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Abstract

Objectives: Our goal was to provide a better understanding
of isolated short corpus callosum (SCC) regarding prenatal
diagnosis and postnatal outcome. Methods: We retrospec-
tively reviewed prenatal and postnatal imaging, clinical, and
biological data from 42 cases with isolated SCC. Results: Pre-
natal imaging showed SCC in all cases (n =42). SCC was lim-
ited to rostrum and/or genu and/or splenium in 21 cases,
involved body in 16 cases, and was more extensivein 5 cases.
Indirect imaging features included typical buffalo horn ven-
tricles (n = 14), septal dysmorphism (n = 14), parallel lateral
ventricles (n = 12), and ventriculomegaly (n = 4), as well as
atypical features in 5 cases. SCC was associated with inter-
hemispheric cysts and pericallosal lipomas in 3 and 6 cases,
respectively. Aneuploidy was found in 2 cases. Normal psy-
chomotor development, mild developmental disorders, and
global developmental delay were found in 70, 15, and 15%
of our cases, respectively. Conclusions: SCC should be inves-

tigated to look for pericallosal lipoma and typical versus
atypical indirect features of corpus callosum agenesis (CCA).
Prenatal counselling should be guided by imaging as well as
clinical and genetic context. Outcome of patients with SCC
was similar to the one presenting with complete CCA.

© 2021 S. Karger AG, Basel

Introduction

The corpus callosum (CC) is the main cerebral com-
missure, which begins to form during the 12th week of
gestation to become complete around the 20th week of
gestation [1-4]. Biometrically, the growth of the CC is
linear throughout in utero development [5-8].

Callosal anomalies include complete agenesis of the
CC (CCA) as well as other conditions, especially short CC
(SCC) which we reported under the term of “callosal dys-
genesis” (Fig. 1, see online suppl. Fig. 1; see www.
karger.com/doi/10.1159/000512953 for all online suppl.
material). SCC may be either “isolated” or associated with
other cerebral or extra-encephalic anomalies. Our goal
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Fig. 1. Normal and SCC on midsagittal so-
nographic plane. a Normal corpus callo-
sum at 27 WG showing the rostrum (1),
genu (2), body (3), and splenium (4).
b SCC, measuring 20-21 mm in length at
25 WG (<1st percentile) (Case 6). Note that
echogenicity of both the nasal bone anteri-
orly and the vermis posteriorly, as well as
fourth ventricle, especially the fastigium,
are clearly visible and represent important
anatomical landmarks to assess the preci-
sion of the midsagittal plane. SCC, short
corpus callosum.

Fig. 2. Classification of callosal dysgenesis on a strict midsagittal
sonographic plane. a Group A: dysgenesis involving one or both
extremities of the corpus callosum. In this case, the rostum is not
identified and the body is underdeveloped (Case 28). b Group B:
partial agenesis or dysgenesis involving at least one part of the cal-
losal body. In this case, the rostrum and splenium, as well as the

was to provide a better understanding of “isolated” SCC,
including the postnatal outcome, and to propose a sys-
tematic prenatal approach of such conditions based on
retrospective analysis of the prenatal data from our co-
hort of 42 foetuses.

Methods

We retrospectively reviewed the data from 42 consecutive cas-
es with isolated SCC from our Foetal Medical Centre over a 7-year
period (2010-2016). SCC was defined as isolated based on the ab-
sence of any other cerebral or extra-encephalic malformation (ex-
cluding indirect features of CCA). A SCC was defined by a reduced
antero-posterior diameter, less than or equal to the first percentile,
using the reference curves from Cignini et al. [9] (ultrasound ex-
amination) and Tilea et al. [10] (MRI).
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posterior part, are not identified and the corpus callosum is lim-
ited to the anterior part of the body and an underdeveloped genu
(Case 20). ¢ Group C: corpus callosum limited to a callosal bud. In
this case, the corpus callosum is limited to the bud at the junction
between the genu and body (arrows) with a very tiny cavum sep-
tum pellucidum (*) (Case 16).

