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Introduction

The introduction of Doppler velocimetry to obstetrics
offered a noninvasive method of indirectly assessing the
fetal and uteroplacental circulation.1 Umbilical artery Doppler
waveform was first examined as a possible means of
monitoring fetal compromise. It is one of the most rigorously
evaluated and frequently used noninvasive tests of fetal
well-being. The combined evidence from several trials in
high-risk pregnancies (complicated by maternal
hypertension and by intrauterine growth restriction)
demonstrates that there are fewer stillbirths and neonatal
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Abstract

Introduction: The purpose of this study was to categorize new reference ranges for measurements of
commonly used umbilical artery and fetal middle cerebral artery Doppler indices (Pulsatility Index,
Resistance Index, and Systolic: Diastolic ratio) in uncomplicated third trimester pregnancy.

Methods: This was a prospective cross sectional study involving 101 singleton uncomplicated
pregnancies of 30 to 37 weeks of gestation. Umbilical artery indices were obtained from free floating
loop and middle cerebral Doppler indices were obtained from the proximal third of the artery with flow
towards the probe. Regression equations were used to categorize reference ranges and percentile
fitted Normograms were obtained for all the parameters.

Results: Among 101 singleton pregnancies between 30 and 37 weeks of gestation, 65 (64.35%) were
primigravida women and 36 (34.65%) were multigravida. Mean maternal age was 23.12years (range 16
to 35 years). Maximum number of pregnancies (18.81%) was at 34 weeks of gestation. The established
percentiles of Doppler indices showed a continuous reduction of all the measured indices as pregnancy
increases (p<0.0001).

Conclusions: Reference ranges were obtained for the middle cerebral artery and umbilical artery
Doppler indices. These ranges are consistent with similar studies done by other authors.
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deaths among normally formed babies when the results of
the umbilical artery Doppler are made available to
clinicians.2,12 By contrast, the value of Doppler velocimetry
in the assessment of low-risk populations has not been
proven.13,16

Increasingly, however, attention is being paid to the changes
in the circulation within the fetus as a means of determining
other alterations that may reflect intrauterine compromise.
Studies of the relationship between Doppler of the umbilical
arteries and umbilical venous blood gases have concluded
that alterations in circulation preceded the onset of
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hypoxia.17,18 These changes are likely to be subtle in the
early phases and therefore unlikely to be identified from
single artery Doppler studies. Different attempts have
therefore been made to study several vessels to improve
identification of the compromised fetus.19

Arduini and Rizzo in a cross-sectional study of four fetal
vessels demonstrated that a combination of the middle
cerebral and umbilical artery Doppler indices to produce
ratios provided the best method of predicting perinatal
outcome.20 These ratios, they concluded, reflected
hemodynamic changes better than single vessel Doppler
indices. More recently, Meyberg et al demonstrated that
Doppler velocimetry of four fetal vessels was better at
identifying compromised fetuses in an at-risk population.21

So combining umbilical artery Doppler parameters with
middle cerebral artery Doppler indices would reflect the best
way of demonstrating fetal compromise at earliest and
monitoring high risk pregnancies regularly at specific
insonation site.

For detection of truly high risk pregnancy, we need to have
a strong tool. The clinical potential of such a tool depends
on the availability of suitable reference ranges. Though the
longitudinally derived reference ranges are ideal, in our
setting where many women deliver fetus without even single
antenatal ultrasound examination, repeat Doppler
examination at various interval to derive longitudinal data
is very difficult and cross sectional study would be an
alternative. Numbers of investigators have published
reference ranges for a range of fetal arteries including the
umbilical, middle cerebral and renal arteries and the
descending aorta.17, 22-25 However, no such reference ranges
are published for the Nepalese population.

So this study was conducted in an effort to establish the
reference values for Doppler indices of umbilical artery and
fetal middle cerebral artery in uncomplicated third trimester
pregnancies in Nepalese population.

Methods

This was a prospective cross sectional study involving 101
singleton pregnancies between 30 and 37 weeks of
gestation who were referred for routine obstetric
examination. The study protocol was approved by medical
ethics committee, Institute of Medicine and all the
participants gave prior informed consent.  Study was
conducted in the department of Radiology & Imaging,
Tribhuvan University Teaching Hospital from September
2007 to August 2008.

