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Abstract

Objective: The aim of our study was the evaluation of sono-
graphic fetal weight estimation taking into consideration 9
of the most important factors of influence on the precision
of the estimation. Methods: We analyzed 820 singleton
pregnancies from 22 to 42 weeks of gestational age. We eval-
uated 9 different factors that potentially influence the preci-
sion of sonographic weight estimation (time interval be-
tween estimation and delivery, experts vs. less experienced
investigator, fetal gender, gestational age, fetal weight, ma-
ternal BMI, amniotic fluid index, presentation of the fetus,
location of the placenta). Finally, we compared the results of
the fetal weight estimation of the fetuses with poor scan-
ning conditions to those presenting good scanning condi-
tions. Results: Of the 9 evaluated factors that may influence
accuracy of fetal weight estimation, only a short interval be-
tween sonographic weight estimation and delivery (0-7 vs.
8-14 days) had a statistically significant impact. Conclusion:
Of allknown factors of influence, only a time interval of more
than 7 days between estimation and delivery had a negative

impact on the estimation. Copyright © 2008 S. Karger AG, Basel

Introduction

Monitoring fetal growth by sonographic weight esti-
mation is well established during antenatal care and of
importance due to the rising incidence of high-risk and
iatrogenic multiple pregnancies [1]. The introduction of
PACS (picture archiving and communication system)
with automatically generated weight estimation after bi-
ometry supplies the sonographer with a powerful tool
that gives him or her a false sense of accuracy in a ‘mea-
sured’ current fetal weight. This apparent exactness led
us to the question which factors may flaw precision. The
methods and formulas to attain reliable weight estima-
tions are well known [2-4]. Although there exist good
data of fetal weight estimation by ultrasound, there is still
one important question to be answered: What factors of
influence have to be considered when assessing the preci-
sion of the fetal weight estimation? The literature where
different impact factors are analyzed is contradictory (see
Discussion) and motivated this work. To our knowledge,
this is the first study to analyze 9 important factors that
may influence the precision of the sonographic fetal
weight estimation in a study group of singleton pregnan-
cies.
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Methods

Between December 2000 and March 2003, we studied 820 sin-
gleton pregnancies of mothers who attended our antenatal care
unit in the Clinic for Obstetrics and Gynecology of Munich Uni-
versity Hospital Grosshadern. We included only singleton preg-
nancies that were delivered at our institution within 14 days of the
last sonographic scan and with a birth weight >500 g. We exclud-
ed multiple pregnancies because of their different intrauterine
growth pattern [5]. Stillborn fetuses were also excluded. In this
study we had no fetal malformations that presumably would have
affected the preciseness of the biometry (i.e. gastroschisis, om-
phalocele, hydrocephalus). The 820 pregnancies were divided
into subgroups according to gestational age (weeks 22-24, 25-26,
27-28, 29-30, 31-32, 33-34, 35, 36, 37, 38, 39, 40, 41) and sub-
groups according to birth weight (500-1,000, 1,001-1,500, 1,501~
2,000, 2,001-2,500, 2,501-3,000, 3,001-3,500, 3,501-4,000, 4,001~
4,500, >4,501 g). We evaluated biparietal diameter (BPD), femur
length (FL), circumference of the fetal head (HC) and abdominal
circumference (AC) [6].

All calculations were carried out in absolute numbers (grams)
and were transformed into the corresponding percentiles, to pro-
vide better comparability between the different subgroups of
birth weight [7].

To obtain fetal weight estimations we relied on 6 widespread
formulas: Hadlock I [8], Hadlock II [9], Hadlock III [9], Warsof
[10], Merz [11] and Shepard [12]. With every formula we calcu-
lated the percentage of fetuses, which were ina +10% range of the
actual birth weight and the mean deviation percentage from the
actual birth weight in the stratified groups of weight and week of
delivery.

As study goal we evaluated 9 important factors that influence
the accuracy of prenatal weight estimation. All 9 influence factors
were dichotomized and compared in pairs to calculate a possible
significant difference in the accuracy of fetal weight estimation
between the pairs.