Gestational age was determined on the basis of first-trimester
scan (CCL). All patients were referred due to foetal brain anoma-
lies after the second or third-trimester ultrasound screening (22
WG or 32 WG, respectively). Prenatal diagnostic imaging includ-
ed, in all cases, strict midsagittal transabdominal sonographic and
foetal MRIs for precise anatomical analysis, which allowed us to
classify dysgenesis into 3 groups (Fig. 2):

o Group A: dysgenesis involving one or both extremities of the

CG;

o Group B: partial agenesis or dysgenesis involving at least one
part of the callosal body;
o Group C: CC limited to an anterior bud.

Imaging analysis includes anatomical analysis of both corpus
callosum (length, missing parts, and thickness) and pericallosal
area (abnormal echogenicity and cyst), as well as presence of typi-
cal/atypical indirect features of callosal dysgenesis. Note that cal-
losal thickness was subjectively assessed.
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Fig. 3. Atypical indirect features on prena-
tal imaging. a, b DIHF on coronal sono-
graphic and T2-weighted foetal MRIs
(Case 1). ¢, d Atypical ventricular dysmor-
phism with “drop-shaped” frontal horns
on coronal sonographic and T2-weighted
foetal MRI (arrows) (Case 1). DIHF, dis-
tortion of the interhemispheric fissure.

Prenatal CGH Array Was Systematically Proposed

Characteristics of the cases are summarized in online suppl.
Table 1. For each patient, we recorded the following data: age at
diagnosis by US, referral reason, type of callosal dysgenesis, typical
and atypical indirect signs of CCA, thick or thin CC, pericallosal
lipoma, interhemispheric cyst, genetic data, outcome, term of de-
livery, gender, family past, postnatal MRI, developmental assess-
ment, and age at the assessment. Postnatally, all children benefited
from psychomotor evaluation and brain MRI.

Neurodevelopment clinical assessment was conducted with a
paediatric neurologist at 1, 6, 12, and 24 months, then once a year
until the age of 3and at 5 years. Standardized Wechsler Intelligence
Scales (WPPSI) was performed at 3 and 5 years. WPPSI-IIT or
WPPSI-IV tests were used at 3 and 5 years, respectively. Intellec-
tual Quotient (IQ) tests were performed by the same neuropsy-
chologist, and performance related to school curriculum, learning
disabilities, and participation in a rehabilitation program was also
recorded (online suppl. Table 2).

The duration of follow-up was variable, depending on age of
the last follow-up visit. Based on the results of these cognitive and
motor ability tests, children were divided into 3 groups:

« Group 1: normal psychomotor development: no cognitive, be-
havioural or motor impairments.

» Group 2: developmental disorders without intellectual deficit
(mild anomalies): specific cognitive, motor, or oral language
disorders.

« Group 3: global developmental delay: severe cognitive disor-
ders or autism spectrum disorders.

Prenatal Diagnosis of Short Corpus
Callosum: A Series of 42 Cases

This article describes a cohort of anonymized patients who
were clinically managed and who were not subjected to research
investigations for the purpose of this study, and ethical approval
was, therefore, not sought.

Results

All data of the 42 foetuses diagnosed with isolated SCC
are summarized in online suppl. Tables 1 and 2. The
mean term at diagnosis was 30 WG (22-35 WG). Twenty-
two cases were diagnosed after the 2nd-trimester ultra-
sound (<30 WG), and 20 cases were diagnosed after the
3rd-trimester ultrasound (>30 WGQG). Prenatal imaging
showed a SCC in all cases (n = 42), associated with abnor-
mal focal thickness in 16 cases (thin, n = 13; thick, n = 3).
Callosal dysgenesis was limited due to a missing part in-
volving the rostrum and/or genu and/or splenium in 21
cases (Group A), involving part of the body in 16 cases
(Group B) and was more extensive in 5 cases in which
only a callosal bud was identified (almost complete agen-
esis) (Group C).