Singleton pregnancies with period of gestation between 30
to 37 weeks determined by reliable last menstrual period or

ultrasound examination before 20 weeks of gestation without
any complication in the current pregnancy or known risk
factors of adverse pregnancy outcome were included in the
study. Pregnancies with undetermined period of gestation,
maternal smoking, multiple pregnancies, diagnosed fetal
abnormality in current pregnancy, previous history of
preeclampsia, intrauterine growth retardation, abruptio
placenta or preterm delivery, history of any pre-existing
medical condition (such as hypertension, diabetes mellitus,
renal disease), risk of developing fetal anemia including Rh
negative women and women not willing to give consent for
the examination were excluded from the study.

Umbilical artery and fetal middle cerebral arteries were
examined with 3.5MHz curvilinear probe in Toshiba color
Doppler machine by single examiner. Color Doppler imaging
was used to optimize the insonation by the pulsed Doppler
examination. The angle of insonation was kept at <20
degrees in all cases. The high-pass filter was set at minimum,
and a large sample volume was used for the pulsed Doppler
recording. The Doppler velocity waveforms of umbilical
artery were obtained from the free-floating loop of the
umbilical cord during fetal quiescence (Fig. 1).

Fig.  1: Doppler recording of umbilical artery from free loop
of the cord

The MCA was visualized using color flow mapping in an
axial section of the brain. The Doppler beam was directed
along the MCA, and the sample volume was placed over
the proximal section where the MCA emerges from the circle
of Willis at the level of cerebral peduncles. MCA with flow
towards the probe was chosen (Fig. 2).
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Fig. 2: Doppler recording from middle cerebral artery

Five to 6 uniform waveforms were obtained and online
measurements were performed. The waveform envelope that
had the highest measured peak systolic velocity was
considered for analysis, assuming that the highest measured
velocity represents the lowest angle of insonation. Doppler
waveform indices were calculated from the maximum velocity
waveform with the following computerized planimetry:

PI = (Peak systolic velocity”end-diastolic velocity)/time-
averaged maximum velocity26

RI = (Peak systolic velocity”end-diastolic velocity)/peak
systolic velocity27

Data obtained were compiled and analyzed using standard
statistical analysis. SPSS 11.5 and Microsoft Excel were
utilized for the data analysis and presentation. Pierson
correlation was used to see the relation of Doppler
parameters with gestational age. Linear regression equations
were calculated and percentile fitted values were obtained
for all the parameters at different gestational age.
Normograms and percentile fitted curves were obtained.

Skewed values were kept as such without converting into
normal distribution.

Results

Doppler values were obtained in a total of 101 singleton
pregnancies. 48 women (47.5%) had undergone ultrasound
examination before 20 weeks of gestation. All were normal.
Maximum number of pregnancies (18.81%) was at 34 weeks
of gestation. Minimum number of pregnancies (7.92%) was
at 30, 31 and 33 weeks 65 (64.35%) were primigravida women
while 36 (34.65%) were multigravida. Maternal age ranged
from 16 to 35 years (mean age 23.12years). The youngest
age was 16 years. Two patients were of 16 years. The eldest
patient was of 35 years.

Middle Cerebral Artery

All the three Doppler parameters showed significant
correlation with period of gestation (Table 1). Systolic:
Diastolic ratio (S: D) showed maximum correlation (r = -
0.562) with period of gestation.

Table 1: Correlation of Middle Cerebral Artery Doppler
indices with period of gestation.

Parameters n Pierson Correlation p value
(r) with POG

MCA RI 101 -0.537 0.0001
MCA PI 101 -0.400 0.0001
MCA S: D 101 -0.562 0.0001

Reference values of MCA Doppler indices with 5th, 50th and
95th percentile values were calculated (Table 2). Since the
data were skewed, median was used as center of distribution.
Median RI at 30 weeks of gestation was 0.88 which reduced
to 0.80 at 37 weeks of gestation. PI reduced from median of
1.995 at 30 weeks to 1.78 at 37 week. Median values of S: D
at 30 and 37 weeks of gestation were 8.5 and 4.43
respectively.

