
Familial agenesis 
of the cerebellar vermis 

A syndrome of episodic hyperpnea, abnormal eye 
movements, ataxia, and retardation 

Marie Joubert, M.D., Jean-Jacques Eisenring, M.D., 
J. Preston Robb, M.D., and Frederick Andermann, M.D. 

SOME TWO YEARS AGO we investigated a child 
with profound psychomotor retardation who 
had had an occipital meningoencephalocele 
removed at birth. Contrast studies were carried 
out which showed a large midline defect in 
the posterior fossa and absence of the vermis. 
At the time we disregarded the nurses’ com- 
ments about the child’s abnormal breathing. A 
year later, Dr. P. P. Demers referred this pa- 
tient’s baby brother to us because he was 
concerned about his abnormal breathing and 
xetarded development. It was then found that 
a third and older child in this family was 
Tetarded, ataxic, and breathing abnormally. 
Finally we were able to trace yet another sib- 
ling who had died in fancy and who, at autop- 
sy, proved to have agenesis of the vermis. This 
.diagnosis was then confirmed in the two af- 
fected living children by contrast studies. 

From this investigation there emerged a 
familial syndrome of episodic hyperpnea, ab- 
normal eye movements, ataxia, and mental re- 
tardation associated with a common malforma- 
tion in the four affected siblings, agenesis of 

the vermis. This syndrome has not previously 
been described in the literature. 

The affected children will be presented in 
the order in which the abnormality was iden- 
tified, which happens to be in reverse to the 
birth order (Fig. 1). 

CASE REPORTS 

Cuse 1. M. D., a 6-month-old French Canadian 
boy, was admitted to the Montreal ChiIdren’s Hos- 
pital on Oct. 9, 1967, for evaluation of abnormal 
breathing and developmental retardation. He was 
the last of six children in his sibship, born after 

regnancy. Forceps were used during 
a delivery. nomdTrl ere was no history of trauma or anoxia 
at birth; however, his breathing, even at birth, was 
abnormally rapid. He smiled early. At the age of 
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Fig. 1. Pedigree of the D family. M. D. is case 1, L. D. is Case 2, B. D. is Case 3, and F. D. is 
Case 4. 

4 months, he was unable to hold up his head. 
At 5 months, he showed almost continuous pro- 
truding movements of the tongue. 

Examination on admission revealed a well-de- 
veloped boy in no distress. His nutritional status 
was good. His head circumference was 44 cm. A 
few telangiectasiae were seen on the cheeks, ears, 
and eyelids, more on the right side. A few dilated 
blood vessels were seen on the conjunctivae. His 
pupils were equal and reacted well to light, and 

the fundi were normal. Abnormal, conjugate, ir- 
regular, jerky eye movements were frequently seen, 
and rotatory nystagmus was present. When firin 

and laterally. His mouth was usually held open 
and his tongue protruded rhythmically. His breath- 
ing was abnormal, particularly when he was stim- 
ulated. Periods of twelve to sixteen seconds of hy- 
perpnea, usually around 120 per minute but in- 
creasing up to 168 per minute, alternated with 

with his left eye, the right eye deviated upwar f 

v ---w 

W P P  1 m. 

Fig. 2. Case 1. (M. D.) Continuous respirogram tracing recorded with a transducer and a Grass 
ence halograph at age 9 months. Note hyperpnea and periods of apnea interrupted by single, ir- 
re& respiratory excursions. The waxing andwaning of amplitude characteristic of Cheyna 
Stokes breathing is absent. 
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periods of apnea lasting five to twelve seconds. 
Occasional respiratory excursions were noted dur- 
ing the periods of apnea (Fig. 2 ) .  During slecp, 
this respiratory abnormality was absent. 

The child moved all extremities well. Tone was 
diminished in the upper extremities. Deep tendon 
reflexes were brisk and plantar responses were 
extensor. His head control was poor. A weak 
grasping reflex was resent. He was not able to 
take objects voluntariy. H e  was unable to sit with- 
out support. Placement reflex was present but he 
did not lace his feet fiat on the table when 
held stanling. Held in ventral suspension, his posi- 
tion was characterized by flexion of the head, arms 
falling in extension, and hips flexed with knees in 
extension. He was unable to turn from prone to 
supine or vice versa. 

