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A b s t r ac t
Background: The ductus venosus (DV) can be easily identified by color Doppler mapping in the first and second trimesters.
Higher values of DV parameters associated with an increased risk of congenital abnormalities have been established in recent
times, thus making it important for continuous monitoring of DV.
Aim: The purpose of this study was to put normal reference values of duct venosus in normal gestation during the first and
second trimesters.
Materials and methods: A cross-sectional study was performed on 400 consecutive pregnant patients between 10 and 24 weeks
of gestation. The reference value of DV length, DV area, S wave velocity, A wave velocity, pulsatility index (PI), and resistive index
(RI) were calculated.
Results: The DV length ranged from 0.96 to 1.23 cm in the first trimester and 0.96 to 1.62 cm in the second trimester, respectively.
The range of DV area was found between 0.07–0.15 cm2 and 0.07–0.17 cm2 in the first and in the second trimester, respectively.
PI and RI ranged between 0.82–1.40 and 0.62–0.85 in the first trimester and 0.74–1.16 and 0.55–0.77 in the second trimester,
respectively. S and A wave velocities ranged between 11.17–69.66 cm/second and 1.61–25.29 in the first trimester of pregnancy.
The range of S and A wave velocities was between 13.78–97.11 cm/second and 2.96–49.42 cm/second in the second trimester,
respectively.
Conclusion: We sought to establish a reference range based on the population’s percentile module to ease the process of fetal
follow-up, especially in high-risk pregnancies and suspicion of chromosomal or congenital anomalies.
Keywords: Ductus venosus blood flow velocimetry, First trimester and second trimester, Northern India.
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S tat e m e n t
It is stated that the material contained in the manuscript has
not been previously published and is not being concurrently
submitted elsewhere.

Introduction
The DV is a trumpet-like venous connection that connects the
intrahepatic part of an umbilical vein to the infradiaphragmatic
part of the inferior vena cava, just near its entrance into the
right atrium of the heart. In intrauterine life, it is required
to shunt oxygenated blood coming into the umbilical vein
directly to the heart, which is further directed to coronary
circulation and cerebral circulation.1
The DV is strategically located anatomically for directing
oxygenated blood to the fetal heart and brain directly.
Approximately 30% of the oxygenated blood received
from the umbilical vein is distributed to the portal vein by
DV.2,3 During intrauterine life, the interatrial septum is present
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slightly toward the right side in the postnatal life and has a
foramen ovale that connects the right atrium with the left.
Thus with an increase in velocity and volume of blood in DV,
there is dilatation of foramen ovale, through which blood is
further directed towards the left atrium. So, pressure gradient
changes in the DV waveform can be caused by a variety of
conditions affecting cardiac preload or afterload.4 It can be
easily recognized by using color Doppler in the first trimester,
and we can check waveform by using pulsed Doppler.
Abnormal A waves in the DV are regarded as cardiac
dysfunction. Clur et al., 5 in their study described that
abnormal waveform patterns of DV between gestational
age of 10–13+6 weeks have shown an association with
many chromosomal defects, cardiac anomalies, and
also have a poor gestational prognosis. Karakoç et al.6 in
their study concluded that between 16 and 20 weeks of
pregnancy, a reversal of the A wave in the DV is linked
to an increased risk of trisomy 21, preeclampsia, and
gestational diabetes mellitus. Chelemen et al.7 did a study
on the African race that showed abnormal DV parameters
are commonly associated with cardiac defects or an
abnormal karyotype. Abnormal DV waveform pattern
and flow parameters are also associated with an increase
in the risk of cardiac defects in many studies, irrespective
of nuchal translucency status. In a study performed by
Miller et al., 8 it is seen that abnormal waveform pattern
is also associated with raising the likelihood of serious
fetal abnormalities in women with pregestational
diabetes and poor glycemic management. In the case of
twin pregnancies, abnormal DV flow also points toward
some chromosomal abnormalities and cardiac defects.
There is an increased risk of twin-to-twin transfusion
syndrome in cases of monochorionic twin pregnancies
with abnormal DV flow.9 The 11–13 week scan is now
widely recognized as an important component of early
screening for fetal chromosomal and structural defects, as
well as pregnancy-induced hypertension.10 The DV flow is
assessed as part of the 11–13 week scan because research

has shown that abnormal flow in this vessel is linked to
an increased risk of chromosomal abnormalities, cardiac
disorders, and other negative pregnancy outcomes in both
singletons and twin pregnancies.11–13 The diameter of the
vessel, pressure gradient, and blood viscosity will help
us to determine the degree of shunting. Consequently,
values obtained for the different parameters of DV for a
set population became a necessity.
The purpose of this research was to create reference
ranges for DV peak systolic velocity (PSV), maximum velocity
during atrial contraction, systolic velocity/maximum velocity
during atrial wave ratio, RI and PI, and area that could be used
with serial measurements for fetal surveillance, as well as the
terms required to calculate individually conditional reference
intervals for individual serial measurements.

