Original research

Biparietal diameter measurements using the
outer-to-outer versus outer-to-inner
measurement: A question of pedantry?

Lufee Wong, MBBS, FRANZCOG, MPH' (), Eldho Paul, BSc, MSc?, Hamsaveni KM Murday, MBBS?,
Jing Fang, LLB, BMedSc, MMU*, llona Lavender, BA, MMU*, Peter R Coombs, DipAppSc, BA, MMU*® and
Mark Teoh, MBBS, FRANZCOG, DDU’

"Fetal Diagnostic Unit, Monash Medical Centre, Monash Health, 246 Clayton Road, Clayton, Victoria 3168, Australia

Monash Centre for Health Research and Implementation, School of Public Health and Preventive Medicine, Monash University,
Monash Medical Centre, Clayton, Victoria 3168, Australia

3Department of Obstetrics and Gynaecology, Monash University, Monash Medical Centre, Clayton, Victoria 3168, Australia
*Ultrasound, Monash Health, Clayton, Victoria 3168, Australia

®Department of Medical Imaging and Radiation Sciences, Faculty of Medicine, Monash University, Clayton, Victoria 3168, Australia

Abstract

Objectives: To compare two methods of measuring fetal biparietal diameter (BPD) — outer-to-inner (BPDoi) vs. outer-to-outer
(BPDoo) calliper placement — and to compare the differences in EFW calculated using the Hadlock 4 formula and other common
EFW formulae.

Methods: A total of 543 fetuses underwent a single ultrasound prospectively performed by 40 sonographers between 14 and
40 weeks of gestation, taking into account the intra- and inter-observer variability. The measurements for each fetus consisted of
BPDoi and BPDoo, and EFW is calculated from HC, AC and FL measurements. The difference between BPDoo and BPDoi was
estimated, and this difference was compared with gestational age using linear regression. Translational equations that allow
interconversion of the two parameters were derived. EFW calculated from four different formulae using various combinations of
biometric measurements was compared.

Results: The difference between BPDoi and BPDoo increases with gestational age, although this difference was small. For BPDoo,
the regression equation is BPDoo = 0.555934 + 1.027318 x BPDoi. Similarly, for BPDoi, the regression equation is
BPDoi = —0.403458 + 0.9714153 x BPDoo. There is a minimal difference in the EFW calculated from the four formulae, except
for gestations prior to 27-28 weeks. EFW derived from INTERGROWTH-21st formulae plot is higher than that from Hadlock 3 or
Hadlock 4 before 2728 weeks.

Conclusions: Although the absolute difference between BPDoo and BPDoi increased across gestational age, this difference was
small. The method of BPD measurement should follow that as prescribed in the EFW equation used in the local context.
Estimation of fetal weight using Hadlock 3, Hadlock 4 and INTERGROWTH-21st is similar, with slight differences at gestations less
than 27-28 weeks.

Keywords: biometry, biparietal diameter, fetal head, measurement, ultrasound.

Introduction

Measurement of fetal biometry is a mainstay of modern obstet-
ric care. Fetal head measurements are important for estimating
Correspondence to email lufeew@gmail.com gestational age and a component of assessing fetal growth. Var-
doi: 10.1002/ajum.12091 ious regression or volumetric formulae have incorporated
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different parameters of fetal biometry in the estimation of fetal
weight. These invariably use a combination of biparietal diame-
ter (BPD), head circumference (HC), abdominal circumference
(AC) and femur length (FL) and have varying degrees of accu-
racy. Correct identification of fetal growth disorders will help in
the diagnosis of fetal growth restriction and macrosomia,
prompting timely intervention and reducing perinatal morbid-
ity and mortality."” Conversely, inadvertent failure to recognise
these disorders will preclude appropriate antenatal monitoring
and surveillance.