Laboratory investigations, including hem0 lobin, 

phosphatase, BUN, creatinine, SGOT, T4, 1311 up- 
take, serum electrophoresis, urinary amino acid 
chromatography, chromosome studies, vanylman- 
delic acid excretion and urinalysis, were normal. 
Serum lactate was 19 mg. percent (normal, 4 to 
26 mg. percent) and serum pyruvate was 0.75 
mg. percent (normal, 1.05 to 1.25 mg. percent). 
Lactate-pyruvate ratio was 24. 

Acid-base values were normal on four occasions 
( Table 1 ) . Immunoelectrophoresis suggested hy- 
pogammaglobulinemia. Examination of the spinal 
fluid showed no white blood cells. Protein was 
18 mg. percent, sugar was 60 mg. percent, and the 
colloida gold curve was normal. Cerebrospinal 
fluid electrophoresis was normal. The electroen- 
cephalogram was normal and no electrical corre- 
lates of the hype nea were seen. 

ventricles and subarachnoid sulci. The fourth 
ventricle had a globular ap earance; it was en- 

inferior medullary vela. Inferiorly it communicated 
with a large cisterna magna through a large val- 
lecula. The occipital horns were displaced forward 
and upward, suggesting high insertion of the 
tentorium (Fig. 3) .  This X-ray examination sug- 
gested a t  least partial agenesis of the vermis. On 
frontal rojections, the fourth ventricle, although 
enlargef had a grossly normal configuration. 

Case 2. L. D. was born at term, wei hing 8 
lb. H e  was the fifth of the six children Lrn to 
this family. The mother’s pregnancy was normal. 

hematocrit, serum calcium, phosphorus, a P kaline 

A pneumoencep ’K alogram showed normal lateral 

larged posteriorly at the leve P of the superior and 

TABLE 1 

Baec Standard 
If+ pC01 excess bicarbonate 

Case 1 41 33 4 . 1  20.8 
43 34 4.8 20.3 

37 36 -0.1 23.8 
38 34 -1.3 22.8 

Case 3 43 33 -5.9 19.2 

Fig. 3. Case 1. (M.D.) Pneumoencephalo- 
gram. Brow-down view showing the roiind 
dilatation of the roof of the fourth ventricle, 
the large cisterna magna, the wide com- 
munication between the cisterna magna and 
the fourth ventricle, and the narrow brain- 
stem. The position of the posterior horns is 
abnormally high, indicating high insertion of 
the tentorium. 

Epidural ancsthesia and forceps were used. He 
was found to have an occipital meningoencephalo- 
cele. IIe breathed spontaneously but did not cry 
at birth. Hc was limp and had periods of ab- 
normal, rapid respiration. At  the age of 1 month, 
his mcningoencephalocele was removed surgically, 
and the postoperative course was uneventful. The 
pathological specimen showed only a lining of 
glial and ependymal tissue underlying the dcrmis. 
The child failed to progress in his dcvclopment. 
He was admitted to the Montreal Xenrological 
Hospital on Feb. 1, 1967, at the age of 20 months. 
He was severely retarded and unable to hold up  
his head or roll over. The child did not show 
any interest in his environment; he cried and 
moved continuously but made no attempts to 
grasp objects. In supine position, lifted hy his 
shoulders, his head hung back and had to be 
supported. He showed mild spasticity of his ad- 
ductors. He had an alternating internal strabismus. 
The optic disks were normal and occasionally he 
followed light with his eyes. A pulsating skull 
defect was present in the occipital region. 

The nursing staff commented on the child’s 
abnormally rapid and irregular respiration. As we 
were not aware of the significance of this respira- 
tory abnormality at the time, no further investi- 
gations or observations about it are available 
for this patient. 

Hemoglobin, hematocrit, white blood cell count, 
and X-rays of the chest and spine were normal. 
Cerebrospinal fluid protein was 14 mg. percent, 
with no cells and a normal colloidal gold curve. 
An electroencephalogram showed diffuse increase 
in slow activity, with no localization and poor 
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background maturation. A pneurnoencephalogram 
was attempted but the ventricular system did not 
fill, therefore a ventriculogram was carried out. 
The brow-up antero sterior view showed mod- 

third ventricle was normal in appearance but 
slightly enlarged. The lateral sinus grooves were 
high in position, indicating the presence of a 
high insertion of the tentorium alon the lamboid 

filling of the fourth ventricle, which appeared as 
a large midline cavity in the posterior fossa, and 
of a smaller cavity close to the foramen magnum, 
probably representing a small cistema magna filled 
with air. 

