Middle Interhemispheric Fusion: An Unusual Variant

of Holoprosencephaly

A. James Barkovich' and Douglas J. Quint®

PURPOSE: To describe the imaging features of a brain anomaly found on studies of three patients,
and to speculate on the embryologic basis leading to the development of this abnormality.
PATIENTS AND METHODS: Clinical records (three patients), MR scans (two patients), and CT
scans (two patients) of three patients with fusion of the middle portions of the cerebral hemispheres
in the presence of nearly normal anterior interhemispheric fissures were retrospectively reviewed.
The results were correlated with the present theories of brain development in an attempt to classify
the anomaly and define the underlying embryologic abnormalities. RESULTS: All three patients
with middle interhemispheric fusion were severely developmentally delayed. Associated anomalies
were identified in all three and included neuronal migration anomalies, callosal dysgenesis, and
hypoplasia of the anterior falx cerebri. Correlation of the imaging findings with theories of brain
development lead to the suggestion that this anomaly is the result of deficient or dysplastic
mesenchyme, which leads to disordered brain development. CONCLUSION: Middle interhemi-
spheric fusion may be considered as a variant of holoprosencephaly. It is suggested that the
mesenchyme formed by the prechordal plate, notochord, and neural crest play an important part
in the early development of the brain and that anomalies of the mesenchyme underlie this disorder
as well as other forms of holoprosencephaly.
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Lack of separation of the cerebral hemispheres
is an unusual condition in humans. It is most
commonly seen in holoprosencephaly, a condi-
tion representing a spectrum of forebrain dysgen-
esis that results from a lack of induction of the
base of the forebrain and the middle portions of
the face (1-9). A key feature of holoprosenceph-
aly is that the rostral basal regions of the brain
are the most severely affected and seem to be
involved in all cases (2, 5, 6, 8). We report three
patients in whom the posterior frontal and parietal
regions of the brain are continuous across the
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midline, in spite of separation and nearly normal
development of the base of the forebrain, and
speculate on the embryologic mechanisms of this
anomaly.

Patients and Methods

The three patients ranged in age from 5 months to 22
months at the time of their imaging studies (Table 1). All
three patients presented with failure to achieve normal
milestones in the first year of life. All had normal facies
with normal interorbital distance and normal hypothalamic-
pituitary function. No focal neurologic signs or symptoms
were present in any of the patients. None of the patients
displayed any seizure activity. The eldest patient (patient
3) had poor gross and fine motor control, delayed speech,
and hyperreflexia with increased tone in the lower extrem-
ities at age 22 months.

Patient 1 was studied with computed tomography (CT)
and magnetic resonance (MR), patient 2 was studied with
CT alone, and patient 3 with MR alone. CT scans consisted
of 10-mm contiguous axial images without administration
of intravenous contrast. MR scans consisted of 5-mm (1-
mm gap) sagittal and coronal spin-echo (SE) 500-600/20/
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TABLE 1: Imaging findings
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Patient Age Reason for Dorsal Thalamic Septum Choroid Cortical Hippocampal Corpus
(mo) Presentation Cyst Fusion Pellucidum Plexus Dysplasia Formation Callosum
1 B Developmental Present Present Absent Absent Bilateral Hypo- Absent
delay dif- plastic
fuse
2 11 Developmental Absent Mild Absent Poorly Not Poorly Absent
delay evalu- con- evalu-
ated clu- ated
sive
3 22 Developmental Absent Absent Absent Only in tri- Bilateral Hypo- Absent
delay gone fron- plastic body

tal

2 (TR/TE/excitations) images and axial 5-mm (2.5-mm
gap) SE 2800-3000/30, 80-90/2 images using a 192 X
256 sampling size. Patient 3 had sagittal and coronal
sequences repeated after intravenous administration of
gadolinium-DTPA.

The images were analyzed retrospectively and inde-
pendently by the authors. When referring to areas of the
brain, common anatomical terms such as “frontal” and
“parietal” are used in reference to the portions of the brain
that normally occupy that area within the calvarium. The
authors are aware, however, that the distribution of specific
types of cortex within the brain is altered in holoprosen-
cephaly, as shown by Yakovlev (9); however, no better
terminology has been developed for discussion of the
anatomy of the holoprosencephalic brain.

