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Background: Doppler studies of the fetal circulation have demonstrated the importance of the ductus venosus

in the continuous monitoring of fetuses, especially those of high-risk pregnancies that can lead to abnormal
pregnancy outcome. We tried to put reference values for the normal ductus venosus (DV) flow in normal gestation
to be used in further studies assessing the different pathologies.

Results: The DV length ranged from 9.8 to 20.9 mm, and the diameter ranged from 0.6 to 2.3 mm. The DV
pulsatility index, resistive index, and systolic velocity/maximum velocity during atrial wave ratio declined linearly
with increasing of gestational age and were increased after that during the last weeks of pregnancy. Ductus
venosus S wave and A wave velocities increased linearly from a mean of 38.30 at the first trimester to 61.68 at
the third trimester and from a mean of 11.38 at the first trimester to 30.71 at the third trimester respectively.

Conclusion: A reference range of the normal ductus venosus different Doppler parameters was constructed in a
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Background

The ductus venosus (DV) is a tiny vein connecting the
umbilical circulation directly to the inferior vena cava
where 20-30% of the highly oxygenated blood from the
placenta bypasses the hepatic circulation and flows
through the ductus venosus directly towards the for-
amen ovale into the left atrium [1].

Ductus venosus has characteristic wave forms charac-
terized by two peaks during systole (S wave) and diastole
(D wave). In contrast to the neighboring inferior vena
cava and hepatic veins, the blood flow normally remains
orthograde during atrial contraction giving another peak
during atrial contraction in late diastole (A wave) [2, 3].

The phases of the DV flow-velocity waveform are re-
lated in timing to the phases of the cardiac cycle and
concurrent volume and pressure changes in the cardiac
chambers. Thus, changes of the venous flow-velocity
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profile may be interpreted to reflect cardiac function.
However, although widely considered a parameter of
cardiac preload, DV Doppler indices do not show repro-
ducible relationships with parameters of cardiac function
in normal and high-risk pregnancies [4, 5].

One of the possible explanations is that traditional DV
Doppler indices are not directly related to cardiac func-
tion. Understanding the relationship between venous
flow dynamics and cardiac function is of critical import-
ance to reach an accurate interpretation of Doppler
findings [6].

Doppler studies of the fetal circulation have demon-
strated the importance of the DV in the continuous
monitoring of fetuses with intrauterine growth restric-
tion due to placental insufficiency, with some reports
demonstrating an association of abnormal DV flow pat-
terns and fetal chromosomal abnormalities, congenital
cardiac defects, or adverse pregnancy outcome in high-
risk pregnancies where increased values of the pulsatility
index for veins (PIV) and absent or reversed flow during
atrial contraction were related to abnormal pregnancy
outcome [7-9].
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In this study, we tried to put reference values for the
normal DV flow in normal gestation to be used in fur-
ther studies assessing the different pathologies.

Methods

Patients

This was a longitudinal multi-centric study including
230 low-risk singleton pregnancies. Doppler ultrasound
examination of the DV was carried out between the 11th
and 40th week of gestation, with more than one assess-
ment of Doppler examination, and was performed by
one radiologist. The research protocol was approved by
the local Ethics Committee following the Helsinki
Declaration with informed written consent obtained
from every subject involved in the study prior to the
examination.

Gestational age was confirmed by first-trimester
crown-rump length measurement or assessment of head
biometry (BPD and HC), abdominal circumference (AC),
and femur length (FL) at second and third trimesters.
The ultrasound examinations were predominantly done
transabdominally: only in the case of suboptimal abdom-
inal access that the examination was performed trans-
vaginally especially in those at the late first trimester,
and this was performed in 10 cases.

Patient selection was based on certain inclusion cri-
teria including no risk pregnancy, singleton pregnancy,
accurate gestational age based on the last menstruation
date adapted with ultrasound parameters, gestational age
between 11 and 40 weeks, normal fetal growth (between
10th and 90th percentiles of the growth chart), normal
amniotic fluid volumes, and normal resistance indices in
the umbilical artery and the middle cerebral artery.