Through various maneuvers, passage of gas from 
the fourth ventricle to the basal cisterns was ob- 
tained. This indicated that there was some de- 
gree of communication between the ventricular 
system and the subarachnoid space, in spite of 
the nonfilling of the ventricular system at the time 
of lumbar neumoencephalogra hy attempted un- 
der generaf anesthesia. The rajiological examina- 
tion suggested complete agenesis of the vermis. 
The brainstem was fully outlined and appeared 
underdeveloped. The child made no further prog- 
ress in development in the following eight months. 
He died shortly after admission to a custodial in- 
stitution at the age of 30 months, following an 

erate enlargement o r the lateral ventricles. The 

suture. On the lateral brow-down fi 8, , there was 

illness with repeated vomiting. Postmortem exam- 
ination was not performed. 

Case 3. B. D., the next oldest affected, was 
the third child of the famil . She was bom at 
term in 1959, after normal dlelivery. On the sec- 
ond day of life, she was irritable and noted to 
have abnormal breathing. Her milestones were 
marked1 delayed. At the age of 6 she was able 
to stand: and at 8 years of age she was walking 
without aid but would occasionally stagger. 

She was admitted to the Montreal Children’s 
Hospital on Dec. 11, 1967, at the age of 8 years. 
Her head circumference was 52.5 cm. Her palate 
was high and vaulted, and her tongue was large 
and often protruded. The ears were large but not 
abnormally placed. She had no telangiectasiae. Eye 
movements were full but incoordinate, with fine, 
irregular, usually horizontal but occasionally ro- 
tatory nystagmus, and spontaneous nystagmus on 
forward gaze was sometimes seen. 

Abnormal involuntary movements were present. 
These consisted of irregular, mainly unilateral 
jerks involving the shoulder girdle, accompanied 
by rotation of the head to the opposite side, blink- 
ing, and facial movements. Such myoclonic-like 
movements were particular1 obvious when she 
was upset. Tone was diminisled. Deep tendon re- 
flexes were normal. Plantar responses were in 
flexion. Her hand movements were incoordinate 

1 me. 

Fig. 4. Case 3. (B. D.) Continuous respirogram tracing recorded with a transducer and a Grass 
encephalograph at age 8 years. Periods of hyperpnea and apnea with occasional isolated respira- 
tions. In comparison with M. D., the respiratory rate is slower but duration of the bursts is simi- 
lar. 
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and her gait was ataxic, broad based, and puppet- 
like. 

eriods of hyperpnea lasting six 
to ten seconds, Ellowed by periods of apnea; this 
was noticeable when she was excited but not when 
she was crying (Fig. 4 ) .  She said single words 
but did not enunciate clearly, particularly con- 
sonants. Tongue movements were sluggish and 
awkward. She did not appear to use elevation 
of the tongue for speech. She was unable to con- 
trol her breathing span or to coordinate her breath- 
ing and her voice. When she started a word, 
either her voice or breathing or both faded out 
before she was able to complete it. Occasionally, 
when breathing and voice were coordinated, a 
loud clear word could be heard. 

She was easily frightened but responded well 
to reassurance. She had a tendency to persevera- 
tion. She imitated well and had a good memory 
for persons and objects. 

Laboratory investigations, including hemoglobin, 
hematocrit, urinalysis, total serum protein, blood 
sugar, urinary amino acid chromatography, and 
chromosomal studies, were normal. Examination 
of the spinal fluid revealed no cells, protein of 11 
mg. percent, and sugar of 70 mg. percent. An 
electroencephalogram showed mild diffuse increase 
in slow activity without localization or lateraliza- 
tion, and background activity was poorly devel- 
oped for the age. Acid-base studies showed normal 
hydrogen ion concentration and moderate hypo- 
basemia combined with mild hypocapnia (Table 
1 ). A lumbar pneumoencephalogram showed mod- 
erately enlarged lateral ventricles. There was glo- 
bular enlargement of the upper fourth ventricle. 
The cistema magna and the vallecula appeared 
large, without any outline of the cerebellar tonsils. 
High insertion of the tentorium was noted (Fig. 
5). This examination suggested partial agenesis 
of the vermis. Both the upper and the lower por- 
tions of the vermis appeared involved; however, 
some tissue in the middle part seemed to have 
been preserved. 

