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Abnormalities of the Corpus Callosum

Sonila Pashaj, 2Eberhard Merz

ABSTRACT

Presence or absence of the fetal corpus callosum plays an
important role in prenatal counselling. With the recent devel-
opment of 3D ultrasound technology, it is not only possible to
demonstrate the corpus callosum precisely in the median plane
but also to perform measurements of its different anatomical
parts. This permits the diagnosis of hypoplasia and hyperplasia
of the corpus callosum. Three-dimensional ultrasound enables
even the unexperienced sonographer to take volumes of the
fetal brain. Showing these volumes to experts in the field of neu-
rosonography, corpus callosum pathologies can be detected via
virtual examinations. Regarding all corpus callosum anomalies,
hypo- and hyperplasia are the less reported corpus callosum
abnormalities in the literature. Further investigations are nec-
essary to predict the outcome of fetuses with corpus callosum
pathologies.
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INTRODUCTION

The brain’s complexity arises from its connectivity.!
The largest connective pathway of the human brain is
the corpus callosum. It is made of over 190 million nerve
fibers that connect the left and right hemispheres of
the brain.? Each hemisphere of the brain is specialized
in controlling movement and feeling in the opposite
half of the body, as well as in processing certain types of
information (such as language or spatial patterns). Thus,
to coordinate movement or to process complex informa-
tion, the hemispheres must communicate with each other.

The function of the corpus callosum in humans was
firstinvestigated in “split-brain” patients whose callosum
was severed surgically for the treatment of epilepsy.>*
There is, nevertheless, another population that provides
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Fig. 1: Surface-rendered image of a corpus callosum (—) at
19 weeks’ gestation (median plane). A: Anterior; P: Posterior

more information about the function of the corpus cal-
losum and the role of altered connectivity in neurode-
velopmental disorders: Individuals with agenesis of the
corpus callosum (ACC).’

The prenatal sonographic demonstration of the fully
expressed corpus callosum with “rostrum, genu, body
and splenium” is possible starting from 18 to 19 weeks of
gestation (Fig. 1). However, abnormalities of the corpus
callosum cannot be diagnosed exactly before 20 weeks’
gestation. The sonographically detectable abnormalities
of the corpus callosum include six different pathologies
related to the structure of the corpus callosum: Complete
agenesis, partial agenesis, hypoplasia, hyperplasia,
combination of hypo- and hyperplasia, and lipoma with
abnormally high echogenicity.®

PREVALENCE OF CORPUS CALLOSUM
MALFORMATIONS

The true prevalence and the clinical significance of
abnormalities of the corpus callosum continue to be con-
troversially discussed, depending on the characteristics
of the populations selected for the study and the method
of ascertainment. Freytag et al’” reported a prevalence
rate of 0.3 to 0.7% in the general population. In a series
of unselected autopsies, the postnatal prevalence of cal-
losal anomalies was found to be 0.5 per 10,000 children.®
The ACC was identified in 3% of fetuses with ventriculo-
megaly,” while ventriculomegaly was mild in approxi-
mately 10% of these fetuses.!® A higher prevalence is
reported in children with neurodevelopment disability or
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a suspected neurogenetic condition. Jeret et al'! reported
33 cases of ACC in 1,447 computerized tomographies of
developmentally disabled individuals and calculated a
prevalence of 2.3%. Wang et al'? published an article on
the prevalence of congenital brain anomalies. The authors
examined 2,309 clinically normal term neonates within
3 days of birth and reported a prevalence of ACC in this
population of 1:1000." In a paper published in 2008,
Glass et al'® described the epidemiology, risk factors,
and accompanying malformations seen in patients
with ACC, using a large population-based database of
all malformations diagnosed in the first year of life in
California from 1983 to 2003. The combined prevalence
of ACC (agenesis) and HCC (hypoplasia) ranged at 1.8
per 10.000 live births."

INDICATIONS FOR DISPLAYING
THE CORPUS CALLOSUM

Demonstration of the corpus callosum anatomy as an
important landmark for brain development is only
performed in cases of fetal or maternal indications and
suspected familial disorders'* (Table 1).