Those with the following criteria were excluded:
multiple pregnancies, fetal malformation or chromo-
somal abnormalities, maternal chronic disease (hyper-
tension, diabetes mellitus, rheumatic or autoimmune
disease), hydrops fetalis and consumption of hormonal
contraceptive agents, IUGR (birth weight of less than
10th percentile), macrosomia (birth weight of more than
90th percentile), labor activity, and satisfactory DV
Doppler waveform could not be obtained.

The study population of 230 women (690 observations
as DV examined at least three times) was recruited from
the normal pregnancy population to a prospective longi-
tudinal observational study of the ductus venosus flow
velocities and calculated.

Methods

Three measurements per session were performed for
each woman. The scan was performed in a quiet room
with a pleasant temperature where the patient was
positioned in horizontal dorsal decubitus with a slightly
right or left rotation to facilitate the evaluation, and all
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Doppler measurements were obtained in the absence of
maternal and fetal movements as well as of fetal breath-
ing movements. The fetal heart rates were within a
physiologic range of 120—-160 bpm during the scan.

While calculating the gestational age, those at 3 days
and below were taken in lower gestation week and those
after 4 days and above were taken in higher gestational
week; for example, a patient at 20 weeks and 2 days ges-
tation was taken as 20 weeks and a patient at 20 weeks
and 5 days gestation was taken as 21 weeks.

Doppler ultrasound measurements were recorded
using the transabdominal 2—5-MHz curved-array trans-
ducer (Philips HD9, Philips HD11, GE LOGIC P3 and
GE LOGIC P5). The high-pass filter was set at 100 Hz,
and the spatial peak-temporal average intensity for color
and pulsed Doppler was less than 50 mW/cm? and 100
mW/cm?, respectively.

The DV Doppler waveforms were determined as follows.

The DV was visualized first by color Doppler imaging
in a midsagittal view or in an oblique transverse abdom-
inal plane to identify the vessel connecting the umbilical
vein and the inferior vena cava. Color aliasing was usu-
ally found within the DV as there is an approximately
two- to threefold increase in blood flow velocity at the
origin of the ductus venosus from the umbilical vein.

Pulsed Doppler gate was then placed at the origin of
the DV in the distal portion of the umbilical sinus where
it can be visualized in its full length in a midsagittal
section of the fetal trunk whether sagittal anterior or
posterior positions.

If the sagittal views were not possible, then an oblique
transverse section through the fetal abdomen provided a
good visualization of the DV inlet. The size of the sam-
ple volumes used ranged between 2.5 and 6 mm per the
vessel diameter to reduce the interference of velocities
from the neighboring vessels. The sample volume was
kept wide to ensure the recording of the maximum vel-
ocity during the cardiac cycle, usually a 1-2-mm sample
gate. The color scale was then increased and then color
gain reduced till the echogenic surfaces of the ductus
venosus nearly displayed transparent color flow.

The ductus venosus length and diameter were re-
corded followed by measuring the waveforms which
were traced automatically and manually, with an insona-
tion angle < 30° used to measure the DV peak systolic
velocity (PSV), maximum velocity during atrial contrac-
tion (VAC), systolic velocity/maximum velocity during
atrial wave ratio (S/A ratio), resistive index (RI), and pul-
satility index (PI) (Fig. 1).

For reduced inter-observer variations, at least three
consecutive high-quality waveforms were recorded in
each fetus during quiescence and normograms were
constructed from the results by using an average of three
measurements of each normal fetus.
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Fig. 1 A triplex image showing the DV measurement of a 22 weeks' fetus in sagittal view with the normal Doppler spectrum

Statistical methods
Statistical analysis was done using Stata®© version 15
(StataCorp LLC, College Station, TX, USA) and
MedCalc©® version 18 (MedCalc© Software bvba,
Ostend, Belgium).

The methodology used to model the reference inter-
vals for Doppler parameters on gestational age was
based on the methods described by Altman (1993),
Altman and Chitty (1993), and Wright and Royston (1997).

