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Radiologic-Pathologic Correlation 
Alobar Holoprosencephaly 

Mauricio Castillo, 1 Thomas W. Bouldin, James H. Scat/iff, and Kinuko Suzuki 

Case Report 

After 37 weeks of gestation, a girl was born 
at another institution to a 33-year-old mother. 
Apgar scores were 8 at 1 minute and 9 at 5 
minutes. Prenatal history included occasional 
use of alcohol and a 7-year-old sibling with a 
brain-stem glioma and secondary hydroceph­
alus. Ultrasound obtained during the second 
trimester showed a single cerebral ventricle and 
microcephaly. 

Physical examination of the infant showed a 
head circumference of 29.7 em (expected: 35.9 
em), cleft upper lip and palate, one nostril, poor 
muscle tone, and poor sucking reflex (Fig 1). 
Ultrasound showed a large monoventricle and 
fused thalami compatible with alobar holopros­
encephaly (Fig 2). During the second day of 
life she developed generalized tonic-clonic sei­
zures and tachycardia, both refractory to mul­
tiple medications. Her karyotype was normal 
(46XX). The patient was discharged and died 
at 5 months of age. The body was sent to our 
institution for autopsy. 

Postmortem examination revealed a small, 
malformed brain weighing 184 g (expected 
weight: 730 g) . The cerebrum lacked an inter­
hemispheric fissure (Fig 3). There was a single 
ventricle with no septum pellucidum (Fig 4A). 
The corpus callosum and the olfactory tracts 
were absent. Sections of the brain stem and 
spinal cord showed severe hypoplasia of the 
corticospinal tracts. 

Received January 22, 1993; revision requested April 8, received 

April 23, and accepted May 12. 
From the Department of Radiology, Section of Neuroradiology 

(MC, JHS), and Department of Pathology, Section of Neuropathology 

(TWB, KS), School of Medicine, University of North Carolina, Chapel 

Hill, NC 27599 
1 Address reprint requests to: M. Castillo, MD, Radiology, CB 7510, 

University of North Carolina at Chapel Hill , Chapel Hill , NC 27599-
7510. 

Index terms: Holoprosencephaly; t:!rain , magnetic resonance; Brain, 

abnormalities and anomalies; Radiologic-pathologic correlations 

AJNR 14:1151-1 156, Sep/ Oct 1993 0195-6108/ 93/ 1405-1151 
© American Society of Neuroradiology 

Before sectioning of the brain, a magnetic 
resonance (MR) study was done. Coronal and 
axial T1-weighted images showed a large 
horseshoe-shaped monoventricle, continuation 
of the gray and white matter across the midline, 
and fused thalami (Figs 48 and 4C). Sagittal 
T1-weighted images better demonstrated the 
small size of the cerebrum as well as a smooth 
cortex (Fig 4D). 

Discussion 

The anterior neuropore closes at approxi­
mately the 25th day of intrauterine life (1). At 
this time, three distinct brain vesicles develop. 
The most rostral one is known as the prosen­
cephalon or forebrain. The forebrain then di­
vides into the telencephalon, which gives origin 
to the cerebral hemispheres and the striatum 
(putamina and caudate nuclei) and into the 
diencephalon, which gives origin to the thal­
ami, hypothalamus, and globus pallidus. Com­
plete division of the telencephalon into cerebral 
hemispheres occurs by the fifth month of ges­
tation. Portions of the brain located in the 
midline of the early differentiating hemispheres 
form the lamina terminalis, whose presence is 
imperative for the formation of a normal cor­
pus callosum (2). In the holoprosencephalies 
there is failure of "cleavage" of the prosence­
phalon into discrete telencephalic and dience­
phalic structures ( 1 ). The failure of cleavage 
may vary from partial to complete and thus 
may give rise to a spectrum of abnormalities 
ranging from a brain with simple fusion of the 
thalami to a brain with unrecognizable hemi­
spheres and the presence of a single horseshoe­
shaped monoventricle (Fig 5). In the most se­
vere expressions of holoprosencephaly , the in­
terhemispheric fissure is absent and the falx is 
not formed. This lack of midline separation 
leads to abnormal formation of the lamina 
terminalis (and therefore the lamina reuniens), 
which in turn results in abnormalities of the 
corpus callosum ranging from total absence to 
abnormal formation of its anterior aspects (ros-
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Fig. 1 . Photograph of the child showing marked microce­
phaly and a rudimentary nose with a single enlarged nostril 
(cebocephaly). Hypotelorism and a cleft upper lip are also 
seen. 

