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Abstract Objective To evaluate the accuracy of fetal weight prediction by ultrasonography
labor employing a formula including the linear measurements of femur length (FL) and
mid-thigh soft-tissue thickness (STT).
Methods We conducted a prospective study involving singleton uncomplicated term
pregnancies within 48 hours of delivery. Only pregnancies with a cephalic fetus
admitted in the labor ward for elective cesarean section, induction of labor or
spontaneous labor were included. We excluded all non-Caucasian women, the ones
previously diagnosed with gestational diabetes and the ones with evidence of ruptured
membranes. Fetal weight estimates were calculated using a previously proposed
formula [estimated fetal weight ¼ � 1687.47 þ (54.1 � FL) þ (76.68 � STT). The
relationship between actual birth weight and estimated fetal weight was analyzed
using Pearson’s correlation. The formula’s performance was assessed by calculating the
signed and absolute errors. Mean weight difference and signed percentage error were
calculated for birth weight divided into three subgroups: < 3000 g; 3000–4000g;
and > 4000 g.
Results We included for analysis 145 cases and found a significant, yet low, linear
relationship between birth weight and estimated fetal weight (p < 0.001; R2 ¼ 0.197)
with an absolute mean error of 10.6%. The lowest mean percentage error (0.3%)
corresponded to the subgroup with birth weight between 3000 g and 4000 g.
Conclusions This study demonstrates a poor correlation between actual birth weight
and the estimated fetal weight using a formula based on femur length and mid-thigh
soft-tissue thickness, both linear parameters. Although avoidance of circumferential
ultrasound measurements might prove to be beneficial, it is still yet to be found a fetal
estimation formula that can be both accurate and simple to perform.

Resumo Objetivo Avaliar a precisão da determinação ultrassonográfica da estimativa de peso
fetal recorrendo apenas a parâmetros lineares (comprimento do fémur – FL - e
espessura de tecido mole a meio da coxa fetal - STT), no período precedente ao parto.
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Introduction

The accurate prediction of estimated fetal weight (EFW)
during labor could have a major impact on the appropriate
obstetric management, especially in cases of suspected
macrosomia or low birth weight. Macrosomic fetuses may
lead tomaternal and neonatal complications during labor,1–3

and low birth weight fetuses are at increased risk for
perinatal morbidity and mortality.4 Thus, a good estimate
of birth weight could contribute to the prevention of some of
these complications.5,6

In clinical practice, the EFW established in the third
trimester, usually around 30 weeks of gestation, is common-
ly used to predict the EFW at term. It admits the fetus has a
constant growth. However, it is hardly the truth in all
cases.7,8 Additionally, previous studies have demonstrated
that this third trimester fetal weight estimation does not
allow us to identify the correct proportion of neither the
small fetus at term nor the large ones,9,10 raising the need to
evaluate fetal weight closer to birth.

Many equations are available for estimating fetal weight
basedon standardultrasound fetalmeasurements and themost
accurate include circumferential parameters, such as head
circumference and abdominal circumference.7,11–13 Unfortu-
nately, these parameters are more prone to intra and inter-
observer variability,11,12,14 especially at term, when these
measurements are technically more difficult to obtain. During

labor, aside the previously referred difficulties in performing an
ultrasound and obtaining the correct measurements for the
EFW, it is necessary to perform this technique in a short period
of time, giving the context of a labor ward.

A previously published study by Scioscia et al15 proposed
a novel formula for EFW using the linear measurements of
femur length (FL) and mid-thigh soft-tissue thickness (STT,
involving adipose tissue plus lean mass). With this formula,
the authors intended to obviate the imprecise and time
consuming circumferential measurements, allowing it to
be easily applied even during labor. Moreover, it includes a
measurement of soft tissue, thought to be of great value to
evaluate fetal growth deviations as it involves adipose tissue
plus leanmass.15–19 Although previous studies have recently
shown the benefits of these linear measurements, particu-
larlymid-thigh STT,15,17–21 the advantage of this formula has
yet to be established in order it can be routinely used, i.e. in
the labor ward, where it could be most useful.

