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Abstract

Background: Evaluation of the cerebellum and vermis is one of the integral parts of the fetal cranial anomaly screening.
Objectives: The aim of this study was to create a nomogram for fetal vermis measurements between 17 and 30 gestational weeks.
PatientsandMethods: This prospective study was conducted on 171 volunteer pregnant women between March 2013 and December
2014. Measurements of the fetal cerebellar vermis diameters in the sagittal plane were performed by two-dimensional transabdom-
inal ultrasonography.
Results: Optimal median planes were obtained in 117 of the cases. Vermian diameters as a function of gestational age were expressed
by regression equations and the correlation coefficients were found to be highly statistically significant (P < 0.001). The normal
mean (± standard deviation) for each gestational week was also defined.
Conclusion: This study presents the normal range of the two-dimensional fetal vermian measurements between 17 and 30 gesta-
tional weeks. In the absence of a three-dimensional ultrasonography, two-dimensional ultrasonography could also be used confi-
dently with more time and effort.
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1. Background

Evaluation of the cerebellum and vermis is one of the
integral parts of the fetal cranial anomaly screening (1, 2).
The entire fetal vermis can be visualized by ultrasound
from 18 weeks of gestation (3). Main evaluation of the fe-
tal cerebellum, vermis and cisterna magna is performed
with the serial axial planes and slight angulations between
them (4). Additional coronal and sagittal planes are usu-
ally required in high-risk pregnancies to rule out several
fetal cerebellar anomalies (5).

Vermian agenesis is an uncommon condition (3). It
may be isolated or associated with other malformations
such as Dandy-Walker malformation and its variants (1).
However, vermian agenesis can be complete or partial and
the severity of vermian hypoplasia has been demonstrated
to correlate significantly with the severity of mental retar-
dation (6, 7).

In the evaluation of fetal vermis with ultrasound, the
traditional axial planes may cause false appearance of
vermian dysgenesis (8). Therefore, mid-sagittal imaging
which displays the entire vermis sufficiently is needed. Al-
though its demonstration may take time and effort, using
median plane enables to visualize the craniocaudal and an-

teroposterior diameters of the cerebellar vermis, vermian
lobules, fourth ventricle, pons, and the corpus callosum
(9).

As misinterpretation of the axial scanning plans causes
diversity between the prenatal diagnosis and autopsy find-
ings, reference values of sagittal vermian diameters are
crucial for clinical practice (8).

2. Objectives

The aim of this study was to create a nomogram for fe-
tal vermis measurements between 17 and 30 weeks of ges-
tation.

3. Patients andMethods

3.1. Study Population

This prospective study included 171 volunteer pregnant
women with singleton fetuses who admitted to our perina-
tology unit from March 2013 to December 2014. The study
was performed in accordance with the ethical standards
laid down in the declaration of Helsinki and the research
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protocol was approved by the Independent bioethics com-
mittee for scientific research of our center. Informed con-
sent was obtained from all participants. Pregnancies with
estimated fetal weight and measurements within the nor-
mal range for gestational age, history of regular menses
with accurate date of the last menstrual period and avail-
able measurements of the crown rump length in early
pregnancy accordant with fetal age were included in the
study. The pregnancies with chronic maternal diseases,
fetal chromosomal and structural anomalies and growth-
retarded fetuses were excluded from the study.

3.2. Data Collection

Fetal vermian diameters were obtained during the rou-
tine ultrasound examinations which were performed ei-
ther to rule out fetal anomalies or for the fetal follow-up
between 17 and 30 weeks of gestation with a Logic 5 Pro
(general electric health care, Milwaukee, USA) ultrasound
machine by using a 5 MHz curvilinear transducer. Each pa-
tient was examined by one examiner (C.G) in order to elim-
inate interobserver variability. Measurements were per-
formed on a median slice for demonstration of the ver-
mis, brainstem, fourth ventricle, and cisterna magna (Fig-
ure 1). Each measurement was performed at least twice
and the average of the two values was noted. Craniocaudal
(CC) diameter was measured from the culmen superiorly
to the uvula inferiorly, and the anteroposterior (AP) diam-
eter from the central lobule anteriorly to the tuber posteri-
orly (10).

Figure 1. Measurement of the cerebellar vermian anteroposterior (AP) and cranio-
caudal (CC) diameters. CM, cisterna magna; white arrow, fourth ventricle; black ar-
rows, corpus callosum.

3.3. Statistical Analysis

The means and standard deviations of the vermian pa-
rameters were calculated and regression analysis of the

vermian AP and CC diameters as a function of gestational
age was performed. Collected data were assessed by using
Shapiro Wilk’s test for normality. A P value less than 0.05
was considered to indicate statistical significance. All sta-
tistical tests were performed using the SPSS software, ver-
sion 21.0 (IBM Corp. released 2012. IBM SPSS statistics for
windows, version 21.0. Armonk, NY: IBM Corp.).

