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Should 3D volume assessment of the corpus callosum and cerebellar vermis be a 
part of a routine second trimester screening?

Michaela Maderkova Tozzia, Jana Furstovab, Marek Lubuskya

Background. The majority of fetal structural defects can be detected in the second trimester, thus this is the main 
time for screening for structural defects. 3D imaging of the fetal brain does not create a common part of this screening.
Methods. This prospective observational study was conducted at the Fetal Medicine Center of The Gynecological-
Obstetrical Department of the University Hospital Olomouc in years 2017–2020. The study sample was 451 consecu-
tively scanned morphologically normal fetuses attending for routine second trimester anatomical survey at 20-22 
weeks of pregnancy. A transabdominal 3D ultrasound volume acquisition of fetal brain was obtained from an axial 
and sagittal plane using skull sutures as an acoustic window.
Results. Both the corpus callosum (CC) and the vermis (VC) were detected in 51.7% of examinations in the sagittal 
plane, and in 31.7% in the axial plane. In 61.9% of the examinations, there was at least partial detection in both planes. 
Maternal BMI was found to be the only significant predictor of the quality of imaging in both planes.
Conclusion. 3D acquisition of fetal brain images in the sagittal plane followed by manipulation of acquired volume 
was valuable in assessment of corpus callosum and cerebellar vermis. This allows reconstruction of the sagittal plane 
that can be difficult to obtain in 2D imaging. 
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INTRODUCTION

Central nervous system (CNS) defects are the most 
common of fetal structural defects1. Therefore ultrasound 
assessment of the fetal brain is a very important part of 
the screening for structural defects. The International 
Society of Ultrasound in Obstetrics and Gynecology 
(ISUOG) has published a Practice guideline1 for routine 
examination of the fetal brain during the second-trimester 
anomaly scan. It is based on a transabdominal evaluation 
of three axial planes through the fetal brain (transven-
tricular, transthalamic, and the posteriorly tilted trans-
cerebellar plane). These planes enable the evaluation of 
multiple structures, including the shape of the fetal head, 
midline falx, thalami, cavum septi pellucidi (CSP), lateral 
ventricles with choroids, cerebellum and cisterna magna, 
and permit fetal head biometry to be performed1.

The corpus callosum, a thick plate of dense myelin-
ated fibers, is the main connection between the cerebral 
hemispheres. Its formation is initiated in the embryonic 
period and is completed by 18–20 postmenstrual weeks2. 
This structure is plays an esential role in the integration 
of motor, sensory, and cognitive functions in the human 
brain. The prevalence of a partial or complete agenesis 
of the corpus callosum in the general population is 0.1–
0.7% (ref.3), it is thus one of the relatively common brain 

anomalies. Agenesis of corpus callosum can be caused by 
genetic, infectious, vascular, or toxic factors4. It is reported 
in approximately 1:4000–1:5000 in live births but higher 
rates (2–3%) have been reported among patients assessed 
for neurodevelopmental disorders5,6. 

Ultrasound imaging is the main method for the evalu-
ation of fetal brain development. Its valuable features are 
safety, economy, real-time and reproducibility. Currently, 
the diagnosis of corpus callosum agenesis is based mainly 
on two-dimensional (2D) ultrasound examination7. Image 
quality can be influenced by many factors such as fetal 
position, BMI of the patient, gestational week, physician’s 
experience, or the amount and quality of the amniotic 
fluid. Detection of corpus callosum agenesis in the axial 
plane is based only on indirect signs such as the absence 
of the cavum septi pellucidi, changes in lateral ventricles, 
the expansion of the third ventricle and the echo between 
the lateral ventricle and falx8,9. However, these indirect 
signs are not always present at the time of the anatomy 
scan and may progress to be apparent in the later stages 
of pregnancy. Direct evaluation of the corpus callosum 
is not officially recommended as a part of the primary 
anatomy scan routine10. 

Three-dimensional (3D) ultrasound imaging has 
emerged in recent years, enabling the acquisition of an 
entire volume of spatial ultrasound information that can 
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be examined in real time or stored for offline analysis11. 
This technique allows the simultaneous presentation of 
the examined structure in all 3 orthogonal planes1. One 
of the most important views during examination of the 
fetal brain is the sagittal plane which provides unique in-
formation on intracranial structures such as the corpus 
callosum and cerebellar vermis. This scanning plane is, 
however, very difficult to obtain by 2D ultrasound1. 

