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Abstract
Purpose: Pulse wave velocity (PWV) provides information regarding blood pulse pressure. This study
examines the feasibility of using commercially marketed dual Doppler technology to measure PWV in the
aorta of the human fetus.

Methods: Thirty-two singleton pregnant women participated. Eight women (tocolysis group) were given
ritodrine hydrochloride and the other 24 women (normal group) were not. The descending aorta of the
fetus was depicted in the longitudinal direction. Two distant sample volumes were set and two Doppler
waveforms were simultaneously obtained. The distance between the two sample volumes was divided by
the time interval between the start of the two waveforms, and a PWV value was obtained. 1) Scatter
diagrams for the gestational week and PWV were made, and a linear regression analysis was determined.
2) The PWV for the normal group was compared with the PWV for a group described in a previous report,
one measured using ultrasonic phased-tracking. 3) The PWV values in the tocolysis group were
compared with those in the normal group.

Results: 1) Signi�cant correlations between PWV and gestational weeks were not found. 2) The mean
(SE) of the PWV was 2.1 (0.12) m/sec, which was similar to the PWV (2.2 (0.069) m/s) measured with
ultrasonic phased-tracking. 3) The mean (SE) of the PWV (2.6 (0.25) m/s) in the tocolysis group was
larger than that in the normal group (p = 0.032).

Conclusions: The PWV of the descending fetal aorta can be accurately and conveniently measured with a
commercially marketed ultrasound machine. 

Introduction
Information regarding blood pressure is very important in evaluating the cardio-vascular state in clinical
settings; however, for fetuses, there has never been a non-invasive and practical way to do this
evaluation.

Several studies have tried to evaluate the blood pressure of fetuses in utero. After doing animal
experiments, Fujita et al. [1] reported that the aortic pressure and aortic wall distension waveforms were
similar and that an analysis of the distension waveforms using an echo-tracking system could provide
information regarding fetal aortic blood pressure. Mori et al. [2] measured human fetal aortic diameter
waveforms using a phase-locked loop echo tracking system to obtain the arterial pressure waveform.
Struijk et al. [3] estimated fetal blood pressure from two-dimensional color Doppler-derived aortic blood
�ow and diameter waveforms.

An arterial wall distension change is called a pulse. The pulse transmits distally, and the speed of this
transmission is de�ned as pulse wave velocity (PWV). PWV depends on the blood pulse pressure.
Miyashita et al. [4] measured PWV in the human fetal aorta using an ultrasonic phased-tracking method
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and estimated pulse pressure. However, up to now, there has been no way to measure human fetal artery
diameter waveforms or PWV using a device that is available for clinical use.

Recently, some ultrasonographic machines on the commercial market come equipped with dual Doppler
technology, which allows simultaneous measurements of two independent Doppler signals from two
different locations. In principle, PWV can be calculated by the time interval between the two different
Doppler signals and the distance between the two locations in an artery. Wang Z et al. [5] reported that
the PWV of the common carotid artery in a human adult could be measured using the dual Doppler
method.

It follows that fetal PWV can also be measured with the dual Doppler technology; however, there have
been no reports of PWV measurements in fetuses using this technology. The purpose of this study was to
examine the feasibility of using commercially marketed dual Doppler technology to measure the PWV in
the descending aorta of human fetuses.

Materials And Methods

Subjects
Thirty-two singleton pregnant women at 22–41 gestational weeks participated in the study. They
delivered babies of an appropriate weight for their gestational weeks between February and October 2019
at Teikyo University Hospital. None of the babies had any anomalies. Twenty-four of the women (normal
group) were given no medications. The other 8 women (tocolysis group) were diagnosed with threatened
premature birth and were given ritodrine hydrochloride via infusion at a speed of between 50 and 200µg.
For the tocolysis group, the PWV values were measured during the medication was given. None of the
mothers had any other medical complications. Table 1 shows the characteristics of the mothers and
newborns in both groups.
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Table 1
Characteristics of the mothers and newborns

Characteristics Normal group (n = 24) Tocolysis group (n = 8) p

Maternal age

Nulpara/Multipara

Preterm/Term delivery

Vaginal/Cesarean delivery

Newborn’s body weight

Umbilical artery pH

34.4 (4.7)

13/11

7/17

14/10

2831(436)

7.28(0.08)

32.0(6.0)

5/3

3/5

5/3

2820(577)

7.32(0.07)

0.32

1.00

0.68

0.42

0.90

0.29

Data are expressed as median (S.D.) or number.

Statistical analyses were done using Fisher’s exact or Wilcoxon’s signed rank test.

Pulse wave velocity
First, when there were neither fetal movements nor respiratory movements, the descending aorta of the
fetus was depicted in the longitudinal direction with a transabdominal B-mode scan (HIVISION Preirus
with a C715 5 − 1 R50 probe, Hitachi, Tokyo, Japan). Next, two sample volumes that covered the entire
diameter of the aorta were set using the dual Doppler. The distance between the two sample volumes
was made as long as possible. Then, the two Doppler waveforms at the two sample volumes were
simultaneously obtained. The time interval between the start of the two waveforms was measured.
Finally, the distance between the two sample volumes was measured in the B mode image. Figure 1
shows these procedures. The distance between the two sample volumes was divided by the time interval
and a PWV value was obtained. 

