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Background: With the invention of more sophisticated ultrasonography techniques, there is room to explore and better comprehend the
link between gestational age (GA), fetal weight (FW), and the diameter of the umbilical vein (UV). Aim: To explore the relationship
between umbilical vein diameter (UVD) and GA as well as FW in normal pregnancy. Materials and Methods: This descriptive,
cross-sectional study was conducted between February and August 2022 at the obstetric units and radiology departments of two tertiary
health facilities: one secondary facility and one radiodiagnostic facility in the state. A transabdominal ultrasound scan was used to assess
the UV. The relationship between UVD and GA and between UVD and estimated fetal weight (EFW) was explored using Pearson’s
correlation analysis. A nomogram was constructed, and the level of significance was set at P < 0.05. Results: There was a very strong,
positive and significant relationship between UVD and GA ( =0.63; P =0.001) and between UVD and EFW (= 0.57; P =0.001). For
every unit change in GA, there was a 39% change in UVD (72 = 0.39), while every unit change in FW was associated with a corresponding
33% change in UVD (;* = 0.33). The regression coefficients for GA were 0.257 () and 0.015 (8,), while 8, and B, for FW were 0.590
and 0.069, respectively. Conclusion: Our study revealed a very strong, positive and significant relationship between UVD and GA and
between UVD and EFW.
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INTRODUCTION more sophisticated ultrasonography techniques, there is room
to explore and better comprehend the link between gestational

The umbilical cord (UC) and vessels, which act as a lifeline age (GA), fetal weight (FW), and the diameter of the UV

from the placenta to the developing fetus, are crucial to the
fetal development process.!! The cord consists of two umbilical The size of the UV often is not measured or considered
arteries (UA) and one umbilical vein (UV), all covered in during routine obstetric ultrasound scan assessment of the
Wharton’s jelly. The vein has a larger diameter compared : o
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fetus.l”? More attention is usually given to other parameters
outside the UC. Earlier research has shown that assessing the
diameter of the UV can assist in the early detection of some
congenital anomalies associated with increased umbilical vein
diameter (UVD).[# It can also be useful in the early prediction
of fetal intrauterine growth restriction (IUGR). The size of the
UV directly impacts the velocity of blood flow and ultimately
the blood supply to the growing fetus. Any compromise to
the blood flow to the fetus will adversely affect its growth.
A nomogram that defines the relationship between the UVD,
GA, and FW will help detect early, any deviations from normal.
Hence, more attention should be given to understanding the
normal mean UV diameter and its variations with increasing
GA and FW.

The linear diameter of the UV and the UC is known to increase
with advancing GA, but the rate of increase is not known. !
There have been reports showing a relationship between a
small UVD and unfavorable pregnancy outcome;!'*!! however,
other researchers reported no relationship between the UVD
and FW in low-risk pregnancies.!!? While some studies
have been done assessing the UVD and its relationship with
fetal outcomes in Caucasian populations and high-risk or
complicated pregnancies, there is limited information in this
field on African women and low-risk pregnancies. This study,
therefore, set out to explore the relationship between UVD and
GA as well as FW in normal pregnancy in the African context.

MareriaLs AND METHODS
Study design and setting

This descriptive, cross-sectional study was conducted at the
Obstetric Units and Radiology Departments of the Federal
Medical Centre, Yenagoa, Niger Delta University Teaching
Hospital, Okolobiri, Diete Koki Memorial Hospital, Yenagoa,
and Silhouette Radiodiagnostic Consultants, Yenagoa, all in
Bayelsa State, Nigeria. It was conducted from February to
August 2022. The first two study centres are tertiary health
facilities that provide specialised gynaecological services
to women in the state and serve as referral centres for other
hospitals in the state, and surrounding states. The third study
centre is a secondary health institution. The fourth study centre
is the biggest radiodiagnostic institution in the state.

Sample size
This was calculated using the formula for one sample,
continuous outcome variable (mean).

n=Zo2 x gY§213.14]
Where
Z0. = 95% confidence interval (CI), which is 1.96,

o = standard deviation of 7.2 mm from a previous study done
in Enugu, Nigeria.!'"!

d = level of precision for our study of 7%.

Therefore, a total of 423 consecutive women that presented
to the antenatal clinics of the study centres during the second

half of pregnancy (2040 weeks) were selected using simple
random sampling and recruited for the study.

Inclusion criteria
Women with uncomplicated singleton pregnancies, with no
fetal anomaly and no co-existing maternal medical conditions.