Results (Table 1)

The imaging studies of all three patients were
characterized by the presence of an interhemi-
spheric fissure anteriorly (in the prefrontal region)
without separation of the hemispheres in the
posterior frontal and parietal regions (Figs. 1-3).
In patients 2 and 3, an interhemispheric fis-
sure was present in the occipital region as well
(Figs. 2 and 3). The anterior falx cerebri was
hypoplastic in all three patients (Figs. 1-3). More-
over, a well-defined corpus callosum and the
choroid plexuses were absent in the portions of
brain at the level of the fused portions of the
cerebral hemispheres. The choroid plexuses were
present in the trigones, subjacent to the separated
occipital lobes, in patients 2 and 3. No definite
choroid plexus was present in the lateral ventri-
cles or third ventricle of patient 1. However, a
small area of tissue isointense to white matter is
located just above the thalamus (Fig. 1C) that
may represent some rudimentary choroid plexus
extending rostrally from the trigone. The hippo-
campal formations were very small in the two
patients (patients 1 and 3) in whom they were

adequately visualized (Figs. 1 and 3). The olfac-
tory sulci were poorly formed in patients 1 and
3, indicating hypoplasia or dysplasia of the rhi-
nencephalon.

In addition to the aforementioned similarities,
many significant differences were noted on the
scans. Patient 1 had a dorsal cyst, a characteristic
finding in severe holoprosencephalies that is be-
lieved by many (5, 10, 11) to be a dorsal extension
of the third ventricle. Patient 1 also had nearly
complete thalamic fusion, another characteristic
of the more severe end of the holoprosencephaly
spectrum. Less complete thalamic fusion was
present in patient 2 (Fig. 2B). Anomalies of neu-
ronal migration were present in patients 1 and
3, with patient 1 much more severely affected
(Fig. 1C). Patient 2 did not show normal arbori-
zation of the white matter and the cortex may be
slightly thickened (Figs. 2B and 2C). However,
we did not feel that the CT images were adequate
to allow definitive diagnosis of a migration anom-
aly. Multiple large masses of heterotopic gray
matter were present bilaterally in the frontal re-
gions of patient 1, with the right side being more
affected than the left. A large infolding of gray
matter extended upward and to the left from the
base of the right frontal lobe, displacing the ho-
loventricle to the left (Fig. 1C). A subdural he-
matoma was present on the right as a result of
shunt placement. Patient 3 had abnormal infold-
ings of dysplastic cortex in the frontal regions
bilaterally and a stripe of gray matter lining the
superior aspect of the holoventricle in the midline
(Fig. 3D). Two other findings of note in patient 3
were the presence of an apparent callosal genu
and splenium in the absence of a callosal body
(Figs. 3A and 3E) and absence of the velum
interpositum. Other than the interhemispheric
fusion, no significant abnormalities were detected
in the CT scan of patient 2. However, as only an



AJNR: 14, March/April 1993

A B

Fig. 1. Patient 1; 5-month-old with developmental delay.
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A, Axial noncontrast CT shows a well-formed anterior interhemispheric fissure (black arrows). A large cyst (white arrows) is seen
posteriorly, continuous with the atrium of the left lateral ventricle. The right lateral ventricle is not seen. The anterior falx cerebri (curved
black arrow) is hypoplastic.

B, Coronal SE 600/20 image shows normal formation of the middle portions of the face. The orbits are in their normal positions.
The anterior interhemispheric fissure is completely formed. The olfactory sulci, which should be at the position demarcated by the
white arrows (see Fig. 3C), are not formed; their absence indicates hypogenesis or dysgenesis of the rhinencephalon. Several blood
vessels (small black arrows) are seen coursing through the large right frontal infolding of dysplastic cortex. The right-sided subdural
hematoma was a result of placement of a shunt catheter in the dorsal cyst.