Fig. 2. Transfontanelle coronal sonogram demonstrates a 
large horseshoe-shaped monoventricle ( v) . The thalami are 
fused (arrows). There is no corpus callosum, and there is 
continuation of the gray and white matter across the midline, 
as well as absence of the interhemispheric fissure. 

trum and genu). The holoprosencephalies are 
the only anomalies in which isolated agenesis 
of the anterior segments of the corpus callosum 
are present, whereas it is typically the posterior 
aspect of the corpus callosum that is mal­
formed in partial agenesis of the corpus cal­
losum (1). The corpus callosum is, however, 
normally formed in the mildest forms of holo­
prosencephaly. 

The formation of the face parallels the for­
mation of the forebrain , with which it is inti­
mately associated. As the rostral neuropore 
closes, paired nasal and optic fields appear (3). 

AJNR: 14, September/October 1993 

Normal formation of the prosencephalon in­
duces the adjacent ectoderm to form the nasal 
pia codes. Similarly, the prosencephalon also 
induces the formation of the optic placodes. 
Stimulation of the surrounding mesenchyme 
eventually leads to the formation of the fron­
tonasal processes and of the nasal passages. In 
turn, the formation of the optic and olfactory 
centers induces maturation of the maxillary 
processes, which are the structures ultimately 
responsible for the formation of the face. Al­
terations in this sequence of events leads to 
hypoplastic facial features that may accom­
pany holoprosencephaly. 

Holoprosencephaly occurs in 1 in 16,000 
live births and is associated with the presence 
of maternal diabetes, bleeding during early 
pregnancy, dizygotic twinning, in vitro radia­
tion exposure, and several chromosomal ab­
normalities (trisomies 13 and 15, 13q syn­
drome, deletion of the short arm of chromo­
some 18, and Meckel and Kallmann 
syndromes) (4, 5). 

Classification and Clinical Features 

Traditionally, holoprosencephalies have 
been divided into three distinct types: alobar, 
semilobar, and lobar. Alobar holoprosenceph­
aly is the most severe type and has the worst 
prognosis (6). In these patients, facial anoma­
lies are common, although occasionally the 
face may be normal. Greater differentiation of 
the brain is present in the semilobar type, with 
partial separation of the hemispheres and ru-

Fig. 3 . View of the brain from above shows the presence 
of a shallow and underdeveloped interhemispheric fissure 
(curved arrows) posteriorly. The interhemispheric fissure is 
absent anteriorly . The gyral pattern is abnormal in that normal 
gyri are replaced by broad, somewhat smooth gyri, suggesting 
pachygyria . 
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Fig. 4. A, Two coronal sections of the fixed brain. The upper section shows the fused thalami ( 7) as well as the mono ventricle. 
There is continuation of white matter across the midline but no corpus callosum. A rudimentary interhemispheric fissure 
(arrowheads) is present and seen in both sections. 

B, Postmortem axial MR T1-weighted image (600/20) clearly shows continuation of the gray and white matter in the frontal 
lobes and the monoventricle. No septum pellucidum or interhemispheric fissure are seen. 

C, Postmortem coronal MR T1-weighted image (600/20/2) (repetition time/echo time/ excitations) at a level comparable to 
the section of the brain shown superiorly in Fig 1 A. The thalami ( 7) are fused. Pachygyria is present. 

D, Postmortem sagittal MR T1-weighted image (600/20) shows pachygyria and absence of the third ventricle. 

dimentary lobes (7). The olfactory bulbs and 
tracts are typically absent in the holoprosen­
cephalies, hence the term arrhinencephaly (4). 
The lobar type is the least severe of the holo­
prosencephalies. Facial abnormalities are com­
monly absent, and some authors group it to­
gether with the septo-optic dysplasias (8) 

It has been stated that the "face predicts the 
brain" (9). However, the opposite is not true. 
Facial abnormalities are associated only with 
the alobar and semilobar types of holoprosen­
cephalies. DeMyer (9) has classified these facial 

anomalies into: 1) cyclopia-median single ru­
dimentary orbit, may also have a proboscis; 2) 
ethmocephaly-two orbits and a proboscis; 3) 
cebocephaly-two orbits, rudimentary nose 
with a single nostril; 4) median cleft lip with 
hypotelorism; and 5) hypotelorism. 