Indirect imaging features included typical buffalo
horn ventricles (n = 14), septal dysmorphism (n = 14),
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Fig. 4. Dysgenesis of the corpus callosum with pericallosal lesions.
a-c Pericallosal lipomas appearing as a discrete echogenic pericur-
vilinear line above the corpus callosum on a midsagittal sono-
graphic image (a), corresponding to callosal hypointensity on pre-
natal T2-weighted MRI (b), due to fat/water chemical shift artefact

parallel lateral ventricles (n = 12), and ventriculomegaly
(n = 4) (online suppl. Fig. 2). Atypical indirect features,
including ventricular dysmorphism with “drop-shaped”
frontal horns and distortion of the interhemispheric fis-
sure (DIHF), were present in 2 and 3 cases, respectively
(Fig. 3).
The distribution of indirect signs according to groups
was the following:
o Group A (n =21): 1sign in 5 cases, 2 signs in 3 cases,
3 signs in 3 cases, and none in 10 cases;
o Group B (n =16): 1 sign in 4 cases, 2 signs in 4 cases,
3 signs in 1 case, and none in 7 cases;
o Group C (n =5): 1 signin 1 case, 2 signs in 1 case, 3
signs in 2 cases, and none in 1 case.
SCC was associated with interhemispheric cysts and
pericallosal lipomas in 3 (Cases 5/11/29) and 6 (Cases
6/17/22/31/34/38) cases, respectively, including 1 case of
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and displaying a curvilinear hyperintensity on postnatal T1-
weighted MRI (c) (Case 6). d-f Interhemispheric cysts on axial and
sagittal sonographic and T2-weighted MRI appearing as well-de-
fined round anechogenic septated structures located between the
2 hemispheres (Case 11).

pericallosal lipoma diagnosed only postnatally (Case 34)
(Fig. 4).

Amniocentesis was performed in 33 cases (78.5%) al-
lowing CGH array analysis that showed a large chromo-
somal rearrangement in 2 cases: partial 3p deletion and
partial 20qter trisomy, respectively. Our series included 2
familial cases (Cases 8/37) and 1 case related to foetal al-
cohol syndrome (FAS) (Case 24).

There were 6 terminations of pregnancy and 36 live
births. Postnatal brain MRI was performed in 31 children
(86%) at a mean of 1.8 months (from Day 2 to 31 months).
Regarding the splenium, MR performed in the early post-
natal period demonstrated in 4 cases a splenium that was
too thin to be clearly delineated (MRI performed at a
mean age of 1.8 months) which was normal on a later
MRI examination after completion of callosal modelling
(Cases 2/15/20/23).
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Follow-up data were available for all 36 born babies,
except one who was lost to follow-up, over an average of
47 months (from 8 to 90 months). Clinical evaluation was
carried out during the first month of life for all the new-
borns, then at 6 months and once a year until the age of 3
for 26 children (72%) and at 5 years of age for 11 children
(30%). Among our 35 patients, 14 were under 3 years of
life and therefore were not evaluated using a standardized
cognitive assessment scale. Our 35 patients were classi-
fied into 3 groups according to their cognitive abilities.

Regardless of the age at the end of follow-up, 25 chil-
dren (70%) presented with normal psychomotor devel-
opment (Group 1), 5 children (15%) with mild develop-
mental disorders (Group 2), and 5 children (15%) with
global developmental delay (Group 3). Neurodevelop-
mental outcome was favourable overall in 85% (Groups 1
and 2).

Among the 5 children in Group 2, one had hemipare-
sis following surgery on the interhemispheric cyst (Case
5). Two had predominantly language delay (Cases 17/30),
including the one with partial 3p deletion — Case 30). One
had mild both postural and language delay (Case 32) and
the last child presented both postural delay (walk ac-
quired at 27 months) and minor motor disorder (Case
25).

Among the 5 children in Group 3, one had autism
(Case 3). Another child had an overall postural delay with
major hypotonia despite a very short follow-up of 8
months (Case 14). One with partial 20qter trisomy had
language delay associated with intellectual disability
(Case 20). One child had global psychomotor delay asso-
ciated with axial hypotonia and peripheral hypertonia as
well as strabismus (Case 27). Finally, the last child, born
from a diamniotic monochorionic twin pregnancy, had
postural, language, and autism spectrum disorders. Inter-
estingly, his co-twin presented the same handicap despite
anormal corpus callosum (Case 39). Both twins had nor-
mal genetic tests.

Discussion

This retrospective study of 42 prenatal cases of SCC
leads us to propose a systematic approach based on both
callosal analysis (length, thickness, and different anatom-
ical parts) and identification of pericallosal lesions as well
as “classic” versus “atypical” indirect features suggestive
of callosal dysgenesis, within a precise clinical and genet-
ic context, which should be of help for prenatal counsel-
ling, especially regarding postnatal outcome.