Week of Sample Resistance Index (RI) Pulsatility Index (PI) Systolic: Diastolic (S:D)
Gestation size (n) ratio

Percentile Percentile Percentile

5th 50th 95th 5th 50th 95th 5th 50th 95th

30 8 0.86 0.88 0.9395 1.759 1.995 2.283 7.152 8.5 18.115
31 8 0.83 0.87 0.9165 1.867 1.975 2.154 5.87 7.665 11.857
32 12 0.792 0.855 0.9145 1.652 1.95 2.36 4.7995 6.6 11.4945
33 8 0.7935 0.84 0.8995 1.737 1.925 2.0465 5.31 6.06 8.3245
34 19 0.79 0.83 0.923 1.809 1.9 2.05 4.66 5.46 8.852
35 16 0.73 0.825 0.91 1.4425 1.88 2.12 3.78 5.17 7.865
36 13 0.72 0.81 0.868 1.64 1.81 2.02 3.792 4.86 6.64
37 17 0.688 0.8 0.88 1.452 1.78 2.16 3.144 4.43 8

Table 2: Percentile values (5th, 50th and 95th) of Middle Cerebral Artery at different age of gestation.
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Linear regression equation for each Doppler parameter was
obtained to calculate reference values (Table 3).

Table 3: Regression Equations for Middle Cerebral Artery
Doppler Indices

Regression â SE t value p value 95% CI
Lower Upper
bound  bound

MCA RI -0.537 0.002 -6.338 0.0001 -0.020 -0.010
MCA PI -0.400 0.009 -4.337 0.0001 -0.055 -0.020
MCA S: D -0.562 0.099 -6.759 0.0001 -0.861 -0.470

Gestational age specific normograms with 5th, 50th and 95th

percentile fitted lines were constructed (Fig.3, 4 & 5). The
lines show continuous reduction of all the Doppler indices
with increasing period of gestation.

Fig. 5: Scattered diagram of Systolic: Diastolic Ratio (S:D)
of middle cerebral artery (MCA) against period of gestation
with 5th, 50th and 95th   percentile lines

Umbilical Artery

All the three Doppler parameters showed significant
correlation with period of gestation (Table 4).

Table 4: Correlation of various parameters of umbilical artery
obtained from free floating loop of the cord with period of
gestation (POG)

Parameters n Pierson p value
Correlation
(r) with POG

Resistance Index 101 -0.418 0.0001

Pulsatility Index 101 -0.439 0.0001

Systolic: Diastolic ratio 101 -0.426 0.0001

Median reference values at different week of gestation along
with 5th and 95th percentile values of the corresponding week
are shown in Table 5. Median RI at 30 weeks of gestation
from the free loop of the cord was 0.635 which decreased to
0.56 at 37 weeks of gestation. Median values for PI were
0.975 and 0.8 at 30 and 37 weeks of gestation respectively.
Systolic: Diastolic ratio also decreased from median value
of 2.75 at 30 weeks to 2.30 at 37 weeks of gestation.

Table 5: Percentile values (5th, 50th and 95th) of Umbilical
Artery obtained from free loop of the cord at different age
of gestation.

Fig. 3: Scattered diagram of Resistance index (RI) of middle
cerebral artery (MCA) against period of gestation with 5th,
50th and 95th percentile lines

Fig. 4: Scattered diagram of Pulsatility index (PI) of middle
cerebral artery (MCA) against period of gestation with 5th,
50th and 95th percentile lines.
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Gestational age specific normograms were obtained by
plotting Doppler parameter against age of gestation in a
scatter diagram and lines were fitted for the 5th, 50th and 95th

percentile values (Fig.6, 7 & 8). All the plots show continuous
reduction of all the Doppler indices with increasing period
of gestation.

Fig. 7: Scattered diagram of Umbilical Artery Pulsatility Index
from the free loop of the cord against period of gestation
with 5th, 50th and 95th  percentile lines.

