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Abstract

Background The unacceptably high stillbirth rate in Nigeria, which results mainly from antepartum fetal
death demands evidence-based antenatal interventions. While evidence suggests that fetal surveillance
using umbilical artery (UA) Doppler reduces perinatal mortality; normative references of fetal UA Doppler
indices are not readily available in Nigeria. This study aims to construct indigenous, gestational age-specific
normative references for fetal UA Pulsatility Index (PI), Resistance Index (RI) and Systolic/Diastolic ratio
(S:D) of singleton pregnancies in lle-Ife, Nigeria, and correlate this with pregnancy outcomes. Methods In a
longitudinal study involving 415 women with singleton fetuses between the gestational ages of 26-40weeks
at the Obafemi Awolowo University Teaching Hospital, Nigeria, fetal umbilical artery PI, Rl and S:D were
measured four-weekly till delivery. The means and normative centiles (95% range between 2.5th -97.5th) of
the indices were determined. Regression equations were generated for the three indices, and Pearson’s
correlation was used to establish the relationship with maternal age, parity, gestational age (GA) and birth
weight. Results The three indices demonstrated significant inverse correlation with GA, such that the RI
reduced by 0.013, while the Pl and S:D ratio reduced by 0.027 and 0.71 respectively for each additional week
of pregnancy. There was a significant negative correlation between the Rl (r =-0.207; p = 0.001), PI (r = -0.17;
p=0.01), S:D ratio (r =-0.25; p<0.001) and birth weight, but not with maternal age and parity. The regression
equations were RI=1.004-0.013(x), PI=1.78-0.027(x) and S:D=4.77-0.71(x) (where x= GA in weeks).
Conclusion The fetal umbilical artery Doppler indices decreased progressively with advancing GA. There was
a significant reverse-association with birthweight, but not with maternal age or parity. This study has
generated, gestational age-specific umbilical artery Doppler normative references ideal for the local
population’s antepartum fetal assessment.

Background

Stillbirth is an unwanted obstetric outcome that combines birth and death in one event. With about 2.6
million stillbirths annually, it ranks fifth on the list of causes of deaths worldwide.Majority of the 2.6 million
annual stillbirths occur in the antepartum period,(1-3) with fetal growth restriction (FGR) from placental
insufficiency being the leading cause.(4)Prompt recognition and management of FGR will therefore
significantly reduce both antepartum and intrapartum stillbirths. Two-thirds of all global stillbirths occur in
Africa and South-East Asia alone.(1) In sub-Saharan Africa, the stillbirth rate is approximately ten times that
of developed countries. Despite a sizable proportion of stillbirths being unreported in the country,Nigeria,
with a stillbirth rate of 71/1000 delivery, together with four other countries account for half of all global
stillbirths. (5)

Doppler study of selected fetal organs has been shown by meta-analysis to improve stillbirth rates in
pregnancies at risk of placental insufficiency without increasing unnecessary obstetric interventions.(6-9)
The umbilical artery Doppler is superior to other techniques of antepartum surveillance in the early detection
of FGR when utilized in pregnancies at risk,(10, 11)and deterioration of the Doppler indices (Pulsatility Index
(P1); Systolic/Diastolic ratio (S/D); and the Resistance Index (RI))(12-14) is useful in timing the delivery of
preterm, growth-restricted fetuses.(15, 16)The hallmark of this practice is the ability to discern abnormal
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results, and translate this to a corresponding degree of clinical severity or fetal compromise using
appropriate normative references.

Despite the high perinatal mortality rate in Nigeria and the proven benefit of UA Doppler, optimal utilization
of this tool is hindered by the unavailability of Doppler facilities in many hospitals. Where such facilities are
available, interpretation and clinical applicability are challenged by the unavailability of population-specific
normative references for the indices, despite evidence that significant variations in Doppler velocimetry exist
among different ethnic groups. (17) Consequently, only few Nigerian studies (18, 19) have applied Doppler
velocimetry in the evaluation of fetal status in utero. This study therefore aims to establish population-
specific normative references for the fetal umbilical artery Doppler indices at the Obafemi Awolowo
University Teaching Hospitals Complex, lle-Ife, Nigeria and correlate this with maternal clinical parameters
and fetal outcome.

