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Abstract

Objectives: To determine the inter- and intra-observer vari-
ation of volume calculations of human fetuses at a gesta-
tional age of 117°~13¢ weeks by three-dimensional ultra-
sound (3DUS).

Methods: 3DUS datasets were acquired during nuchal trans-
lucency measurements. The fetal volume (FV) was measured
in 65 cases by two independent investigators. The Virtual
Organ Computer aided AnaLysis (VOCAL™) imaging soft-
ware was used to manually calculate the FV (rotational angle
9°). Inter- and intra-observer variation were assessed by
Bland-Altman plots and intraclass correlation coefficients
1C0O).

Results: Both inter- and intraobserver reproducibility were
highly reliable as shown by the Bland-Altman plots and an
ICC of respectively 0.934 and 0.994.

Conclusion: FV calculation by 3DUS with VOCAL and a
rotational angle of 9° is feasible and has a high inter- and
intraobserver reliability in the first trimester of pregnancy.

Keywords: Fetal volume; first trimester; interobserver vari-
ation; intraobserver variation; three-dimensional ultrasound.

Introduction

Monitoring fetal growth during the first trimester of preg-
nancy might be of value in assessing complications in preg-
nancy. This is confirmed by the recent study of Mook-
Kanamori et al. where first trimester growth restriction was
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associated with an increased risk of adverse outcomes like
preterm birth, low birth weight and small for gestational age
at birth [18]. Preterm birth is a growing public health prob-
lem with significant consequences for families. Preterm birth
accounts for 12.5% of all births in the US. The costs for the
society are an estimated $26 billion a year [3]. Low birth
weight (<2500 g) and being small for gestational age are
associated with increased morbidity and mortality perinatal
and in later life [2, 13].

The difference between normal and abnormal growth in
early pregnancy is small, especially when fetal size is meas-
ured two-dimensionally by the crown-rump-length (CRL).
Three-dimensional ultrasound (3DUS) volume measure-
ments might give more information about fetal development.
Earlier reports already confirmed a significant correlation
between fetal volume (FV) and the CRL, with an up to 35-
fold increase of the FV and a 4.5-fold increase of the CRL
in the first trimester of pregnancy [1, 6, 10, 11, 14]. As the
FV increases faster than the CRL in the first trimester, it is
possible that early signs of abnormal growth will be more
obvious in the FV than in the CRL. Falcon et al. reported
that smaller FVs in the first trimester are associated with
chromosomal abnormalities [10].

The first attempt to construct three-dimensional (3D) fetal
images with ultrasound recordings was performed in the ear-
ly 1980s [8]. Compared to two-dimensional ultrasound
(2DUS), a 3DUS volume scan is acquired faster, is less oper-
ator-dependant and calculates volumes of irregular shapes
more accurately [1, 4, 5, 9, 11, 12, 20, 21]. In-vivo studies
confirmed these conclusions [9, 12, 16].

Rotational measurement of a volume is possible with the
Virtual Organ Computer aided AnaLysis (VOCAL) imaging
software, an extension of 3D View™ (General Electrics
Kretz, Zipf, Austria). The VOCAL software allows volume
calculation by rotating the object of interest around a central,
fixed axis through a number of sequential steps. An experi-
mental study in vitro demonstrated that this technique is
more accurate than the multiplanar method for volumetric
calculation of irregular shaped objects [21].

In order to calculate the FV, a dataset is obtained during
the routine first trimester ultrasound scan. The dataset can
easily be obtained when there is a clear mid-sagittal image
of the fetus at rest. Then the dataset is stored on a hard disk
for offline measurements.

The actual measurement of the fetal volume is more com-
plex, as it is necessary to delineate the fetal contour in many
cross sections. A well-known problem of ultrasound in gen-
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eral is the loss of image quality in the deeper layers in the
region of interest. Resulting in shadows and blurred edges
of the object of interest.

The human factor is also important in volume calculations:
the investigator has to decide where to draw the actual edge
of the fetal contour in all cross sections of the obtained vol-
ume. The investigator needs a steady hand and good con-
centration. Therefore, it is important to determine the inter-
and intraobserver variation of 3DUS FV measurements
before a prospective follow-up study of the relation between
FV and complications in pregnancy.

In this study, we calculated the inter- and intraobserver
variation of abdominal 3DUS FV measurements of the fetal
head and rump in 65 consecutive pregnant women with a
gestational age of 117°-137¢ weeks.

Materials and methods

This was a prospective cohort study, performed at the Mdxima Med-
ical Center, a teaching hospital in Eindhoven-Veldhoven, The Neth-
erlands. The protocol was approved by the Institutional Medical
Ethics Committee and informed consent was obtained prior to inclu-
sion in this study.

The Kretz Voluson 730 3D ultrasound scanner (General Electrics
Kretz, Zipf, Austria) was used with the RAB4-8P wide band convex
volume probe, a real-time 4D-broadband electronic curved-array
transducer with a frequency range of 4-8 MHz. The angle sweep
was 75°.