SONOGRAPHIC DEMONSTRATION OF CORPUS
CALLOSUM ABNORMALITIES

Three-dimensional (3D) ultrasound enables a better
spatial orientation and precise control of the orthogonal
two-dimensional (2D) planes in the examination of the
fetus.’>!” The 3D neurosonography performed trans-
abdominally or transvaginally further facilitates the
exact demonstration of the corpus callosum, allowing to
introduce the procedure as an integral part of the routine

anatomical ultrasound examination.2%?!

Table 1 Indications for examination of the fetal corpus callosum™

a. Fetal indications
Dilatation of the lateral ventricles

Absence of the cavum septi pellucidi, and widely separated
parallel frontal horns

Abnormal head circumference

Fetal brain or spinal masses

Twin pregnancy

Fetuses presenting with extracerebral multiple malformations that

can be associated with brain lesions, e.g., thoracic lymphangioma
and megalencephaly, cardiac malformation, and leukomalacia

b. Maternal indications
Infections

Coagulation disorders
Metabolic disorders

c¢. Suspected familial disorders
X-linked hydrocephalus
Tuberous sclerosis
Neurofibromatosis type |

Direct signs of corpus callosum abnormalities are
detected in the median plane of the brain. The indirect
signs of corpus callosum pathologies such as absence of
cavum septi pellucidi or ventriculomegaly are seen in the
axial planes of the brain. However, these indirect signs are
not always present at the time of the first malformation
scan and may become apparent only in the late second
or third trimester.

AGENESIS OF THE CORPUS CALLOSUM

Prenatal diagnosis of ACC in 2D ultrasound was first
described by Comstock et al.'® A definitive diagnosis of
ACC relies on the identification of the direct and /or indi-
rect signs.?>** Direct signs consist of the demonstration of
the absence of the CC in the median (= mid-sagittal) as well
as in the coronal planes of the fetal brain (Figs 2 and 3). The
midsagittal plane shows an absent corpus callosum and
an atypical radial appearance of the median sulci, which
are directed toward the third ventricle (Fig. 2). Indirect
signs include the so-called “tear drop”-shaped lateral
ventricles® or colpocephaly” (Fig. 4), which represent focal
dilatations of the atria and occipital horns of the lateral
ventricles. Generally, no cingulate gyrus is visualized or
it may appear only incompletely.” Other potential sono-
graphic findings in the coronal and axial planes include
a high-riding third ventricle between widely separated
parallel lateral ventricles, several subtypes of interhemi-
spheric cysts, not all of which communicate with the ven-
tricles, and an abnormal course of the pericallosal artery.”

PARTIAL ACC

Partial ACC is diagnosed when at least one of the ana-
tomical segments is missing, while the height is within

Fig. 2: Agenesis of the corpus callosum (—) at 38 weeks of
gestation. Surface-rendered image of the median cut plane. The
median sulci show an atypical radial appearance. A: Anterior;
P: Posterior

Donald School Journal of Ultrasound in Obstetrics and Gynecology, October-December 2017;11(4):288-293

289



Sonila Pashaj, Eberhard Merz

Fig. 3: Agenesis of the corpus callosum (—) at 21 weeks of
gestation. Coronal surface view. There is no connection between
the two brain hemispheres. R: Right; L: Left

e

Fig. 4: Axial surface view of a fetus with ACC at 19 weeks’
gestation. Tear drop shape of the lateral ventricles. The distance
from the median plane to the inner border of the lateral ventricles
is higher at the front side than in the posterior part of the ventricle
(«=—). A: Anterior; P: Posterior

Fig. 5: Partial ACC (surface view) at 24 weeks’ gestation. The picture
shows the corpus callosum only on the front side (—<«), while the
posterior part is missing. A: Anterior; P: Posterior

the normal range, and all three lengths of the corpus
callosum are below the 5th percentile of normal growth
charts® (Fig. 5).

Indirect signs similar to those observed in ACC may
be present or absent. The most important sign in prenatal
diagnosis is the identification of the pericallosal artery on
color Doppler, which is visualized to follow the anterior
part of the CC closely. However, the pericallosal artery
loses its normal course in cases of partial CC agenesis and
is absent at its posterior part®® (Fig. 6).

Associated brain anomalies include various mal-
formations that may be diagnosed prenatally, such as
Dandy-Walker malformation, interhemispheric cyst,
porencephalic cyst, and lissencephaly, as well as other
malformations that are difficult to correctly diagnose with
prenatal ultrasound, including nodular periventricular
heterotopias and polymicrogyria.