Methods

This longitudinal study was conducted at the Perinatal Unit of the Obafemi Awolowo University Teaching
Hospitals Complex, lle-Ife between July 2015 and March 2019. The participants comprised women with
singleton pregnancies whose gestational age had been confirmed with a crown-rump length measurement
between the gestational age of 11-13*®weeks. An anatomy scan was performed between 19-22 weeks and
only women with structurally normal fetuses were recruited. Measurement of the umbilical artery Doppler
indices was commenced at a gestational age = 26weeks, but not later than 28weeks. This was repeated
four-weekly till delivery; only pregnancies that resulted in the delivery of live, normal babies were included in
the final analysis.

The scans were done with a Mindray DC-6, (Shenzhen Mindray Bio-medical Electronics®) using a 2.5—
6.0MHz curvilinear probe. The umbilical vessels were first identified with colour Doppler with the high-pass
filter set at low; the pulsed wave Doppler was then activated, with the sample volume adjusted to 5mm, such
that it covered only the vessel that was being sampled. An angle of insonation less than 15° was targeted for
all measurements; manual correction of the angle was performed when this could not be achieved. A
sonogram with at least five uniform waveforms was obtained during a period of fetal apnea, and the wave
with the highest peak systolic velocity was chosen as a representative image. Multiple measurements of the
Pl, Rl and S/D ratio were taken using free loops of the umbilical cord by the same sonologist (I0A). The
indices were automatically generated by the machine using the pre-installed formulae. The Mechanical Index
was kept at <1.0, while the Thermal index was kept at <1.5 during the Doppler scans. (20, 21) The babies
were weighed within 30minutes of delivery to the nearest 0.1g using an electronic scale.

The data were analysed with IBM SPSS® 20.0. The 95% normative reference range between the 2.5 and
97.5t™" centiles was constructed for each index. The Shapiro-Wilks test and the Quantile-to-Quantile (Q-Q)
plots were used to assess the indices for normality; the Pl and SD ratio were not normally distributed and
were therefore normalised using logarithmic transformation. Logistic regression was applied to evaluate the
relationship between the indices and gestational age, generating regression equations in the process. The
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relationship between the Doppler indices and feto-maternal characteristics such as maternal age, parity,
neonatal gender and birthweight were tested with Pearson correlation.

Results

Four hundred and fifty women were recruited for the study. Twenty-seven of them (6.0%) developed
hypertension in pregnancy, while nineteen (4.22%) had abdominal circumference and estimated fetal weight
< 5™ centile of expected for gestational age + oligohydramnios.Thirty-five women (7.7%) delivered outside
our facility and the outcome of their pregnancies could not be ascertained; they were therefore excluded
from further analysis, leaving four hundred and fifteen women, from whom 1375 Doppler measurements for
each of the three indices were obtained for the construction of the reference centiles.

The ages of the women ranged between 18-45 years, with a mean of 31.01 + 4.43 years, and their parity
ranged between 0-6, with a median of 2. Two hundred and fifty-six (61.7%) of the babies were male, with an
overall caesarean section rate of 47.2%.The mean birthweight of the babies was 3210 + 490g.

The umbilical artery RI, Pl and S:D ratio for each week of gestation are depicted on tables 1,2 and 3
respectively. The three indices demonstrated a significantly negative correlation with gestational age,
reducing progressively as gestation advanced (figures 1-3). Using regression analysis, for every additional
week of gestation, the RI decreased by 0.013, while the Pl and S:D ratio decreased by 0.027 and 0.71
respectively. The regression equations for the three indices are presented as follows; Rl = 1.004-0.013(x), PI
=1.78-0.027(x) and S:D ratio = 4.77-0.71(x) (where x = gestational age at Doppler assessment in weeks).

There was a strong positive correlation between the Rl and PI (r = 0.87; P <0.001), Rl and S/D ratio (r = 0.86;
p<0.001) as well as Pl and SD ratio (r =.90; p<0.001). The indices however demonstrated a significantly
negative correlation with the birthweight of the newborns (table 4). There was no significant correlation
between the Doppler indices and maternal age, parity and fetal gender.

Discussion

In the absence of effective in-utero therapies for preterm growth restricted fetuses, maintaining the delicate
balance between iatrogenic preterm birth with its attending complications, and continued intra-uterine stay
remains the most critical decision.(10, 16, 22) Utilization of the umbilical artery Doppler velocimetry is
currently one of the most useful tools for such antenatal assessment.(8) To achieve this, clinicians must be
able to discern normal from abnormal results, and this is best achieved using the reference derived from a
similar population.(17) In line with this global trend therefore, this population-specific normative references
for fetal umbilical artery Resistance Index, Pulsatility Index and Systolic/Diastolic ratio were constructed
from an African population at the Obafemi Awolowo University Teaching Hospitals Complex, lle-Ife, Nigeria.