Fig. 1: Normal wave pattern of ductus venous showing A and
S waves in the 13th week of pregnancy

Fig. 2: Normal wave pattern of ductus venous showing A and
S waves in 18th week of pregnancy

182

M at e r i a l s
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Methods

A cross-sectional study was conducted on 400 consecutive
pregnant patients between 10 and 24 weeks of gestation,
referred to the department of radiodiagnosis of our
institute. After informed written consent, during each
session, three measurements of all parameters of DV were
taken on all the patients.
All of the tests were carried out by a single senior
radiologist with at least 10 years of prenatal radiology
expertise. The sonography was done with a GE Voluson
E8, Zipf, Austria machine, and a transabdominal curved
array transducer at a frequency of 2–5 MHz. The high-pass
filter frequency was set to 100 Hz for Doppler inspection,
and the spatial peak-temporal average intensity for
color and pulsed Doppler was <50 and 100 mW/cm 2 ,
respectively (Figs 1 and 2).
Following a thorough description of the process to the
participants, transabdominal sonography was conducted
with the patient laying supine with a slight right or left
twisting to simplify the fetal examination. All Doppler
measures were collected only when there were no maternal
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or fetal movements, as well as no fetal breathing movements.
During the scan, the fetal heart rates were within the normal
range of 120–160 bpm.
For simplification of the study, rounding off the age of
gestation of the fetus was done. Those at 3 days or less were
considered to be in the lower gestational week, while those at
4 days or more were considered to be in the upper gestational
week; for example, a fetus at 19 weeks and 3 days of gestation
were considered to be 19 weeks of gestation, while a fetus
at 20 weeks and 5 days of gestation were considered to be
21 weeks of gestation.

Exclusion Criteria
All fetuses with abnormal karyotypes or major structural
abnormalities, as well as cases of pregnancy loss, were
excluded from the study.

Assessment of DV Flow
In the first trimester of pregnancy, DV mapping is simple
with a color Doppler. It is characterized as the section of the
umbilical vein with the highest velocity. The waveform of
the DV is normal, having three different phases. The first is
the S wave, which is caused by ventricular systole and has
the biggest velocity peak; during this phase, the pressure
gradient between the umbilical vein and the atrium is greatest.
The second wave is the D wave, which is visible in the early
ventricular diastolic phase of the cardiac cycle and is created
by the opening of the atrioventricular valves and early passive
filling of the ventricles. Finally, there is the A wave, which is
formed by atrial contraction in late diastole and has the lowest
velocity during this period.14
The following criteria were met during a DV Doppler
examination:
•

•
•
•

•

•

The examination was performed while the fetus was
still asleep to decrease the effect of motion of Doppler
examination.
The insonation angle was <30°.
The sweep speed was high (2–3 cm/second), with low wall
filters set at a low frequency (50–70 Hz).
The fetus should be in a ventral position. A midsagittal
view of the fetal thorax should be obtained. The image
should be magnified to the point where the fetal thorax
and abdomen fill the entire screen.
The pulsed Doppler sample should be small (0.5–1 mm) to
avoid contamination from adjacent veins, and it should be
placed in the yellowish aliasing area, which is the portion
immediately above the umbilical sinus.
After fulfilling these criteria’s color Doppler, three
recordings of DV were obtained.

Waveforms were evaluated quantitatively, with the PI being the
most commonly used parameter, and qualitatively, with the A
wave classified as positive, absent, or reversed based on the
direction of blood flow during atrial contraction.15,16 To avoid
contamination from adjacent veins, producing the aliasing
artifact and reversal or absence of an A wave in DV assessment,

a proper technique was used, and all these criteria were met
during an assessment of the waveform of DV.

Statistical Analysis
The statistical package for the social sciences software
version 19.0 (IBM Corp. Armonk, New York) was used for
statistical analysis.

