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ABSTRACT
Objective: To establish the usefulness of fetal cerebellar transverse diameter 
measurement for the prediction of gestational age. Design: Prospective, longitudinal, 
cohort study. Institution: Hospital Central "Dr. Urquinaona", Maracaibo, Venezuela. 
Participants: Women with low-risk singleton pregnancies, between 14 and 40 
weeks of gestation. Methods: Biparietal diameter, abdominal circumference, femur 
length, and transverse diameter of the fetal cerebellum were measured during the 
duration of pregnancy. Main outcome measures: Prediction of gestational age by 
measurement of the transverse diameter of the cerebellum. Results: Data from 215 
pregnant women were selected. A total of 3,858 total evaluations were performed, 
with the lowest number of evaluations 131 at 18 weeks and the highest number 157 
at 28 weeks. The transverse diameter of the cerebellum presented strong, positive, 
and significant correlations with gestational age by date of last menstrual period 
and ultrasound measurements (p < 0.001). The model of gestational age predicted 
by the transverse diameter of the cerebellum reached a value of the coefficient of 
determination of 0.908. The correlation between gestational age by date of last 
menstrual period and that predicted by the model reached a value of r = 0.953 (p < 
0.001). Conclusion: Measurement of the transverse diameter of the cerebellum is a 
useful parameter for predicting gestational age in healthy pregnant women.
Key words: Cerebellum, transverse diameter, Gestational age; Fetus, biometry, Fetal 
development

RESUMEN
Objetivo. Establecer la utilidad de la medición del diámetro transversal del cerebelo 
fetal para la predicción de la edad gestacional. Diseño. Estudio de cohortes, 
prospectivo y longitudinal. Institución. Hospital Central “Dr. Urquinaona”, Maracaibo, 
Venezuela. Participantes. Mujeres con embarazos simples de bajo riesgo, entre las 
14 y las 40 semanas de gestación. Métodos. Se midieron los valores de diámetro 
biparietal, circunferencia abdominal, longitud del fémur y diámetro transverso del 
cerebelo fetal durante la duración del embarazo. Principales medidas de resultado. 
Predicción de la edad gestacional por medición de diámetro transverso del cerebelo. 
Resultados. Fueron seleccionados los datos de 215 embarazadas. Se realizaron un 
total de 3,858 evaluaciones totales, siendo el menor número de evaluaciones 131 a 
las 18 semanas y el mayor número 157 a las 28 semanas. El diámetro transversal 
del cerebelo presentó correlaciones fuertes, positivas y significativas con la edad 
gestacional por fecha de última menstruación y las mediciones ecográficas (p 
< 0,001). El modelo de edad gestacional predicha por el diámetro transverso del 
cerebelo alcanzó un valor del coeficiente de determinación de 0,908. La correlación 
entre la edad gestacional por fecha de última menstruación y la predicha por el 
modelo alcanzó un valor de r = 0,953 (p < 0,001). Conclusión. La medición del diámetro 
transversal del cerebelo es un parámetro útil para predecir la edad gestacional en 
embarazadas sanas.
Palabras clave. Cerebelo, diámetro transverso, Edad gestacional, Feto, biometría, 
Desarrollo fetal
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IntroductIon

Accurate determination of gestational age (GA) is necessary for evalu-
ation of fetal development/welfare and for deciding optimal obstetric 
management(1). There is evidence that uncertain GA is associated with 
preterm delivery, low birth weight and postmaturity(2). The Naegele 
rule, an accepted method for estimating GA and probable date of de-
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livery, dependent only on the date of menstru-
ation (LMP), presents some problems, because 
some women do not remember exact dates, 
have irregular cycles, ovulation date variations, 
use conception during amenorrhea, or experi-
ence episodes of first trimester bleeding(3).

Ultrasonography is an adjunct to the clinical 
method for the evaluation of maternal-fetal 
well-being. The biometric parameters frequent-
ly used to estimate GA and fetal growth are bi-
parietal diameter (BPD), abdominal circumfer-
ence (AC) and femur length (FL). However, fetal 
growth is dynamic, so no biometric parameter 
is completely accurate or reliable throughout 
pregnancy, as its values depend on normal fetal 
growth and may be affected by fetal growth re-
striction or chromosomopathies(4).

