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Gestational age estimation based on biparietal diameter alone was compared with
three approaches to age prediction that consider head shape: area-corrected biparietal
diameter, circumference-corrected biparietal diameter, and head circumference. The
analysis was based on 67 fetuses (13-41 weeks) in whom age was known with a high
degree of accuracy, using a crown-rump length measurement from a prior first trimester
sonographic examination. The three methods that consider head shape are more precise
than biparietal diameter alone (p < 0.05 for second trimester cases, less significantly
demonstrated for third trimester cases). While the three appear to be equal to one
another in accuracy, area correction may be the preferred approach based on theoretical

grounds and on convenience. It is easy and can be used in conjunction with any formula
(or table) now applied to biparietal diameter alone.

Accurate assessment of gestational age (gestational age is used synonymously
with menstrual age) by sonography can be of great importance in management
decisions during pregnancy. For example, timing of elective cesarean delivery and
the decision whether to consider a fetus at risk for intrauterine growth retardation
depend in part on the estimated age. In the first trimester, the crown-rump length
(CRL) measurement is a reliable predictor of gestational age [1 , 2]. In the second
and third trirnesters, the biparietal diameter (BPD) has been similarly used.

Despite the fact that a number of studies have yielded tables or formulae to
predict age from BPD [3-6], none of these achieve a precision comparable to that
obtained via CRL. One reason proposed for the lower reliability of the BPD as a
predictor of gestational age is that it disregards head shape, which can vary
considerably in utero [7]. As a result, two alternative measurements that take head
shape into account have been proposed: head circumference [8-1 0J and area-
corrected BPD [4]. Another measurement, closely related to the latter, is the
circumference-corrected BPD (defined below). However, no reported study has
directly compared, on a single set of patients, the different methods for gestational
age prediction based on head measurements. Therefore, we studied a set of cases
in which true gestational age was known with a high degree of certainty, to answer
two questions: (1) do the methods of gestational age prediction that account for
head shape offer greater accuracy than those using BPD alone? and (2) if so,

which of the methods that account for head shape is best?

Materials and Methods

Case Material

During an 81/2 month period the data on 4051 consecutive obstetric patients examined
with sonography at Brigham and Women’s Hospital were collected and stored in computer
files. Data on each case included the patient’s hospital identification number, the date of the
examination, last menstrual period (when known), and one or more of the following measure-
ments: CAL, BPD, and occipitofrontal diameter (OFD). (The method of obtaining the latter
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Fig. 1 -A, Sector sonogram in axial plane through level of thalami (arrows).
B, BPD is measured from outer margin of near skull line to inner margin of far
one, OFD from midskull to midskull. (Skull thickness has been exaggerated to
better demonstrate endpoints of measurements.) C, Head circumference (HC)

two measurements is described below.) From this data base, we first
identified all patients who had a sonogram from which a CAL meas-
urement was recorded and whose gestational age based on CAL
was not more than 13 weeks (using the determination of age from
CAL presented in [4]). From this set of patients, we then identified
the subset of patients who had at least one more sonogram beyond
13 weeks from which both BPD and OFD measurements were
recorded. Our analysis is based on the first of these subsequent
sonograms, because they are believed to have the most certain
gestational ages. The age at the time of each of these sonograms is
taken to be the age from the original sonogram (based on CAL) plus
the number of weeks (or fraction thereof) elapsed between the initial
and current sonograms. That is, the age projected from the original
CAL is assumed to be the true gestational age.

Fetal Head Measurements

All measurements were obtained from a transaxial section of the
fetal head at the level of the thalami (fig. 1A) [2]. We obtained the
following measurements and derived values: BPD (fig. 1 B) is meas-
ured from leading edge to leading edge (i.e., outer margin of the near
skull line to inner margin of the far one [2]). OFD (fig. 1 B) is measured
from the middle of the anterior skull to the middle of the posterior
skull. Head circumference (fig. 1C) is measured around the outer
perimeter of the head. Alternatively, it can be approximated [1 1] from
the outer-to-outer BPD (BPD00) and OFD (OFDoo) by: head circum-
ference = ir/2 X (BP000 + OFDOO). In [1 1], T/2 is written as 1.57.