R e s u lts
The study enrolled 400 singleton pregnant women with
gestational ages ranging from 10 to 24 weeks and maternal
ages ranging from 18 to 42 years. They were separated into
two groups: 88 pregnant women in the first trimester and
312 pregnant women in the second trimester. The lowest
number of cases analyzed occurred between weeks 15, 16, 17,
and 24, accounting for 12% of all cases investigated, while the
highest number occurred during week 19, accounting for 16%
of all cases reviewed. The calculated reference ranges for DV
length in normal pregnancies showed a parabolic course,
with the minimum length being 0.98 cm and the maximum
length being 1.62 cm, from 0.96 to 1.23 cm with an average
of 1.09 cm in the first trimester, and from 0.96 to 1.62 cm
with an average of 1.24 cm in the second trimester, based
on observations with 1st–99th percentiles.
The estimated reference ranges for DV area (Fig. 3) in the
data revealed a parabolic curve with 1st–99th percentiles and
a mean value of 0.11 cm2 in the first trimester of pregnancy,
with the greatest and lowest values being 0.15 and 0.07 cm2,
respectively. The greatest and lowest values in the second
trimester of pregnancy were 0.17 and 0.07 cm2, respectively
with a mean value of 0.14 cm2.
In terms of color Doppler measurements, the PI declines
dramatically with the increase in gestational age (Fig. 4). Mean
PI in the first trimester was 1.11 with a standard deviation
(SD) of 0.31, and in the second trimester was 0.88 with an SD
of 0.28 (Table 1). The RI follows a similar pattern to the PI. In the

Fig. 3: Line chart DV area with predicted values at the −3–+3 SD.
We can note the rising trend seen with the increase in the
gestation
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first trimester mean, RI was 0.74 with an SD of 0.12, and in the
second trimester of pregnancy, it was 0.64 with an SD of 0.13
(Fig. 5 and Table 2).
With increasing gestational age, the S wave velocity trend
increased (Fig. 6). The mean value of S wave velocity in the
first trimester of pregnancy was 38.30 cm/second with an SD
of 31.36 cm/second. In the second trimester mean value came
out to be 51.40 cm/second with an SD of 37.62 cm/second
(Table 3). In normal pregnancies in both the first and second
trimesters, a similar increase in A wave velocity values was

seen with increasing gestational age of the fetus (Fig. 7). It
had a mean value of 11.38 cm/second in the first trimester
of pregnancy with an SD of 9.7 and 21.10 cm/second in the
second trimester with an SD of 18.2 cm/second (Table 4).

Fig. 4: Line chart showing PI of DV with predicted values at the
−3–+3 SD. We can note the falling trend seen with the increase
in the age of gestation

Fig. 6: Line chart showing a trend of S wave of DV with predicted
values at the −2 –+2 SD

Fig. 5: Line chart showing RI of DV with predicted values at the
−3–+3 SD. We can note the falling trend seen with the increase
in the gestation

Fig. 7: line chart showing a rising trend in A wave with an
increase in gestation with predicted values at the −3–+3 SD

D is c u ssi o n
The DV is seen as a tapered part of an umbilical vessel. It acts like
a sphincter and projects a jet of high-velocity blood toward the
right atrium, causing distension of the foramen ovale.12,13 The
normal DV Doppler flow shows a positive triphasic waveform

Table 1: Predicted values of PI of DV with at the −3–+3 SD
Weeks of gestation

−2 SD

−1 SD

Mean

1 SD

2 SD

0–10 weeks
10–15 weeks
15–20 weeks
20–24 weeks

0.921
0.76
0.68
0.58

0.98
0.85
0.73
0.62

1.18
1.03
0.89
0.79

1.35
1.18
1.08
1.02

1.38
1.23
1.16
1.1
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Table 2: Predicted values of RI of DV at the −3–+3 SD
Weeks of gestation
10
15
20
24

−3 SD

−2 SD

−1 SD

Mean

1 SD

2 SD

3 SD

0.62
0.54
0.45
0.4

0.65
0.58
0.5
0.43

0.67
0.6
0.53
0.46

0.75
0.67
0.61
0.56

0.84
0.76
0.71
0.68

0.85
0.8
0.76
0.73

0.9
0.85
0.8
0.78

Table 3: Predicted values of S wave at the -3–+3 SD
Weeks of gestation

−2 SD

−1 SD

Mean

1 SD

2 SD

17
21
26
32

21
26
32
40

35
40
50
62

51
57.5
66
76

55
63
72
82

0–10 weeks
10–15 weeks
15–20 weeks
20–24 weeks

Table 4: Predicted values of A wave at the −3–+3 SD
Weeks of gestation
10
15
20
24