The 3D volumes were acquired during the standard (abdominal)
first trimester scan by an investigator (investigator I) certified for
nuchal translucency (NT) measurements. The gestational age was
established by menstrual dates and confirmed by routine fetal
biometry.

Inclusion criteria were: Singleton pregnancy, age > 18 years, ges-
tational age between 117° and 13 *° weeks. Exclusion criteria were:
Multiple pregnancy and an uncertain gestational age. Patients were
included after signing an informed consent form. Each patient com-
pleted a questionnaire about their general and obstetric history.

For volume acquisition the fetus had to be motionless during
scanning. The time needed to acquire each dataset was registered.

First, a routine first trimester (abdominal) ultrasound scan was
performed according to the Dutch national guidelines [19]. The NT-
measurement was performed according to the guidelines of the Fetal
Medicine Foundation [22].

3D View™ (General Electronics, Sonoview II) was used to
receive, store digitally and measure the FVs from the 3DUS-data-
sets. After obtaining the ideal plane for NT-measurement, an auto-
matic 3DUS sweep was performed, which consisted of multiplanar
and surface reconstruction modes. The acquired datasets were col-
lected and stored on a hard disk for offline processing and volume
calculation. Investigators II and III performed the volume calcula-
tions, they were used to working with the VOCAL program and
blinded for the results of the first trimester scan.

The VOCAL imaging software (an extension of 3D View™) con-
sists of several available modes for volume calculations, the ‘‘man-
ual mode’’ is the most frequently used. This mode is more flexible
as it manually defines the contours of the object of interest with a
computer mouse. As the human embryo has an irregular shape, the
manual mode was used to outline the region of interest (ROI), the
fetal head and rump, in all cross sections. It is not possible to
include the fetal extremities in these measurements, because the
software does not allow to define separate structures in one cross

™

section. Therefore, the ROI has to consist of one continuous object
in every cross section.

With VOCAL it is possible to use four different rotational steps
that define the angle through which the object of interest is rotated.
These steps are 6°, 9°, 15° or 30°, which results in respectively 30,
20, 12 or 6 cross sections for each volume measurement, as the
dataset is rotated 180° to complete one volume measurement.

The FVs were calculated with a rotational step of 9° in the
A(axial)-plane, which is a longitudinal plane. This 9° rotation is to
be preferred in irregular objects, as it is as reliable as the 6° rotation,
but significantly faster to perform [21].

The 9° rotational step results in a sequence of 20 longitudinal
sections of the fetus around a fixed axis. In each of these planes
the two-dimensional (2D) contour of the fetus (excluding the limbs)
was defined manually, as described by others [11, 14, 15]. The
VOCAL program then calculates the volume of the defined contour.
After calculation the computed reconstruction of the fetus is dis-
played together with the FV (Figure 1). The undulating surface of
the 3D image is caused by the rotational steps and represents the
ROIs in each measured plane. The dataset was of inadequate quality
when the fetal contour was unclear in any rotational plane, so it
was not possible to calculate the FV.

In 65 consecutive cases, the FV was measured by two independ-
ent investigators (interobserver variation). The measurements were
repeated by one of the investigators in a second session (intra-
observer variation). This investigator was blind to the results of the
first measurements. The time needed for each volume calculation
was registered.

The inter- and intraobserver variation was analyzed by the method
described by Bland and Altman [7], by calculating the intraclass
correlation coefficient (ICC) and the 95% confidence intervals (95%
CI). The ICC is defined as the correlation between two measure-
ments from the same subject. It varies from O to 1, which indicates
the maximum reliability. Values above 0.70 are usually accepted as
good ICC. For the statistical analysis SPSS™ (Chicago, IL, USA)
version 13.0 for Windows was used.

Results

In total 65 consecutive FV scans were analyzed. Fifty data-
sets (76.9%) were of adequate quality for volume calcula-
tions. The image was considered of inadequate quality when
it was not possible to define the fetal contour in any rota-
tional plane (for example blurred edges). Inadequate image
quality was caused by maternal overweight, body mass index
(BMI) >30, (n=4/15, 26.7%) and fetal movements (n=6/
15, 40%). Another reason for failure was an unfavorable
position of the fetus during scanning (n=5/15, 33.3%), for
example when the fetus lies partially against the uterine wall.
Then, it is impossible to distinguish the fetal contour from
the surrounding structures. Several of these datasets show an
initial clear 2D image, but after rotating the fetal image it
becomes unclear.

The average maternal age was 33.4 years (range: 17—
41 years). The mean gestational age was 12" weeks (range:
11*3-13%3 weeks). The mean measured volume was
19.57 cm? (range: 8.35-36.85 cm?). Figure 2 shows the aver-
age measurements of observer I and the measurements of
observer II. The X-axis represents the gestational age (days),
the Y-axis the measured FV (cm?).

Figure 3 shows the Bland-Altman plot of the two sets of
fifty FV measurements by observer II. The mean difference
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Figure 1 Three-dimensional fetal volume calculation with the VOCAL imaging program (volume in cm?).