The method includes the following steps:

1. If the distribution of the measurements (the
variable for which to establish a reference interval)
shows skewness at different levels of gestational age,
the measurements are transformed using a Box-Cox
power transformation.

2. The transformed measurements are modeled on
gestational age using weighted polynomial
regression (Altman & Chitty, 1994). This regression
model gives the mean of the (transformed)
measurements as a function of gestational age:
mean (gestational age).

3. The residuals of this regression model are
calculated.

4. The absolute residuals, multiplied by /% , are
modeled on gestational age using weighted
polynomial regression (Altman, 1993). This second
regression model gives the standard deviation of the
(transformed) measurements as a function of
gestational age: SD (gestational age).

5. For every gestational age in the observed range,
the reference interval is calculated by taking
mean (gestational age) + z x SD (gestational age).
For a 95% reference interval, z = 1.96. The
resulting values are then back-transformed to
their original scale.

Results

A total of 230 singleton pregnant women were recruited
into the study with gestational ages from 11 to 40 weeks;
their maternal age ranged from 18 to 45 years old with
the mean age being 26.1 + 6.7 years old. They were
distributed as 18 pregnant females at the first trimester,
87 at the second trimester, and 125 pregnant females at
the third trimester (Fig. 2). The minimum number of
studied cases was at the weeks 20, 23, 26, 27, and 29
representing 4.5%, while the maximum number was at
week 38 representing 11.8%.

The calculated reference ranges for DV length in normal
pregnancies based on 690 observations with 1th—99th per-
centiles showed a parabolic course where the minimum
length was 0.98 cm and the maximum length was 2.09 cm
(from 0.98 to 1.21 cm with an average of 1.09 cm at the first
trimester, from 0.98 to 1.60 cm with an average of 1.24 cm
at the second trimester, and from 1.34 to 2.09 cm with an
average of 1.67 cm at the third trimester).

The calculated reference ranges for DV diameter in
the 690 observations also showed a parabolic curve with
1st—99th percentiles. It ranged from 0.06 to 0.16 cm with
an average of 0.11 at the first trimester, from 0.08 to
0.18 cm with an average of 0.15 cm at the second trimes-
ter, and from 0.13 to 0.23 cm with an average of 0.16 cm
at the third trimester (Fig. 3).

Regarding the Doppler measurements, we found a sig-
nificant decrease in the pulsatility index (PI) parameter
with increasing gestational age where it ranged from
0.84 to 1.39 with an average of 1.10 at the first trimester,
from 0.74 to 1.16 with an average of 0.88 at the second
trimester, and from 0.45 to 1.34 with an average of 0.75
at the third trimester; however, a separate increase in
the measuring was noted at week 33 till 39.5 weeks
which correlates with the 95th, 98th, and 99th percen-
tiles (Fig. 4).
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Resistive index (RI) also showed a similar pattern to
the PI with a range of 0.62 to 0.85 with an average of
0.72 at the first trimester, from 0.55 to 0.77 with an
average of 0.54 at the second trimester, and from 0.36 to
0.83 with an average of 0.53 at the third trimester. A
similar increase was also noted at weeks 34.5 till 39.5
corresponding at 95%, 98%, and 99% percentile (Fig. 5).

The S wave velocity on the other hand showed a
significant increase with increasing gestational age. It
ranged from 11.17 to 69.66 cm/s with an average of
38.30 cm/s at the first trimester, from 13.78 to 97.11 cm/
s with an average of 51.40 at the second trimester, and
from 27.77 to 94.27 cm/s with an average of 61.68 at the
third trimester. However, there was another reduction of
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Fig. 3 Scattered diagram of gestational age individual measurement and calculated reference ranges for DV diameter in normal pregnancies

25
20
g 15 L
= i
&
S i
;5
10 |
5‘1....1....1....1.
10 15 20 25
GA (weeks)
based on 690 observations with 1th-99th percentiles (blue lines)