Prenatal Diagnosis of Short Corpus
Callosum: A Series of 42 Cases

Anatomical Analysis of the Short Corpus Callosum

Guidelines for routine sonographic analysis of foetal
brain refer to examination conducted using axial planes
and do not include midsagittal images, which are required
for analysis of the length and thickness of the CC and iden-
tification of its different anatomical parts [11]. However,
“short CC” has currently become an increasing indication
for prenatal counselling because measurement of the cal-
losal length on midsagittal plane is increasingly performed
in routine practice [12]. On a technical point of view, a
precise strict midsagittal image is mandatory to diagnose
“short CC” and avoid any false image induced by off-mid-
sagittal plane (online suppl. Fig. 3) [13-16]. On foetal MRI,
one should be aware that the inferior sagittal sinus and in-
ternal cerebral veins located close to the posterior part of
the CC should not be misinterpreted as a callosal structure.
In this manuscript, we defined SCC as an antero-posterior
diameter, less than or equal to the first percentile, using the
reference curves from Cignini et al. [9] (ultrasound exam-
ination) and Tilea et al. [10] (MRI). We should underline
that the choice of these references remains debatable since
variations between references clearly exist but discussion
about such variation was beyond the scope of this manu-
script. One should note that the interest of measuring a
ratio between the CC length and the internal cranial oc-
cipitofrontal dimension in midsagittal plane was recently
underlined when facing a SCC [17]. Indeed, this ratio (in-
ternal cranial occipitofrontal dimension/CC length) prac-
tically does not change throughout a normal pregnancy
and is significantly higher in pregnancies with SCC. For the
authors, the mean advantage of measuring this ratio is that
it offers a rapid evaluation of the CC without the need to
refer to biometry tables [17].

If a SCC is suspected, one should carefully analyse its
different anatomical parts (Fig. 1) [14]. We should under-
line that ultrasound provides a more precise analysis of
the CC anatomy regarding spatial resolution compared to
MRI. Indeed, the genu and rostrum, which are very close
laterally to the adjacent frontal lobes, are more difficult to
analyse on MRI compared to ultrasound [18-21].

However, one should be aware that, according to the
sonographic approach, analysis of callosal anatomy is
more straightforward for both the genu and rostrum an-
teriorly and splenium posteriorly [22, 23]. Overall, in our
experience, we are more confident for CC length and an-
atomical analysis on sonographic analysis than on MR
analysis. These technical considerations account for why
some cases of partial callosal agenesis in Group A, with
only part of the genu and/or rostrum absent, were better
visualized by ultrasound rather than MRI.
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Concerning the splenium, its late prenatal and postna-
tal modelling reflects the fact that the splenium in the pre-
natal or early postnatal period can sometimes be difficult
to detect due to its physiological thinness [24]. Indeed,
even in the early postnatal period, MRI demonstrated, in
4 cases of our series, a splenium that was too thin to be
clearly delineated (MRI performed at a mean age of 1.8
months) which was normal on later MRI examination af-
ter completion of callosal modelling. This, therefore,
weakens the correlation between prenatal and long-term
postnatal imaging. It is thus important to underline that
a thin splenium on prenatal or early postnatal imaging
can be normal on long-term imaging after completion of
its modelling [18].

When dealing with callosal dysgenesis, one should
note whether CC is of normal thickness, abnormally thin
(which defines hypoplastic CC), or too thick (defined as
>5 mm). In routine practice, assessment of the thickness
of the CC is more often subjective even though reference
tables exist [8, 25]. Regarding thin and thick CC, one
should be aware of 2 important points: (1) any abnormal
thinness of the CC should be correlated to head circum-
ference because (2) in cases with associated microcephaly
or extended clastic lesion, the thinness of the commis-
sures reflects only axonal volume reduction [26]. On the
other hand, thick CC can be a transitional feature, identi-
fied during the second trimester with normalization of
callosal thickness in the second half of pregnancy, related
to physiological axonal pruning [2, 27]. Increased thick-
ness of the CC may be associated with normal callosal
length or with a SCC (online suppl. Fig. 4) [28, 29]. This
anomaly can be global or focal as in our series in 3 cases
and 1 case, respectively. Thick CC has been well illustrat-
ed and was commented on by Malinger et al. [25], espe-
cially in association with megalencephaly which was not
encountered in our series.

