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Abstract
Objectives To construct gestation specific reference limits
for fetal umbilical (UA), middle cerebral artery (MCA)
pulsatility indices (PI) and the cerebroplacental ratio
(CPR) in singleton pregnancies with normal BMI between
16 and 40 weeks of gestation.

Methods We ultrasonographically examined 596 fetuses
from women with normal nutritional and health status
and minimal environmental constraints on fetal growth.
Each mother was considered only once for measurement
of fetal Doppler indices, at gestations between 16 and
40 weeks in a prospective cross-sectional study. Ges-
tational age was confirmed by fetal crown-rump length
measurement between 11 and 14 weeks. Pulsatility
indices of umbilical and middle cerebral arteries were
measured by real time and Doppler ultrasonography.
CPR ratio was calculated by dividing MCA PI by UA PI.
The fetal Doppler measurements obtained from the
current study were compared with commonly used
reference charts. For each parameter separate poly-
nomial regression models were fitted to estimate the
gestation specific means and standard deviations,
assuming that the measurements have a normal
distribution at each gestational age.

Results A significant difference of fetal Doppler indices
was observed between our study and previously
published reference charts for most gestational weeks.
The fitted 10th, 50th and 90th centiles at 40 weeks of
gestation were 0.65, 0.87 and 1.08 for UA PI; 0.93, 1.32
and 1.71 MCA PI; 1.02, 1.58 and 2.13 for CPR.

Conclusions These charts can be used for better defining
the normal range of fetal arterial Doppler indices. This
will be useful in the diagnosis and management of
fetuses with abnormal fetal growth.

Introduction
Sub-optimal growth is recognized as a major risk

factor for most of explained and unexplained intra-uterine
fetal deaths [1]. Small for gestational age (SGA) where
fetal size is below the 10th centile is known to be associated
with adverse pregnancy outcomes. SGA is a heterogenous
group, consists of fetuses with fetal growth restriction
(FGR), fetuses affected with genetic disorder or structural
abnormalities and constitutionally small fetuses.
Uteroplacental insufficiency is responsible for FGR and
carries a higher risk of adverse fetal outcomes but it is
only responsible for a proportion of SGA. Antenatal fetal
growth assessment is intended to identify the fetuses at
risk of FGR [2]. Current evidence suggests that the use of
Doppler ultrasound in high-risk pregnancies reduced the
risk of perinatal deaths and resulted in less obstetric
interventions [3].

Differential fetal growth and Doppler references
according to ethnicities have been a matter of continuous
discussion. These differences could be genetic or con-
stitutional, supporting the use of customized charts to
adjust fetal growth and wellbeing according to each
standard [4,5,6]. However, recent evidence highlights to
use universal charts, considering that the factors used in
customization (ethnicity, age, weight and height) has
minimal effect when fetal growth occurs in optimal
environmental conditions [7]. This theory has been
challenged following the recent publications, suggesting
universal charts would be less sensitive than corres-
ponding local charts in identifying small for gestational
age (SGA) fetuses and adverse perinatal outcome [8,9].
Moreover, it is a matter of cost concern due to use of
excess of fetal surveillance because of disproportionate
number of fetuses being selected as SGA with the use of
the universal charts [10].

Royal College of Obstetricians and Gynecologists
guidelines recommend that women who are identified as
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high risk for SGA should undergo serial ultrasound

measurement with umbilical artery (UA) Doppler from 26

weeks onwards [11]. UA Doppler is used to assess fetal
wellbeing in the late second trimester and third trimester

of pregnancy. Uteroplacental insufficiency can be

identified with increased resistance detected at umbilical

arteries and it helps to identify high risk pregnancies. NICE

guidelines recommend that women who are identified as

high risk should be offered continuous electronic moni-

toring throughout labour [11].

Fetal middle cerebral arterial (MCA) Doppler is
important in assessing fetal cardiovascular distress as well

as fetal anemia. In late onset FGR, blood is preferentially

diverted to the fetal brain in the expenses of fetal kidneys

and bowels. Resistance of the flow of the middle cerebral

artery is reduced in FGR and that could be reflected by

reduced MCA  (PI).