C, Coronal SE 600/20 image at the level of the midbrain shows interhemispheric fusion (continuity of the gray and white matter
across the midline) superiorly. A large infolding of thickened cortex (solid black arrows) is present in the right side of the brain. The left
hippocampal formation (open white arrow) is hypoplastic. The cortical gyral pattern shows shallow sulci and thickened gray matter,
giving an appearance of pachygyria. A small slip of tissue (small white arrows) is present above the left thalamus; this may represent a

small amount of choroid plexus extending anteriorly from the trigones.

axial CT scan (with 10-mm-thick images) was
available, it is entirely possible that other abnor-
malities were present, but not detectable.

Discussion

Although the associated facial deformities (cy-
clopia, ethmocephaly, cebocephaly) have been
known since antiquity, the holoprosencephalic
brain was first described by Kundrat (12), who
named the malformation arrhinencephaly. Al-
though the name given to the disorder has
changed several times since then (holotelence-
phaly (9), holoprosencephaly (4)), the description
by Kundrat remains an excellent reminder of the
basic defects in patients with holoprosenceph-
aly—lack of formation of the central midline
structures of the face and the rostral medial
portions of the brain. Although the severity of
the malformation can range from mild (“lobar”
holoprosencephaly) to moderate (“semilobar” hol-
oprosencephaly) to severe (“alobar” holoprosen-

cephaly), the most severely affected region of the
brain has consistently been the basal forebrain
(2, 4, 6, 7), leading many authors to postulate
that the primary defect is in the rostral notochord
and the prechordal plate, which produce mesen-
chyme that is believed to influence strongly the
development of the central portions of the face
and the basal forebrain (3, 6, 9).

A lack of induction of the basal forebrain,
however, would be expected to result in a lack of
separation of the rostro-basal portions of the brain
and does not explain the abnormality of the
interhemispheric fissure in the three patients de-
scribed in the present series. Indeed, imaging
studies in all of these patients show separation of
the hemispheres in the basal forebrain region, but
a lack of separation of the cerebral hemispheres
(interhemispheric fusion) in the posterior frontal
and parietal regions. Moreover, the patients in
this study all had normal interorbital distances,
lack of facial deformity, normal hypothalamic-
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A

Fig. 2. Patient 2; 11-month-old with severe developmental delay.
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A, Axial noncontrast CT at the level of the third ventricle shows a relatively normal anterior interhemispheric fissure. The anterior

falx cerebri is not seen, indicating that it is hypoplastic.

B, At the level of the frontal horns of the lateral ventricles, the interhemispheric fissure is more shallow than normal. The septum
pellucidum is absent. The structure (arrows) crossing the midline anterior to the frontal horns looks somewhat like the callosal genu;
however, the structure is of gray matter attenuation and therefore cannot be a commissure.

C, At the level of the centrum ovale, interhemispheric fusion is present in the posterior frontal and parietal lobes. The falx is deficient

anteriorly but present posteriorly (arrows).

pituitary function, and normal pituitary glands,
although mild hypoplasia or dysplasia of the
rhinencephalon was present in patients 1 and 3.
These findings suggest that the brain was less
involved rostrally and basally than dorsally and
posteriorly.

From a clinical perspective, these patients are
difficult to classify; all have clearly dysfunctional
brains, with severe developmental delay evident
from early childhood, and the oldest child mani-
fested spasticity, which might lead to categori-
zation as “cerebral palsy.” This combination of
clinical findings is quite nonspecific and can be
present in acquired disease (hypoxic-ischemic en-
cephalopathy) and a number of congenital malf-
ormations. From a gross pathologic perspective,
however, the presence of interhemispheric fusion
at any part of the cerebrum seems essentially
pathognomonic for some form of holoprosen-
cephaly (6). Moreover, the underlying develop-
mental defect in this disorder may be similar to
that in holoprosencephaly, as outlined below. We
have, therefore, classified this anomaly within the
holoprosencephalies, although we acknowledge
that the diencephalon is separated from the tel-
encephalon in these patients and that “syntelen-

cephaly” may be a more appropriate term for this
disorder.

The embryologic question of how this anomaly
develops and how it relates to more typical hol-
oprosencephalies is complex. In order to specu-
late upon the causes and mechanisms involved
in the anomalous formations of these brains, it is
necessary to review some basic embryology of
the developing brain and its surrounding mesen-
chyme. In this discussion, we will refer to the
timing of events by both their time of occurrence
and the corresponding developmental stage. The
stages are based upon a division of the embryonic
period into 23 consistent stages, as outlined by
O’Rahilly and Muller (13).