Case 4. F. D., the second child of this family, 
was born in July 1957. He was delivered at term, 
weighing 8 lb. There was no physician in at- 
tendance at the time of delivery. He did not 
breathe for about four minutes after birth. His 
respiration was then described as very rapid, in- 
terrupted by periods of apnea without cyanosis. 
The impression of the attending physician was 
that the child was dyspneic. Temperature oscilla- 
tions between 97" and 101" F. and intermittent 
diarrhea were noted. The child died in hospital at 
3 months of age. An autopsy was performed. 
. There was no external gross malformation of the 
cerebral or cerebellar hemispheres, but a moderate 
degree of dilatation of the ventricular system was 
observed. The cerebellar vermis was absent. The 
fourth ventricle, slightly dilated and covered over 
by a thin membrane, was seen between the cere- 
bellar hemispheres. 

Sections of the cerebellar hemisphere, the brain- 

She showed 

Fig. 5. Case 3. (B.D.) Pneumoencephalo- 
gram. A midline tomogram shows the round 
dilatation of the posterior and superior as- 
pect of the fourth ventricle and the presence 
of gas in the subarachnoid spaces on top of 
the vermis. The space between this gas and 
the lumen of the fourth ventricle is much 
smaller than normal, indicating atrophy of 
the vermis. Note also the presence of a large 
cistema magna, narrow pons, and a high in- 
sertion of the tentorium, as indicated by the 
unusually high position of the occipital 
horns. 

stem at the levels of the inferior medullary olive, 
the facial nucleus, and the cingulate gyrus and 
insula were available for review. All were 20 p 
thick, paraffin-embedded, and stained with hema- 
toxylin and eosin. Over the cerebellum, the lepto- 
meninges were thin and free of inflammatory in- 
filtrate. The external granular layer was present 
but of irregular thickness. The molecular layer 
showed mild astrocytic glial proliferation. Purkinje 
cells were present in normal number. In the in- 
ternal granular layer, Golgi cells appeared in nor- 
mal density, but the granules seemed to be less 
numerous than usual. At the junction between the 
internal granular layer and the white matter, there 
were a few groups of neurons resembling Purkinje 
cells. These were pale and lacked Nissl substance 
in their cytoplasm. There was almost no glial pro- 
liferation around these heterotopias ( Fig. 6). The 
dentate nucleus showed neuronal loss. The char- 
acteristic band-like structure of this nucleus was 
not always preserved, and the neurons were some- 
times grouped in clusters. They were pale and 
sometimes acidophilic, and the cell borders were 
often difficult to visualize. Near the dentate in the 
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Fig. 6 .  Case 4. (F.11.) Cerebellar cortex. 
Note subcortical neuronal heterotopia and 
diminished density of granular cells. Henia- 
toxylin and eosin, x 115. 

axis of the hemispheric white matter, there were 
clusters of cells with round nuclei, rich in chroma- 
tin resembling granular cells. They were usually 
grouped around a capillary. Between these clus- 
ters, lar e pale neurons, disseminated in an ir- 
regular fashion and resembling the neurons de- 
scribed in the subcortical heterotopias, were found. 
The cortical and subcortical vessels were of normal 
caliber, their walls were unremarkable, and there 
was no perivascular infiltrate. Myelination of the 
white matter appeared normal throughout. 

At the level of the inferior olive, the neurons 
were normal in number. They were pale and dis- 
tended, with hazy outlines. There was no demye- 
lination of the pyramidal, olivo-cerebellar, or cere- 
bello-olivary tracts. The lateral reticular nucleus, 
as well as the nuclei of the floor of the fourth 
ventricle, where seen, appeared normal. 

