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ABSTRACT

BACKGROUND AND PURPOSE: Agenesis of the corpus callosum, even when isolated, may be characterized by anatomic variability. The
aim of this study was to describe the types of other forebrain commissures in a large cohort of randomly enrolled fetuses with apparently
isolated agenesis of the corpus callosum at prenatal MR imaging.

MATERIALS AND METHODS: All fetuses with apparent isolated agenesis of the corpus callosum undergoing prenatal MR imaging from
2004 to 2014, were evaluated for the presence of the anterior or a vestigial hippocampal commissure assessed in consensus by 2 pediatric
neuroradiologists.

RESULTS: Overall, 62 cases of agenesis of the corpus callosum were retrieved from our data base. In 3/62 fetuses (4.8%), no forebrain
commissure was visible at prenatal MR imaging, 23/62 fetuses (37.1%) presented with only the anterior commissure, and 20/62 fetuses
(32.3%) showed both the anterior commissure and a residual vestigial hippocampal commissure, whereas in the remaining 16/62 fetuses
(25.8%), a hybrid structure merging a residual vestigial hippocampal commissure and a rudiment of the corpus callosum body was
detectable. Postnatal MR imaging, when available, confirmed prenatal forebrain commissure findings.

CONCLUSIONS: Most fetuses with apparent isolated agenesis of the corpus callosum showed at least 1 forebrain commissure at prenatal
MR imaging, and approximately half of fetuses also had a second commissure: a vestigial hippocampal commissure or a hybrid made of a
hippocampal commissure and a rudimentary corpus callosum body. Whether such variability is the result of different genotypes and
whether it may have any impact on the long-term neurodevelopmental outcome remains to be assessed.

ABBREVIATIONS: AC � anterior commissure; ACC � agenesis of the corpus callosum; CC � corpus callosum; GA � gestational age; HC � hippocampal
commissure; HS � hybrid structure

The corpus callosum (CC) is the major white matter forebrain

commissure. Agenesis of the corpus callosum (ACC) is

among the most common congenital brain anomalies, often co-

existing with chromosomal or genetic syndromes and other mal-

formations of the central nervous system or extra-CNS loca-

tion,1-4 which may negatively impact the neurodevelopmental

outcome.5-7 MR imaging8,9 has been introduced in prenatal as-

sessment of suspected ACC as a complementary investigation to

sonography, due to its high performance in evaluating the fetal

brain structures and detecting associated anomalies that may be

overlooked at sonography but may impact the final outcome.

Both prenatal and postnatal MR imaging may accurately

depict the brain features accompanying ACC. For example, the

presence or absence of Probst bundles has been extensively

addressed in the literature.10-12 On the contrary, the involve-

ment in ACC of the other forebrain commissures, namely the

anterior commissure (AC) and the hippocampal commissure

(HC), has been poorly investigated and mainly as sporadic

imaging reports in the postnatal setting.8,13 These postnatal

reports did not provide consistent data about how the other

forebrain commissures are involved in ACC. These reports are

not the result of a random case screening; rather, they are a

collection of clinical cases.

Consistent visualization of the other forebrain commissures

seems feasible at prenatal MR imaging, albeit very poor data are

available regarding the forebrain commissures in fetuses with

ACC.
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The aim of this study was to describe the types of other fore-

brain commissures and to assess their frequency in a large cohort

of fetuses with apparent isolated ACC on prenatal MR imaging.

MATERIALS AND METHODS
The MR imaging data base of our tertiary referral center was ret-

rospectively searched for all cases diagnosed antenatally with iso-

lated ACC between 2004 and 2014. All cases that underwent pre-

natal MR imaging were referred to our hospital after expert

neuroultrasonography examination.

Cases were excluded if additional brain or extra-CNS anoma-

lies were antenatally suspected. Because of the remarkable com-

plexity of ACC etiology and the existence of several heterogeneous

syndromes under the “umbrella” definition of callosal agenesis,

we chose to limit our investigation field to cases without apparent

additional CNS or extra-CNS anomalies. Commonly associated

findings with ACC were not considered exclusion criteria (ie, ven-

triculomegaly). Other features that may be frequently associated

with ACC in postnatal imaging, such as hippocampal malrotation

or anterior cerebral artery variability, could not be considered in

our fetal imaging analysis. The relatively low mean gestational age

(GA) (26 weeks) of our population prevented us from a detailed

evaluation of such findings (ie, in younger fetuses, the hippocam-

pus is still physiologically incompletely rotated).14

In the study period, MR imaging was performed on a 1.5T

magnet system (Achieva; Philips Healthcare, Best, the Nether-

lands) with body phased array coils. Standard MR imaging pro-

tocol applied to all studies was the following: a T1-weighted fast

spin-echo sequence (TR/TE, 300/14 ms; turbo factor, 5; flip angle,

69°; number of signals acquired, 1; matrix, 256 � 256; FOV, 340

mm; section thickness, 5.5 mm; intersection gap, 4 mm; number

of sections, 6; acquisition time, 14 seconds) during maternal ap-

nea; a T2-weighted single-shot fast spin-echo sequence (TR/TE,

3000/180 ms; turbo factor, 85; flip angle, 90°; matrix, 256 � 256;