The central nervous system is composed of
neuroectodermal tissue that differentiates from
surrounding ectoderm under the influence of the
underlying notochordal process, notochordal
plate, and notochord (14-18). These three struc-
tures are all midline condensations of mesoderm
derived from the primitive streak (15, 16, 19).
The notochordal process, the most rostral of the
three, evolves into the notochordal plate, which
subsequently forms the notochord (15, 16, 19).
Rostral to the notochordal elements lies the pre-
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Fig. 3. Patient 3; 22-month-old with developmental delay.

A, Sagittal SE 500/20 image shows presence of an anterior corpus callosum (genu, open white arrow) and posterior corpus callosum
(splenium, closed white arrow) but the middle portion cannot be identified. Some heterotopic gray matter (open black arrows) lies
above the lateral ventricle where the corpus is absent. Note that the high signal of myelinated white matter is seen above the heterotopia
in the midline, marking the area in which the hemispheres are fused.

B, Coronal SE 500/20 image shows the intact anterior interhemispheric fissure, absence of the olfactory sulci, absence of the anterior
falx, and an azygous anterior cerebral artery (arrow). Compare with normal brain in C.

C, Coronal SE 600/20 image in a normal patient. Arrows point to olfactory sulci. (Compare with B.)

D, Coronal SE 500/20 image shows absence of the middle portion of the falx, interhemispheric fusion, heterotopic gray matter (open
black arrow) overlying the mid portion of the holoventricle, and markedly hypoplastic hippocampi (open white arrows). The lateral
periventricular gray matter (closed black arrows) are the caudate bodies.

E, Axial SE 3000/90 image shows the absence of falx anteriorly, normal falx posteriorly, azygous anterior cerebral artery (white
arrow), and absent septum pellucidum. The small island of gray matter (black arrows) anterior to the callosal splenium may be an

extension of the midline heterotopias seen in D.

chordal plate, a source of mesoderm for the face,
rostral meninges, and cardiac structures (15, 16).

As the midline neural plate thickens, cells at
the junction of the neural ectoderm and more
peripheral cutaneous ectoderm differentiate into
specialized cells, known as the neural crest. The
first neural crest cells can be identified in the area
of the rhombencephalon at embryos of stage 9

(21 days) (16). At stage 10 (22-23 days), during
the initial closure of the neural plate into a neural
tube (17), neural crest cells from the region of
the rhombencephalon begin to migrate ventrolat-
erally to form the ganglia of the cranial nerves
(17).

After closure of the rostral neuropore at stage
11 (23-26 days) and the caudal neuropore at
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Fig. 4. Schematic illustrating the relationship of the interhemispheric mes-
enchyme to the formation of the normal midline structures in the developing
brain. Drawings illustrate the developing brain in a near coronal plane.

A, Stage 15-16 (35-41 days). The cerebral hemispheres are beginning to
grow disproportionately to the midline structures as a result of the growing
germinal matrices (M). The lamina terminalis (L) appears as a triangular structure
in the midline between the developing hemispheres. A small amount of mesen-
chyme is already present in the interhemispheric fissure at this stage. Large white

central area is the cerebral monoventricle (V).

B, Stage 17 (42-44 days). The interhemispheric fissure is deepening (open

curved arrows) as a result of growth of the developing cerebral hemispheres. The monoventricle is separating into two lateral ventricles
(LV). The lamina terminalis (L) remains thin and relatively undifferentiated compared to the hemispheres. Mesenchyme (solid black
arrows) is present in the depths of the interhemispheric fissure, accompanied by developing blood vessels (not shown). The locations
of the developing hippocampus (H) and dentate nucleus (D) are shown. The epithelial lamina (E) will undergo thinning and will be the
site from which the choroid folds and, eventually, the choroid plexuses, will evaginate.

C, Stage 18 (44-47 days). Mesenchyme (Me) is now abundant in the interhemispheric fissure. The falx cerebri and the anterior
cerebral arteries will form from this mesenchyme. The epithelial lamina (E) begin to evaginate bilaterally into the lateral ventricles,
along with mesenchyme from the interhemispheric fissure, to form the plexus folds (PF).

