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Ductus venosus as a marker of fetal growth in first trimester in a population of 
Colombian pregnant women

Objectives: to evaluate the relationship between the ductus venosus (DV) and the variables of fetal 
growth in the first trimester in a Colombian pregnant population.

Methods: a descriptive cross-sectional study was carried out with secondary data obtained from 
a multicenter study.526 patients were included between weeks 11 and 14 for gestational ultrasound 
follow-up attended in three health care institutions in Bogotá, Colombia, between May 2014 and 
October 2018. A bivariate descriptive analysis was carried out where the relationship between the 
characteristics of the DV in the first trimester and ultrasound findings.

Results: the flow wave of the DV in the first trimester was normal in the entire sample, with a 
pulsatility index of the ductus venosus (DVPI) of 0.96±0.18. In addition, a negative correlation was 
found between the crown-rump length (CRL) and the DVPI (p<0.05).

Conclusion: there is a relationship between the DVPI regarding the CRL, indicating an interest in 
this early marker in relation to fetal growth alterations; however, more studies are required to determine 
the usefulness of this variable with respect to fetal growth.
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Introduction

Screening for fetal growth disorders is of great importance 
as these pathologies favor deterioration and compromise 
fetal health.1 Low birth weight has been associated 
with the development of coronary disease, non-insulin-
dependent diabetes, and other chronic pathologies.2There 
is noknown biomarker at present that allows for the early 
prediction of the development of these diseases, therefore, 
screening is based on the routine measurement of fundal 
height, supplemented by the ultrasound measurement of 
fetal size in women who have pregnancy complications 
or relevant history.3,4

One of the ultrasonographic variables used infetal 
biometry to evaluategrowth is cephalocaudal length (CRL), 
which can be used to determine the date of pregnancy.5 
Additionally, there is evidence of its usefulness in the early 
detection of fetal growth alterations6and the relationship 
that exists between the alteration of this marker and high-
risk pregnancies.7,8

Ductus venosus (DV) is a hemodynamic marker for 
the screening, diagnosis, and prognosis of structural and 
functional changesin the fetus that may lead to pathological 
states, and thus, plays a key role in determining the fetal 
hemodynamic state.9-12 It is a structure that facilitates 
the supply of oxygen from the umbilical vein directly 
to the brain and myocardium. Its assessment by Doppler 
ultrasonography allows for the indirect evaluation of fetal 
hemodynamic status, where changes are seen in its flow 
wave or pulsatility index in the event of deterioration 
due to physiological stress conditions, such as hypoxia 
and acidemia.13-17

Given the relationship between this vessel and the 
impact of placental insufficiency on fetal growth, this 
study is aimed at evaluating the relationship between DV 
and fetal growth variables during the first trimester in a 
population of pregnant Colombian women.

Methods

A descriptive cross-sectional study was carried outusing 
secondary data obtained from a multicenter study. Data 
were collected from a total of 566 patients who underwent 
ultrasound monitoring during their pregnancy at the 
Ecodiagnóstico El Bosque Prenatal Diagnosis Unit, the El 
Bosque Clinic, and the Suroccidente Health Services Unit 
- Hospital Occidente de Kennedy in Bogotá, Colombia, 
between May 2014 and October 2018. A total of 526 
patients who met the following inclusion criteria were 
selected: pregnant women between 11 weeks and 13 weeks 
and 6 days of gestation who had undergone ultrasound 
follow-up. A total of 40 women were excluded, including 
pregnant women under 14 years of age, women who had 

losses during pregnancy, and women who did not have 
maternal and perinatal results.

Patients attended ultrasound evaluation during the 
first trimester between week 11 and week 13 and 6 days, 
where the sociodemographic, clinical, ultrasound (nuchal 
translucency [NT] and CRL), and gynecologic-obstetric 
variables (parity, history of full-term and preterm delivery, 
preeclampsia, and intrauterine growth restriction [IUGR]) 
were recorded.Fetal DV characteristics (pulsatility index 
and flow waveform) were assessed during fetal quiescence 
via ultrasound in a midsagittal plane with the fetuslying 
on its back. The image was enlarged until the fetal thorax 
and abdomen could be seenclearly. Subsequently, the DV 
that connects the umbilical vein with the inferior vena 
cava was visualized usinga color Doppler and medium 
insonation through the fetal abdomen at the hepatic level, 
where greater turbulence was observed, with an insonation 
angle of less than 30 degrees. Finally, the DV waveform 
was acquired using pulsed Doppler with a sample volume 
between 0.5 and 1.0 mm (Figure 1A),18,19 and the DV 
normality references reported by Borrell et al.20 were used 
for the study. The CRL was measured on a sagittal plane 
by enlarging the image and with the fetus in a neutral 
position and measuring the maximum length of the fetus 
from the outer side of the crown of the head and to the 
rump. Gestational age was calculated and confirmed 
based on this measurement (in cm) taken using ultrasound 
from 11 to 13.6 weeks of gestation (Figure 1B).21 Finally, 
postnatal outcomes were recorded, including maternal-
perinatal diagnoses (preeclampsia and IUGR) and neonatal 
outcomes (gestational age, weight, height, APGAR, and 
Ballard scores, etc.).