Exclusion criteria
Fetal congenital structural and/or chromosomal anomalies,
abnormal fetal growth, and multiple pregnancies.

Women who met the inclusion criteria for the study were
counseled and, after obtaining written informed consent,
were recruited for the study. They were referred to the
radiology departments of the study centres for routine
obstetric ultrasound scans (USS). The sociodemographic and
obstetric characteristics, including the weight and height of
the study participants, were obtained and documented in a
purpose-designed pro forma. GA was calculated using the last
menstrual period and first-trimester ultrasound scan.

Procedure

USS were performed transabdominally and were performed
by four consultant radiologists (one for each study centre),
with requisite experience in fetal USS. The four consultant
radiologists involved in the study met before data collection
commenced, and agreed on the appropriate landmarks and
points on the UC for measurement of the UVD. Measurements
were taken and cross-checked on 20 fetuses to confirm
compliance and to reduce interobserver errors before the
research and data collection started. Each patient took about
four glasses of water, to get the urinary bladder filled, about
1 h before the procedure. A full bladder served as an acoustic
window. A chaperone was present to ensure the women’s
comfort and ease any possible anxiety they may experience
during the procedure. With the patient lying supine, and the
abdomen and pelvis exposed, adequate ultrasound gel was
applied to the lower abdominal wall or pelvis. The gel served to
remove air from the skin, and for ease of transducer movement.

A 2012 Philips HD11 machine, fitted with a 3.5 MHz
curvilinear (convex) transducer (probe), was used for the
studies. The probe was moved back and forth on the skin,
and in orthogonal planes, with gain adjusted, as required,
for good image quality. The Hadlock method was used to
calculate the fetal biometric parameters and estimated fetal
weight (EFW).l'S A1l USS were performed in the morning and
limited to 10 min per patient for uniformity. The UV diameter
was measured at three different free loops along the UC, and
the mean of the three measurements was noted and recorded
in centimetres. This allowed for any minor disparities in the
diameter of the UV along the length of the UC. Perpendicular
views of the UC at maximum magnification, followed by
caliper placement at the inner edge of the blood vessel, were
used to obtain the internal diameter of the UV [Figure 1].

Data analysis
Data were entered into a predesigned pro forma and were
analysed using Statistical Product and Service Solutions for
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Figure 1: Sonogram showing measurement of umbilical vein diameter
(green arrow)

Windows® version 25, SPSS Inc., Chicago, IL, USA. Results
were presented in frequencies and percentages for categorical
variables, and the mean and standard deviation for continuous
variables after the normality (Shapiro—Wilk) test revealed
that the variables were normally distributed. The relationship
between the UVD and GA, EFW, parity, maternal weight,
and maternal height was explored using Pearson’s correlation
analysis. A nomogram was constructed, giving UVD values
at different GA and EFW. Interobserver and intraobserver
variations were calculated with the use of the intraclass
correlation coefficient (ICC) and documented. A P <0.05 was
taken as statistically significant set at 95% CI.

Ethics

Ethical approval for this study was obtained from the Research
and Ethics Committee of the Federal Medical Centre, Yenagoa,
Bayelsa State, Nigeria (FMCY/REC/ECC/2022/630).

ResuLts

Demographic, anthropometric, and obstetric
characteristics of the study participants

Four hundred and twenty-three pregnant women participated
in this study, with a mean age of 27.6 + 8.2 years. The modal
age group was 25-29 years (131, 31%). The mean weight
and height of the study participants were 74.9 + 10.5 kg and
1.64 £+ 0.57 m, respectively. Parity ranged from 0 to 6, with
most (177,41.8%) of the women being nulliparous. The mean
GA was 32.4 + 6.5 weeks [Table 1].

Relationship between gestational age, estimated fetal
weight, and umbilical vein diameter

The mean UVD at 20 weeks’ and 40 weeks’ gestation was
0.51 £ 0.03 cm and 0.91 + 0.03 cm, respectively, showing
a gradual increase in mean UVD as GA increases [Table 2].
The mean UVD increased from 20 weeks’ gestation until
a maximum average of 0.91 £ 0.03 cm at 40 weeks’ GA.
The mean UVD also increased gradually with EFW, from
a mean of 0.51 = 0.02 cm among fetuses weighing 500 g to

