ORIGINAL ARTICLE

J Nepal Med Assoc 2017;56(205):124-31

OPEN ACCESS

Fetal Ductus Venosus Pulsatility Index and Diameter during Second
and Third Trimester of Gestation

Pratit Pokharel," Mukhtar Alam Ansari'

'Department of Radiology, Institute of Medicine, Kathmandu, Nepal.

ABSTRACT

Introduction: The ductus venosus is a small funnel shaped vessel found posterior to the fetal liver
connecting the intra-abdominal umbilical vein and the inferior vena cava. It is one of the three
physiological shunts in the fetus. The main objective of this study is to construct the reference table
and normogram for fetal ductus venosus Pulsatility Index and diameter with gestational age.

Methods: This was a prospective cross sectional study conducted during August 2011 to July
2012 taking 294 uncomplicated pregnancies using systemic random sampling method. Three
measurements were made for ductus venosus diameter and Pulsatility Index in each fetus during
period of fetal quiescence.

Results: The ductus venosus diameter at <20weeks, 20-25 weeks, 25-30 weeks, >30 weeks were 1.16,
1.31, 1.62, 1.81 and Pulsatility Index at <20weeks, 20-25 weeks, 25-30 weeks, >30 weeks were 0.41,
0.44, 0.41 and 0.41 respectively.

Conclusions: The mean diameter of the ductus venosus was linear across gestational age. The
Pulsatility Index shows a scattered distribution across the gestational age.
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INTRODUCTION

The ductus venosus (DV) is one of the three physiological
shunts in the fetus. It has been extensively investigated
in animal models."2

The improved color Doppler techniques help analyze the
venous vessels across gestation period showing flow
patterns; normal and abnormal in the human fetus.3*
Its application has been used in fetal growth restriction,
complicated monochorionic multiple gestation, fetal
hydrops, and arrhythmia.® It has also been used in
detection of cardiac defects in chromosomally normal
fetuses, during the first trimester scan.® They are also
useful in the management of early onset placental
insufficiency and Doppler parameters correlate with pH
at birth.”

DV Pulsatility Index (Pl) along with other parameter
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has also been used to increase the effectiveness of the
second trimester screening test.® A normogram for DV
Doppler indices has been advocated as a non-invasive
tool for the evaluation of fetal cardiac function with
limited confidence.’® A ductus venosus Pl greater than
the 90" percentile was associated with aneuploidy,
small for gestational age and low birth weight infants.!

The aim of the study was to find out a normal range for
the ductus venosus Pl and smallest diameter in normal
fetuses throughout the gestation period.
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METHODS

This was a prospective cross sectional study carried
out in Department of Radiology & Imaging, Tribhuvan
University, Teaching Hospital from August 2011 to July
2012. The study was conducted in singleton pregnancies
between 20 and 30 weeks of gestation. The ethical
approval was taken from Institutional Review Board of
IOM. The protocol included the Doppler interrogation of
fetal ductus venosus during periods of fetal quiescence
and data were used to construct the normograms and
percentile fitted curves of fetal ductus venosus PI for
different gestational age. Systemic Random sampling
of cases were done. Every fourth case of the previous
case was taken.

The patients with confirmed gestational age with
normal structural scanning, negative diabetic screening
at 24 to 28 weeks’ gestation, without any medical or
bad obstetrics history with normal previous pregnancy
were included. Whereas, pregnancies of undetermined
period of gestation with a history of maternal smoking,
multiple pregnancies, a diagnosed fetal abnormality in
current pregnancy, previous history of preeclampsia,
intrauterine growth retardation, abruptio placenta or
preterm delivery and not willing to give consent for the
study were excluded from the study.

Patients referred for the routine obstetric examination
from the department of Obstetrics and Gynecology and
who met the inclusion criteria were included in the study
after obtaining informed consent. Detailed information
was recorded in a pre-designed data collection sheet.
Information included were particulars of the patient,
brief history mainly risk factors for adverse pregnancy
outcome, gestational age determined from ultrasound
examination before 20 weeks of gestation or from last
menstrual period and the patient’s blood group. While
calculating the gestational age, those at 3 days and
below were taken in lower gestational week and those
after 4 days and above were taken in higher gestational
week. For example, a patient at 20 weeks and 2 days
gestation was taken as 20 weeks and a patient at 20
weeks 5 days gestation was taken as 21

weeks.