Two methods have been described for the measurement of
BPD: the outer-to-inner (BPDoi) method, where callipers are
placed from the leading edge of the near-field parietal bone to
the leading edge of the far-sided parietal bone, and the outer-
to-outer (BPDoo) method, which involves measuring from the
leading edge of the near-field parietal bone to the far edge of
the far-sided parietal bone.” Variation in the assessment of the
BPD differs among studies, and there is no consensus on the
‘gold standard’ of which method to use.* ® Recent publications
of new international growth charts have adopted the BPDoo
methodology.” This is chiefly to facilitate direct comparison
between antenatal and post-natal measurements of head size
and growth.*” However, there have been no studies comparing
the differences between these two methods of BPD measure-
ment, although a recent study by Napilitano ef al. demon-
strated that both measurements are equally reproducible.'’
Another study measured both the BPDoi and BPDoo in the
same cohort; however, the primary aim of this study was to cre-
ate biometry charts and validate inter-observer and intra-obser-
ver variability."! It is also uncertain how measurement of BPD
using the BPDoo method might impact on institutions which
have used the standard BPDoi technique.

Furthermore, various estimated fetal weight (EFW) regres-
sion formulae or volumetric calculations have been proposed
using either a single or combination of measurements. While
some of these methods have minor systematic error, it is not
uncommon for studies to report random errors (as measured
by the standard deviation of errors) of more than 7%.'* A sys-
tematic review comparing the performance of various methods
for ultrasound estimation of fetal weight has demonstrated that
those of Hadlock et al. provide generally more consistent mean
(systematic) errors across the selected studies, with comparable
random errors.'*'* Commonly known as the Hadlock 3 and 4
formulae, respectively, Hadlock 3 uses HC, AC and FL, while
Hadlock 4 incorporates all four parameters.'>'* Given the
potential problems of head moulding, a review suggested pref-
erence of the Hadlock 3 over the Hadlock 4 formula." In addi-
tion, the INTERGROWTH-21st project proposed an
international EFW chart to complement the fetal measurement
standards.”'® This regression formula only incorporates two
biometric measurements: HC and AC. However, no prospective
validation of these data has been performed.
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Hence, the objectives of this study were as follows: (i) to assess
the difference between the two methods of measuring fetal BPD
measurements — BPDoi vs. BPDoo, taking into account the
intra-observer and inter-observer variability and (ii) to compare
the differences in EFW calculated using the Hadlock 3 and 4 for-
mulae, using measured BPDoi and BPDoi derived from BPDoo,
and INTERGROWTH-21st EFW formulae.

Methods

The study was conducted in a university teaching hospital in
Melbourne, Victoria, during the period November 2015 to
October 2016. The total number of antenatal ultrasounds per-
formed during the 12-month period of the study was 12183. To
assess the variability throughout pregnancy with an equal
degree of accuracy, a minimum of 20 fetuses were recruited for
every 5-week gestational age window. The patients consist of
both high- and low-risk cases from a diverse ethnic back-
ground. Subjects were recruited based on a convenience sample.
The inclusion criteria were as follows: (i) established gestational
age from a quality first-trimester ultrasound and (ii) gestation
from 14 to 40 weeks. The exclusion criteria were as follows: (i)
known fetal anomaly and (ii) fetal death in utero. Women were
only included in the study once throughout the pregnancy. The
study protocol was approved by the institutional review board
as a low-risk study.

Ultrasound scans

All ultrasound examinations were performed using two types
of commercially available ultrasound machines (Philips iu22,
Philips Ultrasound, Bothell, WA, USA or Samsung RS80A,
Samsung Medison, Gangnam-Gu, Seoul, Korea) with curvi-
linear abdominal transducers. The unit consists of 40 Aus-
tralian accredited medical sonographers across four sites who
were trained on the image requirements at the beginning of
the study. At each examination, BPD images were acquired
in the transthalamic plane, where the landmarks consist of
the cavum septum pellucidum, thalami and absence of the
cerebellum. The BPD images were acquired in duplicate. Cal-
liper placements of the BPDoi were made with the intersec-
tion of the callipers placed from the outer edge of the
proximal fetal calvarium to the inner edge of the distal fetal
calvarium, at the widest part of the fetal skull (Figure la).
Calliper placements of the BPDoo were made with the inter-
section of the callipers placed from the outer edge of the
proximal fetal calvarium to the outer edge of the distal fetal
calvarium (Figure 1b).