The aim of this study was to evaluate the accuracy of
ultrasound fetal weight prediction during labor using a
formula including only linear measurements, namely the
FL and mid-thigh STT.

Methods

We conducted a prospective cohort study between July 2011
and August 2012 at the Department of Obstetrics and

Métodos Realizamos um estudo prospectivo que incluiu gestações simples de termo,
com feto cefálico, nas quais o parto ocorreu nas 48h seguintes à avaliação ecográfica. A
inclusão no estudo foi feita nomomento de admissão ao bloco de partos para cesariana
eletiva, indução do trabalho de parto ou trabalho de parto espontâneo. Foram
excluídas todas as grávidas não caucasianas, com diagnóstico de diabetes gestacional
ou evidência de rotura de membranas. A estimativa de peso fetal foi calculada através
de uma fórmula previamente publicada [estimativa de peso fetal ¼ � 1687,47 þ (54,1
� FL) þ (76,68 � STT). A relação entre o peso real e o peso estimado foi analisada
através da correlação de Pearson. O desempenho desta fórmula foi avaliado através do
cálculo da percentagem de erro absoluto e não absoluto. Os recém-nascidos foram
divididos em 3 grupos consoante o peso real: < 3000 g; 3000 g – 4000 g; e > 4000 g;
para cada grupo foi calculada diferençamédia entre a estimativa de peso e o peso real e
a percentagem de erro associada.
Resultados Incluímos 145 casos no estudo, cuja estimativa de peso e peso real se
correlacionaram significativamente, apesar do valor de correlação ser pouco elevado
(p < 0,001; R2 ¼ 0,197). Globalmente, a percentagem de erro absoluto foi 10,6%. A
percentagem de erro mais baixa correspondeu ao grupo com peso real entre 3000 g e
4000 g.
Conclusões Com este estudo demonstramos uma correlação fraca entre o peso real e
a estimativa de peso fetal ultrassonográfica, quando calculada com base numa fórmula
que usa o comprimento do fémur e a espessura de tecido mole a meio da coxa fetal,
ambos parâmetros lineares. Ainda que a exclusão de parâmetros circunferenciais no
cálculo da estimativa de peso fetal se venha a provar benéfica, esta não parece ser uma
fórmula simultaneamente simples e precisa no cálculo da estimativa de peso fetal.
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Gynecology of Santa Maria University Hospital, in Lisbon,
after approval from the local ethics committee.We explained
the study purpose and procedures to all enrolledwomen and
awritten informed consent was taken from each participant.

Inclusion criteria comprised pregnant women at term
(� 37 weeks of gestation), with singleton uncomplicated
pregnancies; a fetus in cephalic presentation and who were
likely to give birth within 48h. We included 155 patients
admitted for elective cesarean section, induction of labor or
spontaneous labor. As this formula for the EFW was tested
only in Caucasian and in pregnancies with sonographic
evidence of normal amniotic fluid, we excluded all non-
Caucasian women and the ones with evidence of ruptured
membranes. Also, we excluded all women with previously
diagnosed gestational diabetes and the ones who gave birth
beyond 48h after enrollment. Gestational agewas confirmed
using recordedmeasurement of crown-rump length taken at
11–13 weeks’ gestation.

