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Case Report

Coexistent Holoprosencephaly and Chiari II
Malformation

Nancy Rollins, Jeanne Joglar, and Jeffery Perlman

Summary: Chiari II malformations and holoprosencephaly
have been considered to be brain malformations that differ
with respect to teratogenic insult, embryologic mechanism,
and morphology. We herein describe coexistent Chiari II
malformation and holoprosencephaly that occurred in a vi-
able infant. A review of the literature regarding Chiari II
malformations and holoprosencephaly suggests that a dis-
turbance to the mesenchyme in early embryologic life may
be the cause of both malformations.

Meningomyelocele and the almost invariable co-
existent Chiari II malformation constitute one of
the most common severe CNS malformations.
Holoprosencephaly is a less common but equally
complex CNS malformation. According to the em-
bryologic literature, Chiari II malformation and
holoprosencephaly differ with respect to timing of
the teratogenic insult and the proposed develop-
mental aberration (1, 2). We herein report a live-
born infant with a lumbar myelomeningocele and
Chiari II malformation associated with holoprosen-
cephaly. To the best of our knowledge, this is the
first reported occurrence in a viable infant.

Case Report
A Hispanic female patient was born at term to a 19-year-

old G1P0 mother by uncomplicated vaginal delivery. The par-
ents were not consanguineous. The mother reported no prob-
lems during pregnancy, although there was no prenatal care on
record. The mother was mildly retarded and had a midline
nasal furrow. The infant’s birth weight was 2830 g. The infant
had spontaneous respiration and was stable with Apgar scores
of 8 and 8 at 1 and 5 minutes, respectively, after birth. An
open-lumbar myelomeningocele was noted at birth along with
flaccid lower extremities, diminished anal wink, a shallow
sloping forehead, and otherwise normal facies. The head cir-
cumference was 32 cm (15th percentile). Cranial sonography
showed dilation of the lateral ventricles and temporal horns,
thalamic fusion, and incomplete separation of the frontal cor-
tex. The myelomeningocele was closed on day 1 of life, and
a ventriculoperitoneal shunt for progressive hydrocephalus was
placed on day 5 of life. The patient fed poorly but had no
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episodes of hypothalamic or pituitary dysfunction. Intermittent
episodes of apnea prompted MR imaging at 3 weeks of age.

MR imaging was performed without sedation on a 1.5-T unit
using T1-weighted spin-echo sequences in the sagittal and ax-
ial planes and a T2-weighted axial fast spin-echo sequence.
Sagittal images showed cerebellar hypoplasia with caudal her-
niation of the cerebellum down to the posterior arch of C3, an
attenuated caudally displaced fourth ventricle, and a beaked
tectal plate, consistent with a Chiari II malformation (Fig 1A).
The supraoptic recess, anterior third ventricle, lamina termin-
alis, and anterior commissure were present, although the an-
terior commissure projected into the third ventricle and ap-
peared duplicated. Axial images showed fusion of the posterior
frontal cortex and white matter, septal and callosal agenesis,
absent interhemispheric falx, and dorsal thalamic fusion, con-
sistent with holoprosencephaly (Fig 1B), most likely of the
lobar type. There were no anomalous midline cysts. Despite
counseling regarding the infant’s poor prognosis, the mother
requested further treatment for the child’s intermittent apneic
episodes. Therefore, suboccipital decompression and upper
cervical laminectomy were performed with placement of a du-
ral patch at 4 weeks of age. The apnea improved postopera-
tively, and the patient was discharged home at 6 weeks of age.
The subsequent clinical course was marked by microcephaly,
seizures, global developmental delay, and intermittent apnea.
Repeat MR imaging performed at 13 months of age with the
patient under general anesthesia (Fig 1C) showed the abnor-
malities observed on the initial MR images as well as diffuse
cortical dysplasia, absent olfactory sulci with hypoplasia of the
olfactory nerves, and hypoplastic hippocampi. The results of
the chromosomal analysis were normal.

Discussion
This is the first reported case of a Chiari II mal-

formation and holoprosencephaly in a liveborn in-
fant. These malformations have been reported to
coexist in nonviable products of gestation. Osaka
et al (3) studied 92 human embryos or fetuses with
myeloschisis that were products of spontaneous or
therapeutic abortions. Myeloschisis was defined as
eversion and overgrowth of the unfused neural
plate. Eighteen of the 92 embryos or fetuses with
myeloschisis had holoprosencephaly. The diagnosis
of holoprosencephaly was based on characteristic
facial anomalies, including cyclopia, proboscis, and
hypotelorism associated with disturbed diverticu-
lation of the prosencephalon. The prosencephalic
defects were not further characterized. The embry-
os with myeloschisis showed a higher incidence of
holoprosencephaly than did the fetuses with mye-
loschisis, suggesting that the malformations were
incompatible with later fetal development. None of
the embryos with myeloschisis showed evidence of
hydrocephalous or a Chiari II malformation, indi-
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FIG 1. MR images from a case of coexistent Chiari II malformation and holoprosencephaly that occurred in a viable infant.
A, Stigmata of the Chiari II malformation. Sagittal T1-weighted MR image shows elongated caudally displaced effaced fourth ventricle

and caudal herniation of the cerebellum.
B, Manifestations of holoprosencephaly. Axial T1-weighted MR image shows absent interhemispheric falx and partial fusion of frontal

cortex and white matter.
C, Follow-up image obtained at 13 months of age. Sagittal T1-weighted MR image shows poor myelination and extensive polymicro-

gyria along the mesial surfaces of the cerebral hemispheres. Arrow indicates the large massa intermedia.