The aim of this study was to assess if it was beneficial 
to implement 3D ultrasound imaging of the fetal brain 
into the routine 2D ultrasound second trimester anomaly 
scan. An additional aim of this study was to find maternal 
features that could play an important role for the quality 
of ultrasound imaging.

MATERIALS AND METHODS

This prospective observational study was conduct-
ed in the Fetal Medicine Center of the Department of 
Obstetrics and Gynecology of the University Hospital 
Olomouc between years 2017–2020. The study popula-
tion comprised of 451 consecutively scanned singleton 
pregnancies during routine anomaly scan at 20–22 ges-
tational weeks. Pregnancies affected by chromosomal or 
structural anomalies were excluded. The 3D ultrasound 
imaging was performed by a single sonographer. 

Transabdominal 3D ultrasound volume acquisition of 
the fetal brain was performed using a single designated 
Voluson E 10 machine, equipped with a 4–8 MHz transab-
dominal 3D transducer. The 3D technique used to obtain 
an ultrasound can be described by three main elements: 
1. The section that is used to start the acquisition of the 
volume, 2. The angle of rotation of the mechanical sweep, 
and 3. The quality of the acquisition that can be varied 
by the operator and depends on the number of sections 
obtained during acquisition. The angle of rotation and 
the quality of the volume influence the acquisition time 
and if this is too long, the probability of artifacts caused 
by fetal movements increases6. The multiplanar mode is 
the most frequently used one for imaging of fetal brain12-15. 

A transabdominal 3D ultrasound volume was aquired 
from the axial plane. The block was captured with mid-
line of the brain orientated obliquely, at an angle 10-30 
degrees from the horizontal plane with cerebellum being 
imaged in the closer field of the probe. Datasets from sag-
ittal plane were acquired through the acoustic window of 
the metopic suture, anterior fontanel or the sagittal suture. 
All volumes were stored on hard disk and offline analysis 
was conducted using dedicated software (4D View, GE). 
The sonographer was instructed not to extend time of 
examination, that should last a maximum 30 min dedi-
cated for complete routine anomaly scan. Initially, a gray 
scale volume of the fetal brain was acquired. The most 
important plane is the sagittal one, which provides the 
exact information of midline intracranial structures such 
as corpus callous and cerebellar vermis. This scanning 
plane is usually difficult to obtain according to unfavor-
able position of the fetus. Gentle manipulation of fetal 
head by free hand of the examiner was used to perform 

access to the midline intracranial structures and to avoid 
acoustic shadow from the frontal bones. The image was 
enlarged to at least a third of the screen. The acquisition 
started when both structures, i.e. corpus callosum and 
vermis of cerebellum, were well visualized. In case the 
examinator had to use both hands to improve position of 
the fetus, the acquisition was activated by a foot switch. 
If there was a problem with position of the fetus, we used 
virtual sagittal plane from axial acquisition. As a second 
step we assessed the transverse view of the fetal head at 
the level of the transcerebellar axial plane. This volume 
was easier to obtain, transcerebellar plane is the same one 
as during a routine second trimester screening by the 2D 
ultrasound. 

The quality of images was assessed with a 5-point scale 
in each plane: 1. Corpus callosum and vermis cerebella 
not detected; 2. Partial detection of corpus callosum or 
vermis cerebella; 3. Corpus callosum fully detected; 4. 
Vermis cerebella fully detected; 5. Both structures fully 
detected.

Statistical analyses
All the statistical analyses were performed in the 

R software, version 3.6.3 (R Foundation for Statistical 
Computing, Vienna, Austria). For descriptive character-
istics of the data, frequencies, percentages, means, and 
standard deviations (sd) were used. The normality of the 
data was assessed visually via the histograms and tested 
with the Shapiro-Wilk test. To compare the scale variables 
between groups, the Wilcoxon rank-sum and the Kruskall-
Wallis test with a Bonferroni correction for multiple group 
testing was used. Comparison of categorical variables was 
conducted with the Pearson χ² test. Binary logistic regres-
sion was used to assess the predictors of quality of imag-
ing. Significance level was set to P<0.05 for all statistical 
significance tests.