A descriptive analysis of the sociodemographic, 
ultrasound, gynecologic-obstetric,  and postnatal 
characteristics was conducted to characterize the study 
participants by calculating simple and relative frequencies 
expressed as percentages for the qualitative variables, 
and measurements of central tendency and dispersion 
(mean and standard deviation) for quantitative variables. 
Furthermore, a bivariate analysis was carried out where 
the relationship between the characteristics of the DV 
and the ultrasound findings was determined. For the 
quantitative variables, normality was first evaluated 
with the Kolmogorov–Smirnov test and the homogeneity 
of variances was evaluated with the Levene test. As 
the assumptions were not met in eithercase, the non-
parametric Mann–Whitney U test was used to compare 
groups and the Spearman correlation coefficient (ρ) was 
used to evaluate the relationship between the quantitative 
variables. A p-value <0.05 was considered significant. 
The data were entered into an Excel database and the 
analyses were processed using the SPSS version 22 
software package.
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Figure 1

Measurement of ductus venosus and crown-rump length. Bogotá, Colombia, 2014-2018.

A) Measurement of the ductus venosus; The arrow shows the location of the ductus venosus; B) Measurement of crown-rump length; 
CRL = crown-rumplength.

This project was approved by the Universidad El 
Bosque Ethics Committee, Minutes Nº. 026-2017.

Results

The sample consisted of 526 pregnant women, with an 
average age of  27±6 years. It was also observed that 4.2% 

had pre-existing pathologies, with gestational diabetes 
and arterial hypertension being the most common. Table 
1 shows the maternal sociodemographic and clinical 
characteristics.

The DV flow wave was normal in the entire sample 
(100%). Similarly, the mean pulsatility index during the 
first trimester was 0.96±0.1.
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Sociodemographic characteristics of the study population. Bogotá, Colombia, 2014-2018.

Variables
Total (N=526)

n %

Age (years) (±SD) 27.4±6.4

Smoker 42 8.0

Ethnicity

    Black 10 2.0

    Mestizo 508 97.0

    White 8 2.0

Height (m) (±SD) 1.58±0.05

Weight (Kg) (±SD) 62.3±10.8

Body mass index

    Malnutrition (<19.8 kg/m2) 14 3.0

    Normal (19.8–26 kg/m2) 300 57.0

    Overweight (26–29 kg/m2) 153 29.0

    Obese (>29 kg/m2) 59 11.0

Socioeconomic Level

    Upper 23 4.0

    Middle 258 49.0

    Lower 254 47.0

Pre-existing Maternal Pathologies

    Diabetes Mellitus 3 1.0

    Arterial Hypertension 11 2.0

    Antiphospholipid Antibody Syndrome 2 0.2

    Chronic Kidney Disease 4 1.0

Table 1

Regarding the gynecologic-obstetric variables (Table 
2), for gestational age on ultrasound corresponding to the 
number of weeks at the time of assessment, the mean was 
12.7±0.6 weeks in the first trimester. It was also found 
that 48% (254) of the pregnant women were primigravid 
and 52% (272) were multiparous.

In terms of the ultrasound variables in the first 
trimester, the mean NT was 1.58±0.4 mm, and the mean 
CRLwas 66.3±9.3 cm.

The postnatal results showed that the mean gestational 
age at delivery was 38.4±1.7 weeks. It should be noted that, 
out of the 526 patients, only one participant experienced 
fetal death in the 29th week of gestation. At the time of 
delivery, it was found that 5% of the pregnant women 
were diagnosed with IUGR and 8% had a diagnosis of 
preeclampsia. Regarding the neonates, theirmean weight 
at birth was 2994.8±484.7 g and mean height at birth was 
49.5±3.04 cm. (Table 2).

In the bivariate analysis of the DV variables in the 
first trimester using the ultrasound variables and the 
postnatal results, it was determined that the correlation 
between the CL and the DVPI in the first trimester 

was statistically significant (p<0.05) (Tables 3 and 4). 
However, the correlation between DVPI and the rest of 
the ultrasound variables and postnatal results was not 
statistically significant.

Discussion

Normal fetal growth is a result of the interaction between 
potential growth (genetically predetermined) and the 
relationship between maternal and fetoplacental health5. 
Ultrasound studies―together with the different ultrasound 
markers―are key tools for fetal evaluation throughout 
pregnancy since they help evaluate fetal development 
and facilitate the early detection of different pathological 
states, thus making an early management approach 
possible. DV is a characteristic used to study the fetal 
hemodynamic state whose alterations can provide valuable 
information about fetal-placental circulation.13,14,22

The behavior of DVregarding fetal  biometry 
(CRL, TN) was characterized in the first trimester in 
this investigation, along with the sociodemographic, 
ultrasound, clinical, and postnatal characteristics of the 
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Gynecologic-obstetric and Postnatal Characteristics. Bogotá, Colombia, 2014-2018.

