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Summary

Objectives: The present study was conducted to compare the accuracy of formulas used to calculate fetal thigh volume (FTV) using
the virtual organ computer-aided analysis (VOCAL) technique with two-dimensional (2D) in formulas predicting birth weight. Mate-
rials and Methods: This was a prospective, cross-sectional study of 84 pregnant women with 72 hours of delivery evaluated at a uni-
versity hospital between May, 2008 and April, 2010. After 2D ultrasounds (US) measurement, 3DUS was also used to determine FTV
with estimates computed using the VOCAL program. Results: The correlation between fetal weight predicted by the 3D equation of FTV
and the actual birth weight was significant. While FTV and the Hadlock II equation exhibited a low sensitivity for detection of low-birth-
weight infants, FTV was a more sensitive method of detecting high-birth-weight infants than the Hadlock II equation. Conclusions: It
is clear that using 3DUS-VOCAL to measure FTV provides more accurate estimation of fetal birth weight.
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Introduction

Birth weight is an important variable affecting perinatal
mortality [1] and an accurate estimation of birth weight is
critical to making an informed obstetric decision. The esti-
mated fetal weight (EFW) calculation has been reported to
be the most accurate model of birth weight [2], and is based
on head size, abdominal circumference (AC), and femur
length (FL). A fetal weight estimating formula that uses
two-dimensional (2D) ultrasound (US) to measure common
fetal growth indices such as biparietal diameter (BPD), AC,
and FL is a part of a routine perinatal examination. How-
ever, EFW by 2DUS is relatively inaccurate because of the
presence of soft tissue and the fact that it is based on math-
ematical equations that are operator-dependent [3].

Limb volume is strongly correlated with gestational age,
fetal growth, and nutrition [4], and several studies have at-
tempted to use limb circumference and volume to predict
birth weight using three-dimensional ultrasound (3DUS).
This technique has shown promise as an alternative to
2DUS for birth weight estimation [5, 6]. However, all avail-
able data on fetal thigh volumetry (FTV) by 3DUS are
based on the conventional multiplanar method, as initially
described by Chang et al. [5]. There have been limited stud-
ies of the usefulness of a new rotational technique, virtual
organ computer-aided analysis (VOCAL), for this purpose.

The present study was conducted to assess the accuracy of
FTV for prediction of birth weight using the vocal technique

Revised manuscript accepted for publication January 12, 2015

Clin. Exp. Obstet. Gynecol. - 1sSN: 0390-6663
XLII, n. 6, 2015
doi: 10.12891/ceog1913.2015

7847050 Canada Inc.
www.irog.net

compared to the commonly used 2DUS formulae. This
study also examined additional maternal parameters, in-
cluding body weight, body mass index (BMI), and thigh cir-
cumference (TC), together with infant body weight and TC.

Materials and Methods

Patients

This was a prospective, cross-sectional study of 84 pregnant
women between May 2008 and April 2010 and was approved by
Soonchunhyang University Bucheon Hospital Institutional Re-
view Board. All patients provide informed signed consent. Inclu-
sion criteria consisted of a single live fetus with a planned delivery
or cesarean section within 72 hours of ultrasonography. Exclusion
criteria were multiple pregnancies, intrauterine fetal death at pres-
entation, fetuses with structural malformations detected by ultra-
sonography or chromosomal anomalies, pregnant women who
smoke or suffer from chronic illnesses (diabetes mellitus, hyper-
tension, chronic kidney disease, amongst others), poorly visual-
ized fetal limbs due to technical factors, and oligohydramnios
(amniotic fluid index [AFI] below the 5% percentile) or polyhy-
dramnios (AFT above the 90" percentile) [7, 8]. Gestational age
was based on the first day of the last menstrual period and con-
firmed by a first trimester dating scan. Each fetus was included
only once. Maternal age, gravidity, BMI, and the presence of ob-
stetric complications were also documented.

2DUS measurements

Before delivery, maternal weight and TC were recorded. All in-
fants were delivered within 72 hours after the ultrasound exami-
nations, and TC was measured within 72 hours of birth. 2DUS
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Figure 1. — Fetal thigh volume assessment by three-dimensional
ultrasonography.

was also used to measure BPD, AC, and FL. BPD was measured
from the outer edge of the proximal fetal skull bone to the outer
edge of the distal bone. No correction was made for different
shapes of the fetal head in non-vertex presentations. AC was
measured in standard transverse planes at the levels of the stom-
ach and umbilical vein-ductus venosus complex. FL was meas-
ured from the proximal end of the greater trochanter to the distal
metaphysis. The side of the thigh closest to the transducer was
used to assess the FL, since no significant difference between the
right and left thigh volumes has been reported [9].