During the examination, the mother reclined supinely,
with some rotation either to the right or left side to
facilitate the evaluation. The ductus venosus can
be visualised in its full length in mid sagittal section
of the fetal trunk. In the oblique transverse section
through the upper abdomen, it can be found where
color Doppler indicates high velocities as compared to
intra-abdominal umbilical vein. In Doppler velocimetry,
the most consistent measurement could be obtained
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by placing the sample volume at the initial half
portion of the length of the ductus venosus. The flow
velocity waveform of the ductus venosus displays the
continuous forward flow throughout the cardiac cycle.
The ductus venosus was identified by the color aliasing
of the vessel arising from the intra abdominal umbilical
vein; the color scale then increased and then color gain
reduced till the echogenic surfaces of the ductus venosus
nearly display transparent color flow. For reduced
intraobserver variations, three measurements were
made in each fetus during quiescence and normograms
were constructed from the results by using an average
of three measurements for each normal fetus.

The statistical analysis was carried out by using SPSS
software package version 17.0 (SPSS Inc., Chicago, IL,
USA). Obstetric characteristics are presented as mean
+ standard deviation. The ductus venosus diameter
and Pulsatility Index obtained from the fetuses were
plotted against gestational age and the correlation
coefficients were determined by using Pearson’s
correlation. The normal values of the ductus venosus
diameter and Pulsatility Index were presented as b5th,
50th and 95th percentile ranks. P-value <0.05 was
considered statistically significant. Normograms and
percentile fitted curves were obtained.

RESULTS

Fetal ductus venosus diameter and Pulsatility Index
were measured in total of 294 singleton uncomplicated
pregnancy. Total 233 (79.3%) pregnant women were
in age group 20-30 and 144 (49.3%) were primigravda
(Table 1).

Table 1. Maternal demographics.

Characteristic Number (n=294)

Age (mean +SD) 26.13+3.9
Median (Inter Quartile range) 27 (29-23)
Range (max-Min) 17 (35-18)
Age Group

Less than 20 26 (8.8)
20-30 233 (79.3)
More than 30 35 (11.9)
Gravida

Mean + sd 2+1
Median(1Q) 2 (2-1)
Primi Gravida 145 (49.3)
Gravida 2 97 (33.0)
Gravida 3 or more 52 (17.7)
Parity

Mean +SD 1+1
Median(lQ) 1-0

Parity O 145(49.3)
1 97(33.0)
2 or more 52(17.7)
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Maternal age ranged from 18 to 35 years with the
mean age being 26.13 = 3.9 years (Figure 1).

was at 22 weeks of gestation. Minimum number of
pregnancies (2.0%) was at 17 weeks (Figure 2).
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Figure 2. Distribution of Period of Gestation.

Figure 1. Age distribution.

Pregnancies between 17 and 33 weeks of gestation
were studied. Maximum number of pregnancies (10.5%)

Clients were classified into 4 groups according to period
of gestation; less than 20 weeks, 20-25 weeks, 25-30 weeks
and more than 30 weeks. One hundred and fourteen
(38.77%) of clients were in the group 25-30 weeks period
of gestation (Table 2).

Table 2. Comparison of characteristics of clients according to POG.

20-25

Characteristics <20 weeks (n=24)

weeks(n=94)

Age 25.25 +3.44 25.97 +3.69
Age Group

<20 yrs 0 9(9.7)
20-30 yrs 21(87.5) 77(82.8)
>30 yrs 3(12.5) 7(7.5)

25-30weeks(n=114) >30 weeks (n=63)

26.22 +3.95 26.56+4.25
13(11.4) 4(6.3)
88(77.2) 47(74.6)
13(11.4) 12(19.0)

Mean diameter of the ductus venosus diameter and the Pulsatility Index were calculated and shown (Table 3).

Table 3. Ductus venosus diameter and pulsatility

index according to period of gestation.

POG Ductus venosus Ductus venosus
diameter (Mean + SD) Pl (Mean +SD)

17 1.07+0.03 0.41+0.06

18 1.16+0.01 0.47+0.04

20 1.17+0.02 0.36+0.03

22 1.26+0.01 0.40+0.02

23 1.30+0.02 0.42+0.02

24 1.34+0.04 0.41+0.02

25 1.45+0.06 0.40+0.03

26 1.52+0.02 0.50+0.02

27 1.57+0.03 0.39+0.04

28 1.62+0.04 0.39+0.01

29 1.75+0.03 0.49+0.03

30 1.78+0.02 0.44+0.03

31 1.80+0.02 0.42+0.02

32 1.81+0.01 0.37+0.05

33 1.82+0.02 0.38+0.02

Mean ductusvenosus diameter

17 18 20 22 23 24 25 26 27 28 29 30 31 32 33
POG

Figure 3. Variation of mean ductus diameter accord-
ing to gestation age.
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Table 4. Ductus venosus diameter and pulsatility index according to period of gestation group.