Fig. 6: Glass body mode of a fetal brain with partial ACC. The
pericallosal artery shows a normal course in the anterior part, while
the posterior part is absent. A: Anterior; P: Posterior

HYPOPLASIA OF THE CORPUS CALLOSUM

Hypoplasia of the corpus callosum is diagnosed when all
anatomical segments are present and the height of at least
one corpus callosum segment is less than the 5th percen-
tile according to normal growth charts, independent of
the length range® (Fig. 7). Hypoplasia of the corpus cal-
losum is classified as a secondary malformation due to
an external factor affecting the number and size of corpus
callosum axons.”” An association of hypoplasia of the
corpus callosum with metabolic disorders such as amino
acid metabolism disorders, mitochondrial disorders, and
peroxisomal disorders has been reported prenatally® and
postnatally.>* Indirect signs of ACC are usually absent.

THICKENING OF THE CORPUS CALLOSUM

The presence of a thick corpus callosum has only rarely
been reported in the literature. Hyperplasia is diagnosed
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Fig. 7: Surface-rendered view of the sagittal plane in a case with
hypoplasia of the corpus callosum at 28 weeks’ gestation. The
entire corpus callosum is present, but too thin for gestational age

when all anatomical segments are present and the height
of at least one corpus callosum segment is found to range
above the 95th percentile according to normal growth
charts, while all three lengths are normal or lie outside of
the normal range® (Fig. 8). Corpus callosum hypertrophy
has first been described in adults with schizophrenia.** A
thick corpus callosum may also be seen in patients with
neurofibromatosis® and in patients with macrocephaly-
capillary malformation syndrome.*?

Microcephaly and a thick corpus callosum were
diagnosed in 29 Finnish patients with Cohen syndrome,
an autosomal recessive disorder. The clinical picture con-
sists of nonprogressive psychomotor retardation, motor
clumsiness and microcephaly, typical facial features,
childhood hypotonia and hyperextensibility of the joints,
ophthalmologic findings of retinochoroidal dystrophy,
and myopia in patients over 5 years of age; and periods
of isolated granulocytopenia.*®

COMBINATION OF HYPO- AND HYPERPLASIA
OF THE CORPUS CALLOSUM

A combination of hypo- and hyperplasia (= mixed
abnormal thickening) of the corpus callosum is diag-
nosed when all anatomical segments are present and the
height of at least one segment is found to range above
the 95th percentile with an additional segment ranging
below the 5th percentile, independent of the length
range® (Fig. 9). The described combination of hypo- and
hyperplasia has been reported in association with both
Apert syndrome and Goldenhar syndrome.® The latter
conditions represent the least frequently reported cases
in the literature, which may be accounted for by the
existing confusion in the definition of different corpus
callosum pathologies.

Fig. 8: Surface-rendered view of the sagittal plane in a case with
hyperplasia of the corpus callosum (31 weeks’ gestation). The genu
(—) is much thicker than the other parts of the corpus callosum,
which are in the normal range

Fig. 9: Combination of hypo- and hyperplasia of the corpus callosum
(29 weeks’ gestation). Note the increased thickness of the rostrum
(R), genu (G), and the anterior, while the posterior part of the body
(B) and the splenium (S) are too thin for gestational age. A: Anterior;
P: Posterior

PERICALLOSAL LIPOMA

Pericallosal lipoma associated with ACC was first
described by Rokitansky.* In prenatal ultrasound, this
lesion can be demonstrated as a hyperechoic mass above
the corpus callosum or at the expected location of the
corpus callosum and may extend either toward the frontal
lobe or toward the plexus choroideus® (Fig. 10).

SUMMARY

Three-dimensional ultrasound offers the possibility of
an exact demonstration of the corpus callosum as early as
18 weeks’ gestation and enables a precise measurement at
known anatomical regions, which allows the differentia-
tion of possible anomalies of the fetal corpus callosum.
Despite these advances, prognosis nevertheless continues
to pose a challenge.
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Fig. 10: Surface-rendered image of a lipoma of the corpus callosuma
(—) at 38 weeks of gestation. Instead of a normal hypoechoic corpus
callosum, a hyperechoic longitudinal mass is seen in the median
plane. A: Anterior; P: Posterior
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