Holoprosencephalies need to be distin­
guished from the median cleft-face syndrome, 
in which there is nose and/or lip clefting, hy­
pertelorism, dysgenesis of the corpus callosum, 
and midline intracranial lipomas (6) . In alobar 
and semilobar holoprosencephalies the nasal 
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Fig. 5. Axial view.of a fixed brain specimen from a different 
patient with alobar holoprosencephaly. The monoventricle is 
well seen. Anteriorly, there is continuation of gray and white 
matter with no interhemispheric fissure. The thalami ( T) are 
fused. Pachygyria is present. (Reprinted with permission from 
Ref. 6.) 

bridge is always flat. A proboscis (from the 
Greek proboscis for trunk) refers to a tubular 
soft-tissue structure situated in the midline of 
the face and always associated with abnormal 
formation of the nasal passages (3). A lateral 
proboscis is not associated with holoprosen­
cephaly. In alobar and semilobar holoprosen­
cephalies the premaxillary segment of the face 
is hypoplastic and leads to hypotelorism ( 1 ). 
The premaxillary segment also may be in­
volved, giving origin to maxillary agenesis. A 
single midline incisor may be present. 

Patients with alobar holoprosencephaly ex­
hibit minimal motor and sensory activities and 
always have seizures (6). As stated earlier, the 
prognosis is very poor. Other common clinical 
features (which also can be seen in the less 
severe holoprosencephalies) include spasticity, 
athetoid movements, and mental retardation. 

Imaging Features 

Alobar Holoprosencephaly 

Patients are microcephalic , and the brain 
resembles a single, somewhat flattened bulb 
( 1 0). Externally, the interhemispheric fissure 
and the falx cerebri are absent. The brain itself 
is located in the rostral-most aspect of the 
cranial vault. Midline sections show continua­
tion (fusion) of gray and white matter across 
the midline {Figs 2, 4A, 48, and 4C). The 
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cortical sulci are not well formed (Fig 4D). 
Histologically, the cortex is abnormally formed 
(11). Heterotopic gray matter may be seen, 
especially in the region of the suprasellar struc­
tures, the lateral ventricles, and the cerebellum. 
The corpus callosum is absent. A dorsal inter­
hemispheric cyst may be present ( 1 ). These 
cysts may attain very large size, and they may 
be isolated or arise from a ballooned third 
ventricle. A large horseshoe-shaped, single 
ventricle is present (4) (Fig 5). The septum 
pellucidum is absent. Inferiorly, the thalami are 
fused (Figs 2 and 48). The olfactory bulbs and 
tracts are not present (4). 

The anterior cerebral artery is single (azy­
gous), and the midline venous structures (par­
ticularly the internal cerebral veins, the superior 
sagittal sinus, and the straight sinus) may be 
absent. Lack of condensation of the embryonic 
veins is responsible for the absence of the 
superior sagittal sinus. The embryonic veins 
may be seen as large abnormal cortical veins 
in these cases. We have seen two cases in 
which the torcula was very high in location, 
and the transverse sinuses assumed an almost 
vertical course (Fig 6). If a cerebrospinal fluid 
shunt is to be inserted using a posterior ap­
proach, this important variation of the venous 
structures can be evaluated readily using MR 
venography. 

Semilobar Holoprosencephaly 

In this less severe anomaly, there is some 
differentiation of the forebrain. The posterior 
aspect of the interhemispheric fissure and the 
falx cerebri are partially present (1). The overall 

Fig. 6. Oblique view from the two-dimensional time-of­
flight MR venogram (32/ 10) (flip angle= 50) in a patient with 
alobar holoprosencephaly shows the high insertion of the 
torcula (arrow) and almost vertical course of the transverse 
sinuses (arrowheads). Note absence of deep venous system. 
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volume of the brain is still reduced. Externally, 
there is some sulcation, especially in the occip­
itoparietal regions (4) . The monoventricle 
shows some minimal differentiation, and rudi­
mentary temporal horns may be present. The 
septum pellucidum is always absent (1). Al­
though the thalami are fused, there may be 
some cleavage, giving rise to a small third 
ventricle (Fig 7 A). The hippocampal formations 
are incomplete (1). When the corpus callosum 
is completely absent, the posterior commissure 
may be prominent, giving origin to a "splen­
ium-like" structure (12). In some cases, the 
anterior aspect of the corpus callosum is ab­
sent, but the posterior body and splenium are 

A 

8 
Fig. 7. A, Axial T2-weighted image (2500/ 80) in a child 

with semilobar holoprosencephaly . The anterior corpus cal­
losum is absent; however, the splenium (arrowheads) is pres­
ent. A rudimentary third ventricle (arrow) is seen. Note the 
azygous anterior cerebral artery (curved arrow). 