Fac- Influence factor Definition

tor

1 Time interval between
estimation and delivery

0-7 vs. 8-14 days

2 Expertvs. less
experienced investigator

Expert: highly skilled ultrasonog-
rapher with proofed qualification
vs. less experienced investigator:

proofed skills on basic ultrasound

3 Fetal gender Female vs. male

4  Gestational age <30 vs. 230 weeks

5  Fetal weight <2,000 vs. 22,001 g

6  Maternal BMI <25vs. 225

7 Amniotic Fluid Lower than normal AFJ, oligo-
Index (13) or ahydramnion vs. 2normal

amount of amniotic fluid
8  Presentation of fetus Cephalic vs. other presentations

Anterior uterine wall vs. other
location

9  Location of the placenta

Fetal Weight Estimation

Factors 1-5 are independent from the scanning conditions.
Factors 6-9 may affect the visibility and therefore potentially
worsen the accuracy of the sonographic weight estimation be-
cause the landmarks where the calipers have to be set may not
precisely visible.

To analyze the impact of visibility on the preciseness of fetal
weight estimation, we pooled mothers with very poor imaging
conditions caused by maternal obesity combined with little am-
nion fluid (maternal BMI >25.1 and AFI lower than normal, oli-
go- or ahydramnion). These were compared with pregnancies
presenting better imaging conditions (maternal BMI <25 and
normal amniotic fluid).

All scans were performed using curved array transducers with
4 or 5 MHz from the Acuson XP 128 or Acuson Seqoia 512™ plat-
form. Data were electronically archived with a PACS (PIA Fe-
tal Database, ViewPoint, GE Medical Systems, Wessling, Ger-
many).

Statistical analysis was performed using the Mann-Whitney U
test. The absolute and the percentage standard deviation were cal-
culated with Microsoft Office Excel 2000.

Results

During the study period we analyzed 820 pregnancies
between 23 and 42 weeks of gestational age (median 37+3),
fetal birth weight ranging from 530 to 5,020 g (median
3,016 g) and maternal age ranged from 18 to 47 years (me-
dian 33 years). Figures 1 and 2 demonstrate the number
of fetuses in the different subgroups according to gesta-
tional age and actual birth weight.

First we compared the accuracy of the 6 formulas. Es-
timations within a =10% range of the actual birth weight
varied from 54.6% (Hadlock I) to 63.4% (Hadlock IT). The
different size of the subgroups results from missing single
parameters of the sonographic biometrical investigation
(table 1).

Though there are differences in the =10% range of
the sonographic fetal weight estimation (54.6-62.3%,
table 1), none of the formulas provided us with statisti-
cally superior results in general or in one of the sub-
groups.

The mean % deviation from the actual birth weight is
shown in figure 2 and varied between -6.21 * 11.09%
(Hadlock I) and +4.03 £ 11.43% (Merz). The smallest %
deviation to the actual birth weight was provided by
Shepard’s formula: +0.22 * 12.05.

In order to select one of the 6 formulas for further eval-
uation of impact factors on the accuracy of the sono-
graphic fetal weight estimation, we proved the compara-
bility of the 6 subcollectives to exclude any formula bias.
The referring results are shown in table 2.
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Table 1. Formulas used for fetal weight estimation and percentages of estimation within £10% range of actual weight

Formula n Estimation within +10%
range of actual weight
Hadlock I log;o (EFW) = 1.304 + 0.05281 (AC) + 0.1938 (FL) 769 54.6%
-0.004 (AC X FL) (cm, g)
Hadlock I log;o (EFW) =1.335 - 0.0034 (AC X FL) + 0.0316 (BPD) + 0.0457 (AC) 767 63.4%
+0.1623 (FL) (cm, g)
Hadlock III log;o (EFW) = 1.3596 - 0.00386 (AC X FL) + 0.0064 (HC) + 0.00061 671 61.4%
(BPD X AC) + 0.0424 (AC) + 0.174 (FL) (cm, g)
Warsof log;o (EFW) =-1.599 + 0.144 (BPD) + 0.032 (AC) 818 58.7%
-0.111 (BPD? x AC)/1,000 (cm, kg)
Merz EFW = -3200,40479 + 157,07186 (AC) + 15,90391 (BPD)? (cm, g) 719 62.3%
(valid from 1,000 g, BPD 7.0-10.5 cm, AC 21.8-36.5 cm)
Shepard log;o (EFW) = -1.7492 + 0.166 (BPD) + 0.046 (AC) 818 60.8%
-2.646 (AC X BPD)/1,000 (cm, kg)
EFW = Estimated fetal weight.
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Table 2. Differences in the subgroups of the different formulas

Formula n Median Median Median days % of expert % of Median % AFI % cephalic % placenta
pregnancy  birth between estima-  sono- female maternal 290 presenta-  abdominal
week weight,g  tion and delivery  graphers fetuses BMI tion wall