4. Results

A total of 171 fetuses between 17 and 30 weeks of ges-
tation were included in the study. Fourteen cases were
excluded from the study since the estimated fetal weight
and measurements were out of the normal range for ges-
tational age. During the ultrasonographic examinations,
an optimal median plane could be obtained in 117 of 157
cases. In 40 of 157 fetuses (25.5%), the measurements could
not be achieved because the acoustic shadowing from the
skull hindered visualization of the posterior fossa.

The mean maternal age of the study group was 27.1
(range, 17 - 44) years and the female to male ratio of the
fetuses was 1.14. The regression equations for vermian CC,
AP diameters, surface area, and transcerebellar diameter
(TCD) modelled as a function of gestational age were: CC
diameter (cm) = (0.091 × gestational age) - 0.777, AP diam-
eter (cm) = (0.075 × gestational age) -0.668, TCD diameter
(cm) = (0.165 × gestational age) -1.271, surface area (cm2) =
(0.164 × gestational age) - 2.489. Pearson correlation coef-
ficients of gestational age with vermis CC diameter, AP di-
ameter, surface area, and TCD were 0.961, 0.965, 0.957, and
0.974, respectively (All P values < 0.001) (Figures 2 - 5); AP
diameter = 0.965 (P < 0.001) (Figure 3); surface area = 0.957
(P < 0.001) (Figure 4); and TCD = 0.974 (P < 0.001) (Figure
5).

Table 1 presents the calculated mean ± SD values, and
Table 2 presents the 5th, 50th, and 95th centiles of tran-
scerebellar and vermian diameters by gestational age be-
tween 17 and 30 weeks of gestation. Ratios of TCD to ver-
mian diameters at each gestational week are shown in Ta-
ble 3.

5. Discussion

The embryogenesis of the cerebellar vermis begins ros-
trally in the midline during the ninth gestational week.
The formation of the vermis antedates that of the cerebel-
lar hemispheres by 30-60 days, and the entire vermis and
cerebellum are complete by the end of the 15th week (11).
The ultrasonographic studies report the complete forma-
tion of the vermis by the end of the 16th week in agreement
with the embryologic studies (12).
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Table 1. Values of Cerebellum and Cerebellar Vermis at Each Gestational Weeka

Gestational Age, w Number of Fetuses Mean Gestational Age, w CC Diameter, cm AP Diameter, cm Surface Area, cm2 TCD, cm

17 6 17.5 0.79 ± 0.06 0.63 ± 0.11 0.43 ± 0.06 1.69 ± 0.08

18 9 18.3 0.84 ± 0.08 0.67 ± 0.10 0.48 ± 0.10 1.78 ± 0.08

19 7 19.5 0.99 ± 0.08 0.78 ± 0.05 0.77 ± 0.15 1.98± 0.13

20 10 20.5 1.04 ± 0.07 0.85 ± 0.04 0.85 ± 0.12 2.11 ± 0.09

21 11 21.4 1.16± 0.08 0.95 ± 0.04 0.94 ± 0.11 2.23 ± 0.06

22 9 22.3 1.30 ± 0.14 1.07 ± 0.11 1.19 ± 0.23 2.38 ± 0.12

23 8 23.6 1.41 ± 0.06 1.11 ± 0.07 1.4 ± 0.24 2.58 ± 0.22

24 7 24.3 1.49 ± 0.08 1.22 ± 0.01 1.53 ± 0.20 2.72 ± 0.10

25 8 25.4 1.53 ± 0.08 1.28 ± 0.01 1.59 ± 0.12 2.80 ± 0.14

26 15 26.3 1.62 ± 0.12 1.29 ± 0.07 1.85 ± 0.21 3.02 ± 0.15

27 8 27.1 1.69 ± 0.09 1.33 ± 0.07 1.93 ± 0.14 3.30 ± 0.17

28 7 28.3 1.74 ± 0.12 1.40 ± 0.06 1.99 ± 0.16 3.47 ± 0.17

29 7 29.3 1.78 ± 0.01 1.51 ± 0.08 2.20 ± 0.25 3.48 ± 0.18

30 5 30.4 2 .01± 0.18 1.62 ± 0.07 2.76 ± 0.36 3.89 ± 0.35

Abbreviations: AP, anteroposterior; CC, craniocaudal; SD; standard deviation; TCD, transcerebellar diameter.
aValues are expressed as mean ± SD.

