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Abstract: Objective: To create a reference chart for estimated fetal weight (EFW) in normal pregnancy for use in North Indian 

population and compare it with reference chart with western population.  Single reference standard charts that were developed for the 

western population are being followed worldwide despite many differences between the populations in terms of genetics, nutrition, 

cultural practices, socio-economic status, and environmental factors. These factors can affect the fetal weight and using same reference 

can lead to a risk of over diagnosis of growth restriction in some populations. Fetal weight is an important clue when it comes to the 

assessment to growth of the fetus. This study is an attempt to provide reference values for the targeted north Indian population. We 

included 2433 normal singleton pregnancies coming for routine antenatal ultrasonography examination at our institute.Ultra-

sonographic measurements included fetal biparietal diameter (cm), head circumference (cm), abdominal circumference (cm) and femur 

length (cm). Estimated fetal weight (gm) was calculated by using Hadlock algorithm. These values thus obtained were recorded, 

tabulated and centiles (10th, 50th, 90th, 95th and 97th) were derived from this data. It was then compared with western population 

reference.Estimated fetal weight was found to be at lower range in Indian population compared to western population.  
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1. Introduction 
 

Ultrasound to date remains the most important investigation 

when it comes to in-utero evaluation of the fetus. Biometric 

parameters like biparietal diameter, femur length, abdominal 

circumference and head circumference allow for estimation 

of fetal weight, liquor evaluation and color doppler allow 

satisfactory evaluation of the fetus. In order to monitor the 

growth of a fetus the traditional method is to compare it with 

the established standards.  

 

However, current single reference standards being applied to 

all the populations worldwide come largely from high 

income nations with considerable amount of differences 

with respect to race, genetics, environmental factors, 

nutrition, socio-economic status which vary from region to 

region. These factors can affect the estimated fetal weight 

and therefore can lead to lead to considerable differences in 

fetal weights amongst various populations. [1, 2, 3, 4, 5] 

Hence the applicability of these standards to all populations 

is questionable. 

 

Available literature from different populations points to the 

need of a targeted population based biometric parameters for 

the most reliable estimation of fetal wellbeing.  

 

WHO has also therefore requested new fetal growth charts 

based on multiple populations to be made available for 

general use [6].  Recently published multinational study by 

the Intergrowth-21st Project presented biometric growth but 

not EFW data [7]. 

 

India, being a developing country, if the western standards 

are applied to Indian fetuses may be falsely diagnosed as 

growth restriction. Existing ultrasound-based fetal weight 

estimation models have been shown to have high errors 

when used in the Indian population. [8]  

 

Use of existing standards in Indian population has proved to 

have a high rate of error leading to an erroneously high 

estimation of fetal intrauterine growth restriction [9]. Many 

studies have highlighted differences in fetal growth patterns 

between Indian and other populations and have observed 

that Indian fetuses have lower birth weight and are smaller 

in all body measurements [10, 11]. Thus, if practitioners 

incorporate existing standards in formulating fetal growth 

charts, overestimation of incidence of IUGR and 

microcephaly is likely. 

 

Here in this study we have tried to find reference charts in 

the north Indian population by studying the fetal weight at 

various gestation ages. These values obtained were then 

compared with the existing western standard values. 

 

2. Methods 
 

This prospective study was conducted to formulate targeted 

population based fetal biometric parameters and 

corresponding reference fetal growth charts. 

 

BPD, HC, FL and AC in all normal pregnancies from 20 

weeks to term gestation were recorded after taking written 

and informed consent.  

 

Patients with Maternal illness like diabetes mellitus, 

hypertension, severe anemia, maternal cardiac illness, 
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maternal infections, Pregnancy complications like PIH, 

oligohydramnios, polyhydramnios, IUGR, Multifetal 

gestation, Pregnancy with anomalous fetus, LMP not 

confirmed were not included in the formulation of charts.  

 

Data collection was done after approval from the ethical 

committee of the institute. 

 

Routine ultrasound scan was done for all patients fulfilling 

the inclusion criteria after taking written and informed 

consent. 

 

BPD, HC, FC, AC was calculated using established 

guideline for proper measurement: 

 

BPD: Maximum distance between the two parietal bones 

taken from the leading edge of the skull to the leading edge 

i.e. outer to inner at the level of the cavum septum 

pellucidum. 

 

HC: Same level at which the BPD, taken by using the 

ellipsoid mode of the machine and adjusting the elliptical 

calipers to the outer margin of the skull table. 

 

AC: At the level where the umbilical vein enters the left 

branch of portal vein; alternatively, a scan at a slightly lower 

level showing a short segment of the umbilical vein may be 

taken. 

 

The outline of the abdomen should be as circular as possible. 

FL: Diaphysis from the greater trochanter above to the 

lateral condyle below.  

 

EFW as per the Hadlock formula was obtained for each 

fetus [12] 

 

LMP was recorded for each patient. Data thus collected was 

compared to established Western standards for each 

gestational week.  

