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ABSTRACT: BACKGROUND: The ductus venosus evaluation during 20-38 weeks low risk
pregnancies can reveal gradual reduction of the mean PI and S/A ratio, with advancing gestation.
AIM: To evaluate the ductus venosus between 20-38 weeks gestation in Indian women without any
complication related to pregnancy, using Doppler ultrasound and to present a normal range of the
pulsatility index during this period of gestation. SETTINGS AND DESIGN: This is a controlled,
randomized, prospective cohort observation study. Material & Methods- 127 pregnant women [20-
38weeks gestation] were scanned in this prospective study. The peak systolic velocity, the pulsatility
index and S/A ratio of the ductus venosus were measured. Results-Out of 127 patients, 116 patients
were successfully scanned [91.3%]. The peak systolic velocity was more than 50cm/sec throughout
gestation. The mean PI decreased from 0.67 at 20-25 weeks to 0.44 at 36-38 weeks and the mean S/A
ratio decreased from 2.33 at 20-25 weeks to 1.59 at 36-38weeks. CONCLUSION: As normal
pregnancy advances, the Pulsatility index and the S/A ratio decreases.
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INTRODUCTION: The ductus venosus is a small funnel shaped vessel which is found in 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 responsible for circulating adaptation to intrauterine life and
transports oxygenated blood from the umbilical vein directly through the right atrium and foramen
ovale to the left atrium and ventricle and then to the myocardium and brain without any mixing with
poorly oxygenated blood.1* The ductus venosus originates from the portal sinus and thus the
frequently expressed concept that it originates from the left portal vein or umbilical vein is
anatomically inaccurate.>

The diameter of the ductus venosus is 2Zmm throughout pregnancy.¢ This focal narrowing
causes a jet effect - at least 50% of the umbilical venosus blood is shunted towards the foramen ovale
which ensures that blood with higher oxygen saturation goes to ascending aorta.* Due to the
importance of ductus venosus, the aim of the present study was to evaluate the ductus venosus by
doppler ultrasound in healthy pregnant Indian women of 20-38 weeks gestation and to present the
reference ranges of waveform indices of the vessel.

The typical ductus waveform shows a triphasic forward flow with a peak during ventricular
systole (S wave), a second peak during ventricular diastole (D-wave) and a nadir during the atrial
contraction(A wave). The flow remains antegrade, in contrast to the vena cava or the hepatic veins.”
Many different angle-independent indices form the ductus venosus have been proposed. The
pulsatility index for veins has proved to be the most reproducible parameter.8

Ductus venosus parameters have an increasing important role in the assessment of the fetus
in the second and 3rd trimesters of pregnancy. Abnormal ductus venosus flow velocity waveforms are
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associated with cardiac disease and severe fetal compromise due to placental dysfunction and the
importance of ductus venosus in continuous monitoring of the growth restricted fetus has been
reported.o-11

In IUGR fetuses, reversed flow in ductus venosus is an ominous sign and has been reported to
be the only significant parameter associated with perinatal death.2 Recently, the possible role of
abnormal ductus venosus flow velocity waveform at 10-14 weeks of gestation in the detection of
chromosomal abnormalities, congenital heart disease has also been reported.13. 14

SUBJECTS AND METHODS: A prospective study was conducted on one hundred and twenty seven
singleton pregnant women attending the Department of Radio-Diagnosis, Imaging and Interventional
Radiology of N.S.C.B. Subharti Medical College, Meerut and Meerut Scan centre, Meerut, for a routine
antenatal ultrasound examination.

The gestational ages of patients varied between 20weeks and 38 weeks, as per the LMP of the
patient... The ultrasound examination was done on GE Logique book XP unit and Medison unit with a
convex 3.5MHz transducer.

All the patients were informed before the ultrasound scan and gave their consent to the
Doppler examination. Exclusion criteria were the presence of an anomaly or the presence of
abnormal fetal growth.

The ductus venosus was visualized in mid sagittal section by following the umbilical vein
intra-abdominally towards the left portal vein on color doppler and identifying the color aliasing
produced by the turbulent flow at the origin of the vessel [ Fig. 1-2]. The ductus venosus velocity was
measured by placing the sample volume at the initial or middle portion of the vessel with an angle of
insonation <6009.