RESULTS

A total of 451 normal pregnancies at median gesta-
tional age of 20 weeks and 5 days were examined. The 
number of examined patients increased in time: There 
were 65 (14.4%) pregnancies tested in years 2017‒2018, 
84 (18.6%) in year 2019, and 302 (67.0%) in year 2020. 
The descriptive characteristics of the studied sample are 
presented in Table 1. Both the corpus callosum and ver-
mis cerebella were detected in over a half of the exami-
nations (51.7%) in the sagittal plane, and almost a third 
(31.7%) in the axial plane. In almost two thirds of the 
examinations (61.9%), at least a partial detection in both 
the planes was possible. Both the structures (corpus cal-
losum and vermis cerebelli) were fully detected in both 
the sagital and axial planes in 18.6% of the examinations. 

Table 1 also presents comparison of the character-
istics of women with different quality of imaging in the 
sagittal and axial planes. The mean maternal age of the 
tested women was 29.6 years (±5.3 years). The maternal 
age was not significantly associated with the quality of 
imaging neither in the sagital plane (H(4)=6.33, P=0.18) 
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Table 1. Descriptive characteristics of the sample and nonparametric comparison of medians between groups  
(Wilcoxon rank-sum and Kruskal-Wallis tests with Bonferroni correction for multiple comparison).

  Age BMI Parity

 n (%)
min–
max

mean median SD min– 
max

mean median SD min–
max

Total 451 (100) 15–44 29.59 30.0 5.28 16–39 24.49 23.0 4.62 0–6
Sagital plane quality of images    
 1. CC and VC not detected 158 (35.03) 16–41 28.90 29.0 5.31 16–39 25.47* 24.5 4.85 0–6
 2. Partial detection of CC or VC 20 (4.43) 20–37 29.60 30.5 4.54 20–34 27.15* 27.0 4.44 0–3
 3. CC fully detected 2 (0.44) 26–31 28.50 28.5 3.54 20–30 25.00 25.0 7.07 0–1
 4. VC fully detected 38 (8.43) 15–42 28.82 29.0 5.77 20–38 26.95* 25.5 5.47 0–3
 5. Both structures fully detected 233 (51.66) 16–44 30.20 30.0 5.21 16–39 23.18 22.0 3.87 0–4
Axial plane quality of images    
 1. CC and VC not detected 29 (6.43) 16–38 29.34 29.0 5.41 19–36 27.55* 28.0 4.70 0–2
 2. Partial detection of CC or VC 53 (11.75) 17–44 30.26 31.0 5.52 18–36 25.89* 24.0 5.00 0–3
 3. CC fully detected 0    
 4. VC fully detected 226 (50.11) 15–44 29.19 29.0 5.08 16–39 24.81* 24.0 4.69 0–6
 5. Both structures fully detected 143 (31.71) 18–44 30.03 30.0 5.46 16–34 22.83 22.0 3.71 0–4
At least partial detection in both  
sagital and axial planes 

  

 Yes 279 (61.86) 15–44 29.99 30.0 5.22 16–39 23.84* 23.0 4.41 0–4
 No 172 (38.14) 16–41 28.95 29.0 5.33 16–39 25.53 25.0 4.78 0–6
Fully detected CC and VC in both  
sagital and axial planes 

  

 Yes  84 (18.63) 21–44 30.62 30.5 5.22 16–30 21.86* 21.5 3.10 0–3
 No 367 (81.37) 15–44 29.36 29.0 5.27 16–39 25.09 24.0 4.71 0–6

SD, standard deviation; CC, corpus callosum; VC, vermis cerebella; *Statistically significant difference (P<0.05) between group 5 and other 
groups in the quality of images, and between groups "Yes" and "No".