30 35 40




Zytoon et al. Egyptian Journal of Radiology and Nuclear Medicine (2020) 51:7 Page 5 of 11

1.6}
1.4}
1.2 |-
1.0 - Centiles
T —— 0.01-0.99
> E — 0.025 - 0.975
=] —— 0.05-0.95
0.8 |- —— 0.10 - 0.90
0.6 |-
0.4 -
L Y Y ST ST TV VYA Y Y
10 15 20 25 30 35 40
GA (weeks)
Fig. 4 Scattered diagram of gestational age individual measurement and calculated reference ranges for DV Pl in normal pregnancies (690
observations) with 1th-99th percentiles (blue lines)

\

the measuring parameter at 32.5 till 39.5weeks corre- wave velocity with increasing gestational age. It ranged
sponding to 95th, 98th, and 99th percentiles (Fig. 6). from 1.61 to 25.29 cm/s with an average of 11.38 at the
The calculated reference ranges for DV A wave velocity  first trimester, from 2.96 to 49.42 cm/s with an average of
in normal pregnancies (690 observations) from 1th to  21.10 at the second trimester, and from 9.65 to 56.57 cm/s
99th percentiles showed a significant increase in the A with an average of 30.71 at the third trimester (Fig. 7).
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Fig. 5 Scattered diagram of gestational age individual measurement and calculated reference ranges for DV Rl in normal pregnancies (690
observations) with 1th-99th percentiles (blue lines)
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Consequently, the calculated reference ranges for DV
S/A ratio showed a significant decrease in the S/A ratio
with increasing gestational age where it ranged from
2.47 to 5.94 with an average of 2.83 at the first trimester,
from 2.11 to 4.53 with an average of 2.94 at second tri-
mester, and from 1.54 to 5.02 with an average of 2.55 at
third trimester. The measuring parameter increased
again from 28 to 38 weeks at 95th, 98th, and 99th
percentiles.

Discussion

The DV has a sphincter-like action. It appears as a nar-
row vessel projecting a high-velocity jet posteriorly to
reach the foramen ovale. The high peak velocity in the
DV, comparable with arterial velocities, probably gives
the blood sufficient momentum to reach the foramen
ovale without extensive mixing with the deoxygenated
blood [10, 11]. Velocimetry of the DV carries new diag-
nostic possibilities to evaluate preload or cardiac
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Fig. 7 Scattered diagram of gestational age individual measurement and calculated reference ranges for DV A wave velocity in normal
pregnancies (690observations) with 1th-99th percentiles (blue lines)
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function. The normal Doppler flow waveform of the
ductus venosus indicates the continuous triphasic for-
ward flow throughout the cardiac cycle with a peak dur-
ing systole, another one during passive diastolic filling,
and a smaller nadir during atrial contraction [12, 13].

Several studies investigated the diagnostic value of
ductus venosus blood flow in detection of fetuses with
congenital heart disease, hypoxic or congestive fetal
myocardial diseases both from a clinical and a scientific
point of view. There is now a well-documented associ-
ation between abnormal DV flow and complicated
monochrionic multiple gestation, chromosomal anomal-
ies, and adverse fetal outcome [1-3, 14].

Hence came the need for sitting reference values for
the ductus venosus different waves. The purpose of this
study was therefore to establish longitudinal reference
ranges for DV PSV, VAC, S/A ratio, RI, PI, and diameter
suitable for use with serial measurements for fetal sur-
veillance, and we have also provided the necessary terms
for calculating individually conditional reference inter-
vals suitable for individual serial measurements.

