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Background: Doppler ultrasound in second and third trimesters is non invasive method to assess fetal wellbeing and monitoring
fetoplacental unit. Normal umbilical artery Doppler indices reference values have been established in Western countries but there
is paucity of studies conducted in Pakistan regarding normal umbilical artery Doppler indices reference values.

Objective: To evaluate the Dopplerindices in the umbilical arteries of healthy pregnant women from 18-40 wks gestation.

Material and Methods: A cross sectional study was conducted in Radiology department of Hayatabad Medical Complex from
July 2018 to Dec 2018.Tofal 260 normal singleton pregnancies with gestational age ranging from 18--40 weeks were included.
Doppler parameters; Resistive Index (RI), Pulsatility Index (P1) and the systolic to diastolic ratio(S/D) were recorded.

Results: The normal umbilical artery Doppler indices at different gestational ages in healthy pregnant women were analyzed.
Percentile values were calculated for these indices. Median values for the pulsatility index were 1.23 at 18-20 wks which reduced to
0.86 at 39-40 wks, for the resistivity index median values were 0.70 at 18-20 wks and 0.52 at 39-40 wks. Systolic/diastolic ratio was
4.16 at 18-20 wks and 2.21 at 39-40 wks.

Conclusion: In normal healthy pregnancies, doppler ultrasound should be used to evaluate the degree of feto-placental blood
flow in order to detect the risk of pregnancy complications. Our study results can form a baseline for Doppler indices in second and
third trimester which can further help in abnormal values in high risk patients.
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The umbilical artery Doppler ultrasound is non
invasive and safe procedure in pregnant
women'.It assesses the patho-physiology of
uteroplacental circulation during pregnancy non
invasively and measures resistance to fetal blood
flow™’.

Normally umbilical artery S/D ratio decreases as
the gestation advances due to increase in arterial
blood flow*. There is definite proven relationship
between abnormal umbilical artery doppler
parameters and preeclampsia, intrauterine growth
retardation and poor pregnancy
outcome’.Umbilical artery Doppler velocimetry
helps to assess the risk to fetus and identifies the
intrauterine growth retardation which is primarily
caused by placental insufficiency in healthy
fetuses®’.

The different umbilical artery doppler indices
measured during pregnancy are, peak systolic
velocity(PSV), end diastolic velocity(EDV),
resistive index(RI), pulsatility index (PI), and
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systolic to diastolic ratio(S/D ratio).The Pl and RI
are measures of resistance to flow in a blood
vessel and resistance to flow in a blood vessel
distal to the part being assessed at an instantin a
cardiac cycle, respectively; the S/D ratio on the
other hand is the ratio of the PSV to the EDV"”.

Normal umbilical artery Doppler indices,
reference values have been established in the
developed world®. However, there are very few
studies conducted in Pakistan regarding normal
umbilical artery Doppler indices reference values.
The umbilical artery Doppler reference values
calculated in developed countries may not be
appropriate in Pakistani populations due to
different socio-demographic as well as a higher
burden of preeclampsia. The aim of this study was
to evaluate umbilical artery Doppler indices from
18 to 40 weeks of gestation in healthy women with
singleton gestation. Various indices of umbilical
artery Doppler were studied, such as pulsatility
index (PIl), resistance index (RIl) and
systolic/diastolic (S/D) ratio and their usefulness
as screening tests. These doppler indices will
serve as baseline values in predicting impaired
blood flow velocimetry in pregnancy induced
hypertension, intrauterine growth retardation and
other conditions that lead to serious maternal and
fetal health compromise.
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This was a single hospital-based cross sectional
study done in Radiology Department,

Hayatabad Medical Complex Peshawar from 1st
July 2018 to 31st December 2018. Normal
reference values of Umbilical artery Doppler in the
second and third trimester of pregnancy were
obtained among healthy normotensive pregnant
women referred from Gynae & Obs department,
for the routine obstetrical ultrasound. This study
involved assessment of umbilical artery
velocimetry with color and spectral Doppler
ultrasound scans.