Table 1: Maternal characteristics

Characteristics Frequency (n=423), n (%)
Age (years)
<20 34 (8.0)
20-24 65 (15.4)
25-29 131 (31.0)
30-34 100 (23.6)
>35 93 (22.0)
Age range (years) 16-40
Mean age+SD (years) 27.6+8.2
Weight (kg), mean+SD 74.9+10.5
Height (m), mean+SD 1.64+0.57
Parity
Nulliparity 177 (41.8)
Primiparity 70 (16.5)
Multiparity 139 (32.9)
Grand multiparity 37 (8.7)
Median parity (range) 1 (0-6)
GA (weeks)
20-24 70 (16.5)
25-28 57 (13.5)
29-32 68 (16.1)
33-36 150 (35.5)
37-40 78 (18.4)
GA (weeks), mean+tSD 32.4+6.5

SD: Standard deviation, GA: Gestational age

0.94 + 0.10 cm among those weighing 4000 g. Interobserver
and intraobserver variations were assessed with the use of the
ICC and are presented in Table 3.

Correlation between feto—maternal indices and umbilical
vein diameter

There was a very strong, positive and significant relationship
between UVD and GA (y = 0.63; P =0.001), between UVD
and EFW (= 0.57; P=0.001), and between UVD and parity
(r = 0.16; P =0.001), and for every unit change in GA,
there was a 39% change in UVD (2 = 0.39), while every
unit change in FW was associated with a corresponding
33% change in UVD (;* = 0.33) [Table 4]. There was no
relationship between maternal height, maternal weight, and
UVD; however, there was a significant relationship between
parity and UVD [Table 4].

The regression coefficients for GA were 0.257 () and
0.015 (B,), while B, and B, for FW were 0.590 and 0.069,
respectively [Table 4]. The regression equations expressing
the relationship between UVD and GA and between UVD
and EFW are shown in Figures 2 and 3. Tables 4-6 show
the reference values for UVD at different GA and EFW,
respectively, as calculated from the regression equations.

Discussion

Our study demonstrated an increase in UVD with advancing
GA, with a strong correlation between UVD and GA in
the second half of pregnancy. The first study to establish
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Table 2: Mean umbilical vein diameter at different gestational age and estimated fetal weight in the second half of

pregnancy
GA (weeks) Frequency UVD (cm), mean=SD EFW (g) Frequency UVD (cm), mean=SD
20 12 0.51+0.03 500 12 0.51+0.02
21 12 0.55+0.04 540 12 0.53+0.07
22 13 0.56+0.06 590 13 0.55+0.01
23 13 0.56+0.07 610 13 0.56+0.02
24 20 0.58+0.04 680 13 0.56+0.04
25 13 0.60+0.04 740 13 0.58+0.04
26 13 0.61£0.05 970 20 0.61+0.03
27 12 0.62+0.06 980 12 0.60+0.05
28 19 0.62+0.08 1100 15 0.62+0.04
29 12 0.65+0.07 1200 19 0.61+0.03
30 13 0.67+0.14 1600 13 0.63+0.04
31 25 0.70+0.07 1700 25 0.65+0.03
32 18 0.69+0.07 1800 12 0.73+0.06
33 26 0.73+0.07 2000 13 0.75+0.07
34 25 0.80+0.08 2100 14 0.79+0.09
35 37 0.82+0.03 2200 14 0.80£0.09
36 77 0.82+0.06 2400 13 0.80£0.04
37 13 0.87+0.07 2500 13 0.81+0.08
38 12 0.91+0.06 2700 14 0.82+0.07
39 13 0.91+0.03 2800 30 0.86+0.07
40 25 0.91+0.03 2900 27 0.86+0.08
3000 26 0.87+0.08
3300 14 0.880.08
3600 13 0.940.09
3800 27 0.93+0.08
4000 13 0.94+0.10

UVD: Umbilical vein diameter, GA: Gestational age, EFW: Estimated fetal weight, SD: Standard deviation

y=0.26+0.02*

Umbilical vein diameter in cm

Gestational age in weeks

Figure 2: Scatter plot and line of best fit showing the relationship between
UVD and GA. UVD: Umbilical vein diameter, GA: Gestational age

nomograms for the UC and its components in normal
pregnancies was conducted by Weissman et al. Before the
study by Weissman et al., previous reports on thick or lean
UC were subjective, as nomograms of the UC and its vessels
in pregnancy were lacking.®! Weissman et al. established
reference values for the diameters of the UC, UV, and UA.
They observed that the diameter of the UV increased with GA

y=0.59+0.07*

Umbilical vein diameter in cm

200 300 400
Estimated foetal weight in kg

Figure 3: Scatter plot and line of best fit showing the relationship between
UVD and estimated fetal weight. UVD: Umbilical vein diameter

up to 32-33 weeks, and then remained stable until the end of
pregnancy. Spurway et al. also observed that the diameter of
the UV increased with GA.['"