−3 SD

−2 SD

−1 SD

Mean

1 SD

2 SD

3 SD

2
2.4
4.2
9.1

3.1
3.9
7.2
11.8

4.1
6.1
10.3
14.6

9.6
13.5
17.5
22

15.1
20.8
28.2
36.1

17.2
23.1
32.1
39.8

19.8
25.8
35.2
42

pattern consisting of three positive waves during the entire
cardiac cycle. S wave is the first wave peak during ventricular
systole, the second wave, the D wave, is seen in the early
diastolic phase, and lastly, a smaller wave, the A wave is seen
during late diastole, produced by contraction of atrial.
Several authors explored the clinical and scientific
importance of DV blood flow characteristics in detecting
congenital heart abnormalities in fetuses.17,18 Despite
this, there is no well-established link between irregular
DV flow and difficult monochronic multiple pregnancies,
chromosomal disorders, or poor fetal destiny.1–3 As a result,
obtaining values for the various parameters for various DV
waves for a given population assumes significance.
Bahlmann et al.,19 in their study provided DV PSV curve
reference ranges values of 48 cm/second at 14 weeks,
and 65.71 cm/second at 20 weeks, whereas in the present
study, these values were 41.4 cm/second at 14 weeks of
gestation and 56.5 cm/second at 20 weeks of gestation.
The average PSV values in the present study at 11 weeks
were 37.14 cm/second, at 16 weeks, 44.69 cm/second, and
at 20 weeks, 51.58 cm/second, which showed significant
resemblance to the Axt-Fliedner et al. 20 studies in
which average values were 36.1 cm/second at 11 weeks,
44.5 cm/second at 16 weeks, and 56.5 cm/second at
20 weeks of gestation. The reference intervals of DV PSV
were 60.81 cm/second at 21 weeks in another longitudinal
study by Kessler et al.,21 whereas outcomes in the present
study showed reference intervals of DV PSV at 52.5 cm/second
at 21 weeks. In previous studies, the authors noted a
sequential rise in average peak flow; additionally, our

reference ranges are markedly lower in this study. The
discrepancy is most probably due to different patient
population and also the different statistical techniques used
to define the reference interval.
We have displayed a pattern for A wave velocity with
some dissimilarities when comparing reference values of
DV A wave velocity chart of our study with those written by
Bahlmann et al.,19 and Axt-Fliedner et al.20
Values found in our study for the DV PI curve were similar
to those of studies done by Tongprasert et al.22 We presented
a pattern for PI that had minor range deviations, but it
was still close to our reference values. Our findings were
likewise consistent with those of Axt-Fliedner et al.,20 who
discovered a parabolic pattern. During the period from 14 to
20 weeks gestation study done by Tongprasert et al. 22 it
showed that all of the four indices rapidly decreased and
were relatively stable or slightly decreased with advancing
gestational age. Our references, on the other hand, were
higher than that seen in a study done by Pokharel and
Ansari. 23 The discrepancy was attributable to the fact that
the earlier study had a lower sample size (200 pregnancies)
than our study (400 pregnancies), and also, the study
did not link the PI with gestational age with a scattered
distribution. The reference curve for the RI was found to
have a parabolic pattern by Bahlmann et al.19 (at 14 weeks
was 0.67, at 30 weeks was 0.48, and at 40 weeks was 0.46).
Similar results were found by Axt-Fliedner et al. 20 (at
11 weeks was 0.77, at 14 weeks was 0.69, and at 20 weeks
was 0.51), while ours were at 11 weeks was 0.75, at 14 weeks
was 0.65, and at 20 weeks was 0.61.
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Comparison of the reference range of the DV area curve and
the reference range of Pokharel and Ansari,23 our results were
close to each other (was 1.08 cm2 after 17 weeks and 1.32 cm2 after
19 weeks). The data processing speed and vertical reference range
of the index are suitable for both individual observations and a
series of measurements. Analysis of the numerical values of the
evaluated parameters showed similarities and inconsistencies
compared to other studies conducted in normal pregnancies. In
general, the observed differences may be due to differences in
patient population size and age, statistical analysis, and the design
of each study. Also, some deviations are observed in the reference
range, probably depending on the instrument, the experience
of the sonologist, the SR technique, the angle correction, and
the position of the pulse Doppler sample volume in the DV. The
main limitation in the present study was that variation in various
parameters according to different genders cannot be studied
in accordance with the provisions of the Pre-conception and
Prenatal Diagnostic Techniques Act of India.

C o n c lu si o n
The DV Doppler index is a major concern in fetal follow-up,
especially in high-risk pregnancies, and suspicion of
chromosomal or congenital anomalies. Therefore, the need to
sit in a normal area is very important. We sought to establish a
reference range based on the population’s percentile module.
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