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Abstract

Introduction: Accurate estimation of fetal weight is important in the
management of delivery.Ultrasonography is widely used for fetal weight
estimation because of cost-effectiveness and well defined measurement
procedure.Early methods to predict birth weight with an ultrasound will
help the clinicians to make decisions on the route of delivery.

Method: This was a cross sectional study conducted at Lumbini Medical
College and Teaching Hospital, Palpa in the Department of Radiodiagnosis
for a duration of nine months from February 2024 to October 2024. The
study was approved by the Institutional Review Committee of the institute
(IRC-LMC-05/M-24). The study population included singleton pregnancy at
term (at/after 37 weeks) meeting inclusion criteria. A total of 180 pregnant
women participated in study.

Result: The mean actual birth weight (ABW) was 3070.57 gram =+
301.13.The estimated mean fetal birth weight (EFW) by ultrasound was
3346.62+204.29 grams using Hadlock 1 and 3308.89+204.69 grams
using Hadlock 2. There was no significant difference between the mean
fetal weight estimated by ultrasound scan using Hadlock formula and mean
actual birth weight (p-value = <0.05). There was a positive correlation
between ultrasound estimated fetal weight and actual birth weight
(r=0.34,p<0.05 for Hadlock 1 and r=0.36,p<0.05 for Hadlock 2).

Conclusion: Ultrasound is reliable method for estimating fetal birth weight
through Hadlock formula and it has strong correlations with actual birth
weight, making it the preferred method for estimating fetal weight and
planning delivery.
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Introduction

Fetal birth weight estimation is important in the management of delivery
and predicting fetal survival. Ultrasonography is widely used for fetal weight
estimation because of cost-effectiveness and well defined measurement
procedure.! Antepartum weight estimation is also helpful in monitoring
and detection of macrosomia and intrauterine growth restriction thus, fetal
weight is an independent risk factor for determining perinatal mortality.?3
The accuracy for predicting fetal birth weight by different ultrasonic
measurements, different formulas has been studied but no particular
formula or biometric measurement has superior accuracy. However,
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the commonly used formulas are proposed by Hadlock
and colleagues.>® There are numerous formulas which
uses multiple parameters in different combinations, only
few of them are in clinical use. In this study, we utilized
the most commonly used formula which is referred to as
Hadlock(H1) 1 and Hadlock(H2) 2. Hadlock 1 formula
incorporates HC, AC and FL parameters whereas Hadlock
2(H2) excludes HC for EFW calculation.?

So, the aim of this study is to compare the accuracy of
ultrasonographic fetal birth weight with the actual birth
weight using Hadlock1 and Hadlock.?

Methods

This was a cross sectional study conducted at Lumbini
Medical College and Teaching Hospital, Palpa in the
Department of Radiodiagnosis for a duration of nine
months from February 2024 to October 2024. The study
was approved by the Institutional Review Committee of
the institute (IRC-LMC-05/M-24). The study population
included singleton pregnancy at term (at/after 37 weeks)
meeting inclusion criteria. Verbal consent was taken from
the patients. A total of 180 pregnant women participated
in study.

Procedure for the ulirasound fetal weight estimation:
Bladder was emptied. Patient was asked to lie with knee
joints slightly flexed. Ultrasound estimated fetal weight
(EFW) was obtained for all women by the same radiologist
with a 3.5 MHz transducer (MEDISON Ultrasonic machine)
using standard Hadlock 1 and 2 formula that used
biparietal diameter (BPD), head circumference (HC),
abdominal circumference (AC) and femur length (FL) for
calculating fetal weight. BPD was obtained at midline with
thalami, cavum septum pellucidum and third ventricle
on a transverse image of skull. Calipers were placed
outer to inner margin of the bone. Head circumference
(HC) was taken at the same level of the outer perimeter
of the skull. AC was obtained with transverse image of
abdomen where fetal stomach, portal vein and umbilical
vein were demonstrated. Calipers were placed on the skin.
FL measurement was taken with femur as horizontal as
possible and distance between outer borders of diaphysis
of the femoral bone. Weight of fetus was measured using
Hadlock 1 and Hadlock 2. The maternal age, date of
delivery, gestational age at ultrasound were recorded. After
delivery the weight of the fetus was measured using standard
weighing machine. The accuracy of sonographic estimation
of fetal weight was determined with the following: (1) mean
(EFW — ABW/ABW), (2) mean of absolute error (absolute
value of EFW — ABW/ABW) (3) mean percentage error
(IEFW — ABW] x 100/ABW).