During the admission to the labor ward, measurements of
two fetal biometric parameters (FL and mid-thigh STT) were
taken sonographically by one of three investigators
(I.P., I.R., J.B.), all of them residents with obstetric ultrasound
training, using an Aloka ProSound 2 (Aloka Co., Tokyo, Japan),
an ultrasound machine equipped with a 3.5–6-MHz convex
transducer. When measuring the femur, concern was taken
to obtain an optimal imaging by filling the entire screenwith
the bone and keeping its axis perpendicular to the probe.
Femur length was obtained by placing the calipers at the
junction of cartilage and bone, not including the epiphysis or
the echogenic distal femoral point, since this is not a true
anatomic structure.22 Using the same framed image, mid-
thigh STTwasmeasured linearly from the outermargin of the
skin to the outer margin of the femur shaft. This measure-
ment was taken in the middle third of the fetal thigh,
providing that the greater and the lesser trochanters were
turned upwards, to ensure the correct viewof the lateral side
of the femur (vastus lateralis, which is the largest part of the
quadriceps femoris).15 For each parameter three measure-
ments were obtained and recorded consecutively from three
different frozen images. Actual birth weight was immediate-
ly measured after delivery by a neonatology nurse using a
digital medical neonatal scale. At the time patients were
included in the study, we also recorded demographic and
clinical data, namelywomen’s age andgestational age, height
and weight before and at the term of pregnancy. After the
measurements were done in all fetuses, we calculated the
EFW using the previously published formula EFW¼
�1687.47 þ (54.1� FL) þ (76.68 � STT), with EFW in g
and FL and STT in mm (up to one decimal place), using the
mean value of the three recorded measurements of FL and
STT.

We calculated a sample size of 53 subjects to obtain a
statistical power of 90% with α set at 0.01 and an expected
coefficient of determination of 0.5 (as this seemed to possibly
reveal a clinically relevant correlation).

The relationship between actual birth weight and EFW
calculated with the novel formula was analyzed using Pear-
son’s correlation. We assessed the performance of this for-

mula by calculating the signed mean percent difference
[(EFW – actual birth weight) � 100/actual birth weight]
and the absolute (unsigned) mean error [absolute (unsigned)
difference between EFW and actual birth weight]. The mean
weight difference and signedpercentage errorwere calculated
for birth weight divided into three subgroups: < 3000 g;
3000–4000 g; and > 4000 g. Descriptive parameters are
expressed as mean and standard deviation (SD). Frequencies
are presented as percentages. Sample size calculation anddata
analysis were performed using the Stata Statistical Software:
Release 12 (StataCorp LP, Texas, USA) with significance set
at p < 0.05.

Results

Deliverywithin 48h occurred in 155 cases, although only 145
cases were included in the analysis due to incomplete data.
Maternal demographic and clinical characteristics are
reported in ►Table 1. Mean FL measurement was
71.0 � 3.3 mm and the mean mid-thigh STT was
13.9 � 3.2 mm. Using the previously referred formula, the
mean estimated fetal weight was 3217 � 344 g and ranged
from 2441 g and 4314 g. The mean birth weight was
3280 � 428 g and ranged from 2240 g and 4480 g. We found
a significant linear relationship between birth weight and
EFW (R2 ¼ 0.197, p < 0.001) – ►Fig. 1.

The mean weight difference and mean percentage error
were calculated by birth weight subgroups (►Table 2). The
majority of subjects were comprised in the subgroup with
birth weight between 3000 and 4000 g (n ¼ 106) and cor-
responded to the lowest mean percentage error (0.3%).
Concerning all subgroups, the absolute percent difference
was 10.1 � 7.7%, with a marked increase of error in the
extreme ends of birth weight which tended to over- and
underestimate fetal weight in small and large fetus, respec-
tively. We verified a difference above 10% between birth
weight and EFW in 40.7% of cases (n ¼ 59), which is illus-
trated in ►Fig. 2, although 76.6% of absolute error was
ranging between 0 and 14.9%.

Discussion

With this study, we intended to evaluate the clinical appli-
cability of a novel formula in predicting birth weight in term
pregnancies. The selected formula includes only two linear
measurements (FL and mid-thigh STT), both performed in
the femur, which is thought to improve fetal weight