8 , Midline sagittal Tl-weighted image (600/ 15) in the same 
case shows the posterior corpus callosum (arrowheads). 
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present (Fig 78). The olfactory bulbs and tracts 
are absent. 

Facial anomalies are less severe and are not 
a constant feature; a median cleft lip and hy­
potelorism are the most common ones. Prog­
nosis varies. 

Lobar Holoprosencephaly 

This is the least severe type. At times, there 
is only minimal deviation from the normal brain 
and therefore may be difficult to appreciate (1 ). 
The brain is of normal size. The interhemi­
spheric fissure is well formed, as is the falx 
(although the anterior falx may be dysgenetic) 
(Fig SA). The lateral ventricles assume an al­
most normal shape with well-differentiated oc­
cipital and temporal horns. The septum pellu­
cidum is absent (Fig 88). The third ventricle is 
small but present. The anterior aspect of the 
corpus callosum may be deficient, and occa­
sionally the entire corpus callosum may be 
dysgenetic. Lack of frontal cleavage and fusion 
of the midline at the level of the cingulate gyri 
may be present (1 ). The hippocampal forma­
tions are normal or nearly normal. The face is 
usually normal. 

Absent septum pellucidum is also seen in 
many of patients with septo-optic dysplasia . 
Indeed, well-differentiated lobar holoprosen­
cephaly might be the same as septo-optic dys­
plasia. Therefore, a short discussion of the 
imaging features of septo-optic dysplasia is 
pertinent here. 

Septo-optic dysplasia (DeMorsier syndrome) 
is a group of disorders characterized by pitui­
tary and hypothalamic insufficiencies and by 
anomalies of the septum pellucidum, fornices , 
and corpus callosum (8). The initial diagnosis 
is clinically made when hypoplasia of the optic 
discs is encountered. These patients are usually 
hypotonic and have wandering nystagmus if 
blindness is present. Hormonal insufficiency 
characterized by inadequate production of 
growth hormone, adrenocorticotropin , and an­
tidiuretic hormone is usually present (4). This 
syndrome is more commonly seen in first-born 
patients and has been found in association with 
maternal diabetes, quinidine ingestion, antisei­
zure medications, drug abuse , and cytomeg­
alovirus infection (4). Imaging studies always 
show agenesis of septum pellucidum (13) . The 
frontal horns of the lateral ventricles show a 
flattened roof, resulting in the so-called box­
like ventricles ( 1) (Fig 9) . The inferior aspect of 
the frontal horns is pointed. These latter 
changes are nonspecific (1). The cisterns sur­
rounding a hypoplastic optic chiasm are large. 
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Fig. 8. A , Axial T1-weighted image 
(600/15) in a case of lobar holopros­
encephaly shows fusion of the lateral 
ventricles and no septum pellucidum. 
The corpus callosum is dysgenetic. 
Posteriorly, the lateral ventricles show 
differentiation into two discreet, but di­
lated (colpocephaly) occipital horns. 
The frontal horns are small. The inter­
hemispheric fissure is present. 

B, Coronal T1-weighted image 
(600/15) confirms the absent septum 
pellucidum. The inferior aspect of both 
frontal horns points down. The chiasm 
is normal. (Case courtesy of Anne Os­
born, MD, University of Utah Medical 
Center, Salt Lake City, Utah.) A 

Fig. 9. Coronal T1-weighted image (600/15) in a patient 
with septo-optic dysplasia. Note the flattened superior aspect 
of the lateral ventricles (arrowheads) giving them a box-like 
appearance. The septum pellucidum is absent. The optic 
nerves (arrows) are extremely small, and the suprasellar cistern 
is prominent. Incidentally seen is an arachnoid cyst in the right 
middle cranial fossa (c). 

The optic nerves are small, but in our experi­
ence exact assessment of the size of the optic 
nerves is difficult and not always possible by 
either computed tomography and/ or MR im­
aging (Fig 9). The fornices are abnormally 
formed, and the corpus callosum is dysgenetic. 
The pituitary infundibulum may be thinned or 
absent. Approximately 50% of patients with 
septo-optic dysplasia will harbor a schizence­
phaly (1). 
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