 

Thereafter,3
rd

, 5th, 50
th

, 95
th

, 97
th

 centiles were formulated 

for the targeted population. 

 

The centiles thus obtained were compared with 

corresponding centile values of already established standard 

for French population. 

 

3. Results 
 

A total of 2433 pregnant females with singleton pregnancy 

meeting all the inclusion criteria were studied. The fetal 

weight with gestation age was recorded. This data was 

tabulated and centile values were obtained. (Table 1) 

 

 

 

 

 

 

 

 

 

 

Table1: Table showing centile weight (in gm) values 

obtained from the study for respective gestation ages 

 
 

 
Graph 1: graph showing centile weight (in gm) values 

obtained from the study for respective gestation ages 

 

These centiles thus obtained for target north Indian 

population were then compared with existing standards for 

French population [13]. (Table 2) 

 

Table 2: Table showing centile weight (in gm) for 

respective gestation ages in French population 
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Table 3: Table showing 50
th

 percentile values for EFW in 

Indian and French at each respective gestation age 

 

 
Graph 2: Graph showing 50

th
 percentile values for EFW in 

Indian and French at each respective gestation age. 

 

Table 4: Table showing 10
th

 percentile values for EFW in 

Indian and French at each respective gestation age 

 
 

 
Graph 3: Graph showing 10

th
 percentile values for EFW in 

Indian and French at each respective gestation age 

 

Table 5: Table showing 90
th

 percentile values for EFW in 

Indian and French at each respective gestation age 

 
 

 
Graph 4: Graph showing 90

th
 percentile values for EFW in 

Indian and French at each respective gestation age 

 

4. Discussion 
 

Professor Ian Donald in Glasgow first used ultrasound 

scanning for obstetrical purpose in late 1950s. Later in 

1960s, fetal cephalometry was employed for fetal biometry, 

ultrasound remains the mainstay in assessment of fetal well-
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being because it is non-invasive, cost effective and has no 

radiation risks [14, 15, 16] 

 

From 14 weeks onwards, biometric parameters like BPD, 

FL, HC, AC are used for routine assessment of fetal well-

being.  

 

BPD is a measure of the maximum distance between the two 

parietal bones taken from the leading edge of the skull to the 

leading edge i.e. outer to inner [17] at the level of the cavum 

septum pellucidum.  

 

HC is measured at the same level at which the BPD is taken 

by using the ellipsoid mode of the machine and adjusting the 

elliptical calipers to the outer margin of the skull table [18]. 

AC is used for monitoring the fetal weight. The abdominal 

circumference is taken at the level where the umbilical vein 

enters the left branch of portal vein; alternatively, a scan at a 

slightly lower level showing a short segment of the 

umbilical vein may be taken. The outline of the abdomen 

should be as circular as possible [19]. 

 

Femur length shows linear growth throughout gestation and 

is best measured after 14 weeks [20]. The diaphysis is 

measured from the greater trochanter above to the lateral 

condyle below. The outer border of femur is straight and the 

inner border is curved normally [21]. 

 

Various studies carried out in the developing countries have 

showed significant differences in the biometric parameters 

in different populations, thus signifying the need for targeted 

populationbase parameters and growth charts [22-27].  

 

WHO has also therefore requested new fetal growth charts 

based on multiple populations to be made available for 

general use. [6] 

 

Another recently published multinational study by the 

Intergrowth-21st Project presented biometric growth but not 

EFW data [7]. 

 

Bajracharya et al [28] found significant difference in the 

estimated fetal weight and actual fetal weight when EFW 

was calculated using Hadlock charts in an Indian population.  

Warrier et al [29] concluded that newborn in India weighs 

<3 kg, whereas Western newborns weigh 3.6 kg in an 

average. Hence toward term, there is a discrepancy in all 

fetal biometric parameters between Indian babies and their 

Western counterparts.  

 

As is evident from the graphs obtained, the Indian fetuses 

fall short of the French values. This can be due to various 

genetic, environmental, nutritional and socio-economic 

factors. The difference in values is further more marked in 

the later trimester.  

 

The use of these western values will therefore lead to an 

erroneous diagnosis of growth restriction in north Indian 

fetuses. This can further lead to unnecessary medical 

intervention, in an already overburdened Indian healthcare. 

So, we propose the 10
th

 percentile values obtained by this 

study to be used as a reference in north Indian population to 

diagnose IUGR. 

5. Conclusion 
 

The Indian fetuses fall short in the fetal weight especially in 

the later weeks of gestation as compared to the western 

population. This may be due to multiple factors including 

socio-economic status, nutrition, higher order births and 

genetic causes. Therefore, use of the western values will 

lead to erroneous diagnosis of Intra-uterine growth 

restriction. We propose use of the values obtained by this 

study for use in north Indian population.  
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