The three indices decreased progressively, demonstrating significant reverse correlations with advancing
gestational age. This pattern conforms with the trend that was observed from earlier reports among
Caucasian populations, and further buttresses the need for gestational age-specific normative references, as
no single cut-off would be appropriate across the entire duration of pregnancy. (23-25)
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A significant reverse correlation was observed between the umbilical artery Doppler indices and the birth
weight of the babies, as previously reported by Acharya et al. (23, 26) This reflects the effect of increased
cardiac output and placental perfusion in low impedance circulations, translating into the increased delivery
of oxygenated blood and nutrients, with salubrious effects on fetal growth. The converse also holds true,
with low birth weight sequel to high impedance placental circulation. (24, 27)

There was no significant correlation between the maternal age, parity, fetal gender and the three Doppler
indices. Consequently, it is hypothesized that the reference centiles created in this study may be utilized for
any woman with high risk pregnancy, irrespective of her age and parity. While an earlier study had reported
that there was no significant correlation with fetal gender,(23) another study recently reported significant
differences across gestational ages based on fetal gender(17); this study did not detect any significant
correlation between the indices and fetal gender.

Albeit discovered by different people and calculated using different formulae, (12-14) the three Doppler
indices in this study demonstrated strong positive correlations, in agreement with findings from earlier
studies. Consequently, any of the indices may be utilized in fetal monitoring in utero, except in the peculiar
situation where the end diastolic flow is absent, when the S:D ratio may approach infinity and the Resistance
Index equals 1, and are therefore unreliable.

While the use of fixed reference points such as the fetal end or the placental end of the umbilical cord had
been previously reported, the use of free-floating loops of umbilical cord for Doppler velocimetry has
remained popular in clinical practice due to the ease with which the loop can be identified(28); the free loop
of the cord was therefore adopted for this study. It is noted that a previous study had been conducted from
our centre with similar objectives. The previous study however adopted a cross-sectional methodology,
thereby sampling each fetus once, without a rigorous technique of dating. The study also did not report the
outcomes of the pregnancies. These limitations have been addressed in this study by ensuring that the
reference centiles were derived from the same cohort of women.

The normative centiles derived from this study will be useful in the management of high-risk pregnancies
complicated by hypertension and fetal growth restriction, especially in Nigeria where the incidence of
stillbirths remains high. Further researches exploring the role of umbilical artery Doppler velocimetry in high
risk pregnancies in developing countries, including possibly a systematic review of associated benefits are
advocated.

Conclusions

Indigenous umbilical artery Doppler normative references are not yet popular in Nigeria, despite the high
perinatal morbidity and mortality rates in the country, leaving the care of women with pregnancies at high
risk of placental insufficiency to Obstetricians’ personal preferences and experience. It is expected that the
normative references generated in this study will provide a useful tool for antepartum fetal assessment of
high-risk pregnancies, thereby contributing to the ongoing nationwide efforts at reducing the unacceptably
high adverse perinatal outcomes in the country.
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FGR: Fetal Growth Restriction

GA: Gestational age

OAUTHC: Obafemi Awolowo University Teaching Hospitals Complex
Pl: Pulsatility Index

RI: Resistance Index

S:D ratio: Systolic to Diastolic ratio

UA: Umbilical artery
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Table 1: Gestational age-specific reference table for fetal umbilical artery resistance index.

Percentiles
stational age(weeks) 2.5 5 10 25 50 75 90 95 97.5

0.61 0.61 0.63 0.65 0.74 0.78 0.81 0.84 0.88
0.54 0.54 0.56 0.65 0.69 0.74 0.80 0.82 0.85
0.53 0.53 0.53 0.64 0.67 0.70 0.79 0.81 0.81
0.51 0.51 0.52 0.62 0.61 0.69 0.77 0.79 0.80
0.46 0.46 0.49 0.55 0.60 0.68 0.71 0.76 0.79
0.43 0.45 0.48 0.56 0.59 0.64 0.71 0.73 0.78
0.42 0.42 0.47 0.55 0.58 0.62 0.68 0.73 0.77
0.38 0.38 0.46 0.53 0.57 0.62 0.66 0.71 0.77
0.36 0.36 0.45 0.52 0.56 0.61 0.65 0.69 0.76
0.36 0.38 0.43 0.50 0.56 0.60 0.64 0.68 0.75
0.35 0.40 0.42 0.50 0.55 0.60 0.62 0.67 0.74
0.35 0.36 0.38 0.49 0.54 0.59 0.61 0.66 0.73
0.34 0.37 0.38 0.46 0.53 0.59 0.61 0.62 0.73
0.34 0.36 0.37 0.43 0.53 0.58 0.60 0.61 0.72
0.33 0.35 0.37 0.38 0.52 0.58 0.60 0.60 0.71
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Table 2: Gestational age-specific reference table for fetal umbilical artery pulsatility index

