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ABSTRACT
OBJECTIVE: To determine the factors indicating the accuracy of fetal weight estimation in the last prenatal ultrasonography before delivery in preterm newborns with normal amniotic fluid volume.
STUDY DESIGN: Three hundred and seventy-one singleton pregnancies with normal amniotic fluid volume and delivered at between 24+0 and 37+0 gestational weeks were evaluated in a retrospective
study. Any possible associations between the absolute percentage error of fetal weight estimations and
the maternal and fetal data were examined.
RESULTS: In 135 of the 371 women (36%), the absolute percentage error was greater than 10%. The
mean absolute percentage error was 8.7±7.5%. The mean absolute percentage errors were 4.1±2.7%
and 16.8±6.4% in the accurate and inaccurate estimation groups, respectively.
The rate of women examined during labor was significantly higher in the inaccurate estimation group
compared to the accurate estimation group. There were no significant differences in age, body-massindex, gestational age at delivery, estimated-fetal-weight, actual birth weight, days from the last ultrasound examination to delivery, small for gestational age rate, placenta localization or fetal presentation
between the two groups.
Examination during labor (β=0.224) was the most important factor for the prediction of the absolute percentage error, followed by gestational age at delivery (β=–0.198), presence of (β=–0.158), and bodymass-index (β=0.142).
CONCLUSION: In 36% of our study population, the absolute percentage error was >10%. Examination
during labor was the most important factor for the prediction of the absolute percentage error, followed
by gestational age at delivery, presence of small for gestational age, and body-mass-index.
Keywords: Absolute percentage error, Estimated, Fetal weight, Inaccuracy rate, Prediction of birth
weight, Preterm newborn
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Introduction
Fetal weight estimation is a function of various biometric
parameters and is calculated by applying those biometric parameters to various formulas (1). It is important to make an accurate estimation since the fetal weight informs about the fetal
development and potential decision regarding delivery timing
and even method. The comparison of two consecutive ultrasound examinations with an approximately 7 to 10-day interval is important to assess fetal weight gain and development.
The fetal weight during the initial examination may be described as appropriate for gestational age (AGA), macrosomia
or growth retardation. The comparison of the ﬁrst and second
examinations shows a slowing, arrest or development according to the respective growth percentile. An arrest of growth
may be interpreted as an indication for delivery depending on
the pregnancy week, doppler ﬁndings or fetal lung maturity
state. A very low birth weight with a cervical opening may be
an indication for a cesarean section, especially in multiple gestations (2). For those reasons, it is crucial to make an accurate
fetal weight estimation.
1
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Numerous variables such as race, the experience of the
sonographer, the quality of the ultrasound machine and probe,
fetal malformations, gestational age, amniotic ﬂuid volume,
and maternal body mass index (BMI) may inﬂuence the accuracy of the fetal weight estimation (1-4). Some studies show
that fetal gender, multiple gestation, fetal presentation, and
placental location may also play a role (4,5).
Most of the studies on fetal weight estimation were performed in term pregnancies and the formulas to calculate fetal
weight are mainly suitable for this group of pregnancies (2,3).
In other words, there are fewer studies on preterm pregnancies
regarding the rate of the accuracy of fetal weight estimation
and the factors affecting it. At this point, in order to interpret
the clinical relevance of the accuracy of fetal weight estimation, it is important to know the factors which may affect the
accuracy of fetal weight estimation in various subgroups of
pregnancies.
In our study, we aim to determine the factors indicating the
accuracy of fetal weight estimation in the last prenatal ultrasonography before delivery in preterm pregnancies with normal amniotic ﬂuid volume.

Material and Method
All singleton pregnancies delivered between 24+0 gestational weeks (GW) and 37+0 GW in the Obstetrics and
Gynecology Department of Istanbul Cerrahpasa University,
School of Medicine between 2008 and 2015 were investigated
in a retrospective study. The study was approved by the Ethics
Committee of the Istanbul Cerrahpasa University (06.11.2014,
02-235911). Consent for using data was obtained from the patients. The study was conducted in accordance with the
Declaration of Helsinki.
The inclusion criteria were singleton pregnancies with normal amniotic ﬂuid volume and delivery between 24+0 and
37+0 GW.
The exclusion criteria were congenital anomalies, multiple
gestations, and a duration of more than 7 days between ultrasound examination and delivery.