3DUS measurements

After 2DUS measurement, 3DUS was also used to acquire
FTV using multifrequency (4-7 MHz) convex volumetric trans-
ducers (3D4-7EK) on an Accuvix XQ scanner. When the fetus
was at rest, the transducer was placed to display the femur dia-
physis in the traditional plane for assessing the FL. The 3D vol-
ume box was adjusted for the size of the thigh and the sweep
angle was set 60°. The slowest sweep velocity at four frames per
second was chosen in order to guarantee the best resolution. Sev-
eral thigh volumes were obtained using automatic sweeps, but
only two to four were saved for further analysis. The criteria for
further analysis included the absence of motion artifacts and the
presence of the entire thigh within the 3D image. Thereafter, the
VOCAL program was activated. Fetal thigh images were ini-
tially displayed on the ultrasound screen in three orthogonal
planes (Figure 1). The sagittal view of the femur in plane A was
chosen (top left image) and rotated so that the orientation of the
thigh and whole diaphysis was coincident with the y-axis. Two
demarcating arrows were positioned at the proximal and distal
femoral extremities (echogenic femoral diaphysis), similar to
the femoral length method. Plane A was selected in the multi-
planar display and used as a reference image. Volumes were cal-
culated utilizing the VOCAL program with a manual trace at 30°
of rotation. At the end of the 180° rotation, the computer auto-
matically calculated the volume. Before this calculation was ac-
cepted, contouring imperfections were modified in the
corresponding axial section exposed in plane C (bottom left
image) by repeatedly scrolling up and down. The volume dis-
playing the best quality, in terms of contrast and definition, was
selected for estimating fetal weight. All measurements were ob-
tained by a single ultrasound operator.

Table 1. — Formulas used for fetal weight estimation.
Fetal parameters Author Formula
AC, BPD (cm) Shepard ef al. [10] Logl0 BW (g) =-1.599+0.144 X
Warsof et al. [11] BPD+0.032 X AC-0.000111 X
(BPD2 X AC)
AC, BPD (cm) Thurnau ef al. [12] BW (g)= (BPD X AC X 9.337)-299
BPD,AC, FL Hadlock efal. [2] Logl0 BW (g) = 1.3350.0034 X
(cm) AC X FL+0.0316 X BPD+0.0457
X AC+0.1623 X FL
FC,TV(ml) Changetal [S] BW(g)=1080.87350+22.44701 X TV

BW = birth weight, AC = abdominal circumference, BPD = biparietal diameter,
FL = femur length, FC = fetal thigh circumference, TV = thigh volume.

Table 2. — Demographic data of the study group.

Characteristic Mean + SD
Maternal age (years) 31.2+43
Gravity 22+ 1.1
Height of mother (m) 1.6 +0.1
Weight of mother (kg) 67.9 +10.8
BMI of mother (kg/m?) 51.9+23.0
Delivery type

Normal spontaneous (n) 34

Cesarean (n) 34
Mother’s thigh circumference (cm) 51.7+54
body weight of newborn (g) 3,025 £519
FC (cm) 147+£1.9
Infants TC (cm) 15.5+1.7
TV (1) 122.9+35.6

FC = fetal thigh circumference, TC = thigh circumference, TV = thigh volume

Calculations

EFW by each formula was calculated separately using the fetal
parameters for BPD, AC, FL, and TV, as described in Table 1 [2,
5, 10-12]. All data were collected in a spreadsheet and further an-
alyzed using SPSS for Windows. Maternal age was reported as
means + standard deviation (SD). Other maternal features, such as
number of previous gestations, BMI, and TC were documented.
Correlation between all measured parameters and actual birth
weight was determined by Pearson’s correlation coefficient. Re-
gression analysis with correlation coefficients was used to deter-
mine the relation between the parameters. The authors compared
the sensitivity and specificity of fetal thigh volume formula for
prediction of infants < 2.5 and > 3.5 kg with those of the Hadlock
II equation. Finally, the significance of differences between EFW
and actual birth weight were assessed by paired #-tests with a value
of p<0.05 considered to indicate statistical significance.

Results

The demographic and clinical data of the 84 patients are
shown in Table 2. The mean maternal age was 31.2 £4.3
years. In the present study, 61.9% of the participants were
in their thirties. The actual birth weight ranged from 1.05 to
4.76 kg (mean, 3.03 + 0.519). Sixty-two infants (73.8%)
were considered to be normal weight at delivery. Low-
birth-weight infants (< 2,500 grams) were nine (10.7%) and
large-birth-weight (> 3,500 grams) infants were 13
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Table 3. — Pearson’s correlation between actual birth
weight and other sources.
Parameters Mean + SD Pearson’s p —value
correlation
coefficient (R)
Hadlock 1T 2,928.7 +489.8 0.920 p<0.001
FTV 3,841.4 £799.8 0.662 p<0.001
Mother’s weight  67.9 + 10.8 0.443 »<0.001
Mother’s BMI 51.9+23.0 0.439 p<0.001
Fetus TC 155+1.8 0.561 »<0.001

FTV = fetal thigh volume, BMI = body mass index, TC = thigh circumference.