The pregnant women at gestational ages 18-40
weeks were included in the study. The Gestational
age was calculated from the last menstrual period
(LMP) in patients with reliable dates. Where
patients were unsure of the gestational age(GA);
dating was based on the early obstetrics
ultrasound done in the first trimester of pregnancy.
Pregnant women with single gestation with
appropriate GA, normal blood pressure (BP),
tested negative for proteinuria were evaluated.
The pregnant women with history of diabetes,
chronic hypertension, alcohol and drug abuse,
fetal anomaly, corticosteroids use, or vascular
disorders that may affect Doppler measurements
were excluded from the study.

A preliminary routine obstetric Ultrasound was
carried out to document obstetric parameters,
number of fetuses, and to rule out fetal
malformations. Umbilical artery was evaluated by
5.0 MHz curvilinear probe on Aloka ultrasound
Doppler machine by single sonologist. Afree loop
of umbilical cord was located with B-mode
ultrasonography for consistency of
measurements. The umbilical artery was
identified using color Doppler. Doppler velocities
were assessed in the absence of fetal movement
or uterine contraction. The pulsatility index,
resistive index, and systolic to diastolic ratio were
measured and documented.

Data was analyzed using the statistical package
for social sciences (SPSS) version 20.0.

Umbilical artery Doppler reference values were
recorded in a total of 260 healthy single
pregnancies. .The maternal age was between 16
and 43 years. Most of the patients (52.7%) were in
the 25-35 year age range while those aged 40
years and above accounted for only 4.6%. (Figure
No.1)

Among 260 total patients, 143 (55%) were prim
gravida women while 117 (45%) were
multigravida. (figure No.2)

Doppler parameters measured from umbilical
artery in the second and third trimester are shown
in Table 1, 2 & 3. These umbilical artery Doppler
indices showed significant correlation with period
of gestation with significant decrease in the S/D,
RI, and Pl between the second and third
trimesters scan

Median Resistive index at 18-20 weeks of
gestation was 0.70 which decreased to 0.52 at 39-
40 weeks ofgestation.

Median Pulsatility index was 1.21 and 0.82 at 18-
20 and 39-40 weeks of gestation respectively.
Median value of systolic/ Diastolic ratio also
decreased from 4.21 at 18-20 weeks to 2.21 at 39-
40 weeks of gestation.

Age distribution
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Figure No.1
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Figure No. 2
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Gesta(::l?(rsl age 5™ percentile 50" percentile 90" percentile
18-20 0.63 0.70 0.78
21-23 0.57 0.65 0.75
24-26 0.54 0.64 0.73
27-29 0.49 0.61 0.72
30-32 047 0.59 0.70
33-35 0.45 0.56 0.67
36-38 042 0.54 0.65
39-40 0.40 0.52 0.60

GeSt?f’:’?(';?l age 5" percentile 50" percentile 90" percentile
18-20 0.92 1.23 1.52
21-23 0.89 1.18 1.47
24-26 0.85 1.13 1.39
27-29 0.78 1.06 1.35
30-32 0.75 0.99 1.29
33-35 0.70 0.96 1.25
36-38 0.65 0.92 1.18
39-40 0.56 0.86 1.09

Gesta(::’:ltla(r;?l age 5" percentile 50" percentile 90" percentile
18-20 2.89 4.16 5.91
21-23 2.62 3.75 5.40
24-26 2.38 3.38 4.79
27-29 2.09 3.00 4.26
30-32 1.93 2.74 3.90
33-35 1.76 2.50 3.61
36-38 1.52 2.36 3.45
39-40 1.48 2.21 3.27

Normal fetal growth depends on adequate blood
flow through the fetal and uteroplacental
circulation. Reduced perfusion is related with
intrauterine growth retardation and fetal hypoxia,
which is the major cause of adverse pregnancy
outcome®™.The umbilical artery Doppler is a
noninvasive method of evaluating the utero-
placental hemodynamic and obstetric risk
assessement'’. In most of studies the reference
values for the umbilical artery Doppler indices are

obtained from the free loop of the cord. Free loop
of the cord is the easiest site to calculate the
Doppler indices precisely even by less
experienced sonologist'™.