Inclusion criteria
¢ Normal and singleton pregnancy after 37 weeks

Exclusion criteria
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e Preterm labour

*  Multiple pregnancies

e Congenital anomalies

e Intrauterine fetal death

¢ Polyhydramnios and oligohydramnios

*  Mothers with obstetric complications like severe pre-
eclampsia, eclampsia, HELLP syndrome

e Existing new medical illnesses
Statistical analysis

Date was analyzed using statistical package for social
science (SPSS) version 21.0 software. The results were
expressed as frequencies and percentages. Mean with
standard deviation were calculated. Accuracy of Hadlock
1 and Hadlock 2 were calculated. Differences between
EFW derived from the formulas and the actual birth were
illustrated by the mean with 95% confidence interval and
the results were tested by t-test. Mean error, mean absolute
error, mean percentage error were calculated for each
formula. The Pearson correlation between the estimated
fetal weight and the actual weight was also determined and
plotted as a scatter plot.

Results

The mean maternal age was 25.67 years with = 4.90. The
minimum maternal age was 17 years and maximum were
39 years. The mean actual birth weight (ABW) was 3070.57
gram = 301.13. Minimum weight was 2415 grams and
maximum were 4000 grams. Table 1

The estimated mean fetal birth weight (EFW) by ultrasound
was 3346.62+204.29 grams using Hadlock 1 and
3308.89+204.69 grams using Hadlock 2. There was
no significant difference between the mean fetal weight
estimated by ultrasound scan using Hadlock formula and
mean actual birth weight (p-value = <0.05). The mean
of EFW for each method and the mean of ABW were
compared using the paired t-test. Table 2

There was a positive correlation between ultrasound
estimated fetal weight and actual birth  weight
(r=0.34,p<0.05 for Hadlock 1 and r=0.36,p<0.05 for
Hadlock 2). Table 3

The mean in the estimation of birth weight was 22.38 gram
and 22.13 gram for Hadlock 1 and Hadlock 2. The mean
absolute error in the estimation of birth weight was 276.04

g and 238.32g. The absolute mean percentage error was
8.99% and 7.76 %. Table 4
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Table 1: Maternal and fetal variable

25.67(4.90)
3070.57(301.13)
3346.62(204.29)
3308.89(204.69)

Maternal age(year)
Actual birth weight(gram)
Hadlock 1 weight(gram)
Hadlock 2 weight(gram)

e B S
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17 39

2415 4000
2956 4210
2923 4171

Table 2: Comparison of estimated actual birth weight with Ultrasound Hadlock 1 and Hadlock 2 methods

95% Cl of the difference
Std. deviation | Std Error mean

Hadlock 1 weight with ABW (gr)

Hadlock 2 with ABW (gr)
*Paired Samples Test

276.04 300.27
238.32 296.99

Table 3: Correlation between ultrasound estimated fetal
birth weight with actual birth weight.

Figure 1:
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Graph showing the relation between ultrasound estimated
fetal weight (EFW) using Hadlock 1 and Hadlock 2 with
actual birth weight (ABW) (in grams) and a linear association
between variables.
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22.38
22.13

231 .88 320.20
194.64 282.00

12,88
10.76

179 .00
179 .00

Table 4: Accuracy of method

Parameter Absolute Absolute mean
mean error(gr) | percentage error (%)

Hadlock 1 22.38 276.04 8.99
Hadlock 2 22.13 238.32 7.76
Discussion

Accurate estimation of fetal weight is important in the
management of delivery. A lot of work has been done to
find out accurate methods of estimation of fetal weight in
utero including clinical and ultrasound estimations. Before
the availability of ultrasound, conventional methods such
as measurement of the maternal abdominal circumference
and uterine height were used to estimate fetal weights.
though the traditional methods are easy to use, several
maternal factors may affect assessment abilities.”

