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KEY WORDS Objective: This study was undertaken to determine the accuracy of our previously published and
Cerebellum prospectively validated institution-specific singleton transcerebellar diameter (TCD) nomogram
Twins in the prediction of gestational age (GA) in twin pregnancies. We further evaluated whether
Chorionicity the prediction of GA in twin gestations using the singleton TCD nomogram differs between
Ultrasound monochorionic and dichorionic twins.

Gestational age Study design: In our previously published studies, we retrospectively constructed a cross-sec-
Nomogram tional nomogram using TCD measurements in 24,026 well-dated, singleton fetuses, and prospec-

tively validated the nomogram using 2,597 singleton fetuses. The current study comprised of
1,278 well-dated twins (19.6% monochorionic) seen in our ultrasound unit between August
1994 and May 2003, and the singleton TCD nomogram was validated in these twin gestations.
The actual GA was subtracted from the GA predicted by the TCD nomogram and the concor-
dance between actual and predicted GAs was assessed on the basis of the Pearson’s correlation
coefficient (r). This was performed separately for monochorionic and dichorionic twins.
Results: Concordance between the actual and predicted twin TCD measurements based on our
previously published singleton TCD nomogram was high (Pearson’s correlation, r = 0.95,
P < .0001). Between 16 and 23 weeks’ gestation, the predicted mean GA was within 6 days of
actual GA. Between 24 and 30 weeks, the predicted mean GA was within 3 days, and at 32 weeks
or more, the predicted mean GA was within 5 days of the actual GA. Prediction of GA based on
the singleton TCD nomogram was equally accurate in both monochorionic and dichorionic twin
gestations (£ = .686).

Conclusion: This study demonstrates that our previously validated singleton TCD nomogram is
reliable and accurate in twins irrespective of placental chorionicity.
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Clinical dating criteria has retained importance, and
the value of ultrasound biometry for dating has been
repeatedly demonstrated.'? Fetal transcerebellar diame-
ter (TCD) measurements have proven to be among the
most reliable. However, appropriate biometry to evalu-
ate twin pregnancies has been largely unexplored.’®
This is especially important given the variability in
growth and size experienced by twins.”® Previous studies
that applied singleton TCD nomogram measurements to
twins for prediction of gestational age (GA) have led to
mixed results.>*’ Unfortunately, these studies did not
use nomograms that were created using rigorous statis-
tical methodology and/or adequate study size."> In ad-
dition, none of the previously developed nomograms,
to the best of our knowledge, were ever prospectively
validated. Several studies'™"? have also shown twin fetal
biometric parameters and perinatal outcomes among
twins to vary considerably by placental chorionicity.
Whether the TCD is affected by placental chorionicity
in twin gestations remains unknown.

We undertook this study to determine whether our
previously constructed and validated TCD nomogram
derived from singleton pregnancies would offer an
accurate prediction of GA both in monochorionic and
dichorionic twin gestations.

Material and methods

This Institutional Review Board-approved study was
based on ultrasound assessments of pregnant women
evaluated at the University of Medicine and Dentistry
of New Jersey-Robert Wood Johnson Medical School,
New Brunswick, NJ. Our ultrasound unit serves as a
tertiary referral center that performs ultrasound exam-
inations on routine and referred complicated pregnan-
cies. The study population consisted of twin gestations
that had ultrasound in our unit between 14 and 38 weeks
from August 1994 to May 2003. Indications for ultra-
sound included fetal viability, dating, targeted or routine
anatomic surveys, genetic sonography, and follow-up
growth. Only pregnancies whose menstrual estimate of
GA was confirmed by ultrasound at 20 weeks or less
were included. For fetuses with multiple TCD measure-
ments at different GAs, only the last TCD examination
was used for this study. Chorionicity was assigned early
by ultrasound characteristics of membranes (thickness,
number of layers, and T vs peak sign), placental num-
ber, fetal sex, and/or pregnancy history.

Transverse views of the fetal intracranial anatomy
were obtained for each fetus by using high-resolution
ultrasound equipment (Ultramark-9, HDI-3000, HDI-
5000 ATL-Philips Medical Systems, NA, Bothell, WA,
Aloka 5500, Wallingford, CT; and GE Voluson Expert,
Fairfield, CT). TCD diameter measurements were ob-
tained prospectively by placing the ultrasound machine
on screen calipers at the outer margins of the cerebellum.