In this Cross-sectional study, Reference values
for three umbilical artery Doppler parameters were
obtained from free loop of cord by
transabdominal approach performed on 260
gravid uncomplicated singleton gestation
between 18 and 40 weeks.
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All three Doppler parameters calculated from free
loop of the cord showed significant decrease with
advancing gestational age which confirms
previous observation. The results of this study are
compatible to those of Antonio AGD et al and
Srikumar et al who also showed the decrease in
the umbilical artery Doppler indices with
increasing gestational age'*”. These decrease in
Doppler indices is due to decrease in placental
flow resistance with advancing gestational age
which is essential for the normal growth of the
fetus.

In our study, Resistive index showed significant
decline with increasing gestational age. This
finding is similar to the study done by
Kurmanavicius et al who found median Resistive
index of 0.66 at 30 weeks of gestation and 0.59 at
37 weeks". Peudal S et al found median Rl of 0.2
and 0.56 at 31 and 37 wks respectively”.Merz E et
al calculated median Resistive index of 0.67 ,0.60
and 0.55 at 22,30 and 37 weeks respectively”.The
result of these studies are comparable to the
median values of Rl in our study. Similar results
were showed in Ganesh Acharya et al study” in
which the Doppler indices progressively
decreased with advancing gestational age.

Pulsatility index also decreased continuously with
increase in gestational age in our study which is
similar to previous studies. Reference values of
Pulsatility index in our study are similar to the
results of Peudal S et al who found median PI of
0.96 and 0.80 at 31 and 37 wks respectively”.
Median Pulsatility index values were 1.16,1.01
and 0.89 at 22,30 and 37 weeks respectively in
study done by Merz et al”® . Acharya G. et al found
median Pulsatility index of 0.95 & 0.80 at 30& 37
weeks respectively™. In comparison to a study on
Pl of umbilical artery of Israeli population our
median Pl values are slightly lower"”. A study
conducted by Tay et al compared uterine placental
indices of healthy pregnant female patients with
pregnant women with pre ecamplsia and IUGR.
The PI values with pregnant patients with IUGR
and Pre eclampsia were significantly higher as
compared to the control group™.

Our study showed significant decrease of
systolic/diastolic ratio with advancing gestational
age. Our results are similar to those obtained by
Peudal S et al also found median S/D ratio of 2.72
and 2.30 at 31 and 37 weeks
respectively'.Acharya G. et al who found median
S/D ratio of 3.77, 2.75& 2.34 at 22,31 & 37 weeks

respectively'®. Awan MW et al evaluated Doppler
indices in normotensive and hypertensive women
in the second trimester’. There mean Rl and PI
values are similar to our study with slight
difference in S/D ratio. Median S/D ratio in our
study in third trimester are similar to study by
Yousaf et al'’, however insignificantly raised Pl are
observed in our study. Ghosh M.et al and Ghosh
S. et al®* studied the role of umbilical artery
Doppler indices to compare outcome in normal
dated and postdated pregnancies. No statistical
significance was observed between the 2 groups.

Limitation of our study is that it was done in a
single center which could have affected the
results. Secondly this small sample size per
gestational age, we believe, may have limited the
generalizability of their results. Arelatively larger
sample size at those categorical gestational age
should be evaluated in future studies to improve
generalizability of the result.

Umbilical artery Doppler indices in our study
population of normal pregnant female patients are
comparable to published reference values from
other studies. These reference values can helpful
in the detection and management of at-risk
gestations with abnormal vascular changes
associated with impaired placentation in pre-
eclampsia, intrauterine growth retardation and
other conditions that are more common among
Asian women. Future studies will be necessary to
provide data which will study the relationship
between Gestational age, parity, maternal age
and other similar parameters in our population.
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