Analysis
From the obtained PWV values, the following examinations were done.

1) Scatter diagrams for the gestational week and PWV in the normal and tocolysis groups were made,
and a linear regression analysis was applied in each group. 

2) The PWV values for the normal group was compared with the PWV values measured with the
ultrasonic phased-tracking method described by Miyashita et al. [4]. 

3) The PWV values for the normal group were compared with the values for the tocolysis group using
Wilcoxon’s method.
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All data were analyzed with JMP Pro version 13 (SAS Institute Japan Ltd., Tokyo, Japan). The
statistically signi�cant level was set at a p-value of less than 0.05.

This study was approved by the ethics committee of Teikyo University. All women gave written informed
consent before participating in the study.

Results
Thirty data points from the normal group and 19 data points from the tocolysis group were obtained. The
dual Doppler procedure is an established technique and it was not di�cult to measure PWV. The
measurements took only a couple of minutes, and a PWV could be obtained from almost all fetuses.

1) Figure 2 shows the scatter diagram for gestational weeks and PWV. No signi�cant correlation was
found in the normal and tocolysis group (p = 0.17, 0.55, respectively).

2) The mean (SE) of the PWV in the normal group was 2.1 (0.12) m/s, which was similar to the PWV (2.2
(0.068) m/s) reported by Miyashita et al. [4].

3) The mean (SE) of the PWV (2.6 (0.25) m/s) in the tocolysis group was larger than that in the normal
group (p = 0.032) (Figure 3).

Discussion
This study showed for the �rst time that the PWV in the descending fetal aorta can be measured with a
commercially marketed ultrasound machine.

The artery’s pulse is the diameter change caused by blood pressure change, i.e. pulse pressure. PWV is
widely used as an index of atherosclerosis in adults because PWV depends on the elasticity of the arterial
wall. However, PWV depends not only on this elasticity but also on the pulse pressure, because PWV is
in�uenced by the speed of change in arterial diameter which is in�uenced by pulse pressure. Accordingly,
PWV can provide information regarding blood pulse pressure.

In clinical practice, PWV in adults is commonly determined by arterial tonometry. However, Jiang B et al.
[6] has reported that there is no difference between PWV values measured by tonometry and Doppler
ultrasound. Using dual Doppler technology, Wang Z et al. [5] measured PWV and demonstrated that the
measurement was accurate and reproducible, not only in vitro but also in vivo. The results of the present
study showed that the PWV values from the fetal descending aorta obtained with the dual Doppler
method were similar to those measured with the ultrasonic phased-tracking method. These results
support the idea that the dual Doppler method is accurate for measuring PWV in the fetal descending
aorta.

There seemed to be a slight positive correlation between PWV and gestational weeks in both groups, but
signi�cant correlations were found in neither group. Miyashita et al. [4] reported a weak correlation
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between PWV and gestational weeks. The number of participants in the present study was small, and
more study is needed before drawing conclusions.

In this study, the fetal PWV of descending aorta was increased when the mothers were given ritodrine
infusion. Ritodrine is known to have cardio-vascular side effects, not only for the mother but also for the
fetus. Gokay Z et al. [7] reported that ritodrine infusion caused an increase in the left cardiac output in
human fetuses. Räsänen J reported that both the volumetric �ow and the time-averaged systolic peak,
mean, and end-diastolic velocities in the fetal descending aorta were increased by maternal ritodrine
infusions. Though further studies are needed before drawing conclusions, the increased PWV shown in
this study might indicate increased pulse pressure due to ritodrine’s βstimulant effects. The results
obtained in this study are reasonable and suggest that measuring PWV with the dual Doppler technology
is promising for evaluating the fetal cardio-vascular state.

One of the limitations of PWV measurements is that pulse pressure values depend not only on PWV. Here
is an equation from the study by Miyashita et al. [4]

Pulse pressure = 2ρΔd ÷ d×PWV2

(ρis the blood density, d is the internal diameter of the artery)

Pulse pressure depends also on the elasticity of the artery and the density of the blood; however, little is
known about these factors in fetuses, and we cannot yet estimate their in�uence. More studies are
needed to clarify how best to use PWV values in the clinical settings. One possibility, however, would be to
follow PWV values in compromised fetuses. This might be a useful way to avoid missing the optimal
timing of pregnancy termination, since PWV is presumed to �uctuate more than other factors. Acute
prolongation of PWV in a compromised fetus could indicate a menacing drop in blood pressure.

Conclusion
In conclusion, measuring PWV in the fetal descending aorta can be done accurately and conveniently
with a commercially marketed ultrasound machine.
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Figures

Figure 1

The descending aorta of a fetus is shown in the left B mode image. The distance between sites  and  is
measured. The image on the right shows the Doppler signals at sites  and . The time interval ( )
between the start of the two signals was measured. Pulse wave velocity is calculated as the distance
divided by the time interval.
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Figure 2

Scatter diagram for gestational weeks and pulse wave velocity. The equations for the linear regression
analysis are shown for the normal and tocolysis groups. No signi�cant correlations were found in either
group.
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Figure 3

Box plot showing pulse wave velocity (median, 25%, 75%, minimum, and maximum) for the normal and
tocolysis groups. The values were compared using Wilcoxon’s method.