D, Stage 23 (57 days). At the end of the embryonic period, a well-established interhemispheric fissure (F) is present and filled with
mesenchyme. The choroid plexuses (CP) are formed and sit within the lateral ventricles. Although the surface of the choroid is formed
from ectoderm, the stroma is formed from mesenchyme. The commissural plate will eventually form in the depths of the interhemispheric

fissure; fibers of the corpus callosum, anterior commissure, and hippocampal commissure will eventually cross through this plate.

stage 12 (26-30 days) (18, 20, 21), neural crest
cells differentiate in the neural tube at the level
of the mesencephalon and caudal diencephalon.
Moreover, mesenchyme, perhaps from the mes-
encephalic neural crest or from the prechordal
plate, is present ventral to mesencephalon (22).

Stage 13 (28-32 days) is noteworthy for the
development of a “sheath” of mesenchyme
around the notochord (22), further extension of
the mesenchyme around the base of the brain
(23), and the initial appearance of the commis-
sural plate in the most rostral portion of the brain
(23). The commissural plate lies between the
anterior portions of evaginating cerebral hemi-
spheres. It differentiates from the posterior aspect
of the primitive lamina terminalis (which remains
thin and undeveloped) and will eventually become
an area that promotes ingrowth of developing
commissural fibres (24, 25).

Mesenchyme continues to engulf the brain and,
by stage 14 (31-34 days), surrounds the entire

telencephalon, even ventrally (22). Mesoderm
from the prechordal plate and mesenchymal
sheath of the notochord migrate to the area where
the medial part of the tentorium will form. The
initial portion of the interhemispheric fissure de-
velops at the most rostral telencephalon at this
time (26).

During stages 15-17 (35-44 days), the inter-
hemispheric fissure develops further posteriorly
and deepens as a result of disproportionate
growth of the evaginating cerebral hemispheres
(which are expanding posterolaterally) and the
midline telencephalic structures (lamina termi-
nalis, commissural plate, and telencephalon
medium) (18, 22, 25, 27-29). At the same time
that the interhemispheric fissure is developing
posteriorly, the commissural plate is growing pos-
teriorly, and the interhemispheric fissure is be-
coming filled by mesenchyme (Figs. 4A and 4B)
(18, 22, 27-29). The commissural plate seems to
form as a result of transformation of the thin
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midline wall of the telencephalon known as the
velum transversum (18, 25). Immediately lateral
to the velum transversum and medial to the
developing hippocampus in the region of the
paraphysis (immediately posterior to the com-
missural plate), the velum transversum differen-
tiates into the epithelial lamina, a very thin layer
of tissue from which the choroid plexuses will
develop (30, 31). The mesenchyme for the future
chondrocranium is in the process of condensing
(22).

During stages 18-21 (44-54 days), the epithe-
lial lamina bilaterally begin to evaginate into the
developing lateral ventricles, together with men-
inx from the interhemispheric fissure, to form the
plexus folds, which will become the choroid plex-
uses of the lateral ventricles (Figs. 4C and 4D)
(30, 31). The falx cerebri begins to form in two
separate portions, condensing from mesenchyme
in continuity with the developing anterior skull-
base rostrally and from a continuation of the
tentorium cerebelli caudally (22, 32). The two
portions unite in the early fetal period.

With this embryologic background, it is possi-
ble to speculate upon the events that lead to the
brain deformities in the patients reported herein.
The key question in this regard concerns the
normal mechanism of formation of the interhem-
ispheric fissure. The absence of the interhemi-
spheric fissure is clearly the key to the overall
deformity. In its absence, the falx cerebri cannot
form, the commissural plate (and thus the corpus
callosum) cannot form, and the epithelial laminae
cannot evaginate into the ventricles to form the
choroid plexuses. Moreover, as the hippocampus
forms within the medial telencephalon directly
lateral to the epithelial lamina (ie, within the
interhemispheric fissure), the lack of interhemi-
spheric fissure development is likely related to
the hypoplastic hippocampi in these patients, as
well.