The reference ranges we have established for the DV
differ slightly from those of other cross-sectional studies.
In comparison, the reference ranges of DV PSV curve
published by Bahlmann et al. [15] were at 14 weeks 48,
at 30 weeks 65.71, and at 40 weeks 65.83, while our re-
sults were at 14 weeks 41.4, at 36 weeks 62.63, and at 40
weeks 57.11. Comparing with Axt-Fliedner et al. [16] (at
11 weeks 34.1, at 16 weeks 45.5, and at 20 weeks 57.5),
our results were at 11 weeks 37.14, at 16 weeks 44.69,
and at 20weeks 51.58. Our findings were close to
Bahlmann et al’s [15] findings which had few observa-
tions for the last weeks of pregnancy, also close to Axt-
Fliedner et al.’s [16] findings which had few observations
in the early weeks and excluded fetuses with biometric
parameters of the head and abdomen outside the 90%
reference interval.
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In comparison with another longitudinal study of
Kessler et al. [17], the reference ranges of DV PSV were
at 21 weeks 60.81, at 31 weeks 71, and remained at this
level until 40 weeks) while our results were at 21 weeks
53.29, at 31 weeks 64.72, and at 40 weeks 57.11. The au-
thors noted a linear increase in mean peak flow in the
previous studies; furthermore, our reference ranges are
lower than those reported in this study, as demonstrated
in Fig. 8. The observed difference may most likely be
due to the different statistical methods used in establish-
ing the reference range and to the different size of the
patient population.

In comparison to our reference DV A wave velocity
curve with those published by Bahlmann et al. [15], Axt-
Fliedner et al. [16], and Kessler et al, [17], we have
demonstrated a pattern for A wave velocity with some
difference in ranges. Our findings were higher than
Kessler et al’s [17] findings as shown in Fig. 9; the ex-
planation for this difference might be that Doppler
traces with mono- and biphasic flow patterns with com-
parably high end-diastolic velocities were included in
their analysis as they were considered a normal variant,
while in our study these traces were excluded. In
addition, differing methods for statistical analysis may
account for this difference.

In our study, DV S/A ratio nomogram had a parabolic
pattern close to that found by Bahlmann et al. [15] (at
20 weeks 2.58, at 30 weeks 2.01, and at 40 weeks 1.99),
that is probably attributed to the fact that the Doppler
standard curves of the ductus venosus described in both
studies were derived from a large patient population and
show greater homogeneity of the measuring values for
the individual weeks of gestation.

There was a slight difference in range compared to the
work of Tongprasert et al. [18] and a wide difference
when compared to Axt-Fliedner et al. [16] as shown in
Fig. 10. This difference is probably depending on

Bahlmann et al
Axt-Flinder et al

— Kessler et al

Current study
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Fig. 8 Gestational age-related reference intervals for S wave velocity estimated by the current study as contrasted with those obtained from
previous studies
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equipment, insonation techniques, angle correction, and
racial factors. These findings suggest that each popula-
tion group may probably need its own normal reference
range for clinical application.

Regarding the DV PI curve, our references were close
to those published by Bahlmann et al. [15] and Tonga-
prasert et al. [18]. We have demonstrated a pattern for
PI with some difference in ranges; however, it was deter-
mined to be close to it. Per Bahlmann et al. [15], the
calculated indices were associated with markedly greater
reliability and less intra-individual variation than which
of maximum flow velocities, and we have demonstrated
that their PI pattern was like our present results at mid-
gestation, but lower than our results later in pregnancy,
as shown in Fig. 11. The difference may be due to that
reference curves were constructed for individual measur-
ing parameters based on growth function from a four-
parameter class of monotonic continuous functions
according to the smallest square principle. And the same

Doppler velocimetry technique used by this study was
an explanation of the similarity.

Tongaprasert et al. [18] on the other hand found that
the DV indices decreased relatively rapidly at the first
half of pregnancy and were relatively constant or slightly
decreased during the second half of pregnancy. There-
fore, the linear equation could not be used in evaluating
DV velocity in the first half of pregnancy, and this may
be the cause that our present results were higher than
those obtained by that study. The measurement of DV
indices can be achieved in most women both in early
and late pregnancy, and reproducibility is well acceptable
as indicated by inter- and intra-observer variations may
be another explanation.

Our findings were in close relation with Axt-Fliedner
et al’s [16] findings that were characterized by a
parabolic pattern; the similarity with their result was
probably due to the use of the same insonation angle
correction.