The pons appeared narrowed in its anteropos- 
terior diameter. The ependymal layer of the fourth 
ventricle was partially destroyed, but this seemed 
to be artifactual. The facial nuclei and the ponto- 
cerebellar, corticospinal, and corticopontine tracts 
were nornial. The cerebral cortex at the level of 
the cingulate gyms and the insula showed no 
anomaly in the architecture of the layers. The 
neurons showed signs of ischemic necrosis. No in- 

flammatory infiltration and no abnormality of the 
subcortical white matter was seen. 

The D family. In addition to the four affected 
children, there are two other siblings. The oldest 
boy, now age 11, is entirely normal. The fourth 
child was diagnosed to have con enital stridor in 
infancy but has developed normal f y and, in partic- 
ular, has never shown periodic hyperpnea. 

The father is a dentist who carries out radio- 
logical work in his current practice. He has a 
portwine hemangioma over the right side of his 
nose and the right upper lid. The mother has a few 
telangiectasiae on her cheeks, ear lobes, and cye- 
lids. 

The family is of French origin and the parents 
have common ancestors who married in Quebec 
City in 1656, nine generations ago (Fig. 7 ) .  Be- 
cause of other ancestors with a common name on 
both sides of the family, some consanguinity may 
also have occurred five generations ago, at the 
beginning of the nineteenth century. Because of 
its remote occurrence, the consanguinity in this 
family does not appear to be significant in produc- 
ing the abnormality affecting the siblings described 
above. Nevertheless, in this instance, dysgenesis 
of the vermis appears to be inherited as an auto- 
soma1 recessive. 

REVIEW OF THE LITERATURE 

Since the first description by Rossil in 1891, 
agenesis of the vermis has been reported in 
some 14 publications2-15 which are sum- 
marized in Table 2. Single cases have been 
described and pathological findings have been 
available in each case. A further sporadic case 
from our hospital is included in this review.16 
Cases where the diagnosis was based on radio- 
logical findings alone (e.g., Vogt and Astwaza- 
turow") , and where pathological confirmation 
was missing, have not been included. 

Agenesis of the vermis was complete in 4 
cases and partial in 12. In the latter, the pos- 
tero-inferior vermis was missing, whereas the 
anterosuperior portion was preserved. The re- 
verse was never described, and this is in keep- 
ing with current understanding of the embryo- 
genesis of this structure. 

Survival after birth vaned from two days to 
seventy-one years, and its duration was prob- 
ably related to the presence of other associated 
malformations or disorders such as, for in- 
stance, profound retardation. From a review of 
these cases, there is no reason to believe that 
the absence of the vermis itself in any way af- 
fects the life span of the individual. Some 
of the patients were of normal intelligence and 
had no neurological signs. Two of them lived 
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to the ages of 70 and 71 years, respectively, 
and one committed suicide at the age of 28. 
These three patients had no associated mal- 
formations. Psychomotor retardation was, how- 
ever, commonly found in other patients of this 
group. Hypotonia and incoordination have also 
been mentioned. The periodic hyperpnea de- 
scribed in our patients has not been noted in 
any of the reports reviewed. 

Familial incidence was suggested by de 
Haene.14 Two brothers of his patient had a 
similar clinical picture and died in childhood. 
In these two siblings of the proband, the mal- 
formation was not confirmed radiologically 
and autopsy was not performed. Lhermitte’s 
patient also had a sibling who was similarly af- 
fected cIinicaIly.10 The parents were consan- 
guineous. 

In some cases, maldevelopment of the cere- 
bellar hemispheres and nuclei was found; in 
others, the olivary nuclei were involved. Dis- 
turbed cytoarchitecture of the cerebellar cor- 
tex was sometimes found and, in some cases, 
neuronal heterotopias were present in the 
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white matter. In some cases, however, agene- 
sis of the vermis was the only malformation 
of the cerebellum. Associated midline malfor- 
mations of the central nervous system were 
found in at least half of the cases described. 
These included cranioschisis, myelomeningo- 
ceIe, agenesis of the corpus callosum, arhinen- 
cephalia, diastematobulbia, and others. 

In addition to these cases, agenesis of the 
vermis may occur in association with con- 
siderable dilatation or enlargement of the 
fourth ventricle. In this second group of cases, 
one is inclined to suspect that internal hydro- 
cephalus may have been a factor in the fourth 
ventricle enlargment and may have led to the 
abnormality of the vermis. In the case of Oster- 
tag,’s agenesis of the vermis was associated 
with a bulging cyst-like dilatation of the fourth 
ventricle communicating with hydromyelia ex- 
tending to T-6. 