Hadlock I 769 37+2 2,998 5.82 56.18 50.07 24.24 76.59 87.26 31.21

Hadlock IT 767 37+2 2,996 5.82 54.50 50.07 24.26 76.66 87.09 31.03

Hadlock III 671 37+1 2,975 5.76 56.18 50.22 24.23 76.30 86.14 31.59

Warsof 818 37+2 3,015 5.75 54.77 47.31 24.25 76.89 87.41 31.05

Merz 719 37+ 3,049 6.1 54.46 50.15 24.29 76.22 89.43 31.15

Shepard 818 37+3 3,015 5.75 54.77 49.61 24.25 76.89 87.41 31.05

Table 3. Factors of influence on the precision of the estimation

Influence factor Dichotomy n Median percentage error  Significant difference

signed percentage error  (p < 0.05)

Time between estimation and 0-7 days 477 8.52+9.82 Yes: p < 0.001

delivery (n = 767) 8-14 days 290 10.37 £10.50

Expert vs. basic experienced Expert 371 8.93+10.22 No: p=0.334

investigator (n = 752) Basic experienced 381 9.51+11.26

Fetal gender (n = 767) Male 382 9.42+10.66 No: p = 0.302

Female 385 9.01£10.76

Gestational age (n = 761) <30 weeks 48 9.84+11.47 No: p = 0.302

>30 weeks 713 9.16 £10.66
Fetal weight (n = 767) <2,000 g 98 10.12+12.28 No: p = 0.227
22,000 g 669 9.09+10.46

Maternal BMI (n = 767) BMI <25 522 9.32+10.74 No: p = 0.528
BMI 225 245 8.87%£10.38

Amniotic Fluid Index (n = 756) Normal 590 8.96 +10.49 No: p = 0.093
Oligohydramnion 166 9.97+11.33

Fetal presentation (n = 754) Cephalic 598 9.01%10.66 No: p = 0.145
Other 156 9.98+10.73

Placenta location (n = 618) Other 412 9.41+11.07 No: p = 0.393
Abdominal wall 206 9.01+10.16

The analysis of impact of factors on the accuracy of
sonographic fetal weight estimation was carried out
with Hadlock II, thus including 767 fetuses and the high-
est percentage of estimations within the £10% range of
the actual weight (table 1). Only the time between esti-
mation and delivery had a significant impact on the ac-
curacy of the fetal weight estimation (table 3). Beside
these results the impact of sonographic visibility on the
precision of the fetal weight estimation was analyzed.

Fetal Weight Estimation

We compared scans with good image quality (BMI <25,
& 21.48, and AFI normal (AFI >90); n = 401) with scans
limited by poor visibility (BMI >25.1, & 30.91, and AFI
with lower than normal, oligo- or ahydramnion (AFI
<90); n = 47). The difference of the mean percentage er-
ror between both groups was negligible (good visibility:
9.0%, poor visibility: 9.05%). There was no difference in
the accuracy of fetal weight estimation between both
groups.

Fetal Diagn Ther 2008;23:204-210 207



Discussion

Sonographic weight estimation is an important meth-
od in fetal monitoring. In the last 25 years, numerous
formulas for intrauterine estimation of fetal weight have
been published. All of them are based on defined sono-
graphic parameters such as biparietal and frontooccipital
diameter, head circumference, abdominal circumference
and femur length. A wide variety of other diameters, cir-
cumferences and (with the advent of the 3D sonography)
volumes have been evaluated in the hope of improving
the predictive value of established calculations. Most of
these new formulas have yet not been clinically estab-
lished.

Analyzing different formulas for weight estimation
(table 2) we studied the impact of 9 key factors that could
potentially influence the accuracy of the fetal weight es-
timation. Hadlock II, as this formula had proven the
highest accuracy in our study group, was mainly used.

Only the time interval between weight estimation and
delivery had a statistically significant impact on the ac-
curacy of the study results. Of 63 studies published on
factors that may influence the sonographic accuracy, 8
provided no data about the time interval between sono-
graphic estimation and delivery. Of the remaining 55
studies, only 9 reported results of the impact of different
time intervals. 5 of the 9 support our conclusion [14-18],
3 of the remaining 4 report contradictory results [19-22].
Benacerraf et al. [21] reported that there is no impact on
the accuracy of the weight estimation caused by the time
between investigation and delivery. The estimations
were taken no more than 7 days before delivery and
therefore cannot be compared to the results of our own
study.