S/A Ratio

S/A ratio

— Bahlmann et al
— Axt-Flinder et al
— Tongprasert et al
— Current study

]

T

8 12 16 20 24 28

GA (wk)

previous studies

Fig. 10 Gestational age-related reference intervals for S/A ratio estimated by the current study as contrasted with those obtained from
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Fig. 11 Gestational age-related reference intervals for DV Pl estimated by the current study as contrasted with those obtained from

On the other hand, our references were higher than
those obtained by Kessler et al. [17] and Pokharel et al.
[19]. The difference was attributed to the fact that the
former study showed a smaller sample size than our
study (160 pregnancies) and the latter study did not cor-
relate the pulsatility index with the gestational age with
scattered distribution; however, their values were below
1.0 in all gestational ages.

Bahlmann et al. [15] found that the reference curve for
the RI was characterized by a parabolic pattern (at 14
weeks 0.67, at 30 weeks 0.48, and at 40 weeks 0.46). Axt-
Fliedner et al. [16] also showed similar results (at 11
weeks 0.77, at 14 weeks 0.69, and at 20 weeks 0.51),
while our results were at 11 weeks 0.75, at 14 weeks 0.69,
at 20 weeks 0.61, at 30 weeks 0.54, and at 40 weeks 0.52.

Our findings were in close relation with Bahlmann’s
findings especially during 16—24 weeks, but higher than
those later in pregnancy. It was demonstrated that our
reference ranges were lower than those obtained by Axt-
Fliedner et al. (Fig. 12); in their study, the ratios were

calculated from the respective ductus venosus flow vel-
ocities; different statistical analysis and different sample
size may explain the different results.

Comparing our reference ranges of DV diameter curve
with those published by Pokharel et al. [19], our results
were close to each other (their results were 1.08 at 17
weeks, 1.44 at 25 weeks, and 1.82 at 33 weeks) while our
results are at 17 weeks 1.13, at 25 weeks 1.40, and at 33
weeks 1.71.

Our longitudinal reference ranges for the DV velocities
and indices are suitable both for single observations and
for serial measurements (when using the corresponding
terms). Analysis of the numerical values of the parame-
ters assessed showed similarities and disagreements
compared with other studies conducted on normal
pregnancies.

In general, the differences observed could have been
due to the different size and age of the patient popula-
tion, statistical analysis, and design of each study. And
some variation in reference ranges is seen, probably

DV RI
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Fig. 12 Gestational age-related reference intervals for DV Rl estimated by the current study as contrasted with those obtained from
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depending on the equipment, sonologist experience,
insonation techniques, angle correction, and positioning
of the sample volume of pulsed Doppler in the DV.

The strengths of this study are (1) the adequate sample
size for each gestational week; (2) large numbers of ob-
servations, each case was examined at least three times;
and (3) that we also included fetuses in the late first tri-
mester and early second trimester [11-19], unlike most
other studies. Moreover, inter-observer variations of the
measurement are acceptable.

The limitation of the present study can be multiple.
The error of judgment of the radiologist during the
study period cannot be excluded. The miniature size of
the ductus venosus, habits of the patient while doing the
procedure, and cooperativity of the patient during the
study period can affect the accuracy of the results of the
study.

The technical pitfalls in DV measurement should be
mentioned here: this measurement is occasionally time
consuming and not always simple, especially when
fetuses are in an improper position.

Our longitudinal reference ranges for the DV velocities
and indices are suitable both for single observations and
for serial measurements (when using the corresponding
terms). Analysis of the numerical values of the parame-
ters assessed showed similarities and disagreements
compared with other studies conducted on normal
pregnancies.

Conclusion

Ductus venosus Doppler indices are raising great con-
cern in the follow-up of the fetuses, especially those of
high-risk pregnancies and suspected chromosomal or
congenital anomalies. Hence, the need of sitting normal
range is of great importance. We tried to put a reference
range based on a centile module for our population.
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