In Castrillon’s case19 the inferior vermis was 
absent, the roof of the fourth ventricle was 
reduced to a membrane, and the cavity com- 
municated directly with the cistema magna. 

Y.B. M.T. 
Par is  

1656 Quebec  

O.C. 

Y.D. F.D. B.D.A.D.L.D.M.D. + 
Fig. 7. Family tree of the D family showin 

gesting the possibility of additional consanguinity. 

common ancestors of parents nine genera- 
tions ago. The surname C also appears in % 0th the father’s and mother’s family, sug- 
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Eisenring et al.le studied yet another patient 
with absence of the vermis, who also showed 
a cyst-like dilatation of the fourth ventricle. 
In addition, there was aqueduct occlusion lead- 
ing to considerable proximal hydrocephalus. 
This case, and the case referred to in Table 2, 
will be reported in detail later. 

Absence of the vermis is also a significant 
feature of the Dandy-Walker syndrome. In 
1914, Dandy and Blackfan20 described a 13- 
month-old child with congenital aplasia of the 
vermis associated with a midline cyst and ob- 
struction of the foramen of Magendie. They 
considered atresia of the foramen of Magendie 
to be the primary malformation. In 1921, Dan- 
dy21 discussed this problem further and con- 
sidered the dilatation of the fourth ventricle 
and absence of the vermis to be secondary 
to the internal hydrocephalus. 

In 1954 BendaZ2 reviewed the literature and 
presented six additional cases. He showed that 
there is noninvolution of the posterior medul- 
lary velum of the fourth ventricle which per- 
sists as a thick membrane. There is some per- 
meability of the foramen of Magendie or of 
the velum, and thus the obstruction is usually 
not complete. The features of this syndrome 
are dolichocephaly with thinning of the oc- 
cipital squama, high insertion of the tentorium 
and lateral sinuses, internal hydrocephalus 
with cyst-like dilatation of the fourth ventricle, 
lateral displacement of the cerebellar hemi- 
spheres, and partial or complete aplasia of the 
vermis.23 In some cases, however, there is 
rostral displacement and atrophy of the ver- 
mis, as described by d'Agostino and associ- 
ates24 and by Gibs0n.~5 Such changes seem re- 
lated to the internal hydrocephalus, in particu- 
lar to the fourth ventricle enlargement. 

In many patients with the Dandy-Walker 
syndrome, additional midline malformations, 
such as agenesis of the corpus callosum, have 
also been described. This would suggest that 
factors other than internal hydrocephalus de- 
veloping in utero may be significant in the 
etiology of this malformation. 

Occurrence of the Dandy-Walker syndrome 
in three siblings was described by Benda22 and 
in another family by d'hgostino and asso- 
ciates,24 suggesting a recessive mode of in- 
heritance in some cases. Agenesis of the vermis 
has also been described in animals. Complete 
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agenesis occurs in the dog26 and, in the goat, 
it  has been reported in association with cyst- 
like dilatation of the fourth ventricle, suggest- 
ing internal hydrocephalus.27 Familial partial 
agenesis involving the postero-inferior vermis 
was described in the dog by Dow2* and in 
“hymutated hydrocephalous” mice by Brodal 
et al.29 Sporadic occurrence of this malforma- 
tion in a calf was reported by Lesbre and 
F0rgeot.3~ Congenital tremor in pigs is related 
t o  cerebellar hypoplasia involving mainly the 
vermis. This condition was investigated by 
Done and Harding,31 who considered it to be 
due to viral infection in utero. 