FOV, 260 mm; section thickness, 3– 4 mm; intersection gap, 0.1

mm; number of sections, 11; acquisition time, 12 seconds); and a

balanced fast-field echo sequence, with 2-mm-thick sections es-

pecially on the sagittal plane. All women underwent fetal MR

imaging without sedation. The acquisition time of fetal scanning

ranged between 20 and 30 minutes.

Despite our cases being collected during an entire decade, the

single-shot fast spin-echo T2-weighted image quality has been

quite constant with time, because, unfortunately, the technology

of single-shot k-space sampling has not changed significantly

since its introduction, not allowing a progression of in-plane spa-

tial resolution.

Two pediatric neuroradiologists with �10 years’ experience

(A.R. and C.P.) reviewed the MR imaging examination of each

fetus, first confirming the absence of other brain anomalies asso-

ciated with ACC and then assessing the presence or absence of

other forebrain commissures.

The following forebrain commissures were assessed in the 2

planes: the AC (defined as a tubularlike structure connecting the 2

hemispheres and located anterior and inferior to the thalamic

mass); the HC (defined as any structure connecting the right and

left fornical crura of the hippocampus and located anteriorly and

at the level of the thalamic mass convexity); and the hybrid struc-

ture (HS; defined as an ovoid vestigial structure resembling a CC

remnant located immediately beside the AC, anterior and well-

cranial to the thalamic mass convexity). In the group with the HS,

a line intersecting the mammillary body and the AC was traced on

the midsagittal section to differentiate an HS from a CC genu

remnant, according to the method reported by Kier and Truwit.15

The presence of an interthalamic adhesion, an interhemi-

spheric structure that connects the thalami, was also assessed.

Because the occurrence of some degree of ventriculomegaly is

frequent in isolated ACC, the hypothesis that commissural vari-

ability may correlate with different ventricular sizes was tested. In

all cases, the diameter of both lateral ventricles was measured on

coronal sections through the atrial level. The average of the ven-

tricle diameters was used for statistical analysis.

If the pregnancy was not terminated, the antenatal findings

were reassessed after birth by cerebral sonography or MR imag-

ing. Postnatal MR imaging included at least sagittal T1-weighted

and axial and coronal T2-weighted sections.

This retrospective study complied with clinical review study

guidelines in use in our institution. A specific signed consent form

for prenatal MR imaging retrospective studies was obtained from

each woman undergoing prenatal MR imaging.

The Mann-Whitney U test was used to compare the medians

of variables that were not parametric among different groups. The

�2 test was used to compare qualitative data among different

groups. P � .05 was considered statistically significant. All statis-

tical analyses were performed by using SPSS, Version 18.0 (IBM,

Armonk, New York).

RESULTS
Overall, 62 fetuses (32 males, 30 females; mean gestational age, 26

weeks; range, 20 –35 weeks) with an antenatal diagnosis of isolated

ACC at prenatal MR imaging were retrieved from our archive,

obtained from 61 pregnancies. Two were twin pregnancies, one

with both fetuses showing ACC, the other with only 1 fetus

affected.

In all 62 fetuses, ACC was confirmed at imaging review as not

being associated with other brain anomalies, with the exception of

concomitant colpocephaly and ventriculomegaly, which were

identified in 35 cases (56.5%).

From the entire study group, 48 live births were registered,

whereas pregnancy was electively terminated upon couple request

in 14 cases.

In 32/62 cases (51.6%), the karyotype was obtained by an an-

tenatal invasive procedure or postnatal blood sampling: Thirty

showed normal chromosomic analysis findings, while in 2 cases, a

trisomy 8 mosaicism was detected. Normal findings on array–

comparative genomic hybridization analysis were observed in 2

cases showing normal karyotypes.

All cases were divided into 4 groups (Fig 1) according to the

presence or absence of other forebrain commissures. Three

cases (4.8%) did not show any forebrain commissure (group 1)

(Fig 2); 23 cases (37.1%) presented only the AC (group 2) (Fig

3); 20 cases (32.3%) showed an AC and HC (group 3) (Fig 4);

and in the remaining 16 cases (25.8%), the AC and an ovoid HS

were detected (group 4) (Fig 5). In all 16 cases, the mentioned

ovoid HS appeared to be located well posterior to the line
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intersecting the mammillary body and the AC on the midsag-

ittal section, thus excluding the possibility of a CC genu rem-

nant, according to the model of Kier and Truwit.15

Interthalamic adhesion was not detected in 14/62 fetuses

(22%), 9 of group 2, 2 of group 3, and 3 of group 4, without a

statistically significant difference in the prevalence among the 4

groups (P � .09).