Area-corrected BPD (BPDa) is the quantity referred to simply as
“corrected” BPD in [4]. It is defined as the BPD of the standard-
shaped head with the same cross-sectional area as that of the fetal

head examined. A standard-shaped head is one with an OFD/BPD
ratio of 1 .265, which is the mean value for this ratio in our laboratory
[4]. (This number is very close to the reciprocal of 0.783, a value
reported as the mean value of the cephalic index BPD/OFD [7].)
Using the formula for the area of an ellipse (T/4 times the product of
the long and short diameters of the ellipse), an equation expressing
the area-corrected BPD in terms of the BPD and OFD can be derived
[4]: BPDa = �J(BPD x OFD)/1 .265. Circumference-corrected BPD
(BPDc) is a quantity, not previously defined, that is closely related to
the one above. It is the BPD of the standard-shaped head with the
same circumference. It can be computed: BPDc = (BPD + OFD)/
2.265. It should be noted that, for a standard-shaped head, both the
area-corrected and the circumference-corrected BPD are exactly
equal to the uncorrected BPD.

is measured about outer perimeter of skull or can be computed (see text) from
outer-to-outer bipanetal (BPDo0) and occspitofrontai (OFDoo) diameters.
BPDOO is one skull thickness greater than traditiOnal BPD, and OFDOO is one
skull thickness greater than OFD.

Prediction of Gestational Age from Fetal Head Measurements

Any method that uses the BPD to predict gestational age can be
used with area- or circumference-corrected BPD as well. We consid-
ered four formulae (or tabular data) that relate gestational age and
BPD: those of Hadlock et al. [3], Bimholz (reported in [4]), Kurtz et
al. [5], and Sabbagha and Hughey [6]. Descriptions of the first two
of these provide formulae expressing gestational age as a function
of BPD. Analogous formulae for the weighted mean data from 17
studies of Kurtz et al. [5] and the composite mean values of Sabbagha
and Hughey [6] were obtained using third-degree polynomial regres-
sion: Kurtz-GA = 3.41 8 + 0.482 BPD - 0.00457 BPD2 + 0.000037
BPD3; r = 0.9998. Sabbagha-GA = -1 .459 + 0.742 BPD - 0.00904
BPD2 + 0.000061 BPD3; r = 0.999. GA = gestational age in weeks;
BPD is measured in mm, r = correlation coefficient comparing the
formula to the data from which it is derived.

Gestational age can be estimated from head circumference using
a formula of Hadlock et al. [9] expressing age as a function of the
circumference. Because our computerized data file did not list a
measured head circumference, we first determined that measurement
via the equation HG = ir/2 X (BPD + OFD)” and then applied the
circumference formula of Hadlock et al. [9].

Assessing and Comparing the Various Methods of Predicting Age

All assessments and comparisons were carried out using the
gestational age based on CAL from prior sonograms as the standard
of ‘truth.” For example, the mean error associated with the formula
of Hadlock et al. applied to area-corrected BPD was obtained as
follows. For each case, we computed the estimated age by applying
the formula to the area-corrected BPD. The absolute value of the
difference between this value and the true age was taken to be the
error for that case, and the average over all cases represents the

mean error. The standard deviation of the differences for all cases
was also computed, from which 95% confIdence intervals were
determined (as ±1 .96 SD). Both mean error and 95% confidence
interval were computed separately for second and third trimester
cases, as well as for the entire group of cases.

* An adjustment had to be applied to BPD and OFD because each is one

caivarial thickness less than BPDoo and OFDOO (see fig. 1). This thickness is
not constant throughout pregnancy. We have derived, from published data [3,
9] and regression analy�s, a formule expressing calvaiial thickness (t) in mm
asafunctionofBPDinmm:t=1.31 -0.119BPD+0.00472BP1Y-
0.00003627 BPD�. Detalls of the derivation are available from the authors on
request.
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TABLE 1 : Comparison of Gestational Age Computed from
Corrected and Uncorrected Biparietal Diameters

Tnmester: Statistical Standard

Gestatuonal Ages Estimated on the Basis of
Formula or Table from Ref.:

(3f 141 (51 (6]

Second trimester (n = 52):
95% confidence range (in

weeks) using:
BPD ±1.99 ±2.12 ±1.91 ±2.16
BPDa ±1 .72 ±1 .87 ±1 .61 ±1.85
BPDc ±1.67 ±1.81 ±1.55 ±1.81