weight=1.3596 0.00386 AC 9 FL+0.0064 HC+0.00061 BPD 9
AC+0.0424 AC+0.174 FL) was used to calculate the fetal
weight.
The GA was calculated according to the last menstrual period using Naegele’s formula. The GA according to the last
menstrual period was checked by comparing it with the ﬁrst
trimester crown-rump length (CRL) measurement. A difference of more than 7 days was accepted as signiﬁcant and the
GA was corrected according to the ﬁrst-trimester CRL measurement.
Weight at birth between the 10th and 90th percentiles according to the pregnancy week was deﬁned as AGA, <10th percentile was deﬁned as SGA, and >90th percentile was deﬁned
as LGA.
The absolute percentage error was calculated as:
(⎪the actual birth weight - estimated fetal weight⎪ / the actual
birth weight)×100.
The study group was divided into two groups, namely the
accurate and inaccurate estimation groups. The accurate and
inaccurate estimation groups included the cases with absolute
deviation rates of <10% and ≥10%, respectively.
All the parameters in the groups were compared and the
possible association between these parameters and the normal
inaccuracy rate was investigated.
Statistical analysis
All analyses were performed using the Statistical Package
for the Social Sciences (SPSS) software version 18.0 (SPSS
Inc., Chicago, IL). The Kolmogorov– Smirnov test was used
to assess the normality of the distribution of the variables. The
homogeneous parametric variables were presented as mean ±
standard deviation (SD). The categoric variables were presented as percentages (%). The comparison between the
groups was performed using either an independent samples ttest or a Chi-square test depending on the variable. A linear regression analysis was performed to evaluate the factors which
may inﬂuence the absolute percentage error. A p-value of
<0.05 was accepted as statistically signiﬁcant.

Results

Maternal and fetal demographic data (maternal age, BMI),
clinical data (gestational age (GA) at delivery, presence of
preterm rupture of membranes, the status of initiation of
labor), and ultrasonographic measurements and ﬁndings in
several weeks prior to delivery (biparietal diameter (BPD),
head circumference (HC), abdominal circumference (AC),
femur length (FL), estimated fetal weight (EFW), amniotic
ﬂuid index, fetal presentation, and placental insertion site)
were recorded.

Considering all women in the study, the mean absolute
percentage error was 8.7±7.5%. The mean absolute percentage errors were 4.1±2.7% and 16.8±6.4% in the accurate and
inaccurate estimation groups, respectively.

Ultrasonographic examinations were performed by obstetrics residents with similar experience with the Sonoscape SSI
5000 Ultrasound (China). The Hadlock I formula (log10

The demographical, clinical, and sonographic parameters
of the accurate and inaccurate estimation groups are shown in
table I.

A total of 371 women were included in the statistical evaluation. In 135 women (36%), the absolute percentage error
was >10%.
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Table I: Comparison of the accurate and inaccurate estimation groups
Accurate Estimation
(n=236)
Age (y)
BMI (kg/m2)
GA at delivery (w)
EFW (g)
Weight at birth (g)
Days from USG to delivery (d)
SGA-Rate
Anterior wall placenta rate
Placenta praevia rate
Fetal presentation rates
Head
Breech
Transverse
Rate of women examined during labor

Inaccurate Estimation
(n=135)

p

Test

29.7±6.4
27.95±4.92
32.50±3.08
1749±554
1738±542
1.12±1.89
43.2%
40.3%
8.1%

30.3±5.7
28.79±5.03
31.91±3.53
1734±638
1630±567
0.96±1.80
48.9%
45.9%
7.4%

0.400
0.117
0.109
0.806
0.070
0.427
0.291
0.294
0.809

T
T
T
T
T
T
χ2
χ2
χ2

76.3%
19.9%
3.8%
25%

66.7%
28.9%
4.4%
39.3%

0.125

χ2

0.004

χ2

BMI: Body mass index, GA: Gestational age, EFW: Estimated fetal weight, SGA: Small for gestational age.
p <0.05 (bold) is significant. T: T-Test, χ:Chi-square test