Our study also observed a linear relationship and significant
correlation between UVD and EFW. Kosiis et al. similarly
reported a strong correlation between UVD and EFW.I'8! In
their study, UVD increased linearly up to 34 weeks’ gestation,
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Table 3: Interobserver and intraobserver intraclass
correlation coefficient results

Ultrasound parameter

Intraclass correlation coefficient

Interobserver Intraobserver
Umbilical vein diameter 0.98 (95% CI: 0.99 (95% CI:
0.39-0.99) 0.37-0.99)

CI: Confidence interval

after which it plateaued. Based on their findings, they
concluded that UVD may be useful for the prediction of EFW
under 34 weeks. In contrast, Tutus et al. observed an inverse
relationship between UVD and EFW.I"! They could, however,
not explain the pathophysiology of their finding.

In our study, UVD also increased with an increase in parity. This
finding is in contrast with the observation of Rostamzadeh et al.,

Table 4: Correlation between feto—maternal indices and umbilical vein diameter

Characteristics Correlation coefficient — r r? Regression co-efficient P
Constant — g0 (95%Cl) Coefficients — g1 (95% CI)

Fetal indices
GA 0.63 0.39 0.257 (0.199-0.316) 0.015 (0.013-0.017) 0.001%*
Estimated fetal 0.57 0.33 0.590 (0.570-0.610) 0.069 (0.060-0.079) 0.001*
weight

Maternal indices
Maternal weight -0.05 0.02 0.78 (0.699-0.856) —0.001 (—0.002-0.001) 0.342
Maternal height 0.08 0.01 0.489 (0.179-0.799) 0.155 (—0.036-0.346) 0.112
Parity 0.16 0.03 0.721 (0.704-0.738) 0.012 (0.005-0.019) 0.001*

*Statistically significant, GA: Gestational age, CI: Confidence interval

Table 5: Nomogram showing reference ranges for umbilical vein diameter at different gestational age and estimated

fetal weight

GA in weeks UVD (cm) FW (g) UVD (cm)
Estimate 95% Cl Estimate 95% CI
Minimum Maximum Minimum Maximum
20 0.56 0.46 0.66 500 0.60 0.60 0.65
21 0.57 0.47 0.67 540 0.61 0.60 0.65
22 0.59 0.49 0.69 590 0.61 0.61 0.66
23 0.60 0.50 0.71 610 0.61 0.61 0.66
24 0.62 0.51 0.72 680 0.62 0.61 0.66
25 0.63 0.52 0.74 740 0.62 0.61 0.67
26 0.65 0.54 0.76 970 0.64 0.63 0.69
27 0.66 0.55 0.78 980 0.64 0.63 0.69
28 0.68 0.56 0.79 1100 0.65 0.64 0.70
29 0.69 0.58 0.81 1200 0.65 0.64 0.70
30 0.71 0.59 0.83 1600 0.68 0.67 0.74
31 0.72 0.60 0.84 1700 0.69 0.67 0.74
32 0.74 0.62 0.86 1800 0.69 0.68 0.75
33 0.75 0.63 0.88 2000 0.71 0.69 0.77
34 0.77 0.64 0.89 2100 0.71 0.70 0.78
35 0.78 0.65 0.91 2200 0.72 0.70 0.78
36 0.80 0.67 0.93 2400 0.74 0.71 0.80
37 0.81 0.68 0.95 2500 0.74 0.72 0.81
38 0.83 0.69 0.96 2700 0.76 0.73 0.82
39 0.84 0.71 0.98 2800 0.76 0.74 0.83
40 0.86 0.72 1.00 2900 0.77 0.74 0.84
3000 0.78 0.75 0.85
3300 0.80 0.77 0.87
3600 0.82 0.79 0.89
3800 0.83 0.80 0.91
4000 0.85 0.81 0.93

UVD: Umbilical vein diameter, GA: Gestational age, EFW: Estimated fetal weight, SD: Standard deviation, CI: Confidence interval
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Table 6: Estimated gestational age using different
umbilical vein diameters in the second half of pregnancy