Early methods to predict birth weight with an ultrasound will
help the clinicians to make decisions on the route of delivery.
Estimation of fetal weight is done ultrasonographically
using Hadlock and other formulae.’ Ultrasound estimation
of fetal weight, while being accurate to a certain degree, is
associated with error ranging from = 6 to 11% depending
on parameters measured and the equation used for
estimation. Determination of weight within 10% of actual
birth weight is considered acceptable accuracy.®

The mean actual birth weight in this study was 3070.57
grams = 301.13. This was similar to the mean actual birth
weight of 3070 grams reported by Bajracharya et al.9
and slightly higher than the study done by Prasad VN et al
(2822.5 grams).'® The reason may be due to socioeconomic
factors and proper diet during pregnancy.

The mean of ultrasonic weight estimation was 3346.62 =
204.29 grams for Hadlock 1 and 3308.89 = 204.69 for
Hadlock 2 and with mean difference between EFW and the
actual birth weight was 276.05 grams and 238.32 grams
respectively. When the result was compared with actual
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birth weight, it was found that actual birth weight was not
significantly different. Similar findings have been observed
by other studies.'"'2

In our study, the mean is 22.38, absolute mean error
276.04, absolute mean percent error (APE) is 8.99%
for Hadlock 1 and 22.13, 238.32 and 7.76 Hadlock 2
respectively.’® In a study done by Mattsson N et al,with
Hadlock formula, mean absolute percent error was 6.2%
and SD of error was 7.6% of mean birth weight.' In various
study, the mean absolute percent error has ranged between
6 and 15%'> and about three-quarters of estimations were
within 10% of birth weight.'®7'® So, ultrasound should
be used to estimate the fetal weight for the purposes of
planning delivery and monitoring of the fetus.

Conclusion

Ultrasound is reliable method for estimating fetal birth
weight through Hadlock formula and it has strong
correlations with actual birth weight, making it the preferred
method for estimating fetal weight and planning delivery.

References

1. Kiserud T, Piaggio G, Carroli G, et al. The World Health
Organization Fetal Growth Charts: A Multinational
Longitudinal ~ Study of  Ultrasound  Biometric
Measurements and Estimated Fetal Weight. PLoS
Med. 2017;14(1):e1002220. Published 2017 Jan 24.
DOI: 10.1371/journal.pmed.1002220
PMID: 28118360 PMCID: PMC5261648

2. Milner J, Arezina J. The accuracy of ultrasound
estimation of fetal weight in comparison to birth weight:
A systematic review. Ultrasound. 2018;26(1):32-41.
DOI: 10.1177/1742271X17732807
PMID: 29456580 PMCID: PMC5810856,

3. Simms-Stewart D, Hunter T, Fletcher H, DaCosta V,
Walters C, Reids M. Comparison of ultrasonographic
estimated fetal weight and actual birthweight performed
by residents in training at the university hospital of the
west indies. West Indian Med J. 2013;62(9):829-832.
DOI: 10.7727/wim|.2012.265
PMID: 25117389

4. Preyer O, Husslein H, Concin N, et al. Fetal weight
estimation at term - ultrasound versus clinical
examination with Leopold’s manoeuvres: a prospective
blinded observational study. BMC Pregnancy
Childbirth. 2019;19(1):122. Published 2019 Apr 11.
DOI: 10.1186/s12884-019-2251-5
PMID: 30971199 PMCID: PMC6458793

5. Hadlock FP Harrist RB, Sharman RS, Deter RL, Park
SK. Estimation of fetal weight with the use of head,
body, and femur measurements--a prospective
study. Am J Obstet Gynecol. 1985;151(3):333-337.
DOI: 10.1016/0002-9378(85)90298-4
PMID: 3881966

10.

11.

12.

13.

14.

i)
O
€
<
©
o=
(@]
st
O

Dakwar Shaheen J, Hershkovitz R, Mastrolia SA, et al.
Estimation of fetal weight using Hadlock’s formulas:
Is head circumference an essential parameter?. Eur
J Obstet Gynecol Reprod Biol. 2019;243:87-92.
DOI: 10.1016/j.¢jogrb.2019.09.024

PMID: 31678760

Ugwu EO, Udealor PC, Dim CC, et al. Accuracy of
clinical and ultrasound estimation of fetal weight in
predicting actual birth weight in Enugu, Southeastern
Nigeria. Niger J Clin Pract. 2014;17(3):270-275.
DOI: 10.4103/1119-3077.130208