Intra- and inter-observer variations were accounted for the
two operators. During each scan, the first sonographer
(Observer 1) obtained real-time measurements of BPDoo and
BPDoi on the first of two duplicate BPD images. The still
ultrasound images were stored and the measurements
recorded. Using the stored ultrasound images on the machine
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Figure 1: (a) Ultrasound Image of Fetal Biparietal Diameter, Measured
Using Outer-to-Outer Calliper Placement (BPDoi) in the Transthalamic
Plane. (b) Ultrasound Image of Biparietal Diameter, Measured Using
Outer-to-outer Calliper Placement (BPDoo).

after the original calliper placements had been removed from
the images, Observer 2 measured the BPDoi and BPDoo
measurements on each of the two still images, blinded to
Observer 1’s measurements. Only one observer was present
in the room at any one time. The intra-observer variability
for both methods was calculated for the measurements of
Observer 2. Inter-observer variability was calculated by com-
paring the measurements of Observer 1 with the second
measurement of Observer 2.

The rest of the biometric measurements — the head circum-
terence (HC), abdominal circumference (AC) and femur length
(FL) — were measured in previously described methods.®'”!8
The estimated fetal weight (EFW) was calculated using (i) the
established Hadlock 4 method using the measured BPDoi'?; (ii)
Hadlock 4 after applying the reverse coefficient to BPDoo to
derive BPDoi; (iii) Hadlock 3'%; and (iv) INTERGROWTH-
21st formula.'® The body mass index (BMI) of the patient was
obtained from the patient’s history.
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Statistical analysis
All analyses were performed using Stata software version 14
(StataCorp, College Station, Texas, USA).

The intra-observer variability and inter-observer variability
of the BPDoo and BPDoi measurements were determined using
the Bland—Altman method. Differences between measurements
were plotted against the average values for visual inspection of
variability in these measurements. Separate plots were drawn to
assess inter- and intra-observer agreement. Linear regression
was used to assess the relationship between differences in
BPDoo and BPDoi measurements and gestational age. To
ascertain whether maternal BMI contributed to measurement
variability, BMI was included as a covariate in the regression
model. Translational equations to estimate BPDoo using BPDoi
and BPDoi using BPDoo were also derived.

Fetal weight was estimated using four different methods:

(i) Hadlock 4 (using BPDoi, HC, AC and FL); (ii) Hadlock 4
after applying the reverse coefficient to BPDoo to derive BPDoi;
(iii) Hadlock 3 (using HC, AC and FL) and (iv) INTER-
GROWTH-21st formula (using HC and AC).">'*'® The 3rd,
10th, 50th, 90th and 97th percentiles of estimated fetal weight
were determined and plotted against gestational age.

Results

A total of 539 pregnancies of 543 fetuses were included. Four
were twin pregnancies. All fetuses were scanned once only. Mean
maternal BMI was 25.5 (range, 15-47.9). All measurements for
BPD, HC, AC and FL were complete for all 543 fetuses. No BMI
data were available in 57 (10.5%) measurements.

There was a good agreement between or within sonographers
in the measurements performed on the same fetus. Figure 2
depicts Bland—Altman plots for the intra- and inter-observer
variability for BPDoi for differences in measurement units
(mm) (Figure 2a and b) and for BPDoo (Figure 2¢ and d). The
limits of agreement were within 3 mm for intra-observers and
2 mm for inter-observers. For BPOoi, the mean difference in
intra-observer measurements is 0.07 mm (CI —0.06 to 0.19)
and the mean difference in inter-observer measurements is
—0.04 mm (CI —0.12 to 0.04). For BPDoo, the mean difference
in intra-observer measurements is 0.08 mm (CI —0.05 to 0.21)
and the mean difference in inter-observer measurements is
—0.11 mm (CI —0.20 to —0.02).