Mean error (weeks) using:”
BPD 0.82 0.90 0.77 0.86
BPDa 0.72 0.80 0.68 0.76
BPDc 0.71 0.79 0.68 0.76

No. of cases in which:
BPDa outperforms BPD � �
BPD outperforms BPDa I ‘

24 24 24 23
6 7 5 5

BPDc outperforms BPD )� �
BPD outperforms BPDc I ‘

23 23 23 23
6 9 6 7

BPDa outperforms BPDcI +

BPDc outperforms BPDaI �
2 3 3 3
4 4 3 3

Third trimester (n = 15):
95% confidence range (in

weeks) using:
BPD ±3.37 ±3.66 ±3.09 ±3.10
BPDa ±3.07 ±3.13 ±2.95 ±3.22
BPDc ±3.25 ±3.35 ±3.14 ±3.39

Mean error (weeks) using:
BPD 1.46 1 .57 1 .26 1.16
BPDa 1.26 1.28 1.16 1.22
BPDc 1.31 1.33 1.21 1.27

No. of cases in which:
BPDa outperforms BPD . . . 7 7 8 6
BPD outperforms BPDa . . . 5 4 5 7
BPDc outperforms BPD . . . 7 7 8 6
BPD outperforms BPDc . . . 5 4 5 7
BPDa outperforms BPDc . . 2 2 2 2
BPDc outperforms BPDa . . 1 1 1 1

Note.-BPD = �parietaJ diameter; BPDa = area-corrected BPD; BPDC = circumference-
corrected BPD.

- For each cclumn, the difference between BPD and BPDa is statistically significant (p <

0.05. paired Student f-test), as is the difference between BPD and BPDc; the difference
between BPDa and BPDC is not significant.

t For each column, the comparison of BPD vs. BPDa is statistically significant(p < 0.05,
sign test), as is the comparison of BPD vs. BPDC.

t Each pair of values is not significant.

Results

Sixty-seven sonograms met the criteria for inclusion in our
study. Fifty-two involved second trimester pregnancies (1 3-
26 weeks), 15 third trimester. The results of comparing ges-
tational age estimation by corrected and uncorrected BPDs
are presented in table 1 . We will explain the entries in table 1
by considering the first column in detail for second trimester
cases. This column carries out the comparison of corrected
and uncorrected BPDs using the formula of Hadlock et al.
[3]. The 95% confidence range of the age estimate was
narrower with area-corrected BPD (±1 .72 weeks) and circum-
ference-corrected BPD (±1 .67 weeks) than with uncorrected
BPD (±1 .99 weeks). The mean error (i.e., discrepancy be-
tween estimated and true gestational age) was less using
area- and circumference-corrected diameters (0.72 and 0.71

weeks, respectively) than without correction (0.82 weeks).
The difference in mean errors between using either correction
method and using no correction was statistically significant,
but there was no significant difference between the two

correction methods themselves. Area correction outper-
formed the uncorrected BPD (i.e., yielded an age estimate at
least 1 day closer to the actual age) in 24 of the 52 cases
and was outperformed in only six, a statistically significant
difference. (In the other 22 cases, the two were within 1 day
of each other.) Using the same performance measure, circum-
ference correction also bettered noncorrection; furthermore,
there was no significant difference between the two correction
methods.

Reviewing the other columns of table 1 reveals that the
same conclusion holds for the other three formulae as well,
when applied to second trimester cases. Whether compared
in terms of mean error or on the basis of case-by-case
performance, either correction method yields a more accurate
estimate of gestational age, on average, than does uncor-
rected BPD. No significant difference between the two cor-
rection methods was found.

When the above analysis was applied to the 1 5 third
trimester cases (table 1), the results tended to favor correction
over noncorrection, but there were too few cases for the
results to be statistically significant. For all 67 patients con-
sidered as a single group, correction methods were again
found to be statistically significantly superior to noncorrection
for all four formulae.

Comparison of head circumference with uncorrected BPD
yielded the same conclusions: The former was superior,
whether measured in terms of mean error or case-by-case
performance.

There was little difference between head circumference and
either of the two BPD correction methods as predictors of
gestational age. When the head circumference formula of
Hadlock et al. [9] was applied to the second trimester cases,
the 95% confidence range was ±1 .7 weeks and the mean
error was 0.75 weeks. These are very close to the values
listed in table 1 for the biparietal diameter formula of Hadlock
et al. [3] applied to area- and circumference-corrected BPD.
Case-by-case comparison also revealed no important differ-
ence; for example, head circumference outperformed circum-
ference-corrected BPD in 15 cases and was outperformed in
17 cases.