PMID: 24714001

Njoku C, Emechebe C, Odusolu P Abeshi S, Chukwu
C, Ekabua J. Determination of Accuracy of Fetal Weight
Using Ultrasound and Clinical Fetal Weight Estimations
in Calabar South, South Nigeria. Int Sch Res Nofices.
2014;2014:970973. Published 2014 Nov 10.
DOI: 10.1155/2014/970973

PMID: 27382626 PMCID: PMC4897128

Bajracharyal,ShresthaNS, KarkiC. Accuracyofprediction
of birth weight by fetal ultrasound. Kathmandu Univ
Med J (KUMJ). 2012;10(38):74-76.PMID: 23132481
DOI: 10.3126/kum|.v10i2.7349,

Predanic M, Cho A, Ingrid F Pellettieri J.
Ultrasonographic  estimation of  fetal  weight:
acquiring accuracy in residency.) Ultrasound Med.
2002;21(5):495-500.

DOI: 10.7863/jum.2002.21.5.495

PMID: 12008811

Milner J, Arezina J. The accuracy of ultrasound
estimation of fetal weight in comparison to birth weight:
A systematic review. Ultrasound. 2018;26(1):32-41.
DOI: 10.1177/1742271X17732807

PMID: 29456580 PMCID: PMC5810856

Dudley NJ. A systematic review of the ultrasound
estimation of fetal weight. Ultrasound Obstet
Gynecol. 2005;25(1):80-89.

DOI: 10.1002/u0g.1751

PMID: 15505877

Kurmanavicius J, Burkhardt T, Wisser J, Huch R.
Ultrasonographic fetal weight estimation: accuracy of
formulas and accuracy of examiners by birth weight from
500 to 5000 g. J Perinat Med. 2004;32(2):155-161.
DOI: 10.1515/JPM.2004.028

PMID: 15085892

Mattsson N, Rosendahl H, Luukkaala T
Good accuracy of ultrasound estimations of
fetal weight performed by midwives. Acta
Obstet  Gynecol  Scand.  2007;86(6):688-692.

DOI: 10.1080/00016340701322119
PMID: 17520400

JKISTMC | VOL 8, ISSUE 15, NO 1, JAN 2026



https://doi.org/10.1371/journal.pmed.1002220
https://doi.org/10.1177/1742271X17732807
https://doi.org/10.7727/wimj.2012.265
https://doi.org/10.1186/s12884-019-2251-5
https://doi.org/10.1016/0002-9378(85)90298-4
https://doi.org/10.1016/j.ejogrb.2019.09.024
https://doi.org/10.4103/1119-3077.130208
https://doi.org/10.1155/2014/970973
https://doi.org/10.3126/kumj.v10i2.7349
https://doi.org/10.7863/jum.2002.21.5.495
https://doi.org/10.1177/1742271X17732807
https://doi.org/10.1002/uog.1751
https://doi.org/10.1515/JPM.2004.028
https://doi.org/10.1080/00016340701322119

15.

16.

17.

18.

i)
O
€
<
©
o=
(@]
st
@)

Dudley NJ. A systematic review of the ultrasound
estimation of fetal weight. Ultrasound Obstet
Gynecol. 2005;25(1):80-89.

DOI: 10.1002/uog.1751

PMID: 15505877

Noumi G, Collado-Khoury F, Bombard A, Julliard
K, Weiner Z. Clinical and sonographic estimation of
fetal weight performed during labor by residents. Am
J Obstet Gynecol. 2005;192:1407 -9.

DOI: 10.1016/}.0jog.2004.12.043

PMID: 15902122

Colman A, Maharaj D, Hutton J, Tuohy J. Reliability of
ultrasound estimation of fetal weight in term singleton
pregnancies. N Z Med J. 2006;119(1241):U2146.
Published 2006 Sep 8.

Ben-Haroush A, Yogev Y, Bar J, et al. Accuracy of
sonographicallyestimatedfetalweightin840womenwith
different pregnancy complications prior to induction of
labor.Ultrasound ObstetGynecol.2004;23(2):172-176.
DOI: 10.1002/u0g.940

PMID: 14770399

JKISTMC | VOL 8, ISSUE 15, NO 1, JAN 2026

Pokhrel S et al. Jan 2026;15(1):26-30


https://doi.org/10.1002/uog.1751
https://doi.org/10.1016/j.ajog.2004.12.043
https://doi.org/10.1002/uog.940