The Cerebral placental ratio (CPR) has recently been

proposed as a marker of failure to reach growth potential

at term, and abnormal CPR values have been linked to
adverse perinatal outcomes [12].  There is no universal

policy related to the use of Doppler to detect fetuses at

risk of FGR in Sri Lanka. The aim of this study was to

obtain normal values and their nomograms for UA and

MCA pulsatility indices and CRP from 16 to 40 weeks for

low risk pregnancies with normal BMI.

Method
This was a cross-sectional study carried out at Ampara

district between January 2013 and January 2014. We

enrolled women who initiated antenatal care before 14

weeks of gestation with normal nutritional and health

status and minimal environmental constraints on fetal

growth (Panel 1). Women who developed any obstetrics

complications after the recruitment were excluded from

the study. All pregnancies with first trimester ultrasound
Crown- Rump Length (CRL) dating were included [13].

Inclusion criteria of the study population are given in

Panel 1. Altman and Chitty have suggested that at least

300 observations would be necessary to get reasonable

estimates [14]. The umbilical cord was visualized in

longitudinal section in a free loop and magnified to the

maximum possible extent in the absence of fetal movements

or breathing. In all cases the angle of insonation was less

than 60°. A transverse section of the fetal head was

obtained and the colour box was applied to view the Circle

of Willis and middle cerebral arteries.

The sampling gate was placed in the proximal MCA

to obtain the Doppler waveform. All fetal Doppler

measurements were obtained by a single certified operator

(CG). CPR was calculated as the simple ratio between the

MCA and the UA PI between 16 and 40 weeks. The mean

differences in UA PI and MCA PI measurements between

Ampara women and data of Domenico et al, Italy were

compared [14]. Standard errors (SE) of the means were

calculated and compared for each gestational age between

20 and 40 weeks. Systematic error was assumed to exist if

zero lay outside the mean difference ± 2SE. Linear and

polynomial regression models were fitted separately to
the means and standard deviations (SD) as functions of

gestational age to identify the model with the best fit [14].

The centiles were obtained assuming that at each gesta-

tional age the measurements had a normal distribution.

Altman and Chitty's statistical method [7] has been used

to construct reference values and nomograms for MCA

PI, UA PI and CPR. Approval was obtained from the Ethics

Review Committee of the District General Hospital,

Ampara. Informed written consent was obtained from all

participants.

Panel 1:  Inclusion criteria used for selecting

the study population

• BMI  ≥8.5 and <25 kg/m2

• Singleton pregnancy

• Natural conception

• No relevant past medical history with no need for long

term medication

• No evidence of socio-economic constraints likely to

impede fetal growth

• No use of tobacco or recreational drugs, alcohol use

• No more than one miscarriage in the three previous

consecutive pregnancies

• No previous baby delivered pre-term (<37 weeks) or

with a birth weight <2500g or >4500g

• No previous pregnancy affected by pre-eclampsia/

eclampsia, HELLP syndrome or a related pregnancy-

associated condition

• No clinically significant atypical red cell alloantibodies

• No evidence of urinary tract infection or renal disease

on urinalysis

• Systolic blood pressure <140 mmHg and diastolic blood

pressure < 90 mmHg

• No diagnosis or treatment for anemia during this

pregnancy

• Not in an occupation with risk of exposure to chemicals

or toxic substances
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Results
We interviewed 2637 women at 11 weeks of gestation

and only 596 (22.6%) women were eligible for the

study. Basic characteristics of the study group are given

in Table 1. Tables 2 and 3 show the comparisons of the

means and standard deviations of UA PI and MCA PI

measurements obtained by the current study, compared

with the data obtained from Domenico et al, Italy. Both

the normal plot and the plot of the standardized residuals

against gestation show that the data met the assumptions

well. The reference centile values for UA PI, MCA PI and

CPR are given in Table 4-6. The fitted centile charts of  UA

PI, MCA PI and CPR for each gestation are shown in Figure

1-3 respectively.