Table 2. Predicted Transcerebellar, Craniocaudal and Anteroposterior Diameters by Gestational Age (5th, 50th, and 95th Centiles) and Distribution of Gestational Ages of the
Study Group

Gestational Age, w TCD, cm CCDiameter, cm AP Diameter, cm Surface Area, cm2

n 5% 50% 95% 5% 50% 95% 5% 50% 95% 5% 50% 95%

17 6 1.55 1.71 1.76 0.70 0.80 0.86 0.52 0.59 0.82 0.36 0.42 0.54

18 9 1.66 1.80 1.88 0.75 0.85 0.98 0.52 0.69 0.82 0.33 0.51 0.59

19 7 1.79 2.01 2.03 0.89 0.99 1.13 0.71 0.79 0.85 0.55 0.74 1.04

20 10 1.93 2.14 2.22 0.97 1.03 1.20 0.78 0.85 0.91 0.71 0.84 1.08

21 11 2.14 2.23 2.31 0.99 1.19 1.24 0.89 0.95 1.01 0.79 0.90 1.12

22 9 2.19 2.37 2.58 1.10 1.30 1.48 0.94 1.04 1.20 0.91 1.27 1.52

23 8 2.30 2.59 2.85 1.34 1.40 1.49 1.03 1.09 1.23 0.98 1.45 1.64

24 7 2.62 2.69 2.93 1.38 1.51 1.58 1.07 1.23 1.32 1.28 1.43 1.77

25 8 2.68 2.76 3.07 1.39 1.55 1.65 1.13 1.29 1.46 1.45 1.57 1.82

26 15 2.75 3.04 3.26 1.42 1.63 1.75 1.19 1.28 1.47 1.56 1.86 2.17

27 8 3.04 3.30 3.55 1.50 1.70 1.80 1.27 1.35 1.48 1.72 1.93 2.19

28 7 3.21 3.51 3.67 1.52 1.77 1.87 1.34 1.38 1.5 1.86 1.92 2.30

29 7 3.22 3.45 3.83 1.66 1.75 1.94 1.42 1.55 1.59 1.91 2.34 2.51

30 5 3.57 3.89 4.42 1.79 2.00 2.29 1.50 1.62 1.69 2.46 2.59 3.36

Abbreviations: AP, anteroposterior; CC, craniocaudal; TCD, transcerebellar diameter.

Bromley et al. evaluated the vermis by transabdomi-
nal ultrasound and reported that the vermis was open in
14, 15 and 16 weeks in 56%, 23% and 13% of the fetuses, re-
spectively implying that the postero-inferior aspect of the
vermis may remain open until 17.5 weeks of gestation (13).
Some researchers suggest this condition is related to the
superior to inferior growth pattern of the vermis and the
late fenestration of Blake’s pouch (14). Therefore, the di-
agnosis of vermian agenesis should be avoided before 18

weeks of gestation. This was the reason why we chose
to start measuring the cerebellar vermis diameter from
18 weeks of gestation in the present study (12). In agree-
ment with the literature, we found that the cerebellum and
the vermis have a linear growth from 18 weeks through 30
weeks (3, 4, 14, 15).

Evaluation of the fetal posterior fossa is performed
routinely on the axial planes (5). Serial axial planes with
slight angulations between them are particularly useful in
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Figure 2. Scatterplot of craniocaudal diameter of the fetal vermis vs. gestational
age. The lower, middle and upper lines represent the 5th, 50th, and 95th centiles.
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Figure 3. Scatterplot of anteroposterior diameter of the fetal vermis vs. gestational
age. The lower, middle and upper lines represent the 5th, 50th and 95th centiles.

the detection of vermian anomalies such as Dandy-Walker
complex (16). Additional use of the oblique coronal planes
may be helpful in some cases, but this can cause the false
appearance of an enlarged cisterna magna or even par-
tial agenesis of the cerebellar vermis (17). Thus, some re-
searchers report that it may be impossible to correctly di-
agnose a defect in the cerebellar vermis antenatally in all
of the cases (18). Furthermore, the thin membrane separat-
ing the fourth ventricle and cisterna magna is difficult to
see on ultrasound. Therefore, it seems like there is a com-
munication between them, and the vermis may appear to
be ‘open’ (3). This results in discrepancies between the
prenatal sonographic findings and autopsies for vermian
anomalies (8).