The flow velocity waveform demonstrated a continuous forward flow throughout the cardiac
cycle. (Fig. 3-4) Cases in which a satisfactory waveform could not be recorded and in which there was
areversed flow of the A wave were not included in the study. All ultrasound studies were performed
by a single examiner.

During Doppler studies, the patients lay in recumbent position with a slight lateral tilt to
minimize the risk for developing supine hypotension due to caval compression. All the examinations
were conducted during fetal apnea and in absence of fetal hiccup or excessive movements (to reduce
variations in flow velocity waveforms due to breathing movements). The exposure to Doppler
ultrasound was limited to maximum of 5 minutes.

The peak systolic velocity i.e. the maximum velocity during S wave, pulsatility index for the
vein [i.e. S-A/ Tmax where S is peak velocity in S wave, A is peak velocity in A wave and Tmax is the
time averaged maximum velocity] were analyzed and S/A ratio [peak velocity S wave/peak velocity A
wave] were measured.

RESULTS: Out of 127 patients included, 116 patients could be successfully scanned [91.3% success
rate]. The peak systolic velocity, pulsatility index and S/A were calculated [table I, II & III] for these
116 patients. The mean maternal age was 24 years [range between 19-32 years]. Majority of patients
were post 28 weeks gestation [62.06%]. Ductus venosus pulsatility index [(S-A)/ Tmax].
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GESTATIONAL AGE MEAN
IN WEEKS PI +-SD
20-25 weeks 0.67 (0.61- 0.78)
26-30 weeks 0.64 (0.60-0.72)
31-35 weeks 0.51 (0.45-0.69)
36-38 weeks 0.44 (0.36-0.61)
Ductus venosus S/A ratio

GESTATIONAL | MEAN S/A

AGE IN WEEKS | RATIO +SD
20-25weeks | 2.33(2.1-2.8)
26-30 weeks 2.1(1.9-2.3)
31-35weeks | 1.78 (1.6-2.2)
36-38weeks | 1.59 (1.5-1.9)

Fig. 5-10 show the indices at different gestational ages

DISCUSSION: In this study, we have demonstrated that using the combination of grey scale and color
doppler ultrasound there is good success rate in identifying the ductus venosus at different
gestational ages in the 2nd & 3rd trimester. With a success rate of 91.3% for sampling the ductus
venosus, it is feasible to incorporate this measurement into routine obstetric ultrasound. In our
study, the limiting factors for identifying ductus venosus were fetal movements especially breathing
movements and excessive maternal fat. The success rate is nearly at par with previous studies like
that of Gilani et al6 who quoted a success rate of 94% and that of Chanthasenanont et al'5 who quoted
it as 88.48%.

The most common misevaluations include incorrect tracing, overestimation of end diastolic
velocity and thus incorrect calculation of the pulsatility index, facilitated by human or soft-ware
error.16 To avoid this kind of difficulty, we selected manual tracings in all cases and we marked with
attention the end-diastolic velocities.

When comparing the hemodynamic parameters obtained from our study with data previously
published, 11.14.17 3 good agreement between normal values were seen. The PSV was found to be more
than 50cm/s. Similar pattern has also been reported earlier.18

The pulsatility index was found to be less than 1 which is similar to reported by previous
authors ¢ 1518 and was found to decrease with advancing gestational age. The S/A ratio was also
found to decrease with advancing gestation.

The main limitation of the study is related to the impossibility to monitor the pregnant
woman until delivery and lack of appreciation of inter-observer variability.

CONCLUSION: Evaluation of the ductus venosus by Doppler ultrasound is a successful, though
slightly time consuming procedure and should be a part of the routine obstetric ultrasound
examination in 2nd and 34 trimester of pregnancy.

The normal values of PI less than 1, and PSV more than 50cm/s may serve as a standard to
investigate the cardiovascular changes in pregnancies with fetuses at risk for hypoxia and academia
because of anemia, congenital heart disease, congenital heart failure and IUGR.
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Figure 5: Ductus venosus flow Figure 6: Ductus venosus
at 20 weeks gestation flow at 24 weeks gestation
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Figure 7: Ductus venosus flow Figure 8: Ductus venosus flow
at 28 weeks gestation at 32 weeks gestation
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Figure 9: Ductus venosus flow
at 35 weeks gestation
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Figure 10: Ductus venosus flow
at 37 weeks gestation
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