This information was then recorded at the time of
examination into a reporting database OBserver version
5.2.08 (Vision Chips, Inc, Laguna Hills, CA), and
Crystal Reports Developer (edition version 11.0.0.895;
Business Objects Americas, Inc, San Jose, CA) was used
to extract the data from the reporting system.

In our previous study, cross-sectional TCD nomo-
gram was constructed by using recorded singleton TCD
measurements.> A single measurement was used for
each patient. For fetuses with multiple TCD measure-
ments at different GAs, only the last TCD examination
was used in the nomogram construction. We previously
documented that the interobserver and intraobserver
variability of TCD in both second and third trimesters
were superior (interobserver variability was <3.6%;
intraobserver variability <3.8%)."? These same criteria
as in the previous study were used for the current study
on twin gestations.

Statistical analysis

The methodology for deriving the TCD nomogram
(n = 24,026) and validation (n = 2,597) in singleton
gestations has been reported previously.” Briefly the
nomogram was based on a third-degree polynomial
regression. Equations were derived by modeling the
mean and SD based on the following fitted linear regres-
sion model. The regression equations for the mean and
variability (SD) of the nomogram for the prediction of
GA based on TCD were as follows:

GApean = 8.119 +4.244 (TCD) + 1.113 (TCD?) — 0.169 (TCD?) (1)

GAgp = 1713 — 1304 (TCD) + 0.567 (TCD?) — 0.067 (TCD®)  (2)

Regression equations 1 and 2 were subsequently com-
bined by using the relationship mean + z (SD), from
which the 5th, 10th, 50th, 90th, and 95th percentiles
were derived, where z is the standard normal deviate,
and SD the standard deviation. The standard normal
deviate, z, were +1.96 for the 5th and 95th percentiles;
+1.28 for the 10th and 90th percentiles; and zero for
the 50th percentile.

Concordance between the actual for cach of the twin
fetuses and the predicted TCD were based on calculat-
ing the Pearson’s (linear) correlation coefficient. We
further estimated the difference between the actual and
predicted GAs based on the predicted TCD measure-
ments for each fetus.

Results

Between August 1994 and May 2003, there were 1430
twin gestations identified from our data. We excluded
152 subjects because of incorrect dating. After exclu-
sions, there were 1278 twin pregnancies available for
analysis, of which 19.6% (n=250) were monochorionic.
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Table I  Maternal characteristics
Placental chorionicity
Total Monochorionic Dichorionic P value*

Number of pregnancies 1,278 250 1,028 —
Maternal age (y)' 30.9 + 6.4 31.3 + 6.6 30.8 + 6.2 .001
Parity* 1 (0-6) 1 (0-5) 1 (0-6) .053
Gravidity* 2 (1-13) 2 (1-8) 2 (1-13) .001

Difference in maternal age was assessed based on the Student t test, and those of parity and gravidity based on Wilcoxon test.
* P values correspond to difference in maternal characteristics between monochorionic and dichorionic twin gestations.

" Data are expressed as mean (SD).
* Data are expressed as median (range).
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Figure Actual-to-predicted GA based on the TCD nomo-
gram in singleton gestations (Pearson’s correlation coefficient
0.96; P < .0001; RZ = 92.2%).

Eighty-five percent of the women in our sample were
white, 10% were black, and 5% women of “other” race/
ethnicity, and approximately 45% of the women were
nulliparous. The mean maternal age was 30 years with a
median parity of 2 prior pregnancies (Table I).
Concordance between actual and predicted GA using
the singleton TCD nomogram was high (Figure; Pear-
son’s correlation, r = 0.96, P < .0001; R’ =92.2%).
The Pearson’s correlation coefficients for the concor-
dance between the actual and predicted GAs in mono-
chorionic and dichorionic twins were 0.95 and 0.96,
respectively (P < .0001). Between 16 and 23 weeks’ ges-
tation, the mean predicted GA ranged within 1 to 6 days
of actual GA. Between 24 and 30 weeks, the mean pre-
dicted GA was within 3 days, and at 31 weeks or greater,
the mean predicted GA was within 5 days of the actual

Table IT  Concordance between the actual and predicted GA
throughout gestation based on TCD measurements
GA

TCD Mean
measurement Actual Predicted difference
in twins (cm) mean mean (SD)