The cerebellum is located in the posterior cranial 
fossa, surrounded by the petrous crests and the 
occipital bone. There is evidence that the fetal 
cerebellum shows progressive growth through-
out pregnancy(5). In addition, both the cerebrum 
and cerebellum are less affected by fetal intra-
uterine growth restriction secondary to placen-
tal insufficiency, suggesting a mechanism of 
cerebellar growth preservation(6,7). Transverse 
cerebellar diameter (TCD) is a unique and reli-
able estimator of GA at the end of pregnancy(8). 
Some authors have found a strong correlation of 
cerebellar diameter with GA during the second 
and third trimester(9). However, there are scarce 
data on the ultrasound measurement of TCD 
compared with other fetal ultrasound biometric 
parameters to estimate GA in Latin American 
and Venezuelan pregnant women.

The objective of this research was to establish 
the usefulness of measuring the transverse di-
ameter of the fetal cerebellum for the prediction 
of gestational age.

Methods

A longitudinal and prospective investigation was 
performed between January 2016 and June 2022 
in women with low-risk singleton pregnancies 
who attended the prenatal consultation of the 
Central Hospital "Dr. Urquinaona", Maracaibo, 
Venezuela, for routine ultrasound evaluation of 
pregnancy. After explaining the procedure and 
the potential risks to the selected women, the 
patients signed the written informed consent. 

The study was approved by the Hospital Ethics 
Committee. 

Pregnant women between 18 and 40 years of 
age with regular menstrual cycles, accurate LMP 
in the 6 months prior to conception, GA between 
13 and 15 weeks according to LMP and who were 
followed up to 40 weeks were included in the 
study. In addition, all pregnant women should 
have had ultrasound evaluations of fetal cranio-
caudal length performed during the first trimes-
ter of pregnancy.

Women with multiple pregnancies, fetal growth 
restriction, alterations in amniotic fluid volume, 
chronic or pregnancy-induced hypertension, 
hemorrhage in the first or second half of preg-
nancy, fetal anomalies, history of smoking, illicit 
drug use, endocrinopathies, heart disease, ne-
phropathies, and differences of 2 weeks or more 
between the LMP and the first trimester ultra-
sound evaluation were excluded. Patients were 
also excluded if all four measurements had not 
been taken at the time of evaluation and if they 
missed at least three(3) consecutive follow-up 
visits.

After appropriate questioning and physical ex-
amination, the different fetal ultrasound mea-
surements were performed: TCD, BPD, AC and 
FL. All these measurements were performed in 
the same transabdominal evaluation with the 
pregnant women in the supine position and us-
ing a 730-Expert® ultrasound scanner (Voluson, 
Austria) and a 3.5 MHz curvilinear transducer. 
All patients were evaluated every two weeks 
and the measurements of the parameters were 
performed by two physicians specialized in ma-
ternal-fetal medicine with experience in fetal 
ultrasound, who did not participate in the final 
analysis of the results. For each ultrasound pa-
rameter measured, three measurements were 
obtained and the average value was used as the 
final value.

The BPD measurement was performed on the 
cross section of the head locating the interhemi-
spheric fissure, cavum septum pellucidum and 
third ventricle. The value used was from the out-
er edge of the fetal parietal closest to the trans-
ducer to the inner edge of the farthest parietal. 
Fetal AC was measured in a cross section of the 
abdomen, just below the heart, at the level of 
the liver, with visualization of the intrahepatic 
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portion of the umbilical vein, stomach and spine. 
The elliptical method was used with the most 
circular abdominal contour possible. The fetal FL 
was measured with a transducer inclination of 
less than 45º, to eliminate angle distortion. This 
measurement was performed in the entire fem-
oral extension, between the middle thirds of the 
distal epiphysis and proximal epiphysis (ossified 
diaphysis), excluding metaphysis and ossified 
nuclei.

To measure the fetal TCD, the same plane of 
measurement of the BPD was used, placing the 
transducer pointing inferiorly toward the fetal 
neck to observe the anterior horns of the lateral 
ventricles, thalamus and cavum septum pellucid-
um, in the midline and anterior direction. The 
cisterna magna should be visualized posterior 
to the transcerebellar plane. Thus, the cerebel-
lum characteristically appears as two lobes on 
either side of the midline in the posterior crani-
al fossa (Figure 1). The widest diameter of both 
hemispheres was measured by placing the elec-
tronic calipers on the distal outer margins of the 
cerebellum.