Table 1. Characteristics of the study population

Characteristic

Ethnicity (%)

Sinhalese 546 (91.6)

Muslim 39 (6.5)

Tamil 11 (1.9)

Total 596

Parity

Median 2

(IQR) (1-2)

Mean Age in years 28.4

          (SD) (5.1)

Mean BMI in kg/m2 21.45

          (SD) (2.1)

Table 2. Comparison of umbilical artery Pulsatility index (UA PI)
data from Sri Lanka and Domenico et al, Italy

20 34 1.26 0.37 80 1.54 0.301 -0.28 -0.41 to -0.15*

21 26 1.20 0.32 48 1.47 0.301 -0.27 -0.41 to -0.13*

22 27 1.15 0.28 60 1.41 0.301 -0.26 -0.40 to -0.12*

23 19 1.11 0.25 60 1.35 0.301 -0.24 -0.39 to -0.09*

24 30 1.07 0.22 50 1.30 0.301 -0.23 -0.36 to -0.10*

25 25 1.03 0.20 60 1.25 0.301 -0.22 -0.35 to -0.09*

26 27 1.00 0.18 105 1.20 0.301 -0.20 -0.32 to -0.08*

27 20 0.98 0.17 135 1.16 0.301 -0.18 -0.32 to -0.04*

28 24 0.96 0.16 120 1.12 0.301 -0.16 -0.29 to -0.03*

29 13 0.94 0.16 80 1.08 0.301 -0.14 -0.31 t o 0.03

30 16 0.93 0.16 75 1.05 0.301 -0.12 -0.27 t o 0.03

31 18 0.92 0.16 60 1.02 0.301 -0.10 -0.25 t o 0.05

32 24 0.91 0.16 75 0.99 0.301 -0.08 -0.21 t o 0.05

33 25 0.91 0.16 65 0.97 0.301 -0.06 -0.19 t o 0.07

34 36 0.90 0.17 70 0.95 0.301 -0.05 -0.16 t o 0.06

35 25 0.90 0.17 70 0.94 0.301 -0.04 -0.17 t o 0.09

36 22 0.89 0.17 60 0.92 0.301 -0.03 -0.17 t o 0.11

37 30 0.89 0.18 75 0.92 0.301 -0.03 -0.15 t o 0.09

38 23 0.88 0.18 65 0.91 0.301 -0.03 -0.16 t o 0.10

39 07 0.88 0.17 40 0.91 0.301 -0.03 -0.27 t o 0.21

40 32 0.87 0.17 35 0.91 0.301 -0.04 -0.16 t o 0.08

Gestational Sri Lanka Domenico Difference Estimated 95% CI
age  et al of UA-PI

* The differences between values were significant if zero lay outside the estimated 95% CI in two populations (SD – standard deviation)

Number Mean SD Number Mean SD
of UA of UA

fetuses PI fetuses PI
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Table 3. Comparison of Middle cerebral artery Pulsatility index (MCA PI)
data from Sri Lanka and Domenico et al, Italy

20 34 2.45 0.67 80 1.83 0.289 0.62 0.44 to 0.80*

21 26 2.50 0.65 48 1.87 0.289 0.63 0.41 to 0.85*

22 27 2.55 0.64 60 1.91 0.289 0.64 0.44 to 0.84*

23 19 2.58 0.64 60 1.93 0.289 0.65 0.44 to 0.86*

24 30 2.61 0.64 50 1.96 0.289 0.65 0.44 to 0.86*

25 25 2.62 0.65 60 1.97 0.289 0.65 0.45 to 0.85*

26 27 2.61 0.66 105 1.98 0.289 0.63 0.46 to 0.80*

27 20 2.60 0.68 135 1.99 0.289 0.61 0.44 to 0.78*

28 24 2.57 0.69 120 1.99 0.289 0.58 0.41 to 0.75*

29 22 2.53 0.71 80 1.99 0.289 0.54 0.34 to 0.74*

30 16 2.48 0.72 75 1.98 0.289 0.50 0.28 to 0.72*

31 17 2.42 0.72 60 1.97 0.289 0.45 0.22 to 0.68*

32 24 2.35 0.72 75 1.95 0.289 0.40 0.20 to 0.60*

33 25 2.26 0.71 65 1.93 0.289 0.33 0.12 to 0.54*

34 34 2.16 0.70 70 1.90 0.289 0.26 0.07 to 0.45*

35 25 2.05 0.67 70 1.86 0.289 0.19 -0.01 t o 0.39

36 23 1.93 0.63 60 1.82 0.289 0.11 -0.09 t o 0.31

37 29 1.80 0.57 75 1.78 0.289 0.02 -0.15 t o 0.19

38 23 1.65 0.50 65 1.73 0.289 0.08 -0.25 t o 0.09

39 07 1.49 0.41 40 1.67 0.289 0.18 0.57 to 1.07*

40 32 1.32 0.31 35 1.61 0.289 0.29 0.56 to 0.86*

Gestational Sri Lanka Domenico Difference of EstimatedCI
age  et al MCA-PI

*The differences between values were significant if zero lay outside the estimated 95% CI in two populations (SD – standard deviation)