Week of Sample            Resistance Index (RI)         Pulsatility Index (PI) Systolic: Diastolic (S:D) ratio

Gestation size (n) Percentile Percentile Percentile

5th 50th 95th 5th 50th 95th 5th 50th 95th

30 8 0.597 0.635 0.6765 0.8445 0.975 1.083 2.3285 2.75 3.108

31 8 0.5735 0.625 0.66 0.81 0.965 1.063 2.441 2.725 2.953

32 12 0.5755 0.615 0.64 0.85 0.94 1.01 2.402 2.645 2.7645

33 8 0.56 0.6 0.659 0.8 0.9 1.0595 2.29 2.55 2.958

34 19 0.51 0.59 0.72 0.72 0.87 1.21 2.16 2.46 3.28

35 16 0.525 0.58 0.6625 0.7625 0.83 0.9825 2.12 2.4 2.9925

36 13 0.484 0.57 0.624 0.638 0.82 0.984 1.952 2.36 2.664

37 17 0.458 0.56 0.648 0.628 0.8 1.012 1.854 2.3 2.868

Linear regression was used to obtain the reference values of the umbilical artery Doppler indices [Table 6].

Table 6: Linear regressions for calculating reference values of umbilical artery Doppler indices from the free loop of the
cord

Regression â SE t value p value 95% CI

Lower bound Upper bound

RI -0.418 0.002 -4.578 0.0001 -0.014 -0.006

PI -0.439 0.005 -4.859 0.0001 -0.034 -0.014

S: D -0.426 0.013 -4.679 0.0001 -0.087 -0.035

Fig. 6: Scattered diagram of Umbilical Artery  Resistance
Index from the free loop of the cord against period of
gestation with 5th, 50th and 95th  percentile lines

Fig. 8: Scattered diagram of Umbilical Artery Systolic:
Diastolic ratio from the free loop of the cord against   period
of gestation with 5th, 50th and 95th percentile lines.

Doppler indices of the umbilical and fetal middle cerebral arteries

5-13



10

Journal of Institute of Medicine, December, 2010; 32:3www.jiom.com.np

Discussion

Cross-sectional observations were obtained in 101
uncomplicated singleton third trimester pregnancies
between 30 and 37 weeks of gestation. Reference ranges
for three Doppler indices (RI, PI and S: D ratio) of the fetal
Middle cerebral artery and Umbilical artery at the fetal end,
free loop and placental end of the cord were constructed
based on these observations. Continuous reduction of all
the Doppler indices with advancing gestational age was
obtained, which confirms previous observations.

All the Doppler indices of Middle cerebral artery (MCA)
showed significant reduction with increasing period of
gestation.  Resistance index (RI) showed significant negative
correlation with period of gestation (r= -0.537, p <0.0001)
which confirms other studies.28, 29 Our reference values for
MCA RI are similar to those obtained by Kurmanavicius J.
et al (1997) from a cross sectional study involving 1675
pregnancies.29 Our reference values are slightly higher than
those obtained by Antonio Gadelho et al (2005) from a
longitudinal study involving 33 normal pregnancies.28

However, our correlation of various parameters with
gestational age is similar with their study.

Pulsatility index (PI) of MCA in our study showed
significant reduction with increasing period of gestation (r
= -0.400, p <0.0001). This result is similar to that obtained by
C. Ebbing et al, 2007, from a longitudinal study involving
161 singleton pregnancies.30 However, our reference values
had narrow range as compared to theirs probably due to
small sample size and the cross sectional design of our
study.

Significant correlation of S: D ratio with period of gestation
(r = -0.562, p <0.0001) was obtained in our study. This finding
is similar to the result obtained by Justin C. Konje et al, 2005
from a prospective longitudinal study of 70 women.31

Arnold and Trojanowski reported that greater brain maturity
occurs starting from the 26th week of gestation.32 The
reduction of vascular impedance with decrease in RI, PI
and S: D in the middle cerebral artery provides greater
cerebral blood flow needed for the maturing brain in the
third trimester of pregnancy.