Discussion

We compared four approaches to estimation of gestational
age on a single set of obstetrical sonograms. Three of these-
area correction of BPD, circumference correction of BPD, and
head circumference-consider head shape; the fourth ap-
proach, BPD alone, does not. Our results confirm by direct
comparison what had been suggested previously: Variation
in head shape adversely affects the accuracy of age prediction
using BPD alone, and better results can be achieved by
accounting for head shape. Furthermore, the three methods
that account for head shape appear to be equally accurate.
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Because no statistically significant difference in accuracy
was demonstrated among the three methods that account
for head shape, we cannot advocate one over the others on
the basis of precision. On other grounds, however, area
correction may be the preferred approach. It has two advan-
tages over head circumference: (1) it uses the leading edge-
to-leading edge measure of BPD, which is more familiar to
sonographers and often more easily measured (when the
trailing edge of the side of the skull distal to the transducer is
not sharply defined); and (2) the area-corrected BPD can be
used in conjunction with any formula (or table) now applied
to BPD alone. Area correction also has a theoretic advantage
over circumference correction in that the former is based on
a mathematically precise formula for the area of an ellipse.
Because there is no algebraic formula for the circumference
of an ellipse, circumference correction is based on an approx-
imate formula (7/2 times the sum of the long and short
diameters).

On the basis of table 1 , one might assume that the actual
magnitude of improved accuracy using area correction (or
either of the other two methods that correct for head shape)
as compared with uncorrected BPD is clinically unimportant,
even though statistically significant. However, these values
are deceptive, because many of the cases have standard- (or
near-standard-) shaped heads, which are not affected by
either area or circumference correction. Thus, the beneficial
effect of head-shape correction in nonstandard (brachyce-
phalic or dolichocephalic) heads-those cases for which cor-
rection is meant to be of assistance-is diluted in table 1,
which presents the average results in the entire group. For
heads in which the BPD/OFD ratio is far from 1 .265, head
correction can lead to an improvement of 1 or even 2 weeks,
as was seen in several cases in our series.

One aspect of our analysis that requires justification is the
use of the CRL-based gestational age as the “truth” against
which all other estimates are compared. The CRL has been
shown to be an extremely accurate means of determining
age, with a 95% confidence range of ±4.7 days in the first
trimester [1 ]. More importantly in the present context, it
provides an objective predictor of fetal age that is independent
of the four approaches being compared. Therefore, the dis-
crepancies in the CRL-based age from the actual age will not
only tend to cancel out over all cases, but will introduce no
bias toward or against any of the approaches under consid-
eration. The alternative of using dating based on last men-
strual period as the measure of truth was not believed to be
as reliable or unbiased a predictor of true gestational age.

We now illustrate, via the case in figure 1 , how area
correction is used in everyday practice. The BPD is 55.1 mm
and the OFD 81 .2 mm. The area-corrected BPD is therefore
�/55.1 x 81 .2/1 .265, or 59.5 mm. Instead of basing the age
on the BPD of 55.1 mm, as would be done conventionally,
the value of 59.5 mm is used. For example, in a laboratory

that uses the table (or formula) published by Hadlock et al.
[31 for age estimation, the predicted age based on area-
corrected BPD would be 24.4 weeks. (Note that, using BPD
alone, predicted age would be 22.9 weeks.) As can be seen,
a laboratory can use area correction with only minor alteration
in its current pattern of practice: An additional measurement
(the OFD) must be obtained and a simple computation of
area-corrected BPD (easily done by a calculator) must be
performed. There is no need to modify the table (or formula)
already in use to determine age from BPD. In those cases in
which an OFD cannot be obtained-which occurs infrequently
in our laboratory, especially in the second trimester-the BPD
alone is used.

In summary, methods of gestational age estimation that
take head shape into account are more accurate than meth-
ods using BPD alone in the second trimester. Our data
suggest that this is true in the third trimester as well, but
studies with more third trimester cases would be needed to
confirm this. While the three methods considered appear to
be equally accurate, area correction-based on convenience
and theoretical considerations-may be the preferred ap-
proach. It is easy to apply and can be used in conjunction
with any formula now applied to BPD alone.
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