VOCAL = Virtual Organ Computer aided AnaLysis.

is 0.11 cm?® with a 95% CI between —1.29 and +1.50 cm?®.
There is an equal pattern of scattering around the mean in
the FV measurements of observer II. Figure 4 shows the data
regarding the mean of the two sets of measurements by
observer II and the measurements by observer III. The mean
difference is —1.42 cm? with a 95% CI between —5.76 and
+2.93 cm’. There is also an equal pattern of scattering.
There is a trend that observer III measures larger volumes in
smaller fetuses than observer I.

To assess the reproducibility of the FV measurements with
3DUS the ICC was calculated. The volume measurements of
the two different observers (interobserver reliability) were
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Figure 2 The fetal volumes measured by the observers, gestational
age in days.

highly reliable; ICC: 0.934 (95% CI: 0.887-0.962). The
intraobserver reproducibility had even a higher grade of reli-
ability; ICC: 0.994 (95% CI: 0.990-0.997).

3DUS volume scans were acquired during NT measure-
ments. The mean time to perform the 2DUS scanning (NT
measurement) was 14 min (range: 10—18 min). Mean time
for the subsequent acquisition of the 3DUS volumes was
5 min (range: 3—7 min). With the 3DUS volumes, the mean
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Figure 3 Bland-Altman plot of 3DUS volume measurements by
observer 1 (intraobserver variation). On the x- and y-axis fetal vol-
umes in cm®.

3DUS =three-dimensional ultrasound.
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Figure 4 Bland-Altman plot of 3DUS volume measurements by
observer 1 and 2 (interobserver variation). On the x- and y-axis fetal
volumes in cm?.

3DUS =three-dimensional ultrasound, SD =standard deviation.

time needed to perform the offline FV measurement was
4 min (range: 3—5 min).

Discussion

Several authors reported FV measurements [6, 11, 14, 15,
17], most of them also used the commercially available
VOCAL software [6, 11, 15, 17]. In this program, it is tech-
nically impossible to measure several objects in one image.
Therefore, it is not possible to measure FV with the limbs
included as there is always an image in which the limbs are
not continuous with the fetal rump or face. Blaas et al. [6]
used Vingmed EchoPAC-3D software for measurement of
the FV, with this method is was possible to include the limbs
in the volume measurements. They reported that the limbs
represent 5-10% of the total volume. They found a poor
interobserver  variation regarding the fetal limb
measurements.

Aviram et al. [1] measured the FV with the limbs included
and reported only that there were no significant differences
between the examiners. Falcon et al. [11] reported no ICC,
the mean measurement difference regarding the intraobserver
variation seems to be higher (—0.087 vs. 0.11) with a broader
range in measured differences (-3.18 to 4.92 vs. —1.29 to
1.50). The interobserver variation in their report appears to
be lower (—1.09 vs. —1.42), but there is also a broader range
in measured differences (-6.70 to 4.53 vs. —5.76 to 2.93).
Both studies show good intra- and interobserver variations
for FV measurements. The smaller range in measurements
in our study might be due to the smaller rotational angle.

Raine-Fenning et al. showed the impact of the different
available rotational angles using the VOCAL software

[20, 21]. Their conclusion was that volume measurements of
irregular objects were more reliable with a rotational angle
of 6° or 9°. Earlier inter- and intraobserver variation studies
of FV were performed with a rotational angle of 30°
[1, 6, 11].

Inter- and intraobserver reproducibility of FV by 3DUS
appears to be highly reliable, with a very good ICC of 0.934
and 0.994, respectively. Despite a trend to measure larger
volumes by one of the observers (Figure 4) there is a high
reliability between the two observers’ measurements. This is
probably caused by the fixed axis (as a point of reference in
the VOCAL imaging program) and clear difference in gray
scale on the ultrasound scans between fetus and amniotic
fluid environment.

However, in 15 cases (23%) the image quality was insuf-
ficient for FV calculations. The main reasons for failure of
the FV measurements were fetal movements during ultra-
sound scanning (n=6/15; 40%) and an unfavorable fetal
position of the fetus (n=5/15; 33.3%). In these 11 scans, the
initial 2DUS image was of good quality. After rotating the
volume box, the fetal contours became unclear, resulting in
failure of FV measurement. Obesity (n=4/15; 26.7%) was
also a reason for poor image quality and in these cases the
general 2DUS scan was also difficult to perform. Vaginal
ultrasound might be a good alternative option.

The image quality of the whole volume box should always
be checked before the end of the exam, even with a perfect
2DUS image. Then, if the volume box is of inadequate qual-
ity, rescanning the patient is still possible. It is to be expected
that future enhancements of acquisition time will result in
further improvement of image quality and less artefacts
caused by fetal movement. These points will result in less
failure of FV measurements.

Assessment of normal values of 3DUS FV measurements
in pregnant women with a gestational age of 11+°-13+°
weeks is feasible. The inter- and intraobserver agreement of
fetal volumetry by 3DUS is very high. A small rotational
angle of 9° results in an acceptable range of measured
volumes.
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