Characteristics <20 wks (n=24)

Ductus Venosus

20-25 wks (n=94)

25-30wks (n=114) >30 wks (n=63)

Diameter 1.34+0.09

Mean +sd 1.14+0.05 1.31(1.41-1.27) 1.65+0.01 1.89+0.02

Median(IQ) 1.16(1.18-1.12) 1.62(1.76-1.55) 1.81(1.83-1.79)

Ductus Venosus Pl

Mean

Median 0.41+0.06 0.41+0.02 0.45+0.05 0.39+0.04
0.41(0.46-0.34) 0.41(0.43-0.38) 0.44 (0.50-0.39) 0.41(0.42-0.37)

g g
T g

Mean pulsatility index
8
1

0.10-

17 18 20 22 23 24 25 26 27 28 29 30 31 32 33
POG

Figure 4. Variation in Pulsatility Index according to

gestational age.

Ductus venosus diameter and Pulsatility Index mean
and median were calculated according to the gestational
age groups (Table 4).

The fetal ductus venosus diameter showed significant
correlation with period of gestation. (Table 5) but did
not show statistically significant correlation with ductus
venosus Pulsatility Index.

Table 5. Correlation of fetal ductus venosus diameter.

Pearson’s correlation

However, fetal ductus venosus Pulsatility Index didn’t
show significant correlation with period of gestation or
dustus venosus diameter (Table 6).

Ductus venosus diameter has significant correlation with
period of gestation in each period of gestation group with
best correlation in 25-30 weeks (0.94, p<0.001) and least in
>30 weeks (0.46, p>0.001) (Table 7).

Table 7. Correlation of fetal ductus venosus diameter
according to various gestational age group.

<20 wks 20-25 wks 25-30 wks >30wks

Eﬁ:?fii?elo-” 0.89 0.94 0.46
(<0.001) (<0.001) (<0.001) (<0.001)
(p-value)

The 95th percentile of the fetal ductus venosus diameter
and pulsatility indices were 1.83 mm (range =0.83
mm [1.86-1.03]) and 0.51 (range = 0.26 [0.56-0.30])
respectively. Fetal ductus venosus diameter increases
exponentially whereas Pl value do not correspondingly
increases with gestational age (Table 8), (Figure 6,7).

Table 8. Percentiles scores of ductus venosus
diameter and Pulsatility Index according to gestational
age.

Ductus venosus
Ductus venosus PI

POG diameter

17

5th 1.03 0.34
50th 1.08 0.41
95t 1.13 0.52
18

5th 1.15 0.43
50th 1.17 0.49
95" 1.18 0.52

coefficient p-value

POG (by date) 0.97 <0.001
POG (by USG) 0.97 <0.001
Ductus venosus PI 0.06 0.29
Table 6. Correlation of fetal ductus venosus
Pulsatility Index.

Pearson’s correlation p-value

coefficient
POG (by date) -0.024 0.67
POG (by USG) -0.005 0.97
Ductus venosus 0.06 0.29
diameter
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20 32
5th 1.14 0.33 5th 1.77 0.30
50th 1.17 0.36 50th 1.80 0.34
958 1.21 0.46 g5t 1.82 0.44
22 &3
5th 1.24 0.34 5th 1.79 0.36
50th 1.27 0.41 50th 1.82 0.38
95t 1.28 0.44 95t 1.86 0.42
23 The scatterplots of the fetal ductus venosus diameter
5th 1.25 0.37 and Pulsatility Index over the gestational
50th 1.31 0.43 age are presented in Figure 5 and Figure 6 respectively.
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DISCUSSION

Cross-sectional observations were obtained in 294
uncomplicated singleton pregnancies between 17 and
33 weeks of gestation. Reference ranges for fetal
ductus venosus diameter and pulsatility
constructed based on these observations. Continuous
increasing indices of fetal ductus venosus diameter
with advancing gestational age were obtained, which
confirms previous observations as in my study (Table
7.8).