A base was constructed with all the available 
data, in order to elaborate a reference table of 
the TCD measurements with their corresponding 
GA. Correlations between the TCD values with 
the GA by LMP and the other ultrasound mea-
surements were determined using Pearson's 
correlation. Subsequently, a linear regression 
analysis was used to obtain a prediction model 
of the GA based on the values of TCD measured 
by ultrasound and another using the combina-
tion of all the ultrasound parameters. Finally, 
we calculated the difference between the GA by 

LMP and those predicted by each model. A p val-
ue < 0.05 was considered statistically significant.

results

For the final analysis, data from 215 healthy 
women with singleton pregnancies followed 
continuously for prenatal ultrasound evaluation, 
with mean age of 29.3 +/- 6.8 years and 1.5 +/- 0.8 
pregnancies, were selected. Ninety-five patients 
(46.3%) were primigravidae. Values for the num-
ber of evaluations and fetal TCD between 14-40 
weeks' gestation are shown in Table 1. A total of 
3,858 total evaluations were performed with the 
lowest number of evaluations at 18 weeks with 
131 and the highest number 157 at 28 weeks.

When analyzing the correlation between TCD 
with GA by LMP and the rest of the ultrasound 
variables evaluated, strong, positive, and signifi-
cant correlations were found with GA (r = 0.953; 
p < 0.0001), BPD (r = 0.914; p < 0.001), AC (r = 
0.930; p < 0.0001) and FL (0.922; p < 0.001) (Fig-
ure 2). The predicted GA model using a linear re-
gression model with the TCD values resulted in:

EG estimated by TCD = 8.964 + (TCD * 0.557).

The value of the coefficient of determination (r2) 
of the model was 0.908 (Figure 3). The average 
difference between the GA by LMP and the GA 
obtained by the model was +/- 1.6 weeks (12 
days). When correlating with the GA by LMP, a 
value of r = 0.953 was observed (Figure 4). When 
evaluated individually, the value of the coeffi-
cient of determination of TCD was similar to that 
observed for BPD (r2 = 0.961), AC (r2 = 965) and 
FL (r2 = 970). All these values were statistically 
significant (p < 0.0001). 

When combining the four ultrasound parame-
ters studied in the model, the resultant was:

Estimated GA = 5.649 + ((0.081 * BPD) + (0.025 * 
AC) + (0.129 * FL) + (0.132 * TCD)).

The determination value of this model was 0.990. 
When correlating the GA values by LMP with the 
results of the model, a correlation of 0.995 was 
found, which was statistically significant (p < 
0.0001). The maximum difference between the 
GA by LMP and that predicted by the model was 
+/- 1.06 weeks (8 days).

Figure 1. ultrasound measurement oF the transverse diameter oF 
the Fetal cerebellum.
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dIscussIon

The ability to accurately establish GA is critical to 
pregnancy management. An accurate and eas-
ily reproducible parameter of fetal ultrasound 
biometry is important for obstetric manage-
ment, especially for evaluation of adequate fetal 
growth and establishing the probable delivery 

date. The results of the present study show that 
fetal TCD can be a useful parameter for estab-
lishing GA in healthy pregnant women. Fetal TCD 
increases linearly as a function of GA and can be 
used to determine GA at any stage of pregnancy. 
The strong, positive, and significant correlation 
values indicate that advancing GA is closely re-
lated to increasing fetal cerebellar size(10-14).
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Figure 4. correlation between gestational age (ga) by date oF last 
menstrual period (lmp) with gestational age predicted by the trans-
verse diameter oF the Fetal cerebellum.
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Figure 3. graph oF regression analysis between gestational age 
(ga) by date oF last menstrual period (lmp) and transverse diame-
ter oF the Fetal cerebellum.
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Figure 2. correlation between Fetal transverse cerebellar diameter values with gestational age by date oF last menstrual period, biparietal 
diameter, abdominal circumFerence and Femur length.
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Accurate estimation of GA is a crucial part of 
prenatal care. Obstetric ultrasound is useful for 
this purpose. However, the sonographic param-
eters routinely used for the determination of 
GA, such as DBP, AC and FL, have limitations of 
their own. DBP is affected by head molding in 
the third trimester and FL is not reliable in cases 
of achondroplasia. In the transcerebellar plane 
of fetal ultrasound evaluation, the cerebellum 
appears two-lobed on both sides of the midline 
in the posterior cranial fossa and can be seen 
from the eleventh week of gestation. It is then 
covered by a thick dura mater and surrounded 
by different bony structures, making it more 
resistant to deformation by extrinsic pressure. 
It is also resistant to chronic hypoxemia. There-
fore, its growth is less affected by fetal growth 
restriction. These characteristics make TCD one 
of the most reliable ultrasound parameters for 
establishing GA(6,13,15). Furthermore, it can be a 
useful parameter in certain circumstances, such 
as breech presentation and dolichocephaly (ex-
cept in anencephaly), in which other biometric 
parameters are not useful(16).