(15.5%). As shown in Table 3, the correlation between fetal
weight of thigh volume and the actual birth weight pre-
dicted by 3DUS was significant (R=0.662, n=84, p <
0.001). Material BMI (51.9 + 23.0 kg/m?, R=0.439, p <
0.001) and infant TC (15.5 £ 1.7 cm, R=0.561, p < 0.001)
were correlated with actual birth weight. However, 2DUS
using the Hadlock II equation predicted actual birth weight
more accurately (2,928.7 + 489.8, R=0.920, p <0.001). As
shown in Figure 2, the scatter plot of actual and estimated
birth weight by 3D FTV (A, R>=0.438) and the Hadlock II
equation (B, R?=0.846) indicates a positive correlation.

Although FTV and the Hadlock II equation showed low
sensitivity for prediction of low birth weight, FTV is a more
sensitive method for detection of large-birth-weight infants
(92.3% vs. 46.2%). However, both methods exhibited high
specificities for detection of low-birth-weight infants
(100% vs. 93.3%).

Discussion

The aim of the present study was to determine the accu-
racy of formulae used to calculate FTV in predicting birth
weight compared that of other commonly used formulas
composed of BPD, AC, and FL. The authors calculated
fetal weight by inputting FTV into the Hadlock II formula
developed by Chang et al. [5], which uses the multiplanar
technique [13]. They also used to the VOCAL technique to
demonstrate that FTV is highly correlated with birth
weight. They did not record the time necessary to measure
fetal biophysics with these techniques but did note that the
actual time required to measure FTV by 3DUS was three to
five minutes. These findings correspond with those re-
ported previously [14, 15]. When the authors compared the
sensitivity and specificity of the 2DUS Hadlock II equa-
tion with those of 3DUS FTV for detecting low- or high-
birth-weight babies, FTV exhibited a higher sensitivity in
detecting high-birth-weight babies than the Hadlock II
equation. However, in the birth weight < 2.5 kg category,
the Hadlock II equation was more sensitive. After the third
trimester it was difficult for both the examiner and the
mother to evaluate the whole fetus at one time by ultra-
sound. Thus, the present data support the superior efficacy
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Figure 2. — (A) Scattergram of the thigh volume assessed by three-
dimensional ultrasound versus the actual birth weight (Y=0.430X
+ 1374.828, N=84, R=0.662, p < 0.000). (B) Scattergram of the
predicted birth weight by Hadlockll equation versus the actual birth
weight (Y=0.975X + 169.582, R=0.920 N=84 p < 0.000).

of 3DUS in estimating fetal weight close to delivery and
suggest that FTV using the VOCAL technique is useful for
estimating fetal weight. This is in agreement with another
study in which 3D volumetric measurements were per-
formed together with conventional 2D biometry and proved
to provide superior results [16].

The authors reviewed the published literature from
20002012 in the PubMed database using the keywords
‘3D ultrasound’ and/or ‘fetal weight’. A total of 51 papers
in English related to 3D ultrasound were retrieved. When
studies of solid organs such as the heart, brain, and lung
were excluded, only articles related to fetal weight or birth
weight remained. The remaining 13 studies are summa-
rized in Table 4. Most examined primarily third-trimester
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fetuses and showed 3D measurements to have acceptable
reproducibility. Like the present study, most manually
traced TV measurements, and only one [28] evaluated arm
volume measurement and reported greater sensitivity and
specificity for a fetus with intrauterine growth retardation
(IUGR) than TV. Nine of these 13 studies reported a bet-
ter result with 3DUS than 2DUS in terms of estimation of
fetal weight, while two studies reported no significant dif-
ference between 3DUS and 2DUS. One study was not
compared due to the small number of cases. Thus, it ap-
pears that as the 3DUS technique has advanced, the use of
3DUS in prenatal evaluations is becoming more prevalent
[29, 30].

The present study had a number of limitations. For ex-
ample, the sample size was small and the study was con-
ducted in an obstetric unit of a tertiary care center, which
may not be representative of the Korean population. Thus,
a large, prospective and multicenter study is necessary to
confirm the conclusions of this report.

Conclusions

The authors validated the 3DUS-VOCAL method and
reviewed the literature regarding use of 3DUS to estimate
fetal birth weight. Based on these results, it is clear that
the use of 3DUS-VOCAL to measure FTV will provide
more accurate estimations of fetal birth weight and that it
has the potential to become an essential prenatal re-
assessment tool.
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