We suggest that the lack of formation of the
interhemispheric fissure is the result of a paucity
of mesenchyme surrounding the telencephalon,
both in the patients described herein and in clas-
sical cases of holoprosencephaly. Abundant evi-
dence exists for a paucity of mesenchyme in
classical holoprosencephaly. The mid portions of
the face, anterior skullbase and anterior falx cer-
ebri, which are deficient in holoprosencephalies,
normally arise from mesenchyme of the prechor-
dal plate, possibly augmented by mesenchyme
from neural crest cells (5, 22, 32, 33). The ganglia
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of the cranial nerves have been found to be of
reduced size in holoprosencephalic embryos;
these ganglia are composed of mesenchyme that
derives from mesencephalic neural crest (7). The
medial aspects of the tentorium cerebelli, also
deficient in holoprosencephalic embryos (7), de-
rive from mesenchyme of the prechordal plate,
mesencephalic neural crest, and, perhaps, the
notochordal sheath (7, 22). The olfactory axons
develop from prechordal mesenchyme in nasal
mucosa, then elongate toward the ventral surface
of the telencephalon where they induce the olfac-
tory tracts and bulbs to evaginate (3, 34); the
olfactory system, too, is deficient in most cases
of classical holoprosencephaly. Moreover, mes-
enchyme from the prechordal plate is suspected
to have a large role in the induction of the basal
medial forebrain, including the optic, commis-
sural, and septal primordia, as well as the ade-
nohypophysis (3, 33, 35-37).

The question that has not been addressed pre-
viously concerns the role of mesenchyme in the
differentiation of the telencephalon. That is, why
do germinal matrices normally form in regions
away from the midline, resulting in formation of
the cerebral hemispheres, while the midline of the
telencephalon (velum transversum) persists as a
thin layer of tissue? The cerebral hemispheres
begin to evaginate from the telencephalon at
stage 14 (26) at the same time that the telen-
cephalon becomes completely surrounded by
mesenchyme (22), an association that is unlikely
to be coincidental. Indeed, precedent exists for
the influence of mesenchyme upon the develop-
ing neural ectoderm, including induction of the
differentiation of neural cells. In addition to the
aforementioned examples of mesenchymal in-
duction of the rostral medial forebrain and the
olfactory bulbs, the mesenchyme surrounding the
rhombencephalon has been shown to influence
strongly cerebellar development (38, 39) and the
notochord induces the differentiation of the floor
plate of the neural tube (14). Whether the mes-
enchyme promotes the differentiation and evag-
ination of the developing hemisphere, inhibits the
differentiation of the velum transversum, or both,
cannot be deduced from the available data.

Based upon data available in embryologic,
pathologic, and radiologic literature, one can pos-
tulate that the degree of brain development in
classical holoprosencephaly correlates with the
severity of deficiency of mesenchyme. The most
severely affected individuals have absence of
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midfacial structures, absence of many medial
basal forebrain structures, deficiency of the skull
base, absence of the interhemispheric fissure,
absent telencephalic commissures, and absent
falx cerebri; whereas less severely affected pa-
tients have less severe facial and skull base de-
formities, presence of more normal medial basal
forebrain structures, a posterior interhemispheric
fissure, a posterior falx cerebri, and a posterior
corpus callosum (2, 5, 8). The less severely af-
fected patients of the holoprosencephaly spec-
trum, it appears, have more mesenchyme
posteriorly, where the mesenchyme is of mesen-
cephalic neural crest and notochordal sheath, as
opposed to prechordal plate, origin. In contradis-
tinction, the patients reported herein appeared to
have relatively normal formation of the face,
skullbase, and basal forebrain (areas that derive
from the more rostral prechordal mesenchyme)
and significant abnormalities more posteriorly in
the posterior frontal and parietal regions. There-
fore, we suggest that the malformations of these
patients resulted from a deficiency of mesen-
chyme that was predominantly restricted to the
posterior frontal and parietal regions.