Difference in BPDoi and BPDoo with gestational age

The analysis showed that there was a moderate correlation
between difference in outer-to-outer and outer-to-inner mea-
surements and gestational age (r = 0.39). Gestational age was
independently associated with a difference in outer-to-outer and
outer-to-inner measurements after adjusting for BMI. On aver-
age, there was an estimated increase of 0.06 mm in difference
between outer-to-outer and outer-to-inner measurements for
every one-week increase in gestational age. BMI was not associ-
ated with the difference between measurements (P = 0.22).
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Figure 2: Intra-observer and Inter-observer Variability in BPDoi and BPDoo Measurements. (a) Intra-observer Agreement Bland—Altman Plot for
BPDoi. (b) Inter-observer Agreement Bland—Altman Plot for BPDoi. (c) Intra-observer Agreement Bland—Altman Plot for BPDoo. (d) Inter-observer

Agreement Bland—Altman Plot for BPDoo.

Figure 3 depicts the relationship between the difference in
BPDoi and BPDoo (i.e. BPDoo-BPDoi) and gestational age.
The translational equations to derive BPDoo using BPDoi and
vice versa are as follows:

For BPDoo, the regression equation is as follows:

BPDoo (mm) = 0.555934 + 1.027318 x BPDoi

Similarly for BPDoi, the regression equation is as follows:

BPDoi (mm) = —0.403458 + 0.9714153 x BPDoo

Difference in EFW between Hadlock 4 and other EFW formula
Figure 4 shows the comparison of EFW derived from various
formulae:
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The EFW derived from Hadlock 4 using the measured
BPDoi is virtually mirrored by the EFW derived using Had-
lock 4 with BPDoi derived from the reverse coefficient of
BPDoi. In addition, this is similar to Hadlock 3. For INTER-
GROWTH-21st formula, the estimation is slightly dissimilar
at smaller gestations, with INTERGROWTH-21st showing
higher EFW values than the other formulae below 27—
28 weeks, converging around 27-28 weeks and diverging
again with the other formulae with increasing gestation. This
difference was statistically significant (P < 0.001). There was a
strong correlation between difference in Hadlock 4- and
INTERGROWTH-21st-estimated fetal weight and gestational
age (r = 0.72; P < 0.001). On average, the difference in Had-
lock 4- and INTERGROWTH-21st"-estimated foetal weight
increases by 9.6 g for every one-week increase in gestational
age.
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Figure 3: Relationship between Difference in Quter-to-outer and
Outer-to-inner Measurements and Gestational Age.

Discussion

Among the four common fetal biometric measurements, the
description of HC, AC and FL is fairly standardised with well-
described and internationally agreed methodology.” However,
in the case of BPD, two equally reproducible methods of mea-
surement have been in clinical use: BPDoi vs. BPDoo."” The
aim of this study was to determine the difference in BPD mea-
surements between the two techniques — BPDoo and BPDoi,
and how this difference varied across gestational age. We also
aimed to propose a regression formula that will allow deriva-
tion of BPDoi from BPDoo and vice versa. Finally, both the
measured BPDoi and derived BPDoi were incorporated into
the calculation of EFW by Hadlock 3 and 4 formulae, and this
was compared with a recently proposed INTERGROWTH-21st
EFW formula that did not include BPD. Our study showed that
although the absolute difference between BPDoo and BPDoi
increased across gestational age, this difference was small. To
our knowledge, this is the first study that has assessed the dif-
ference between the two techniques of measuring BPD and pro-
posed a regression formula that allows derivation of one from
the other.