Because in our cohort, the major morphologic difference

among the 4 groups seemed to be related to the presence or

absence of a second commissural structure in addition to the

AC itself, we compared group 2 with groups 3 and 4 pooled

together in terms of atrial ventricle diameter. The median GA

at MR imaging of group 2 (27 weeks; range, 20 –34 weeks) and

groups 3 and 4 pooled together (23 weeks; range, 20 –35 weeks)

did not show a statistically significant difference (P � .29); the

same result (P � .12) was obtained comparing the atrial lateral

ventricle diameters of group 2 (median, 14 mm; range 5–19

mm) with those of groups 3 and 4 pooled together (median, 11

mm; range, 8 –26 mm).

In all neonates, cranial sonography was available and did

not show additional brain malformations. A postnatal MR im-

aging study was available in 22 cases, and in all, the prenatal

features related to the commissural structures were confirmed.

In 3 cases of group 4, diffusion tensor– based fiber-tracking

was obtained and it confirmed that the HS was composed of

fibers connecting both the fornical crura and the hemispheric

parenchyma (Fig 5).

DISCUSSION
Our study shows that prenatal MR imaging can identify different

classes of isolated ACC on the basis of the presence or absence of

other forebrain commissural structures. Because the approach of

FIG 1. A scheme showing 4 sagittal view examples of the corpus cal-
losum putative region, reporting the 4 groups on the basis of fore-
brain commissures. IA indicates interthalamic adhesion.

FIG 2. Group 1 fetuses. A–C, Sagittal, coronal, and axial single-shot fast spin-echo 3-mm-thick T2-weighted sections from a 32-week-GA study
with no visible AC or HC. White arrows show the fornical crura. D–F, Sagittal T1 and coronal and axial T2-weighted sections from a postnatal
study confirm the prenatal findings. White arrows show the fornical crura with no HC connecting them.
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this study was based on randomized recruitment of cases, our data

are likely to provide information about the real frequencies of

ACC subgroups according to the types of other forebrain

commissures.

Commissures are bundles of white matter that cross the mid-

line and connect symmetric structures on the 2 cerebral hemi-

spheres. The CC is the major white matter commissure between

the 2 cerebral hemispheres, extending from the frontal lobe ante-

riorly to above the collicular plate posteriorly. Apart from the CC,

there are 2 main interhemispheric forebrain commissures: the AC

and the HC, the latter being, in healthy cases, a lamina lying un-

derneath the callosal splenium.13

According to the extensive review of Raybaud,13 there is an

intimate relation between the early developing body of the CC

and the vestigial HC in the fetal brain, starting from 11–13

weeks of GA. The HC, which is initially located in the anterior

third ventricle area, is the archipallian commissure between

hemispheres. It assumes tubular (on coronal view) and ovoid

(on sagittal view) shapes. Early HC supports the development

of the very early body of the CC; the latter is located immedi-

ately above the vestigial HC, with interposition of a glial sling.

The HC then progressively migrates and elongates toward its

final subsplenial position; the body of the CC courses parallel

to the HC in its development.

In our series, we identified 4 groups of fetuses with ACC based

on the presence or absence of other forebrain commissures: group

1: no forebrain commissure; group 2: AC only; group 3: AC and

vestigial HC; and group 4: AC and a HS, with the HS composed of

a vestigial HC and an early rudiment of the CC body.

Only 3 of our cases presented without any forebrain commis-

sure (group 1), supporting the hypothesis that this is actually the

less common condition with respect to other ACC types.

Among the remaining 3 groups with an AC, a further division

was proposed on the basis of the absence (group 2) or presence

(groups 3 and 4) of some transverse structures connecting the

fornical crura (HC or HS). After matching prenatal and postnatal

images, we speculated that the tubular structure joining the hip-

pocampal fornical crura might be a form of vestigial dysmorphic

HC that did not complete development toward its final normal

laminar shape and its normal location underneath the splenium

and posterior third of CC. In this regard, we did not encounter, in

our cohort, a single ACC case with a normal laminar-shaped HC.

On the other side, the ovoid structure described well above the

thalamic mass convexity could represent an HS composed of a

very initial underdeveloped CC component (rudiment) merged,

in some cases, with a vestigial HC component. In particular, by

tracing a line according to the method reported by Kier and Tru-

wit,15 we demonstrated that this rudimentary structure resides

posterior to such a line in all cases of group 4 (Fig 5). This location

may suggest that such an abnormal structure is compatible with a

very early component of the developing body of the CC, rather

than with a genu remnant.