The fact that other brain anomalies are present
in the same region as the interhemispheric fusion
supports the concept of the localized lack of
mesenchyme as the underlying disorder in the
patients of this series. The anterior falx is hypo-
plastic in all three patients and the anterior cere-
bral artery is azygous in two of the three. Both
the cerebral arteries and the falx derive from
mesenchyme, pointing to a mesenchymal abnor-
mality anterior to the site, as well as at the site,
of hemispheric fusion. The corpus callosum is
absent at the site of hemispheric fusion, which
may result from the lack of interhemispheric
fissure formation or, possibly, a lack of direct
interaction of the velum transversum with the
mesenchyme. This point will be elaborated upon
below. Finally, two of our patients have hetero-
topic gray matter on the superior surface of the
ventricle in the midline (where the corpus cal-
losum is normally located). As a germinal zone is
not present in the dorsal midline in normal brains,
this heterotopic gray matter most likely resulted
from ectopic germinal tissue, which we suggest
is caused by abnormality of the surrounding mid-
line mesenchyme. Putting all this information
together, we postulate that these patients had
diminished migration of mesenchyme to the mid-
portion of the midline telencephalon, most likely
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as a result of slightly diminished or faulty mes-
enchymal production by the prechordal plate.
The localized lack of mesenchyme results in dis-
turbed development of the underlying brain with
germinal matrix developing in the midline and the
formation of a continuous cerebral hemisphere
without an interhemispheric fissure (interhemi-
spheric fusion). The localized lack of inter-
hemispheric fissure and mesenchyme results in a
localized lack of formation of the epithelial lam-
ina, with subsequent absence of local choroid
plexus development, lack of formation of the
corresponding portion of the commissural plate,
and lack of formation of a portion of the corpus
callosum.

The presence of the anterior and posterior
portions of the corpus callosum in the setting of
absence of the callosal body in patient 3 raises
questions concerning the proposed mechanisms
of callosal formation. Previous authors (24, 40-
42) have speculated that callosal formation re-
sults from the navigation of specialized pioneer
axons through the developing hemispheres and
commissural plate (43). Other axons are believed
to follow surface markers on the surface of the
pioneer axons by a process known as fascicula-
tion (44, 45). An important concept of these
theories is that the corpus callosum forms as a
result of, and in continuity with, the previously
formed adjacent portions. The findings in patient
3 suggest that, to the contrary, the formation of
the corpus callosum may be related more to the
formation of the interhemispheric fissure than to
the presence of adjacent callosal bundles. Indeed,
patient 3 and other cases we have examined (2,
46), suggest that a discrete callosal bundle will
not form in the absence of a normal interhemi-
spheric fissure containing normal mesenchyme.
If the interhemispheric fissure contains abnormal
mesenchyme that ultimately forms a lipoma, the
corpus does not form in the area of the lipoma
(46). Moreover, when the interhemispheric fissure
and normal mesenchyme reappeared more pos-
teriorly in patient 3, the discrete interhemispheric
callosal bundle reappeared as well. Thus, it ap-
pears that the “guideposts” in the developing
brain and interhemispheric fissure that interact
with the growth cones and guide the pioneer
callosal axons across the midline of the brain (43)
are dependent upon the formation of an inter-
hemispheric fissure and the normal mesenchyme
within it. It is not clear whether transhemispheric
association axons migrate across the midline to
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their normal destinations on the contralateral side
of the holoprosencephalic brain in the absence of
a true corpus callosum. Tracer experiments using
horseradish peroxidase in holoprosencephalic
brains would be useful in answering this question.
(When horseradish peroxidase is deposited upon
the surface of the brain, it is absorbed into axons
by pinocytosis. It then is transported via retro-
grade axonal transport to the cell body. It can,
therefore, be used as a means to find the cell
body from which an axon arises (47).)

To summarize, we describe imaging findings in
three patients who have apparently normal an-
terior interhemispheric fissures in the rostral me-
dial aspects of the cerebral hemispheres and
interhemispheric fusion further posteriorly. Al-
though these patients seem to be best classified
as having holoprosencephaly, the pattern of fu-
sion in their brains is clearly different from the
patterns seen in all previously reported cases of
holoprosencephaly, in which the rostral medial
portions of the brain have been the most severely
affected and the dorsal lateral portions the least
affected. An embryologic explanation for this
pattern of brain malformation is postulated in
which the primary defect may be deficiency or
dysplasia of mesenchyme.
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