Table 1 Demographic and clinical data

Characteristic Mean SD

Age (years) 30.1 6.0

Gestational age (weeks) 39.4 1.3

BMI (kg/m2) 23.5 3.9

Weight gain (kg) 12.8 5.2

Abbreviation: SD, standard deviation.
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estimation since it obviates the imprecise circumferential
measurements of the head and abdomen. The head param-
eters do not consider the soft-tissue mass, which can lead to
an underestimation of fetal weight.19 Additionally, these
measurements may be more difficult to obtain at term,
when the fetal head is engaged in the maternal pelvis. On

the other hand, even though abdominal circumference is
accepted as themost accurate parameter in determining fetal
weight, it has also the difficulties inherent to a circumferen-
tial parameter, which can be enhanced if the ultrasound is
performed during labor.7,11–14

Generally, we found a poor correlation between birth
weight and EFW, yet statistically significant. Previously
published studies reported higher correlations between
estimated fetal weight and actual birth weight, namely
Scioscia et al15 who tested the original formula in 69 women
(R2 ¼ 0.68) and Abuelghar et al.17who found a correlation of
R2 ¼ 0.64 in a group of 300 women, using the same formula.
Our results contrast with the previously described since the
correlation we found between estimated fetal weight and
actual birth weight is not so evident. However, despite the
poor correlation, the mean absolute error between birth
weight and EFW (10.1%) is in line with other findings, which
set the acceptable error of a giving formula for calculating
EFW around 10%.15,23–25 Still, mean absolute errors do not
take into account under- or over-estimation biases and
therefore mean signed percentage errors have been used in
this study, the standard deviation of which also provides a
measure of the random estimation error for the EFW.

Considering the subgroups of neonates with birth weight
below 3000 g and above 4000 g, even though these two
groups comprise a substantially reduced number of subjects,
we report a larger error between EFWand birthweight when
compared with the neonates weighing between 3000 g and
4000 g. Moreover, with this formula we tended to overesti-
mate the weight of larger fetus and to underestimate the
weight of the lighter ones, which was also previously noted
with most formulas used to estimate fetal weight.26 There-
fore, these estimates appear to be tending toward an ‘aver-
age’ birth weight fetus. As we stated before, our initial aim
was to disclose the fetus at greater risk during labor, namely
themacrosomic andwith low birthweight, and that purpose
we failed to achieve, also due to the reduced number of
subjects at the extreme ends of birthweight, especially above
4000 g. Other authors3,27 suggest that a specific formula
should be considered when fetal macrosomia is suspected to
improve its recognition and, consequently, the management
of this condition.

The limitations of our study must be considered. The unbal-
anced proportion of subjects in the subgroups of birth weight,
especially the reduced number ofmacrosomic fetuses, weakens
our results. Nevertheless, as stated before, our findings are in
line with previous published studies despite we evaluated only
six neonates with birth weight above 4000 g. All the inves-
tigators who performed the ultrasound measurements were
residents and all measurements were performed in the obstet-
rical emergency room, whichmay account for some inaccuracy
related to the calculated EFW. Notwithstanding, it was our aim
to evaluate the performance of this formula in the context of a
labor ward, and, additionally, the performance of the residents
in fetalweightestimationhasalreadybeenevaluatedpreviously
with good results.25,28,29

The clinical importance of accurate fetal weight estima-
tion at term is currently unquestionable. However, it is yet to

Table 2 Mean weight difference (EFW – actual birth weight)
and mean percentage error ([EFW-actual birth weight] �100/
actual birth weight) by actual birth weight group

Birth weight Weight
difference
(g, mean � SD)

Signed % difference
(mean � SD)

< 3000 g
(n ¼ 33)

301.1 � 275.8 - 6.2 � 10.5

3000–4000 g
(n ¼ 106)

333.1 � 251.3 0.3 � 12.7

> 4000 g (n ¼ 6) 540.3 � 245.4 15.1 � 7.3

Abbreviation: SD, standard deviation.

Fig. 2 Limits of agreement between actual birth weight and EFW
(reference lines in -10 and 10%).

Fig. 1 Correlation between birth weight and EFW (R2 ¼ 0.197,
p < 0.001).
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be found a fetal weight estimation formula that it can be
simultaneously accurate and simple, excluding time-con-
suming ultrasound parameters.
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