There was no signiﬁcant difference in age, BMI, GA at delivery, EFW, weight at birth, days from USG to delivery (within
7 days), SGA rate, placenta localization or fetal presentation between the accurate and inaccurate estimation groups.
The rate of women examined during labor was signiﬁcantly higher in the inaccurate estimation group compared to
the accurate estimation group. The mean absolute percentage
error rate was 10.5±6.9% in the examination during labor
group and 5.9±7.7% in the examination not-during-labor
group (p=0.001).
The linear regression analysis with the dependent variable
absolute percentage error and independent variables BMI, GA
at delivery, placental location, fetal presentation, examination
during labor, duration between examination to delivery within
7 days, and presence of SGA showed that BMI (p=0.006), GA
at delivery (p <0.001), examination during labor (p <0.001),
and presence of SGA (p=0.004) were signiﬁcant for the prediction of the absolute percentage error (Table II). Placental
location, fetal presentation, and duration between examination
and delivery within 7 days were not signiﬁcant.

Standardized coefﬁcients (β) showed that examination
during labor (β=0.224) was the most important factor for the
prediction of the absolute percentage error, followed by GA at
delivery (β=–0.198), presence of SGA (β=0.158), and BMI
(β=0.142).

Discussion
In our study on preterm pregnancies with normal amniotic
ﬂuid volume, the mean absolute percentage error was
8.7±7.5%. In 36% of the women, the absolute percentage error
was >10%. Examination during labor was the only signiﬁcant
parameter between accurate and inaccurate estimation groups.
Considering all women in the study, the linear regression
analysis showed that examination during labor, GA at delivery, presence of SGA, and BMI were signiﬁcant for the prediction of the absolute percentage error in preterm pregnancies
with normal amniotic ﬂuid volume in descending order of
weight, whereas placental location, fetal presentation, and examination during labor and duration between examination and
delivery within 7 days were not signiﬁcant.

Table II: Linear regression analysis for the prediction of absolute inaccurate measurement
Confidence interval
p-value
BMI
GA at delivery
Placental location
Fetal presentation
Examination during labor
Duration between examination to delivery
Presence of SGA