cating that the developmental aberrations that result
in Chiari II malformation occur later in embryo-
logic development or in early fetal life (3). The
severity of these coexistent malformations is usu-
ally incompatible with life and presumably ac-
counts for the rarity with which these malforma-
tions are reported to occur together. Other cases of
holoprosencephaly associated with spinal anoma-
lies include a liveborn term male infant with caudal
regression, renal and cardiac anomalies, and lobar
holoprosencephaly and a stillborn female infant
with a lumbar meningocele, cebocephaly, and alo-
bar holoprosencephaly (4, 5).

Morphologic abnormalities common to holopro-
sencephaly and Chiari II malformation include dys-
plasias of cytoarchitecture, dysgenetic or absent
corpus callosum and midline structures, and hydro-
cephalus of variable severity (2, 6). These abnor-
malities are nonspecific and occur in association
with numerous syndromic and nonsyndromic ce-
rebral malformations. The most intriguing similar-
ity between the two entities is the thickened massa
intermedia common in cases of Chiari II malfor-
mation and the dorsal thalamic fusion usually pres-
ent in the variants of holoprosencephaly. Yakovlev
(7) commented that holoprosencephaly is charac-
terized by ventral and anterior thalami, which are
bilateral and separate, whereas the medial dorsal,
centrum medium, and midline nuclei form an un-
divided median mass. This undivided median mass
presumably represents the thickened massa inter-
media common in cases of Chiari II malformation.
The mass intermedia may be so thickened in pa-
tients with Chiari II malformations that the caudal
thalami appear virtually fused. Frank atresia of the
third ventricle has been associated with myelod-
ysplasia and Chiari II malformations. Gilbert et al
(6) reported that four of 25 autopsied patients with
myelomeningocele had atresia of the third ventri-
cle, although no mention was made of incomplete

separation of the cerebral hemisphere or other stig-
mata of holoprosencephaly.

The most commonly accepted unifying theory
for the embryologic aberration causing Chiari II
malformation was proposed by McLone and Knep-
per (1), who concluded that the intracranial abnor-
malities found in patients with myelomeningoceles
and Chiari II malformations are the result of in-
complete closure of the neural tube and the resul-
tant mechanical derangements. Failure of neural
tube closure is thought to prevent the transient clo-
sure of the central canal that is essential for disten-
sion of the primitive ventricular system, and lack
of mechanical support for the developing cerebrum
results in cerebral dysgenesis. McClone and Knep-
per (1) suggested that the small third ventricle fre-
quently observed in patients with Chiari II malfor-
mations results from failure of overall ventricular
distension during embryologic life; the thalami re-
main approximated in contact to form a large massa
intermedia. Embryologic studies, however, indicate
the thalami are derived from thickened lateral walls
of the original caudal prosencephalic vesicle and
therefore form as paired structures that undergo
secondary fusion, united by a bridge across the me-
dian plane, forming the massa intermedia (8). The
hypothesis presented by McClone and Knepper (1)
about failure of closure of the central canal does
not account for the diverse concomitant malfor-
mations of cytoarchitecture and midline structures
that are common in cases of Chiari II malformation
nor does it account for the numerous associated vis-
ceral malformations. In their work regarding the
delayed Splotch mouse embryo with sacral neural
tube defects, McClone and Knepper (1) observed
differences in the time and type of expression of
several glycoproteins on the cell surfaces and with-
in the extracellular matrix and concluded that de-
fective neurulation was the result of an aberration
in carbohydrate appearance or expression. The con-
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comitant cerebral and cranial malformations that
constitute Chiari II malformation may also arise
from this defective glycosylation of cells, which is
presumably not limited to the site of defective neu-
rulation and tube closure but is found in cells
throughout the embryo.