UVD (cm) EGA (weeks) 95% CI for EGA
Minimum Maximum

0.51 25.83 21.96 29.71
0.53 26.35 22.41 30.29
0.55 26.86 22.87 30.87
0.56 27.12 23.09 31.16
0.58 27.64 23.55 31.73
0.60 28.15 24.00 32.31
0.61 28.41 24.23 32.60
0.62 28.67 24.46 32.89
0.63 28.93 24.68 33.18
0.65 29.44 25.14 33.76
0.70 30.73 26.27 35.20
0.71 30.99 26.50 35.49
0.73 31.51 26.96 36.07
0.78 32.80 28.09 37.51
0.80 33.31 28.55 38.09
0.81 33.57 28.77 38.37
0.82 33.83 29.00 38.66
0.86 34.86 29.91 39.82
0.87 35.12 30.14 40.11
0.88 35.38 30.36 40.40
0.91 36.15 31.05 41.26
0.93 36.66 31.50 41.84
0.94 36.92 31.73 42.13

UVD: Umbilical vein diameter, CI: Confidence interval, EGA: Estimated
gestational age

who reported no association of UVD with parity.*! There is a
paucity of published data on the relationship between UVD and
parity. However, reports have observed an association between
UC length and parity, where the length of the UC increases
with increasing parity.?"*) To minimize interobserver and
intraobserver variations for these measurements, the ICC was
used. The ICC assesses the regularity of measurements taken
by different clinicians who are measuring the same item.!
The variance obtained from an ANOVA was used in this study,
and the ICC compares the variance of several data with the
sum of all measurements.?*?! A value >0.8 denotes almost
perfect agreement, and it ranges from 0 to 1.24%! Our values
for interobserver and intraobserver variations were 0.98 and
0.99, respectively, which suggests an almost perfect agreement.
ICC considers the differences between the observers and the
variance of all the measurements.?*2¢

Several studies have shown an association between
morphometric characteristics of the UC components and
perinatal outcomes."?”?’! Raio et al. demonstrated a reduction
in the cross-sectional arcas of Wharton’s jelly and UV
in pregnancies complicated by early-onset preeclampsia
compared with normal pregnancy.?” Weissman and Jakobi
reported an association between increased UC diameter in the
second trimester and gestational diabetes mellitus.?®! Studies
have also shown that the UC of fetuses with chromosomal

abnormalities are thicker than those of chromosomally normal
fetuses of the same GA, while the cross-sectional area of
all components of the UC is reduced in fetuses with [UGR;
Rigano et al.,** however, observed that although UV velocity
was significantly reduced in fetuses with IUGR, UVD was
unchanged. They explained that the reduced UV blood flow
observed in IUGR fetuses was mainly due to a reduction in
UV blood flow velocity and not to the size of the UV.[?31

A lean UC is also associated with a higher incidence of
small for GA fetuses and fetal distress at delivery.''! When
the UV area reduces significantly, UA Doppler parameters
worsen.B!! Furthermore, a morphometrically abnormal UC,
easily detectable on ultrasound, seems to be an earlier sign of
fetal growth disturbance than fetal biometric measurements or
UA Doppler flow parameters.!''?” These underscore the need
to establish nomograms for the UC and its vessels.

Our nomogram will be useful in differentiating fetuses with
normal UVD from those with conditions that affect the
UVD, and thus aid in the early detection/prediction of these
conditions in our population. For instance, DeVore et al.
suggested that a significant increase in fetal UVD may be a
predictor of severe disease in rhesus haemolytic anaemia.[®)
Our nomogram values will also provide a basis for studying
UVD in pregnancies complicated by maternal or fetal disease
in our population.

This study is one of the first to use a considerably large sample
size of fetuses to attempt to make a reference range within
this region of sub-Saharan Africa. However, our findings
and reference ranges may not reflect those obtainable from
other regions of the world. Yet, our study provides crucial
data on the relationship between UVD and GA and between
UVD and EFW in normal pregnancy among a population
of pregnant women in our region. Furthermore, the study
was multicentred and USS were performed by consultant
radiologists (one for each centre), with a specific interest in
fetal USS.

CoNncLusIoN

Our study revealed a very strong, positive and significant
relationship between UVD and GA and between UVD and
EFW. This study provides important data upon which further
larger, prospective, multicenter studies can be conducted to
establish a UVD nomogram that can be used not just in our
region/population but throughout our country.
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