Fig. 1. Visualization of the association of BMI and quality of imaging in the sagital and axial planes. 
CC, corpus callosum; VC, vermis cerebella.

nor in the axial plane (H(3)=3.72, P=0.29). The mean 
BMI of the women was 24.5 (±4.6). BMI was found to be 
a significant predictor of the quality of imaging in both 
the sagittal plane (H(4)=40.89, P<0.001) and in the axial 
plane (H(3)=38.26, P<0.001). Visualization of the associa-
tion of BMI and quality of imaging is presented in Fig. 1. 
The odds of at least partial detection of corpus callosum 
or vermis cerebella in both planes increased with each 

unit of decrease in BMI (OR=1.08, 95% CI: 1.04‒1.13, 
P<0.001). The odds of fully detected corpus callosum and 
vermis cerebella in both planes significantly increased 
with each unit of decrease in BMI as well (OR=1.25, 
95% CI: 1.15‒1.35, P<0.001). The parity of the examined 
women was not significantly associated with the quality 
of imaging.
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DISCUSSION

The aim of this study was to assess the options for 
future implementing of 3D ultrasound imaging of the fetal 
head as a part of the routine second trimester screening. 
Another aim of the study was to assess predictors that 
could affect the quality of the imaging. 

Our results show that the 3D imaging can be easily 
implemented in the routine screening. We were able to 
examine at least one of the studied structures in almost 
all cases in axial plane. Only in a third of patients were 
we able to display corpus callosum as a single comma-
shaped sonolucent structure, delineated superiorly by an 
echogenic line. Sagittal acquisition through anterior fonta-
nel was possible in aproximately two thirds of patients. If 
displayed, we could see both structures in high quality in 
about half of patients. It was mainly because it is difficult 
to obtain adequate sagittal acquisition in fetuses in the 
vertex presentation. We were not able to change their posi-
tion during the scan period and get sagittal access through 
sutures. If there was a problem with position of the fetus, 
we used virtual sagittal plane from axial acquisition. In 
this case, display of corpus callosum is quite difficult and 
usually does not allow differentiation between the corpus 
callosum and the inferior cavum septi pellucidi. Most fre-
quently it can be seen as a single comma-shaped sonolu-
cent structure, delineated superiorly by an echogenic line. 
Only rarely, in good visualization conditions is the corpus 
callosum seen as a sonolucent stripe inserted between the 
inferior cavum septi pellucidi and the superior midline9. 
Fetuses in the breech presentation enabled easy acquisi-
tion in all planes.

The quality of 3D imaging is comparable to the 2D 
imaging and additionally it can display structural anoma-
lies in multiple planes better than does the traditional 
2D ultrasound16,17. 3D ultrasound was shown to be help-
ful in the detection of brain anomalies, especially in the 
midline brain structures and the posterior fossa8-11,18,19-25. 
Transverse view of fetal head gives us good information 
about vermis of cerebellum but less about corpus callo-
sum. Visualization of posterior fossa is affected by acous-
tic shadow of the skull base. It can be improved by setting 
the angle of acquisition of about 45 degree between the 
incident ultrasound beam and the midline.

Associated anomalies in fetuses with the prenatal diag-
nosis of enlarged posterior fossa (PF) are Dandy-Walker 
malformation with it’s prevalence of about 1 in 30,000 
births; megacisterna magna with unknown prevalence; 
Blake’s pouch cyst with prevalence 1 in 1,000 births; 
isolated vermian hypoplasia and vermian agenesis have 
unknown prevalence; PF arachnoid cyst has prevalence 1 
in 100 births; and cerebellar hypoplasia. An enlarged PF 
requires specific diagnoses for the best possible counsel-
ing. The term “Dandy-Walker variant” should not be used 
anymore. Isolated megacisterna magna and Blake’s pouch 
cyst can either resolve or be normal variants, but may also 
indicate the presence of a more severe anomaly or asso-
ciated malformations21. Fetuses with enlarged posterior 
fossa can be detected by prenatal ultrasound screening. 
Diagnostic criteria have changed, and exact classification 

remains a challenge. Diagnostic abilities (volume ultra-
sound, MRI) have improved, but ultrasound and MRI 
may be discordant18,19.

