p ((NT&DV)/T)	 96.27	 95.36	 95.32	 96.71
Predictive Power	 p (T/DV)	 18.97	 6.90	 3.45	 29.31
	 p (T/NT)	 15.65	 4.08	 2.72	 22.45
	 p (T/(NT&DV))	 22.73	 6.82	 4.56	 34.09
Rejection Power	 p (T/DV)	 0.332	 0	 0	 0.22
	 p (T/NT)	 0.386	 0.055	 0	 0.44
	 p (T/(NT& DV))	 0.27	 0	 0	 0.21

Other probabilities estimated p(DV) = 6.42%, p(NT) = 7.49% and p(DV&NT) = 4.87%. DV, ductus venosus; NT, nuchal translucency; T, trisomy; 
p[T/(NT&DV)] = 0.80%; p[T/(NT&DV)] = 14.29%.
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in the detection of congenital heart defects (21). On the other 
hand, fetal heart diseases have been strongly associated with 
T21 (22), T18 and T13 (23). That both NT and DV were clinical 
markers for trisomy‑related diseases (e.g., congenital heart 
defects)  (18,24,25) may partially explain the rationality of 
using NT and DV as clinical markers for the early diagnosis of 
all three trisomies. Mathematical statistical analyses suggested 
that combining NT with DV may improve the prediction sensi-
tivity and specificity in the diagnosis of trisomies. Furthermore, 
for the purpose of diagnosis, the predictive power and rejection 
power are important factors to consider. The predictive power 
describes the occurrence probability of a trisomy when at least 
one risk factor was detected. The rejection power represents 
the occurrence probability of any trisomy when no risk factors 
were detected. In order to make an accurate diagnosis, it is 
important to increase the prediction probability and decrease 
the rejection probability. Unlike sensitivity and specificity, 
the analysis of predictive power and rejection power requires 
validation using clinical data.

Clinical data from 1,962 Western Chinese patients were 
used to calculate sensitivity, specificity, and prediction and 
rejection probabilities. The present results suggested that 
the combination of NT and DV led to improved sensitivity 
and specificity. Specifically, when abnormal NT and DV 
were observed concomitantly, the occurrence probability of 
any trisomy increased, compared with NT alone (34.09% 
vs. 22.45%). In case of normal NT and DV the occurrence 
probability was decreased by over 50% (0.205% vs. 0.441%). 
Additionally, when only NT or DV presented abnormalities, 
the occurrence probability of trisomy was 0.80% in the case 
of thickened NT alone and 14.29% in the case of abnormal 
DV alone (Table III). Furthermore, compared with NT or DV 
alone, combining NT and DV resulted in increased predictive 
power and rejection power.

Additional statistical parameters were estimated, including 
overall abnormal DV rate (6.4%), overall abnormal NT rate 
(7.49%) and concomitant abnormal DV and NT rate (4.87%). 
Notably, abnormal NT alone led to various occurrence rates 
of T21, T18 and T13 (76.67, 85.71 and 100%, respectively). 
The present estimated values are consistent with previous 
studies (8,10,22). Additionally, the clinical results suggested 
that fetuses with abnormal DV presented a significant thicker 
NT (3.9 mm) compared with fetuses with normal DV (1.4 mm), 
consistent with the hypothesis that abnormal DV is associated 
with thickened NT (3). Notably, the differences observed may 
be specific of the population of patients considered; the present 
study only analyzed Western Chinese women. In the present 
study, the sensitivity of T21 prediction using only DV (~84.6%) 
was different from the previous study of Hsiao  et  al  (13) 
(~48.0%), where a Southern Chinese population was consid-
ered. In addition to the association between T21 and abnormal 
DV, the possibility of using abnormal DV to predict the occur-
rence of T18 and T13 was examined. This possibility was 
not investigated by previous studies analyzing the Chinese 
population, to the best of the authors' knowledge. Therefore, 
the present study may provide novel statistical analyses to the 
field of prenatal diagnosis in the Western Chinese population.

Although combining NT and DV may significantly increase 
the predictive power, the prediction probability remains insuf-
ficient (34.09%). Therefore, besides NT and DV, other factors 

may exist that influence the occurrence of trisomy‑associated 
diseases. In the present study, normal NT (and normal DV for 
group one) were detected for two fetuses with aneuploidy from 
group one and five fetuses from group two. In case of normal 
NT and DV, the aneuploidy may be due to the advanced 
reproductive age or serological abnormalities of the mother, 
as recorded in the clinical data. Therefore, further studies 
analyzing a number of clinical datasets are required in order 
to identify additional clinical parameters, besides NT and DV, 
that may be associated with the occurrence of chromosomal 
aneuploidy.

The present study is based on a multi‑level analysis, and 
suggested that, without conducting further screening and thus 
increasing the cost of the analysis, combining DV and NT 
may increase the predictive power in identifying trisomies 
(T21, T18 and T13), leading to an improvement in prenatal 
diagnoses. The present results may provide insight into the 
field of prenatal diagnosis of chromosome abnormalities in the 
Western Chinese population.
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