index was

Doppler evaluation of the fetal ductus venosus has
increased our depth of understanding of many fetal
conditions. The ductus venosus has an important
role in the regulation of nutrient partitioning in the
fetus. Alterations in cardiac afterload, contractility
compliance, intravascular volume status, and heart
rate may significantly impact on the ductus venosus
flow. Accordingly, ductus venosus Doppler is useful
in the management of conditions that put the fetus at
risk for cardiovascular deterioration. The application
of DV Doppler in fetal growth restriction, complicated
monochorionic multiple gestation, fetal hydrops, and
arrhythmia has been discussed in many studies.®

Pulsatility of flow velocity waveforms in the ductus
venosus are the consequence of changes in pressure
difference between the venous system and the right
atrium during the heart cycle. When the atrial contraction
increases pressure, this is seen as a reversal in the
otherwise forward flow pattern of the ductus venosus.
When atrial pressure is higher during contraction
the reversal pattern will be more exaggerated. The
Pulsatility Index of the ductus venosus is normally
below 1.0 during gestation between 2" trimester and
term. Pulsatility above 1.0 is an indicator of high central
venous pressure and a harbinger of congestive heart
failure and hydrops or of right ventricular obstructive
lesions such as tricuspid valve atresia.?®

Our findings suggest mean diameter of ductus venosus
increasing with gestational age with highest correlation
seen between 25 to 30 weeks and least after 30 weeks
(Table 3, 4). Chanthasenanont A et al demonstrated
that the mean diameter of the Ductus Venosus was
linear across gestation (DV diameter = 0.36 + (0.04
x GA), (p < 0.05) for male fetuses and DV diameter
= 0.32 + (0.05 x GA), (p < 0.05) for female
fetuses.?® Another studies done by Chanthasenanont
A, Pongrojpaw D, Somprasit C in Thailand also suggest
linear association across 20 to 30 weeks gestational
age however it doesn’t show the variations at different
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gestational age.'” This shows that the ductus venosus
diameter done on different populations and races
shows the same linear pattern, unless proven wrong or
different variation in the future.

In contrast to ductus venosus diameter, Pulsatility Index
in our study doesn’t correlate with gestational age and
shows scattered distribution (Figure 6), however the
value is below 1.0 in all gestatinal ages (Table 3,4,
Figure 6). The values are relatively at stable level of 0.41
upto 25 weeks, rises in 25 to 30 weeks to 0.44 and
again come back to same ranges with slight variation
(Figure 6, Table 8). The study by Kessler et al, shows
the Pulsatility Index for veins decreased from 0.57 at
21 weeks to 0.44 at 40 weeks.?" Notably, during the
period from 14 to 20 weeks' gestation, Pulsatility Index
rapidly decreased and they were relatively stable or
slightly decreased after that as shown by Tongprasert
et al in his study.’ A similar non linear correlation has
also been demonstrated by some studies with more
tendency towards a decreasing pattern.’® The possible
explanation could be population variation, however more
studies showing tendency towards a decreasing pattern
may suggest a different explanation. Other explanation
could be age related variation, difference in sample size
at various gestational size and variation in technical
judgement during measurement of the Pulsatility Index.
Pulsatility Index values along with other parameters
has also been used as a reference values in low risk
pregnancy.?? Evaluation of the DV pulsatility is a useful
additional variable for predicting the risk for mortality
in fetuses with isolated structural CHD, in particular in
fetuses with defects of the AV septum and with defects
affecting predominantly right ventricular function. As
there is no fetal hydrops without abnormal DV, this
is another sign for the association of DV and cardiac
failure.®

The limitation of the present study can be multiple.
The error of judgement of the radiologist during the
study period cannot be excluded. The miniature size
of the ductus venosus, habitus of the patient while
doing the procedure, cooperativity of the patient during
study period can affect the accuracy of the results of
the study. Although sample size was adequate, lack
of stratification of gender, ethnicity, and probable
individual genetic and anatomic variation were difficult
to consider in the study which can give some variation
in result. Generalization of hospital based study to the
Nepalese population can also show some errors hence it
is recommended that a better well designed population
based epidemiological study and possibly a regional and
global based study can address the various population
and genetic variation and provide accuracy to the
results.
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CONCLUSIONS

Reference ranges for fetal ductus venosus diameter and
pulsatility indices were constructed.

Linear increment in the fetal ductus venosus diameter
with advancing gestational age was obtained. The
Pulsatility Index showed a scattered distribution. The
present study could be used as a baseline data for
evaluation of cardiovascular changes in pregnancies
with fetuses at risk for hypoxia and acidemia because
of anemia, congenital heart disease, congestive heart
failure and intrauterine growth restriction.
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