Pericallosal Structures

A SCC may reflect dysgenesis secondary to a pre-ex-
isting lesion on the midline, essentially related to lipoma
or interhemispheric cyst, as encountered in our series in
6 and 3 cases, respectively, which constitutes obstacle to
the passage of the commissural fibres comprising the CC
(Fig. 4) [3]. Although interhemispheric cysts are often
easily diagnosed, especially in cases of large ones which
may conceal callosal dysgenesis [30, 31], pericallosal li-
poma can be easily overlooked in the second trimester,
especially in cases of curvilinear lipoma, as illustrated in
one case of our series in which the SCC was diagnosed
postnatally, related to a pericallosal lipoma (Fig. 4). As
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stated initially by Atallah et al. [32] and confirmed by Shi-
nar et al. [33], callosal dysgenesis, especially SCC, should
always raise a suspicion of underlying pericallosal lipoma,
as encountered in 6 cases of our series. Atallah et al. [32]
underlined that pericallosal lipoma gives rise to curvilin-
ear echogenicity located at the site of the pericallosal sul-
cus, which can be easily overlooked, and is more easily
depicted in the third trimester. This is particularly impor-
tant in countries in which termination of pregnancy is not
allowed after 22 or 24 weeks, at a time when callosal dys-
genesis can appear “isolated.” This point is crucial and
should be stressed in terms of prenatal counselling since
curvilinear lipomas are most often associated with nor-
mal psychomotor development [32, 34].

“Classic” versus “Atypical” Indirect Features of Corpus

Callosum Agenesis

The cavum septum pellucidum, which is absent in cas-
es of CCA, can be present in cases of partial agenesis,
which represents the main cause of SCC. In such cases,
other indirect findings, if present, can be helpful to reveal
underlying callosal dysgenesis. However, in our series,
ventricular dysmorphism suggestive of CC dysgenesis was
found in 14 cases (33%) and colpocephaly in 4 cases (9.5%)
[35]. Thus, as reported by Shen et al. [36] and Karl et al.
[37], attention should be paid to septal cavity dysmorphia,
and more specifically to the inversion of transverse and
antero-posterior diameter ratio, which was found in 14
cases (33%). Although intuitively, the more subtle the dys-
genesis of the CC and the more subtle the indirect find-
ings, we did not find a significant difference in the occur-
rence of indirect signs between Groups A, B, and C, most
likely related to a lack of study power (non-significant
higher frequency of indirect signs in Group C).

Two “atypical” indirect features were identified that
merit further comment (Fig. 3). In 3 cases, an anterior
part of the DIHF was found. Vinurel et al. [38] have
shown that such a DIHF should be considered as an ana-
tomical variant, leading to a search for an anomaly in
brain organization, in particular of the median line, and
cannot be considered as an associated malformation. This
DIHF should, therefore, be considered similarly to anom-
alies of the septal cavity, as an indirect sign of an anoma-
ly of the median line without prognostic incidence per se.

On the other hand, we encountered atypical ventricu-
lar dysmorphism with drop-shaped frontal horns on cor-
onal plane in 2 of our cases, including one familial form
of SCC. In our experience, such frontal horn dysmorphia
should be considered as an element of orientation to-
wards syndromic callosal dysgenesis [12, 39, 40].
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Fig. 5. Foetus with a SCC and parental MRIs to investigate evi-
dence of a familial callosal disorder. a Midsagittal sonographic im-
age of a foetus at 32 WG showing a SCC of 29 mm in length, with
an absence of the rostrum as well as underdevelopment of the genu
with a thick mid-part of the callosal body. b, c Maternal T2-weight-
ed midsagittal MRI (b) demonstrating similar anatomical features
to her foetus, including absence of the rostrum as well as underde-

Clinical and Genetic Context

Regarding the context, consanguinity, toxic substanc-
es consumption (alcohol, anti-vitamin K, etc.), or severe
maternal epilepsy should be checked as risk factors [2].
Indeed, callosal anomalies are common in FAS with an
incidence of 6.8%, with particular involvement of the an-
terior and/or posterior parts of the CC [41-43]. One case
of our Group A with SCC, demonstrating no genu or ros-
trum and a lack of splenium modelling, was related to
FAS, despite an absence of any other classic suggestive
findings, such as facial dysmorphism or decrease in ce-
phalic biometry (online suppl. Fig. 5). Interestingly, it has
been reported that the posterior part of the CC is particu-
larly vulnerable to alcohol effects [42]. Notably, for this
child, the oldest in our series, psychomotor development
(Group 1), and schooling were normal.