The key point of sonographic diagnosis of the defects
in the cerebellar vermis is the accuracy of the scanning
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Figure4. Scatterplot of surface area of the fetal vermis vs. gestational age. The lower,
middle and upper lines represent the 5th, 50th, and 95th centiles.
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Figure5. Scatterplot of transcerebellar diameter vs. gestational age. The lower, mid-
dle and upper lines represent the 5th, 50th, and 95th centiles.

plane. The sagittal planes must be used to evaluate the
vermian integrity sufficiently. The scanning plan with cor-
pus callosum aligned to the vermis, which manifests itself
as a hyperechoic structure between the cerebellar hemi-
spheres is used to determine the true sagittal plane with
two-dimensional (2D) ultrasound. However, obtaining pre-
cise sagittal views with 2D ultrasound can sometimes be
difficult according to the intrauterine fetal position. Al-
though the transvaginal approach with 2D ultrasound in
fetuses with the vertex position is a solution, magnetic res-
onance imaging with high resolution in sagittal planes
or three-dimensional (3D) ultrasound are commonly pre-
ferred choices to overcome this problem (15, 19).

We agree with Pilu et al. in terms of difficulty in ob-
taining sagittal planes especially with 2D ultrasound (18).
Even so, in this study we were not able to use either 3D ul-
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Table 3. Ratios of Transcerebellar Diameter to Vermian Diameters at Each Gesta-
tional Weeka

Gestational
Age, w

TCD/CC
Diameter

TCD/AP
Diameter

TCD/Surface
Area

17 2.1 ± 0.2 2.7 ± 0.4 4.0 ± 0.5

18 2.1 ± 0.2 2.7 ± 0.4 3.8 ± 0.8

19 2.0 ± 0.2 2.5 ± 0.2 2.6 ± 0.4

20 2.0 ± 0.2 2.5 ± 0.2 2.5 ± 0.4

21 1.9 ± 0.1 2.4 ± 0.1 2.4 ± 0.3

22 1.8 ± 0.2 2.2 ± 0.2 2.0 ± 0.4

23 1.8 ± 0.2 2.3 ± 0.2 1.9 ± 0.5

24 1.8 ± 0.1 2.2 ± 0.2 1.8 ± 0.2

25 1.8 ± 0.1 2.2 ± 0.1 1.8 ± 0.1

26 1.9 ± 0.1 2.3 ± 0.1 1.6 ± 0.2

27 2.0 ± 0.1 2.4 ± 0.2 1.7 ± 0.2

28 2.0 ± 0.2 2.5 ± 0.2 1.8 ± 0.2

29 2.0 ± 0.1 2.3 ± 0.1 1.6 ± 0.2

30 1.9 ± 0.2 2.4 ± 0.2 1.4 ± 0.1

Abbreviations: AP, anteroposterior; CC, craniocaudal; SD; standard deviation;
TCD, transcerebellar diameter.
aValues are expressed as mean ± SD.

trasound or transvaginal approach since most of the cases
refused transvaginal examination because they believed it
would be harmful to the fetus. Consequently, we were un-
able to obtain an adequate demonstration of the vermis
in 26% of the cases in the vertex position and 17% in the
non-vertex position, but the results were statistically sig-
nificant between the two different groups of intrauterine
position. Our overall measurement failure rate is concor-
dant with the results of previous studies that reported a
range of 5% - 35.4% (3, 4). However, the studies with 3D
ultrasound revealed measurement success rates between
96.7% and 99.4%, which is far more than our results (4, 20).

Since vermian abnormality is the key feature of poste-
rior fossa defects, clinicians must evaluate the dimensions
of the vermis. However, even with the ideal scanning plans
and normal biometric values, subtle defects in the cerebel-
lum and the vermis cannot be ruled out. For example, ex-
istence of the primary fissure is one of the most impor-
tant features of a morphologically normal vermis, but it
can be detected sonographically from 22 to 23 weeks and
afterwards (21). These limitations should be shared with
patients undergoing fetal anomaly screening.

The present study had some limitations. First, we did
not use 3D ultrasound to compare with 2D ultrasound re-
sults. Second, our sample size was relatively small. More
study participants would lend our evaluations greater

power. The failure rate might also affect the power of our
study by decreasing the number of sample size. This limita-
tion could be avoided by allowing extra time for the fetus
to change to a more favorable position. Third, high accu-
racy measurements are required because inaccurate mea-
surements may lead to the false diagnosis of vermian age-
nesis. Nevertheless, the prospective nature of the study
design was the strength of our study. Also, it was an ad-
vantage to be able to perform measurement of every ultra-
sound image by the same expert in a single institution. In
addition, this is the first investigation in Turkey in which
nomograms for fetal cerebellar dimensions have been con-
structed using 2D ultrasound in the midsagittal cranial
plane. Therefore, these data can provide useful reference
values for characterization of fetal cerebellar abnormali-
ties in our population.

In conclusion, we created a nomogram for cerebellar
vermis considering circumstances such as the absence of a
3D ultrasound and unwilling patients for transvaginal ul-
trasound. We hope that this study will contribute to the
understanding of the developing vermis and to evaluation
of the posterior fossa.
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