The results of this investigation show that there 
is a strong positive and significant correlation 
between TCD and GA by LMP, which is similar to 
that found in previous studies(16,17). Similarly, this 
study showed a significant correlation between 
TCD, followed by CA, FL and BPD. These results 
are similar to previous studies in which TCD pre-
sented higher correlation values than the other 
parameters throughout pregnancy(18,19). Similar 
to this study, previous research evaluating TCD 
in 225 normal fetuses between 15 and 39 weeks 
found a strong correlation with BPD values and 

proposed that this measurement may be use-
ful in predicting GA, especially in those fetuses 
subjected to external forces that may deform 
the skull(12). The clinical significance of this find-
ing is that the TCD measurement may serve as a 
unique predictor of GA in pregnant women who 
do not accurately recall LMP. However, two stud-
ies found that this strong correlation can only be 
observed during the first and second trimester, 
but did not provide possible explanations for 
this finding(13,20). On the other hand, one inves-
tigation found higher accuracy for predicting GA 
for BPD compared with TCD and FL(21). The dif-
ferences between the different studies may be 
due to the fact that these studies divided GA by 
groups(22).

Compared with each of the commonly used pa-
rameters, TCD is a powerful and accurate pre-
dictor of GA. This finding is in agreement with 
previous reports(20,23,24). The high value of the 
coefficient of determination of TCD with GA by 
LMP confirms that this measurement has simi-
lar accuracy to other ultrasound measurements 
more commonly performed during the prenatal 
period.

Other studies have proposed that single mea-
surement of TCD appears to be more accurate 
in predicting GA as other parameters perform 
worse due to the biological variability of fetal 
growth(9,25). By combining in a model of the four 
sonographic parameters, the present study 
finds that it can increase the predictive power of 
GA to a value of 99%. A composite model em-
ploying the standard measurements plus TCDs 
improves the predictive power of GA compared 
with any single parameter.

The results of the difference between the GA by 
LMP with that predicted by the model with the 
values of TCD and that of the other model that 
includes the four ultrasound parameters, has a 
marked difference with the results previously 
found. The difference between the GA by LMP 
and the predicted one was +/- 1.6 weeks for the 
one created with TCD alone, and +/- 1.06 weeks 
when all the ultrasound parameters were used. 
These values are lower than those found by oth-
er investigations(8,13). The possible explanation 
for these differences is that previous studies 
divided the GA by different ranges, while this 
study did so without divisions.

10

15

20

25

30

35

40

10 15 20 25 30 35 40

R=0,995; p<0,0001

GA by LMP (weeks)

G
A

 b
y 

ul
tr

as
ou

nd
 p

ar
am

et
er

s 
(w

ee
ks

)
Figure 5. correlation between gestational age by date oF last 
menstrual period with gestational age predicted by the combination 
oF Fetal ultrasound parameters.
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The present study has the strength of being one 
of the first to evaluate the usefulness of TCD 
measurement for predicting GA in Latin Amer-
ican pregnant women, with a sample similar to 
that of other investigations in other populations. 
However, it has some limitations. It was per-
formed in a single institution and it is possible 
that the results may be difficult to apply in other 
settings and population groups. In some cases, 
ultrasound measurement of TCD may be diffi-
cult, such as in very active fetuses and, although 
vaginal ultrasound could help to perform the 
evaluation in these fetuses, its usefulness may 
be diminished in some clinical scenarios.

conclusIon

Measurement of the transverse diameter of the 
fetal cerebellum is a useful parameter for pre-
dicting gestational age. Additionally, the com-
bination of this measurement with other fetal 
biometric parameters improves the ultrasound 
prediction of gestational age.
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