In addition to precise medical anamnesis, any case of
callosal dysgenesis requires genetic counselling to inves-
tigate a syndromic entity, especially in cases of consan-
guinity or indirect atypical features (drop-shaped frontal
horns), as previously mentioned. Indeed, callosal anoma-
lies, even isolated, have been reported in association with
chromosomal, genetic, or metabolic anomalies [44-55].

Prenatal Diagnosis of Short Corpus
Callosum: A Series of 42 Cases

velopment of the genu with a thick mid-part of the callosal body,
whereas paternal T1-weighted gradient-echo midsagittal MRI (c)
showing normal corpus callosum. Note that although the mother
had schooling difficulties, she had a normal social and profession-
al life without any intellectual deficit (recent case, not included in
our series). SCC, short corpus callosum.

In our series, cytogenetic investigations, based on CGH
array, were performed in 33 patients with a completion
rate of 78.5% and were normal for the 2 familial forms.
CGH array anomalies were found in 2 of our patients cor-
responding to partial 3p deletion and partial 20qter tri-
somy, respectively. In both cases, the chromosomal rear-
rangement involved several genes, but none of them are
known to be involved in the formation of the CC.

One should note that whole-exome sequencing is cur-
rently proposed in most foetal medicine centres to look
for any pathogenic exonic variants, which encompass
more than 30-45% of syndromic entities involving the
corpus callosum [2, 56-58]. However, at the time of our
study, whole-exome sequencing was not available. Final-
ly, to support dominant genetic callosal disorders, a mid-
sagittal MRI of the CC of both parents should also be per-
formed to look for any parental dysgenesis, which would
help to guide prenatal counselling, as illustrated in Figure
5.

Prenatal Counselling for Postnatal Prognosis
Prenatal counselling for isolated callosal abnormalities
remains debatable. As a result, the parental decision to
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continue or terminate pregnancy differs, not only based
on the couples themselves but also on the available med-
ical information, which remains heterogeneous amongst
foetal medical centres [56, 59].

In our series, postnatal clinical assessment included,
for each child, both parental evaluation of the child’s be-
haviour and neuropediatric assessment. However, as a
limitation of our series, a standardized cognitive assess-
ment scale was not used for all children since 14 children
were under 3 years of age at the last follow-up visit. Psy-
chomotor assessment was satisfactory (Group 1) in 25
children (70%), with only slight developmental issues but
no intellectual disability (Group 2) in 5 children (15%),
and neurodevelopmental delay (Group 3) in 5 (15%).

The postnatal follow-up of our cohort showed a rather
good prognosis in children with isolated callosal dysgen-
esis (70% favourable progression), which is consistent
with existing studies [56, 60-63]. Volpe et al. [64] report-
ed similar outcome between isolated partial callosal agen-
esis and isolated CCA, with 75% favourable results for the
latter. However, it should be noted that the majority of
children were evaluated within a pre-school age, which
may, therefore, have led to overestimation of a favourable
outcome. Indeed, one should note that neuropsychiatric
symptoms, such as communication or social interaction
deficits, or hyperactivity, may appear later in childhood,
as encountered in patients with CCA, which is difficult to
predict in cases of isolated callosal dysgenesis [56, 65-68].
Extended postnatal follow-up (beyond 5 years) is re-
quired to complete data on neurodevelopmental status,
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particularly on interactions and school admissions, in or-
der to provide more accurate information to families [64,
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Finally, SCC should be accurately investigated by neu-
rosonography and foetal MRI to describe, as precisely as
possible, length, thickness, and missing anatomical parts.
Any feature suggestive of callosal dysgenesis related to
pericallosal lipoma should be scrutinized, as well as clas-
sic or atypical indirect features of CCA. All these ele-
ments, in association with the clinical and genetic con-
text, are important in guiding prenatal counselling. In our
series, the proportion of patients with favourable out-
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esis or CCA.
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