Variables
Total (N=526)

n %

Gestational age by ultrasound (weeks)

First trimester (±SD) 12.7±0.6

Parity

    Primigravid 254 48.0

    Multiparous 272 52.0

Personal history of preeclampsia 41 8.0

Personal history of IUGR 20 4.0

History of Congenital Malformations 16 3.0

Gestational age at delivery (weeks) (±SD) 38.4±1.7

    Term Delivery 39.1±1.06

    Preterm Delivery 34.4±2.1

Fetal Death 1 -

Weightat birth (gr) (±SD) 2994.8±484.7

Height at birth (cm) (±SD) 49.5±3.04

Cephalic Perimeter (cm) (±SD) 33.8±3.01

Congenital Malformation 10 2.0

    Pyelectasis 8 80.0

    Gastroschisis 1 10.0

Abdominal Adnexal Mass 1 10.0

Preeclampsia 42 8.0

Intrauterine Growth Restriction 28 5.0

ApgarScore(±SD)

    1 minute 8.03±0.7

    5 minutes 8.96±0.7

    10 minutes 9.73±0.8

Admission to NICU 74 14.0

Table 2

NICU = Neonatal Intensive Care Unit; IUGR = Intrauterine growth restriction.

Correlation between ultrasound and postnatal characteristics of Ductus Venosus in the first trimester. Bogotá, Colombia, 2014-2018.

Variables

Pulsatility index
First Trimester

(N=526)

rs p

Ultrasound

    Nuchal Translucence -0,027 0.541

    Cephalocaudal Length -0.174 0.00*

Postnatal Results

    GA at the time of delivery -0.063 0.152

    Weight at time of birth -0.035 0.419

    Height at time of birth -0.053 0.227

    Cephalic Perimeter -0.020 0.742

Apgar Score

    1 min 0.060 0.207

    5 min 0.049 0.304

    10 min 0.003 0.959

    Ballard -0.089 0.154

Table 3

r
s
= Spearman’s Correlation Coefficient.
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Comparison between groups of postnatal results of Ductus Venosus in the first trimester. Bogotá, Colombia, 2014-2018.

Variables
PI* First Trimester

N n=526 p

Admission to NICU(i) 0,223

    Yes 28 0.99±0.16

    No 498 0.96±0.19

Congenital Malformation(i) 0.593

    Yes 10 0.94±0.10

    No 516 0.96±0.19

Delivery(i) 0.794

    Preterm 59 0.96±0.21

    Term 465 0.96±0.18

Preeclampsia in current pregnancy(i) 0.836

    Yes 42 0.95±0.19

    No 484 0.96±0.19

IUGR in current pregnancy(i) 0.288

    Yes 74 0.94±0.19

    No 450 0.97±0.19

Table 4

(i) The comparison was made with the Mann-Whitney U test; IP = Pulsatility index; NICU = Neonatal Intensive Care Unit; IUGR = Intrauterine Growth Restriction.

pregnant women.This made it possible to highlight several 
findings, such as normal behavior of the DVduring the 
first trimester of pregnancy, and a negative correlation 
between DVPI and CRL.

We aimed to determine the relationship between 
intrauterine fetal growth and the DV marker in the 
first trimester. Changes in growth have an impact on 
fetal prognosis and adult life (the relationship between 
the presence of IUGR and cardiovascular disease in 
adulthood),2 and follow-ups are critical in determining the 
prognosis of alterations in fetal growth. Thus, DVplays an 
important role in the detection of placental insufficiency, 
which when associated with hypoxia can alter fetal 
growth.23–25 Therefore, we also aimed to analyze the 
relationship between the biometric parameter―CRL―in 
the first fetal trimester and DV, and found a negative 
correlation between DVPI and CRL in the first trimester 
(p<0.05).

This relationship can be explained by the fact that 
this vessel grows along with the rest of the fetal structures 
as pregnancy progresses,11 thus increasing the caliber 
of the DV and promoting a decrease in its resistance 
and, consequently, its pulsatility index. Therefore,as the 
size of the fetus increases, the resistance in the vessel is 
significantly reduced under normal conditions. Based on 
this correlation, the DVPI could be an early marker in 
determining growth alterations in the first trimester. To 
the best of our knowledge, there is no previous scientific 
literature that describes this relationship, therefore, DV 
should be studied as an early marker of abnormal fetal 
growth.

Among the strengths of this study are the sample size 
and the fact that it is one of the first studies in Colombia 
and Latin America to evaluate DV as a primary marker of 
fetal growth. One of the limitations of the study is the low 
frequency of fetuses with abnormal DV flow waveforms, 
although the most important limitation is the cross-
sectional study design, which does not allow for causal 
inference. However, this design has not prevented us from 
determining the relationship between DVPI and CRL.

In conclusion, this study has demonstrated that there 
is a relationship between DVPI and CRL, which promotes 
the further study of this marker in relation to changes 
in fetal growth. However, more studies are required to 
determine the usefulness of this variable forfetal growth 
evaluation.
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