DISCUSSIOX 

Two types of vermis defect may be en- 
countered-complete or partial agenesis. In 
the latter, the defect is in the postero-inferior 
part, whereas the anterosuperior part may be 
relatively well developed. These findings may 
b e  accounted for by the embryogenesis of the 
cerebellar vermis. The cerebellum in man de- 
velops through bilateral cell proliferation in the 
dorsal plate of the rhombencephalon. In the 
early stages, for instance, in the 12-mm. fetus 
(Hoch~tetter3~,33), the median part of the 
cerebellar plate is very thin, and, at the 4 2  
mm. stage, the more massive lateral parts meet 
in the midline. At first they seem to be only 
contiguous at their ependyma-lined medial sur- 
faces, then the ependyma disappears and there 
is a fusion of these lateral anlagen. The fusion 
of the cerebellar crests begins rostrally and 
the anterior part of the vermis is formed be- 
fore its posterior part. One may conclude that, 
in cases of complete agenesis of the vermis, 
the agent responsible for the malformation 
intervenes earlier than in cases with partial 
agenesis. For this reason, also, partial agenesis 
of the anterosuperior part of the vermis does 
not appear to occur. 

Other midline malformations are often found 
in association. Indeed, in the four children 
reported here, the degree of abnormality 
ranged from partial agenesis in Cases ,l and 3 
to complete agenesis in Case 4 and complete 
agenesis with myelomeningocele formation in 
Case 2. The findings in this family parallel 
the range of malformations described in in- 
dividual cases in the literature. 

De Morsier13 considered that the defect in 

the closure of the posterior lip of the rhomben- 
cephalon represents a true rhomboschisis. This 
explanation would certainly account for the 
cases where there is no evidence of hydro- 
cephalus or increase in intracranial pressure, 
but where true agenesis of the vermis occurs. 
I t  is, however, possible that a transient increase 
in ventricular pressure may occur in utero and 
lead to the closure defect. This could also ac- 
count for the high insertion of the tentorium 
and the lateral sinuses in cases such as the ones 
reported here. In cases with internal hydro- 
cephalus of the Dandy-Walker syndrome, the 
increase in intraventricular pressure leading 
to the cyst-like dilatation of the fourth ven- 
tricle appears to be a significant factor which 
may cause atrophy and dysplasia of the vermis. 

The neuronal heterotopias found in one of 
our patients, as well as in other cases, are not 
specific and may be observed whenever there 
is interference with the normal migration of 
neurons, as shown by Brun34 in 1916. Such 
heterotopias have also been described by Nor- 
man35 to occur around the dentate nuclei and 
in subcortical white matter in Trisomy 13-15. 

From the review of the literature, it appears 
that agenesis of the vermis in itself is not 
necessarily associated with gross neurological 
abnormality and that it is compatible with 
normal intelligence and survival. In our cases, 
it is associated with mental retardation, hy- 
potonia, or ataxia. Furthermore, the retarda- 
tion, periodic hyperpnea, abnormality of eye 
movements, and ataxia may also be related to 
diffuse cerebral involvement, in addition to 
the cerebellar and brainstem dysfunction. Ra- 
diologically, however, the agenesis of the ver- 
mis is the most striking finding common to 
our cases. This is also true when the brain is 
examined macroscopically. The brainstem ap- 
peared underdeveloped as well, judging by the 
contrast studies, but the few brainstem sec- 
tions which were available to us showed no 
abnormality. The material was not adequate 
for complete study of this area. 

The respiratory abnormality consists of 
periods of hyperpnea alternating with periods 
of apnea, interrupted by occasional single in- 
spirations. The disorder of respiration was a p  
parent shortly after birth, intensified when 
the child was stimulated, and tended to im- 
prove with age. In Case 3, it was still present 
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Fig. 8. H. E., age 9 months, demonstrating 
low-set ears, flat nose bridge, pectus excava- 
tum, flexion contracture of the wrists, and 
polydactyly. 

when the child was 8 years old, but only when 
she was upset or had been crying. The rate 
of hyperpnea was slower and the duration of 
the periods of overbreathing was shorter in 
comparison with the respiratory pattern of 
Case 1 at age 6 months. 

This type of respiration resembles what has 
been described by Plum and Posne36 as clus- 
ter breathing, with occasional apneustic 
breaths. A lesion high in the medulla or low 
in the pons produces this type of respiratory 
abnormality, according to these authors. The 
respiration also resembles Biot's breathing, as 

reproduced by Hoff and Breckenridges' by 
section of the pons in animals, a pattern very 
similar to the cluster breathing described by 
Plum and P0sner.3~ The waxing and waning of 
Cheyne-Stokes respiration was not observed. 
The serum lactate level and 1actate:pyruvate 
ratios were normal. There was thus no evidence 
for a metabolic origin of the respiratory dis- 
order. I t  is likely that the obvious malfonna- 
tion of the roof of the fourth ventricle, e.g., 
agenesis of the vermis, is associated with fur- 
ther abnormality of the structures of the floor 
of the fourth ventricle at pontine and medul- 
lary levels. 