0.006
<0.001
0.525
0.569
<0.001
0.887
0.004

B
0.216
-0.461
0.228
0.409
3.688
0.029
2.407

Lower bound

Upper bound

0.061
-0.715
-0.476
-1.002
1.993
-0.433
0.755

0.370
-0.207
0.932
1.819
5.383
0.374
4.060

B: Unstandardized regressions coefficient, BMI: Body mass index, GA: Gestational age, SGA: Small for gestational age.
p <0.05 (bold) is significant.
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Gestational age plays an important role in neonatal survival in preterm pregnancies (1). Berger et al. showed that
fetal weight, prophylaxis for respiratory distress syndrome,
single or multiple birth, and fetal gender were found to have
an impact on neonatal outcomes with between 22 and 26 completed weeks of gestation (6). Singleton female newborns who
received antenatal corticosteroid therapy had a higher birth
weight, and were treated in intensive care were found to have
signiﬁcantly better outcomes (7). At this point, the accuracy
of fetal weight estimation and the recognition of the factors
which may inﬂuence the accuracy are essential to making decisions concerning obstetrics management as well as informing the pregnant women about the deviation rates of fetal
weight estimation.
The role of fetal weight, pregnancy week, maternal BMI,
amniotic ﬂuid index, fetal presentation, fetal gender, placental
location, and number of fetuses and the inﬂuence of the experience of the physician have been evaluated in many studies as
possible confounding factors affecting the accuracy of fetal
weight estimation in preterm pregnancies (8-15). There is a
scarcity of data on the impact of active labor in the preterm
pregnancy subgroup.
Hadlock 1 is one of the most commonly used formulas for
fetal weight estimation, and it was also used in our study.
Kurmanavicius et al. (2) compared the success rates of fetal
weight estimation using Hadlock formulas in the fetal weight
groups between 500 g and 5000 g and detected that the
Hadlock formulas showed the most stable results in all of the
weight groups. In their study, the deviation rate was 6.2% in
term pregnancies.
Siemer et al. evaluated 160 women with a birth weight
<2500 g for estimated fetal weight with the Hadlock 1 formula
and detected an absolute percentage error of 8.90% ± 6.92%,
which is comparable to our results (3). In most publications on
estimated fetal weight accuracy, the patients were evaluated
according to the weight groups rather than the appropriateness
of birth weight according to pregnancy week. In our study, we
also evaluated SGA and AGA cases in preterm pregnancies;
the presence of SGA was associated with an unstandardized
coefﬁcient of 2.4, which means a mean deviation or error of
24 g (95 CI: 7-40 g) in a 1000 g fetus.
The role of fetal presentation in fetal weight estimation is
controversial. Many of the authors have detected no inﬂuence
(8-11), whereas a few others found that a breech presentation
was associated with a higher error percentage (12,13). In our
study, the presentation had no signiﬁcant effect on the accuracy of fetal weight estimation.
Faschingbauer et al. evaluated the inﬂuence of active labor
on fetal weight estimation in term pregnancies and found that
active labor was associated with a higher error percentage
(14). In our study, the presence of active labor had a signiﬁcant inﬂuence on the accuracy of fetal weight estimation with
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an unstandardized coefﬁcient of 3.6, which means a mean deviation or error of 36 g (95 CI: 19-53 g) in a 1000 g fetus. The
presence of active labor may inﬂuence the evaluation of the
head of the fetus, which is more likely to descend into the
pelvis, potentially making it difﬁcult to get the optimal plane
for the BPD and HC measurements. Moreover, frequent
painful contractions, the posture changes of the patient during
the examination, and the hastiness of the physician in such a
constellation may theoretically play a role in affecting the accuracy of the fetal weight estimation.
The inﬂuence of placental location on fetal weight estimation has been evaluated in many studies and it does not seem
to have any effect (8,15,16), as our ﬁndings also indicate.
In our study, BMI had a signiﬁcant inﬂuence on fetal
weight estimation in the linear regression analysis, albeit with
a very low unstandardized coefﬁcient of 0.2, which means a
mean deviation or error of 2 g per kg/m2 change in BMI in a
1000 g fetus. In other words, a BMI change of 10 units (kg/m2)
means a 20 g error for a 1000 g fetus. This may be statistically
signiﬁcant but is clinically less relevant. Many other studies
have concluded that BMI does not seem to have an effect on
the accuracy of fetal weight estimation (8,10,15-18). It is difﬁcult to interpret the results of BMI in a population of pregnant women with a great range of GA, from 24+0 GW to 37+0
GW. BMI changes throughout the pregnancy as the baby
grows; moreover, the amount of amniotic ﬂuid and maternal
blood volume, as well as the presence and extent of edemas,
may also inﬂuence the BMI value. The thickness of the fat tissue around the abdomen may theoretically inﬂuence the visualization quality, however, BMI does not always reﬂect only
the amount of fat tissue around the abdomen.
In our study design, the limit for the time interval between
the last ultrasound examination and delivery was set at a maximum of 7 days. However, the mean interval was considerably
shorter than the upper limit, with a mean of approximately 24
hours. The linear regression analysis showed that the time interval did not have a signiﬁcant effect on the accuracy of fetal
weight estimation. Studies on the effect of the time interval between the last ultrasound examination and delivery on the accuracy of the fetal weight estimation have yielded inconsistent
results. Kaaij et al. set the maximum time interval between the
last fetal weight estimation and delivery at 14 days with a mean
time interval of 4.1 days and did not detect any effect (19).
Scott et al. set the same maximum time interval of 14 days, had
a mean time interval of 3.8 days and found that the number of
days between the last fetal weight estimation and delivery was
signiﬁcantly associated with a high error rate (15).
The main limitation of our study is its retrospective nature
and relatively small sample size. With a prospective study, the
parameters can be better standardized among each other so that
a comparison of individual parameters is possible. Even though
our study included a greater number of patients than many other
comparable studies, in order to compare the effect of various
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parameters, an even greater number of women is obviously better for the clinical relevance as well as statistical power.
If we consider a 10% error rate as clinically signiﬁcant,
then the results of this study can be better interpreted.
Although the linear regression analysis showed that examination during labor, GA at delivery, presence of SGA, and BMI
were signiﬁcant for the prediction of the absolute deviation
rate, only “examination during labor” had a signiﬁcant effect
on the inaccurate estimation group compared to the accurate
estimation group.

Conclusion
The absolute percentage error was >10% in 36% of the
preterm pregnancies with normal amniotic ﬂuid volume.
Examination during labor was the most important factor for
the prediction of the absolute percentage error, followed by
GA at delivery, presence of SGA, and BMI in descending
order; therefore, these factors should be considered in an interpretation of the accuracy of fetal weight estimation.
Placental location, fetal presentation, and duration between
examination to delivery within 7 days did not have a signiﬁcant effect on fetal weight estimation.
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