The ovoid structure reported in group 4 has totally different

characteristics with respect to the diagonal aberrant oblique tracts

reported recently in some cases of CC dysgenesis11,12; in our cases,

the vestigial structure is clearly orthogonal to the cerebral hemi-

spheres and does not resemble an X-shaped bundle, as confirmed

by postnatal fiber-tracking studies (Fig 5).

The interesting work of Kasprian et al,11 which highlighted the

possibility of Probst bundles depicted through fiber-tracking

technique during intrauterine life, does not seem to be applicable

to study the AC and the vestigial HC because the currently limited

diffusion tensor imaging spatial resolution (approximately 2

mm2) would not intercept these commissures. Even though our

FIG 3. Group 2 fetuses. A–E, Sagittal, coronal, and axial single-shot fast spin-echo 3-mm-thick T2-weighted sections from a 30-week-GA study
with a visible AC (black arrows) but no HC. White arrows show the fornical crura. F–I, Sagittal T1 and coronal and axial T2-weighted sections from
a postnatal study confirm prenatal findings: the presence of only the AC (black arrows). White arrows show the fornical crura with no HC
connecting them.
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imaging protocol included sections not thinner than 2 mm, the

identification of commissural structures was obtained with con-

fidence by the 2 readers by comparing multiple sets of coronal,

axial, and sagittal images, because at least 3 series of sections had

been acquired for each plane redundantly. In particular, the AC,

which is the thinnest of the commissures, when not clearly appre-

ciable in axial or coronal planes, could be usually visualized on the

sagittal plane, taking advantage of the higher in-plane spatial res-

olution (about 1 mm2).

Due to the frequent association of isolated ACC with ventricu-

lomegaly, we further investigated whether this finding could have

any relationship with the presence of HC or HS. Our results

showed no statistical difference of the atrial width between group

2 and groups 3 and 4 pooled together, thus suggesting that the

presence of HC or HS has no impact on the degree of concomitant

ventriculomegaly.

Regarding the prevalence of interthalamic adhesion in our

cases, we found that our data are very similar to those reported by

previous imaging studies, which demonstrated its absence in ap-

proximately 22% of healthy subjects.16 However, we did not find

any correlation with commissural variability.

The strength of this study lies in its original content, to our

knowledge, being the first time that additional forebrain commis-

sures have been systematically assessed at prenatal MR imaging in

a large cohort of fetuses with isolated ACC and enrolled as the

result of a prenatal screening.

Very recently, some neurosonographers have demonstrated,

in a smaller cohort of fetuses with ACC, that HC identification

was feasible by state-of-the-art 3D sonography; however, differ-

ent from our study, a complete assessment of commissural vari-

ability, also including the AC, did not seem achievable.17

The major limitation of this study is the lack of postnatal MR

imaging in all cases because some neonates were submitted only

to cranial sonography and some pregnancies were terminated,

with brain deterioration not allowing an accurate postmortem

analysis.

The lack of postnatal MR imaging control in all our cases does

not allow considering our report as a definite indicator of the

diagnostic accuracy of prenatal MR imaging concerning the status

of forebrain commissures.

The clinical and prognostic meaning of forebrain commis-

sures variability in isolated ACC needs to be tested by long-term

clinical follow-up studies, which may also include global white

matter pathway rearrangement evaluation via high-resolution

DTI tractography. Very recently, Meoded et al18 performed a

structural connectivity study in children with isolated ACC and

FIG 4. Group 3 fetuses. A–C, Sagittal, coronal, and axial single-shot fast spin-echo 3-mm-thick T2-weighted sections from a 27-week-GA study
with a visible vestigial HC (yellow arrows). Black arrows show the AC. D–F, Sagittal T1 and coronal and axial T2-weighted sections from the
postnatal study confirm the prenatal findings: the presence of the AC (black arrow) and a vestigial HC (yellow arrows), connecting the fornical
crura (white arrows).

AJNR Am J Neuroradiol 37:521–27 Mar 2016 www.ajnr.org 525



identified hubs in the bilateral insular regions that are connected

to each other by the AC, suggesting how brain plasticity may in-

duce alternative pathways for interhemispheric connectivity.

However, the clinical impact of these observations is still

unknown.

CONCLUSIONS
Our data demonstrate that prenatal MR imaging may identify

different groups of isolated ACC according to the presence or

absence of other forebrain commissures, such as the AC, HC, and

HS. Most fetuses with apparent isolated ACC showed at least the

AC at prenatal MR imaging, and approximately half of these fe-

tuses also showed a second commissure: a vestigial HC or an HS

composed of an HC and a rudimental CC body.

Further studies are needed to ascertain whether such variabil-

ity may be associated with different genetic characteristics and if it

may have any impact on the long-term neurodevelopmental

outcome.
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