In the presence of reduced oxygen supply, the fetus
responds by so-called central re-distribution in which it
preferentially perfuses its brain, myocardium and adrenals.
Central re-distribution can be assessed by Doppler
velocimetry in the middle cerebral artery, which is normally
a high-resistance vessel. In re-distribution, the resistance
of the middle cerebral artery is reduced and thus flow is
increased. With continuing fetal compromise, the re-

distribution may reverse usually being pre-terminal for the
fetus.33

Care should be taken not to interpret the reduction in these
Doppler indices of the fetal middle cerebral artery occurring
at the end of pregnancy as an abnormality of this vessel.
Thus, in order to characterize an abnormal resistance index
it is important to analyze the values of the normal curve.

The site-dependent variations in the measurement of
Doppler indices are well known.34 Some authors have
advised recording the waveforms from the fetal end of the
umbilical cord and other authors have advised to record
from the placental end.35, 36 Most of the researchers have
calculated the reference values for the Doppler indices of
umbilical artery from the free loop of the cord.28, 29, 31, 37 Free
loop of the cord is chosen because it is the easiest site to
record the Doppler parameters accurately even by less
experienced persons. We recorded RI, PI and S: D from the
free loop of the cord.

All three Doppler indices measured at the free floating loop
of the cord decreased significantly with increasing period
of gestation (p<0.0001). Our results are similar to those of G.
Acharya et al who also showed the continuous decrease in
the Doppler indices with advancing gestational age (P <
.0001).37 These decrease in Doppler indices suggest low
resistant placental flow required for the normal growth and
development of the fetus.

Resistance index in our study showed significant decrease
with advancing gestational age (r = -0.418, p <0.0001). This
finding is similar to other studies.28, 29, 37 In the study done
by Antonio Gadelha Da Costa et al, 2005 UARI decreased
from 0.69 to 0.56 between the 22nd and 38th weeks of
gestation (p < 0.05), and was positively correlated with
gestational age (p < 0.001, r =0.60, Pearson correlation).28

Ganesh Acharya et al, 2005 in a longitudinal study found
similar results.37 In their study the Doppler indices
decreased continuously with advancing gestational age (P
< .0001). Kurmanavicius et al found median RI of 0.66 at 30
weeks of gestation which decreased to 0.59 at 37 week.29

The reduction in the resistance index of the umbilical artery
during the second half of pregnancy and its relationship
with fetal development can be explained by the observations
of Olofsson et al who reported that the decrease of this
index below the lower normal limits is not related to biological
imperfections of the fetus, but rather to fetal development.38

Continuous decrease of free loop Pulsatility index (FL PI)
with advancing gestational age (r = -0.439, p <0.0001) was
observed in our study which is similar to previous studies.30,

37 Our reference values of PI are similar to those obtained
by G. Acharya et al who found median PI of 0.95 & 0.80 at 30
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& 37 weeks respectively.37 In the study done by C. Ebbing
et al, the UA-PI declined linearly from mean 1.15 at 21 weeks
to 0.77 at 39 weeks.30

Significant decrease in S: D ratio with advancing gestational
age was observed (r = -0.426, p <0.0001). Our results are
similar to those obtained by Ganesh Acharya et al who
found median S: D of 2.83 & 2.34 at 30 & 37 weeks
respectively.37

This decrease in Doppler indices of the umbilical artery can
be explained by increased placental surface area and thus
decreasing vascular resistance with increasing period of
gestation. With growth of the fetus in the later part of the
pregnancy, there is marked increase in fetal cardiac output
contributing increased velocities of the umbilical artery.
Usually increase in diastolic velocities are more than
corresponding increase in systolic velocities,  thus
providing lower RI, PI and S: D with increasing period of
gestation.

Limitations of our study:

(i)Small sample size (ii) narrow range of gestational age
between 30 and 37 weeks.

Conclusions

Reference ranges for common Doppler indices of fetal
middle cerebral artery and umbilical artery were established
which showed continuous reduction of all the Doppler
indices with advancing gestational age. Our results are
consistent with the previous studies done by various
authors. These percentile fitted values and normograms will
be valuable for the serial measurement of the Doppler indices
of these vessels for complicated pregnancies.
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