Various EFW regression formulae have been proposed that
uses either BPDoi or BPDoo measurements. The original
method for measuring BPD was the BPDoi technique as the
inner margin of the fetal calvarium in the far field was more
well defined when using static B scanners.'”?' Other charts of
BPD measurement have employed the outer-to-outer method.”
The authors found that using modern ultrasound equipment,
the measurement of BPD using either the BPDoo or BPDoi
technique is equally reproducible.’” Consequently, as BPDoo
can be used for both BPD and HC measurements and is also
the method for measuring occipitofrontal diameter (OFD),
using BPDoo would be the most efficient method as it can be
adapted for all fetal head measurements. In addition, the
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BPDoo, as part of the HC (calculated), provides a useful tool
for monitoring growth as it facilitates the tracking of head size
and growth between the antenatal and post-natal periods.”

However, in many institutions where the HC is measured
directly rather than calculated, this is perhaps less relevant as
the continuity of fetal head size and growth measurement will
remain. Furthermore, the BPDoi technique is the established
method of choice in many geographical regions. Thus, opera-
tors in these countries will need retraining to accurately deter-
mine calliper placement if BPDoo measurement is to be
adopted. Besides monitoring fetal head size, the BPD is also
used in the calculation of EFW using the Hadlock 4 formula,
one of the most commonly used formulae globally. Should the
BPDoo technique be adopted, this will necessitate the utility of
a different EFW formula.

However, for institutions where BPDoo is the preferred tech-
nique, we propose a regression formula that allows the inter-
conversion of BPDoi and BPDoo. Additionally, the EFW
calculated from the two methods did not demonstrate a clini-
cally significant difference between the Hadlock 4 (using mea-
sured BPDoi) and Hadlock 4 (using BPDoi calculated from
BPDoo) (see Figure 4). However, we found that there is a slight
difference between the EFW obtained via the Hadlock 4 and
INTERGROWTH-21st formulae at the lower end of gestation,
before converging around 27-28 weeks and diverging again
from 30 weeks’ gestation onwards. Assessment of the accuracy
of the formula will require comparison against a ‘gold stan-
dard’, that is the birthweight (BW) with a preferred scan-to-
delivery interval of less than 7 days. Unfortunately, this infor-
mation was not available in our study. Previous studies have
validated the use of Hadlock 3 and 4 formulae, while the
INTERGROWTH-21st regression formula has yet to be
prospectively validated against birthweights outside of the
INTERGROWTH-21st study. Furthermore, the proposed EFW
formula lowered the starting gestational age to 22 weeks, that is
2 weeks below the customary cut-off of 24 weeks’ gestation for
viability’. While the authors acknowledge that ‘this will facilitate
the early recognition of fetal growth restriction around the rec-
ommended time of the second trimester anatomy scan and to
anticipate the possible extension of the limit of viability’, pre-
diction of birthweight at the extreme range of weights has been
known to be most challenging and least accurate, as only a
small proportion of births occurs at both extremes of the nor-
mal population curve.”> Hence, until prospective validation is
performed, caution should be exercised when applying any
EFW formula for the diagnosis of fetal growth restriction at the
extreme lower end of gestation.

Traditionally, the BPD measurement was useful for dating a
pregnancy, particularly around the 11- to 16-week mark, and
also for estimating fetal weights in weight equations. However,
its role in dating pregnancies has become superseded by the
increasing use of crown—rump length (CRL) in the first trimester,
the most accurate way of determining gestational age. The role