The abnormality of eye movements noted 
in two of our patients is probably also related 
to pontine or cerebellar dysfunction, as are 
the hypotonia and ataxia. The mental retarda- 
tion suggests additional dysfunction of the 
cerebral hemispheres. Episodic hyperpnea, ab- 
normal eye movements, psychomotor retarda- 
tion, and ataxia associated with agenesis of the 
vermis, which may be demonstrated radio- 
logically, represent a characteristic syndrome 
which may be recognized clinically. Some 
months after the study of this family, we had 
the opportunity to investigate, through the 
courtesy of Dr. George Karpati, a 9-month-old 
Jewish infant (H.E.) admitted to the Montreal 

Fig. 9. (H.E.) Continuous respirogram tracing recorded with a transducer and a Grass encepha- 
logra h at a e 9 months, showing periods of hyperpnea and apnea. During the latter, occa- 
sionaf isolate1 or slow, shallow respirations were demonstrated. 
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Fig. 10. (H. E.) Pneumoencephalogram 
showing an unusually large fourth ventricle 
and cisterna magna. The fourth ventricle 
posteriorly shows a round dilatation and 
communicates widely with the cisterna mag- 
na. It is very long, due partly to the high 
insertion of the tentorium. Note the high 
position of the posterior horns of the lateral 
ventricles. On the brow-up view, the gas 
within the fourth ventricle and pontine 
cistern outlines a rather narrow pons and 
medulla oblongata. 

Neurological Hospital because of psychomotor 
retardation and hypotonia. The child had sev- 
eral congenital malformations including low- 
set ears, high-arched palate, laryngomalacia, 
polydactylia, micrognathia, micrencephaly, and 
flexion contractions of the wrists (Fig. 8). Be- 
cause he also exhibited episodic hyperpnea 
(Fig. 9), agenesis of the vermis was suspected 
and proved by pneumoencephalography (Fig. 
10). Like the affected members of the D fam- 
ily, this child had a high insertion of the ten- 
torium and the lateral sinuses, as well as 
upward displacement of the posterior horns 
of the lateral ventricle. This patient appears to 
represent yet another sporadic example of the 
familial syndrome discussed here. 

From the genetic standpoint, agenesis of the 
vermis may be due to an autosomal recessive 

gene with pleotropic manifestations or variable 
expressivity. 

SUMMARY 

Four siblings in a family with remote con- 
sanguinity presented with episodic hyperpnea 
alternating with apnea, abnormal eye move- 
ments, ataxia, and psychomotor retardation. 
Two of these children had agenesis of the 
postero-inferior vermis, one had complete 
agenesis of the vermis, demonstrated at post- 
mortem, and one had complete agenesis of 
the vermis with an occipital meningomyelo- 
cele. 

Awareness of this characteristic syndrome, 
particularly of the respiratory pattern, led to 
diagnosis of another sporadic case with the 
same cerebellar malformation. Review of the 
literature on agenesis of the vermis led to a 
comprehensive classification of the malforma- 
tion based on the embryogenesis. It is related 
to other midline malformations, which fre- 
quently coexist, and to the Dandy-Walker 
syndrome. Agenesis of the vermis may be 
asymptomatic in itself. In the syndrome de- 
scribed here, it is probably associated with 
malformation of pontine and medullary struc- 
tures, leading to the respiratory abnormality 
resembling Biot’s respiration or Plum’s cluster 
breathing. More widespread cerebral involve- 
ment is also suggested by the clinical sympto- 
matology. 

The syndrome seems to be inherited as an 
autosomal recessive with variable expressivity. 
Its recognition may lead to identification of yet 
another group of congenital birth defects as- 
sociated with mental retardation. 

The authors are grateful for the help and suggestions pro- 
vided by Dr. Romeo Ethier, Dr. Denis Melanpn, and Dr. 
Jacques Courville. 
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