We can state that the accuracy of fetal weight estima-
tion in our study is not influenced by the experience of
the investigator. 6 studies paid attention to this question:
3 of them concluded that experience of the investigator
has no impact [23-25] and 3 stated that experience has an
impact on the preciseness of the estimation [26-28].

In our study the accuracy of fetal weight estimation
was not influenced by the sex of the fetus. The fact that
males have about 3% more birth weight at term than fe-
males [29] was discussed together with the question of
the accuracy of fetal weight estimation in only two fur-
ther studies: Mills et al. [30], investigating preterm preg-
nancies (weeks 23-29), had the same result as we state
here, and Honarvar et al. [31] reported a similar result
investigating preterm pregnancies between weeks 24 and
34. There was no statistically significant difference of the

208 Fetal Diagn Ther 2008;23:204-210

birth weight between males and females though females
had about 46 g more average birth weight.

In our results we have seen no impact on the accuracy
of fetal weight estimation when we compare lower gesta-
tional weeks with higher weeks (<30 vs. =30°). There are
only two other studies analyzing the impact of gestation-
al age on the accuracy of fetal weight estimation. Both
conclude that gestational age has an impact on the esti-
mation [2, 32].

Also we have seen no impact on the preciseness of the
estimations when we compare the groups with lower
(<2,000) and higher fetal birth weight (=2,000 g) using
Hadlock II formula. To the best of our knowledge only
Benacerrafetal. [21] published a study targeting the ques-
tion if the accuracy of fetal weight estimation is influ-
enced by the birth weight. As in our own study, Benacer-
raf reports no remarkable difference in the accuracy of
fetal weight estimations in the different groups of birth
weight (<2,000 g 75% and =2,000 g 73.4% within +10%
of ultrasound estimate). This study is remarkable because
the design shows similar key characteristics as our own
study: A large series of 1,301 women with single pregnan-
cies, investigated in a defined time slot (1 week) before
delivery in one institution was the base for the question
if birth weight can be estimated with a certain safety and
if the accuracy of the estimation is influenced by factors
like amniotic fluid and the number of days between esti-
mation and delivery.

A few studies state that different formulas for different
classes of gestational weeks or different classes of fetal
weight have differing accuracies or have the tendency to
over/underestimate the actual weight. The concerning
results are inhomogeneous and inconsistent [2, 10, 12, 19,
33-37]. To our best knowledge it is not possible to draw a
consistent conclusion on which formula is definitively
the best in which subgroup.

In our study we had no impact of the BMI on the ac-
curacy of the fetal weight estimation. Four other authors
confirm this result [24, 38—40]. Furthermore, we cannot
prove any influence of the amniotic fluid index on the
accuracy of the estimations. The majority of the concern-
ing studies state the same result [18, 30, 38, 39, 41-46], 4
authors draw a different conclusion [47-50].

The results of fetal weight estimation in our study are
not influenced by the presentation of the fetus. Almost all
available studies excluded different to cephalic presenta-
tions. Three studies support our conclusion [30, 47, 50].
Only the results of Chauhan et al. [51] came to the result
that a cephalic presentation is linked to a higher accuracy
of fetal weight estimation when compared with breech

Heer/Kiimper/Vogtle/Miiller-Egloff/
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presentation (65.3 vs. 47.9%) within the £10% range of
the actual weight.

We cannot state that the location of the placenta influ-
ences the accuracy of fetal weight estimation. There are
only 2 further studies dealing with this question. Both
support our result [18, 38].

Finally we have to state that even very poor imaging
conditions caused by high maternal BMI and low amni-
otic fluid does not influence the accuracy of fetal weight
estimation in the investigated collective. The aim of an-
swering this was the clinical experience that the babies of
mothers with such restricted sight cannot be measured
accurately because the traditional landmarks to set the
caliper points cannot be visualized. There is no literature
available that posed the same question.

The discussion of the literature concerning our results
of accuracy of fetal weight estimation is influenced by the
fact that most of the studies that we have taken into con-
sideration do not state if they have eliminated factors that
may have influenced their results such us multiples, fe-
tuses with skeletal dysplasia, intrauterine growth restric-
tion, etc. Furthermore, stratification for gestational age
and fetal weight is rarely given. Finally, some authors re-
port their results with the £10% range while others re-
port the mean percentage error. Due to the facts men-
tioned above, complete comparability of different studies
in the field of fetal weight estimation is rarely given. Be-
ing aware of this limitation we can state that our results
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