Percentiles
Gestational age (weeks) 2.5 5 10 25 50 75 90 95 975
26 93 93 1.02 1.14 1.18 1.27 1.47 1.50 1.52
27 0.78 0.78 .81 1.00 1.08 1.19 1.40 1.49 1.50
28 0.78 0.78 0.80 0.90 0.96 1.12 1.34 1.48 1.50
29 0.76 0.76 0.78 0.89 0.99 1.12 1.24 1.46 1.48
30 0.65 0.65 0.69 0.85 0.96 1.10 1.23 1.41 1.41
31 0.63 0.63 0.66 0.82 0.91 1.09 1.17 1.37 1.39
32 0.59 0.59 0.65 0.79 0.89 1.08 1.34 1.36 1.38
33 0.56 0.56 0.63 0.77 0.88 0.99 1.22 1.36 1.36
34 0.55 0.55 0.61 0.76 0.85 0.95 1.12 1.28 1.29
35 0.52 0.55 0.60 0.75 0.83 0.94 1.09 1.14 1.22
36 0.49 0.54 0.59 0.72 0.81 0.93 1.02 1.10 1.21
37 0.49 0.50 0.54 0.69 0.78 0.93 1.01 1.05 1.16
38 0.48 0.48 0.53 0.68 0.75 0.92 0.99 1.04 1.12
39 0.47 0.47 0.52 0.65 0.70 0.90 0.99 0.99 1.10
40 0.46 0.46 0.49 0.54 0.69 0.85 0.96 0.96 1.08

Table 3: Gestational age specific reference chart for fetal umbilical artery Doppler

systolic/diastolic ratio.
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Percentiles

Gestational age (wks) o 5th gth  qgth 25th ggth 75th ggth  95th  97.5th

26 254 254 2770 2.82 3.12 442 450 4.62 4.71
27 2.00 2.00 2.27 2.73 2.99 3.20 4.20 4.44 4.69
28 211 211 214 2.28 2.65 3.05 4.01 4.40 4.68
29 2.09 2.09 220 243 2.60 3.00 3.81 4.67 4.67
30 1.73 1.73 2.09 2.12 2.52 2.90 3.78 4.50 4.58
31 165 1.65 1.79 2.12 2.41 2.78 3.58 4.45 4.50
32 1.62 162 1.76 2.35 2.38 2.75 3.52 3.86 4.30
33 1.62 162 1.74 2.02 235 2.70 3.32 3.40 4.00
34 1.61 161 1.72 2.00 2.32 2.68 2.936 3.17 3.80
35 1.58 1.61 1.70 2.00 2.24 2.63 2.831 3.02 3.67
36 1.57 158 1.60 199 2.22 259 2.89 3.00 3.50
37 1.56 157 1.60 1.73 2.18 2.54 2.79 2.94 3.41
38 1.53 1.55 1.59 1.71 2.12 2.43 2.72 2.89 3.38
39 1.50 1.53 1.54 1.59 198 242 275 2.85 3.35
40 1.48 152 1.53 1.59 1.88 2.37 2.50 2.72 3.31

Table 4: Correlation between feto-maternal characteristics and umbilical arterial Doppler

indices.
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Parameter Doppler indices

RI PI  SD

Maternal age

R -0.12 -0.09 -0.11

p-value 0.07 0.66 0.06
Parity

R -0.04 -0.04 -0.04

p-value 0.94 0.52 0.55
Gestational age

R -0.46 -042 -0.41

p-value <0.01 <0.01 <0.01
Birthweight

R -0.21 -0.17 -0.25

p-value <0.01 0.01 <0.01
Neonatal gender

R 0.05 0.03 0.03

0.41 0.61 0.57

R = Coefficient of correlation
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Figure 1

Umbilical Artery Resistance Index showing 2.5th, 50th and 97.5th Centiles.
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Figure 2

Umbilical Artery Pulsatility Index showing 2.5th, 50th and 97.5th Centiles.
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Figure 3

Umbilical Artery Systolic: Diastolic Ratio showing 2.5th, 50th and 97,5th Centiles.
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