There is less unanimity of opinion regarding the
cause of holoprosencephaly than there is regarding
the cause of Chiari II malformation. The teratogen-
ic insult or the expression of defective genetic en-
coding, which results in holoprosencephaly, occurs
by the fourth week after conception (9). According
to Probst (2), holoprosencephaly is the result of se-
vere median prosencephalic dysgenesis under the
organizing influence of prechordal mesoderm,
whereas Muller and O’Rahilly (9) concluded that
an early defect in the mesencephalic neural crest
may be the genesis of holoprosencephaly. Leech
and Shuman (10) suggested that aprosencephaly,
holoprosencephaly, septo-optic dysplasia, and
agenesis of the corpus callosum constitute a spec-
trum of anomalies caused by maldevelopment of
the prosencephalon but stated that holoprosence-
phaly cannot represent a failure of evagination of
the telencephalic vesicles or failure of cleavage of
the prosencephalon or both. Barkovich and Quint
(11) suggested that lack of formation of the inter-
hemispheric fissure is the pivotal anomaly in holo-
prosencephaly and that it results from the paucity
of mesenchyme that normally invests the deepening
interhemispheric groove separating the developing
cerebral hemispheres.

The extreme variability in clinical presentation
of holoprosencephaly is notable, and the anatomic
abnormalities considered diagnostic of holoprosen-
cephaly vary according to the series of specimens
studied (2, 7, 9211). Muller and O’Rahilly (9) stat-
ed that an undivided telencephalon is the hallmark
of the prosencephalic defects, whereas fusion of the
thalami is an inconstant finding. Probst (2) con-
cluded that the prosencephalic defects were invari-
ably associated with some degree of thalamic fu-
sion. Dorsal thalamic fusion, however, is known to
occur in the absence of fusion of the frontal lobes,
and frontal lobe fusion may occur without dorsal
thalamic fusion. Yakovlev (7) noted profound dis-
organization of the mesodermal and ectodermal tis-
sue derivatives of the rostral median zone of the
prosencephalic plate. The most extreme disorgani-
zation was within the frontal lobes (that portion of
the brain most intimately related in development to
the prosencephalic plate), whereas the dorsal and
caudal portions of the cerebral mantle were often
relatively normal. This regional selectivity of fail-
ure of midline cleavage may explain the apparent
preservation of dorsal midline commisural fibers
reported in some cases of holoprosencephaly (12).
An unusual variant of lobar holoprosencephaly
characterized by preservation of portions of the
commisural fibers of the corpus callosum and fu-
sion of the middle portions of the cerebral hemi-

spheres, with and without thalamic fusion, has been
described by Barkovich and Quint (11).

The role of mesenchyme in the pathogenesis of
Chiari II malformation has not been addressed in
the literature. Mesenchyme is an unorganized mass
of pluripotential cells in a gelatinous matrix, which
derives from the prechordal plate, primitive streak,
and neural crest (8). Mesenchyme appears before
closure of the neural folds; proliferation of paraxial
mesenchyme causes elevation of neural folds,
which precedes closure of the neural tube approx-
imately 22 days after conception (8). The impor-
tance of the supportive role of mesenchyme in the
initial phase of neurulation in the rat has been
stressed by embryologists who note that mesenchy-
mal deficiency may prevent further neurulation
(13). Mesenchyme proliferates around the brain
stem and surrounds the telencephalon filling the in-
terhemispheric fissure and will eventually provide
support for the interhemispheric falx and commis-
sural fibers that connect the cerebral hemispheres
across the midline. Between 37 and 41 days, the
entire brain is surrounded by mesenchyme (8).
Mesenchymal condensations in the basal areas of
the developing brain are the precursors of the future
chondrocranium (8). Mesenchyme invests the roof
of the fourth ventricle and gives rise to the tento-
rium, meninges, and cranial nerve ganglia. Ulti-
mately, mesenchyme will ensheath the neural tube
along its entire course. Differentiation and special-
ization of mesenchyme, when it arrives at its final
destination, depends on cellular neighbors, whereas
mesenchyme also induces and controls differenti-
ation of adjacent cells. Thus, the expression of the
normal developmental potential of the neuroecto-
derm is critically dependent on the ontologenic in-
tegrity of the supporting mesenchyme. Support for
this concept is illustrated in studies in which de-
struction of cerebellar meningeal cells with hy-
droxydopamine in hamsters prevents normal lami-
nation and folia formation in the cerebellum and
disorganization of medullary fibers (14). Chiari II
malformation is characterized by mesodermal dys-
plasia and premature condensation of the basilar
skull anlagen, small and dysplastic lower cranial
nerve ganglia, deficient tentorium cerebelli, hypo-
plastic and dysmorphic cerebellum, and thickened
basal meninges (6). These anomalies all are attrib-
utable to defective or deficient mesenchyme, which
presumably deprived the skull base, hindbrain, and
rhombencephalon of normal inductive effects.

Investigators have chosen to stress the morpho-
logic differences in complex CNS malformations
and to devise a classification based on differences
rather than similarities; hence the classic teaching
that holoprosencephaly and Chiari II malformation
differ in mechanism, timing, and morphology. Just
as Barkovich and Quint (11) suggested that anom-
alies of mesenchyme account for the holoprosen-
cephalies, defective or deficient mesenchyme may
also account for Chiari II malformation.
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