Number Mean SD Number Mean SD
of MCA- of MCA-

fetuses PI fetuses PI
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16 26 0.74 1.59 2.44 0.66 0.97 2.09 3.21 0.87 0.55 1.32 2.09 0.60

17 20 0.76 1.49 2.23 0.58 1.17 2.20 3.23 0.80 0.76 1.54 2.31 0.61

18 19 0.77 1.41 2.05 0.50 1.34 2.29 3.24 0.74 0.94 1.74 2.53 0.62

19 26 0.78 1.33 1.89 0.43 1.48 2.38 3.27 0.70 1.10 1.92 2.74 0.64

20 34 0.79 1.26 1.74 0.37 1.59 2.45 3.30 0.67 1.23 2.08 2.93 0.66

21 26 0.79 1.20 1.62 0.32 1.67 2.50 3.33 0.65 1.34 2.22 3.11 0.69

22 27 0.79 1.15 1.51 0.28 1.73 2.55 3.37 0.64 1.42 2.35 3.28 0.72

23 19 0.79 1.11 1.42 0.25 1.77 2.58 3.40 0.64 1.49 2.46 3.43 0.76

24 30 0.78 1.07 1.35 0.22 1.78 2.61 3.43 0.64 1.54 2.55 3.56 0.79

25 25 0.78 1.03 1.28 0.20 1.78 2.62 3.45 0.65 1.57 2.62 3.68 0.82

26 27 0.77 1.00 1.23 0.18 1.76 2.61 3.46 0.66 1.59 2.68 3.77 0.85

27 20 0.76 0.98 1.20 0.17 1.73 2.60 3.47 0.68 1.59 2.72 3.84 0.88

28 24 0.75 0.96 1.17 0.16 1.69 2.57 3.46 0.69 1.58 2.74 3.89 0.90

29 22 0.74 0.94 1.14 0.16 1.63 2.53 3.44 0.71 1.56 2.74 3.92 0.92

30 16 0.73 0.93 1.13 0.16 1.57 2.48 3.40 0.72 1.53 2.72 3.92 0.93

31 17 0.72 0.92 1.12 0.16 1.50 2.42 3.35 0.72 1.49 2.69 3.89 0.93

32 24 0.71 0.91 1.12 0.16 1.42 2.35 3.27 0.72 1.45 2.64 3.83 0.93

33 25 0.70 0.91 1.12 0.16 1.35 2.26 3.18 0.71 1.40 2.57 3.74 0.91

34 34 0.69 0.90 1.12 0.17 1.27 2.16 3.06 0.70 1.34 2.48 3.62 0.89

35 25 0.68 0.90 1.12 0.17 1.20 2.05 2.91 0.67 1.29 2.37 3.46 0.85

36 23 0.67 0.89 1.12 0.17 1.13 1.93 2.73 0.63 1.23 2.25 3.27 0.80

37 29 0.66 0.89 1.11 0.18 1.06 1.80 2.53 0.57 1.17 2.11 3.04 0.73

38 23 0.66 0.88 1.11 0.18 1.01 1.65 2.29 0.50 1.12 1.95 2.78 0.65

39 07 0.65 0.88 1.10 0.17 0.96 1.49 2.02 0.41 1.07 1.77 2.48 0.55

40 32 0.65 0.87 1.08 0.17 0.93 1.32 1.71 0.31 1.02 1.58 2.13 0.43

Table 4. 10th, 50th and 90th centiles of Umbilical artery pulsatility index,
Middle cerebral artery pulsatility index and cerebral placental ratio at each

gestation between 16 and 40 weeks in all the women with normal BMI (n= 596)

10th 50th 90th SD 10th 50th 90th SD 10th 50th 90th SD

centile centile centile centile centile centile centile centile centile

Gestational Number Umbilical artery Middle cerebral artery Cerebral placental ratio
age  of pulsatility index  pulsatility index