The transabdominal 3D reconstruction of the fetal 
head can provide detailed evaluation of the fetal brain 
anatomy26. This study was planned in connection with a 
pilot project of Frisova et al.27 who have assessed which 
3D technique for acquisition and post-processing datasets 
of the fetal brain would be the easiest and the most reli-
able. In their study, Frisova et al. concluded that the best 
technique for visualization of both the corpus callosum 
and vermis of cerebellum in a single image involved 3D 
acquisition in a sagittal suture with post-processing using 
3D OVIX reconstruction. Acquisition of data was easier 
in a sagittal section through anterior fontanel, and these 
images scored second highest in the assessment of qual-
ity. Inclusion of other sagittal views would allow imaging 
of the structures with adequate quality in 90% of cases27. 
Frisova et al. concluded that acquiring 3D volumes in the 
sagittal plane would bring higher effectiveness of screen-
ing than acquiring precise 2D midsagittal sections. The 
3D technique can be applied “real time” during complet-
ing the anomaly scan. It does not require extensive time 
for later off-line processing which often brings an im-
mense time burden in clinical practice. 

After finding the most appropriate technique for the 
routine screening by Frisova et al.27, our present study 
attempted to answer the question whether this technique 
was implementable as a part of the routine second tri-
mester scan provided by a lower-level skill operator. The 
results of this study show that the sonographer was able to 
examine at least one of the studied structures in almost all 
cases in axial plane, and in a high proportion there was at 
least partial detection in both planes. Moreover, according 
to a subjective assessment of the sonographist, using the 
3D imaging enabled to improve diagnostic quality in all 
the examined participants. Plasensia et al.28 used a 3D 
transabdominal ultrasound in 150 fetuses in the 20th–
23rd week of gestational age and found that fetal corpus 
callosum could easily be obtained in the fetus facing to 
the probe, exhaling a hypoechoic band strip. It was also 
demonstrated that the display rate of the corpus callo-
sum was also different after the corpus callosum was re-
constructed through different angles and planes28. Vinals 
et al.29 obtained a clear corpus callosum sonogram with 
frontal suture as the translucent window and the use of 
tomography ultrasound imaging. The display rate and 
clarity of the corpus callosum were all higher compared 
with the other abdominal 3D methods29. Pilu et al.11 found 
that the 2D views were of superior quality, in that they 
always allowed identification of the corpus callosum as 
a thin sonolucent strip with well defined echogenic con-
tours overlying the cavum septi pellucidi. In 3D median 
planes, the corpus callosum could not be clearly differ-
entiated from the inferior cavum septi pellucidi. A single 
comma‐shaped sonolucenstructure was seen, outlined su-
periorly by an echogenic line that in multiplanar analysis 
could be identified as the lower extremity of the midline 
echo11. A useful complementary method to a real time 
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2D ultrasound could be an off-line analysis of 3D volume 
data sets25.

Age of the mother and her parity did not affect the 
quality of the 3D imaging. BMI was found to be the only 
significant predictor of the quality of imaging in both 
the sagital plane and in the axial plane. High BMI values 
before and during pregnancy are associated with several 
adverse conditions for the mother as well as the baby, 
e.g. gestational hypertension, diabetes, pre‐eclampsia, de-
pression, a greater risk of preterm birth30,31. A systematic 
review30 also reported a higher risk of foetal defects in 
women with higher BMI. Higher risk of defects of the 
fetus together with worsened quality of imaging during the 
pregnancy screening may produce discomfort equences 
for pregnant women with high BMI values. It is important 
to reduce the risk of adverse maternal and fetal outcomes 
caused by high BMI. The information about the risk con-
nected to high BMI values is important when counsel-
ling women planning a pregnancy. Women with high BMI 
should be supported in losing weight before they become 
pregnant, and adviced to reduce the weight gain during 
their pregnancy.

CONCLUSION

This study has shown that 3D acquisition of fetal brain 
is beneficial in assessment of the corpus callosum using 
primarily the sagittal plane and is able to give us impor-
tant information on the posterior fossa. A clear advantage 
of this technique, compared with the 2D ultrasound imag-
ing, is that the fetal brain can be sequentially sectioned 
in all three parallel orthogonal planes12. 3D ultrasound 
enables off-line analysis. We can construct planes that 
may be difficult to obtain in 2D imaging. The information 
about the risk connected to high BMI values is important 
when counselling women planning a pregnancy.
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