1.6 16 wk, 5 d 16 wk, 0 d —54d (3)
1.8 18 wk, 4 d 17 wk, 5 d ~6d (2)
2.0 19 wk, 5 d 19 wk, 4 d —1d (1)
2.2 20 wk, 5d 21wk, 3d +5d (2)
2.4 22 wk, 5d 23 wk, 0d +2d (2)
2.6 24 wk, 3 d 24 wk, 0 d —3d (1)
2.8 25 wk, 1d 25 wk, 0 d —1d (1)
3.0 26 wk, 1d 26wk, 3d  +2d (1)
3.2 27 wk, 5 d 28wk, 0d  +2d(2)
3.4 28 wk, 5 d 29 wk, 0 d +2d (1)
3.6 30 wk, 2 d 30 wk, 0 d —24d (1)
3.8 31wk, 0d 31wk, 0d ~0d (0)
4.0 31wk, 3d 32wk, 0d —5d (3)
4.2 33 wk, 0 d 33 wk, 0 d 0d (0)
Mean (SD) for actual and predicted GAs were 20.8 (3.2) and 20.8 (3.1)

wks, respectively.

GA (Table II). In addition, there was no difference on the
basis of chorionicity in GA prediction by using our single-
ton TCD nomogram with greater than 98% of TCD
predicted GA within 3 days of actual GA, regardless
of chorionicity (Table I1T).

Comment

The number of twin pregnancies has been increasing in
the United States and in other western countries.'*"”
Accurate gestational dating is of paramount importance
and the cornerstone for management of pregnancies, es-
pecially those carrying twins and higher-order multiples.
Tools to date pregnancies especially at later GA should
be simple to use. Our study corroborates those of Gold-
stein et al®* and shows that 1 nomogram derived from
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Table III  Accuracy of TCD measurements in predicting GA
in twins

Actual-to- Placental chorionicity (%)
expected Total (%) Monochorionic Dichorionic
GA (d) (n=1278)  (n=250) (n = 1028)
0 41.3 SIS 42.3

+1 88.2 84.1 89.2

+2 98.1 95.6 98.7

+3 99.6 98.4 99.9

+4 99.7 98.8 99.9

+5 99.8 99.2 100.0

+6 100.0 100.0 100.0

singletons for TCD can effectively be used in twin gesta-
tions for accurate prediction of GA. These studies
collectively provide convincing data and resolve the ques-
tion of the need for separate nomograms for multiple
gestations or based on chorionicity.

Although our study and Goldstein et al** previously
published work concur, we also established that chorio-
nicity does not alter the accuracy of dating by using
TCD measurements. In addition, we described the ac-
curacy of actual-to-expected GA that could be obtained.
Our study also had the advantage of a larger sample size
and used robust statistical methodology for fetal nomo-
gram construction that has been published and tested by
Altman and Chitty.'®"

Accurate and easily reproducible ultrasound fetal
biometry parameter for gestational dating is clinically
important for the optimal obstetric management of
pregnancies, especially in determining timing of a vari-
ety of gestational tests, assessing adequacy of growth,
and timing of delivery. The ability to predict GA within
5 to 6 days in the second and third trimesters for twins
provides a solid foundation for planning clinical man-
agement. The robustness of the singleton nomograms is
a testament to using sound statistical methodology for
the construction and validation of clinically useful fetal
biometric parameters. However, from a biologic per-
spective, it confirms that the cerebellar size is relatively
unaffected by fetal number. This is in contrast to several
other biometric parameters, especially abdominal cir-
cumference, which may be relatively smaller in twins.”

The current study is based on large number of well-
dated twin gestations. The analysis is based on robust
statistical methodology and provides reassurance that
the TCD is unaffected in twin gestations, regardless of
chorionicity—an observation that was previously con-
firmed in singleton gestations. Given that the study is
from a single institution, whether these findings apply
in other patient settings and populations remains un-
known. Another limitation of the study is regarding
the accurate assignment of placental chorionicity with
pathology confirmation.

The results of this and previously published studies
on TCD from our institution are encouraging.' How-
ever, it is likely that additional small improvements in
accurate gestational dating can be achieved by incorpo-
rating the results of TCD with some combination of
other fetal biometric parameters, including head cir-
cumference, biparietal diameter, and femur length.
Nevertheless, the best combination of biometry remains
to be determined. Until the results of these studies be-
come available, based on the encouraging results of this
and previous studies,'” we recommend that TCD be
used as an important ultrasound biometric parameter
in both singleton and twins (regardless of chorionicity)
for prediction of GA.
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