AJUM August 2018 21 (3) 165
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Figure 4: Estimated Fetal Weight Calculations Using Four Formulae: (1) Hadlock 4 Using Measured BPDoi; (2) Hadlock 4 Using BPDoi Derived from
BPDoo; (3) Hadlock 3; (4) INTERGROWTH-21st. Figures Shown are 3rd (Figure 4a), 10th (Figure 4b), 50th (Figure 4c), 90th (Figure 4d), and 97th
Percentiles (Figure 4e). (a) 3rd Percentile of Estimated Fetal Weight Using Different Formulas According to the Gestational Age. (b) 10the Per-
centile of Estimated Fetal Weight Using Different Formulas According to the Gestational Age. (c) 50th Percentile of Estimated Fetal Weight Using
Different Formulas According to the Gestational Age. (d) 90th Percentile of Estimated Fetal Weight Using Different Formulas According to the
Gestational Age. (e) 97th Percentile of Estimated Fetal Weight Using Different Formulas According to the Gestational Age.

of BPD in EFW regression equations may also become less rele-
vant as increasingly more weight is put on HC and AC, and less
so on FL, as its measurement is associated with the highest inter-
and intra-observer variability compared to HC and AC.* In clin-
ical practice, the value of BPD is limited as it can be affected by a
variety of other factors such as the fetal head shape and fetal pre-
sentation. In spite of this, until a new, alternative EFW formula
is proposed that is widely accepted and validated, BPD measure-
ments remain necessary for input into the many existing EFW
formulae, such as Hadlock 3 or 4, which are two of the most
widely accepted formulae for fetal weight estimation.

Our study also aimed to assess whether BMI affected
BPDoo-BPDoi measurement. Our study found no association
between BMI and the difference in BPDoo and BPDoi. Previous
studies have found no association between BMI and variability
of ultrasound measurements, although some have documented
an association with maternal body fat distribution and, in par-
ticular, abdominal wall thickness. However, given that this
study was examining the difference between two measure-
ments, the effect of BMI is likely to be less pronounced as it will
affect the two measurements in the same way and hence be
negated in the subtraction.

Strength and limitations

A key strength of our study was taking into account the inter-
and intra-observer variability. This is particularly important as
the absolute difference between the BPDoo and BPDoi mea-
surements is small (fraction of millimetres), accuracy and
reproducibility in the assessment of individual BPD values are
essential in calculating the difference between the two values.
Care was taken to ensure that the observers are blinded to the
measurements of the other sonographer. The sonographers
were not blinded to their own measurement, which could result
in the sonographers making measurements to be artificially
similar or biased in line with what would be expected at any
given gestation. However, effort was taken to minimize this by
only showing the measured numerical value but not the corre-
lated gestational age of the measurement.

The study involved the entire team of 40 sonographers across
the unit. It is recognised that to accurately assess the difference
between BPDoo and BPDoi requires capturing an appropriate
image and accurate calliper placement. Thus, a large team of 40
sonographers has the potential to introduce greater variability as
multiple sonographers may have marginally different practices in
image plane acquisition and/or calliper placement. However, we
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felt that the involvement of multiple sonographers would more
accurately reflect clinical practice and increase generalisability of
this study, although we acknowledge that there will be varying
experience among the team. Attempts were made to reduce this
variability as all had undergone training prior to commencement
of the study. Another limitation of this study is the convenience
nature of the sample. This may introduce bias as the sonogra-
phers and patients were not involved in a random manner. How-
ever, effort was made to obtain an equal distribution of patients
across gestational age and sonographer practice variability min-
imised by having strict study protocols.

In conclusion, although the absolute difference between BPDoo
and BPDoi increased across gestational age, this difference was
small. In the light of recently published biometry charts, practices
of BPD measurement may need to be changed, should ultrasound
practice begin widespread adoption of BPD measurement tech-
nique different from their current local practice. However, until
the questions regarding fetal weight estimation have been
answered, it is unlikely that BPDoo will become the preferred
method of measurement. Furthermore, given its limited value in
clinical practice, it may remain the least preferred measurement
of fetal biometry or may one day become an obsolete measure-
ment altogether if a new alternative EFW formula is proposed
that omits the BPD altogether. Until then, BPDoi and HC remain
the current best practice for fetal head size measurements and are
a key measurement in estimated fetal weight calculations.
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