(weeks)  fetuses
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Discussion
Both accurate assessment and rational interpretation

of fetal Doppler measurements are important in the
management of fetal growth restriction. Inadvertent
interpretation of Doppler indices puts fetus at risk of
increased morbidity/ mortality and unwanted early
interventions. Our study demonstrated that fetal Doppler
indices of singleton fetuses in pregnant women with
normal nutritional and health status in the Ampara district
were significantly different from the routinely used
reference charts. Importantly, assessment of umbilical
artery Doppler in FGR is most useful before 34 weeks as
placental resistance tends to be low in late gestations and
it may hinder the accuracy. We demonstrated notable
systematic differences in umbilical artery PI that before 34
weeks in two studies. Furthermore, MCA PI is more reliable
at term, whereas systematic differences between two
studies were more in MCA PI at term. We have developed
new gestational age based reference ranges of Doppler
indices between 16 and 40 weeks of gestation for normal
BMI Sri Lankan population.

 The CPR represents the refection of changes in
cerebral blood flow as indicated by increased diastolic
flow. It is characterized by cerebrovascular dilation
resulting from hypoxia and increased placental resistance,
resulting in decreased diastolic flow of the umbilical artery.
An abnormal CPR (CPR <10th centile) could be resulted
due to three types of Doppler measurement patterns.
Firstly, when the UA PI and MCA PI are in the upper and
lower range of the distribution curve respectively.
Secondly, when the UA PI is normal, but the MCA PI is
decreased, thirdly, an abnormally elevated UA PI and an
abnormally decreased MCA PI. The CPR has been
proposed recently as a marker of failure to reach growth
potential at term, and abnormal CPR values have been
linked to adverse perinatal outcome, including cesarean
section for fetal compromise, abnormal intrapartum
monitoring and admission to the neonatal unit. Those
fetuses affected with failure to reach the genetic growth
potential may present low CPR values independently of
their weight centile [16,17,18,19,20,21] Our new CPR
charts for Sri Lankan population could be used now to
assess fetuses at risk of failure to achieve growth potential.

The main strength of our study is that we managed
to recruit women having normal nutritional and health
status, minimal environmental constraints on fetal growth
and women did not develop any obstetrics complications
in addition to normal BMI.  Moreover, we were able to
determine the gestational age between 11 and 14 weeks
using fetal crown-rump length in all subjects. This has
resulted in the elimination of dating bias. Moreover, we
have adopted an internationally accepted technique to
acquire Doppler measurements and measurements were
supervised by an accredited operator.  We have con-
structed new reference ranges for UA PI, MCA PI and
CPR between 20 and 40 weeks. Comparability of most
previously published data is limited by methodological

Figure 3. Cerebral Placental ratio (CPR)
centile charts (p10 - 10th centile, p50 - 50th

centile, p90 - 90th centile).

Figure 1. Umbilical artery Pulsatility index (UA PI)
centile charts (p10 - 10th centile, p50 - 50th

centile, p90 - 90th centile).

Figure 2. Middle cerebral artery Pulsatility
index (MCA PI) centile charts (p10 - 10th

centile, p50 - 50th centile, p90 - 90th centile).
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and technical characteristics. We have designed a cross-
sectional study in which each fetus was measured once
compared to longitudinal design in which more likely to
result in biased estimates and require more complex
statistical models than cross-sectional studies. Further-
more, we have used statistical methods that considered
the varying variability of the measurements with
increasing gestational age in the construction of the centile
charts, and we have carefully assessed the goodness of
fit of the models obtained.

The main limitations of our study were failure to
obtain multiple measurements to assess intra observer
variations in obtaining the fetal Doppler indices.
Assessment of repeatability had been more difficult due
to the paucity of equipment and certified obstetricians.
Our data need to be validated in a multicenter study in
order to improve the generalizability.

Simplified charts for fetal Doppler indices have
immense value as it is difficult to have individually
customized charts in low resource setting.  In conclusion,
our study has shown that fetal Doppler indices of
singleton fetuses in pregnant women with normal
nutritional and health status in the Ampara district were
significantly different from a routinely used reference chart.
We have presented new centile charts for fetal Doppler
indices derived from a carefully designed prospective
cross-sectional study.
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