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The Chiari Malformation in Adults 
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SUMMARY: The clinical features of 
the Chiari Malformation in seven adult 
patients are presented. It is suggested 
that the clinical syndromes associated 
with this malformation, in adults, can be 
classified as (a) compression of struc
tures at the level of the foramen magnum 
(with or without radiologically demon
strable associated bony anomaly at the 
cranio-vertebral junction) (b) increased 
intracranial pressure or obstructive hyd
rocephalus and (c) intramedullary cervi
cal cord syndrome. The usefulness of 
tomography, and demonstration of 
the vertebro-basilar circulation in the 
neuro-radiologic investigation of these 
patients is emphasized. The surgical 
nrocedures performed in the manage
ment of these patients are outlined. 

RESUME: Les manifestations cliniques 
de la malformation de chiari chez sept 
adultes sont presentees en details. Les 
syndromes cliniques peuvent etre 
classifies de la facon suivante (a) com
pression des structures nerveuses au 
niveau du trou occipital (avec ou sans 
anomalies osseuses de la charniere 
cranio-vertebrale) (b) hypertension in-
tracranienne ou hydrocephalic obstruc
tive, (c) syndrome cervical intramedul -
laire. L'importance de la tomographic 
osseuse et I'angiographic vertebrate est 
soulignee. Les lesions operatoires et la 
conduite therapeutique sont analysees. 
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To most clinicians, the eponym, 
the Arnold Chiari Malformation, 
suggests an infant with a lumbar 
myelomeningocele, hydrocephalus, 
and associated morphologic abnor
malities of the brainstem, cerebel
lum and perhaps other regions of the 
cerebro-spinal axis. 

Several case reports over the past 
three decades have drawn attention 
to the occurrence of the Chiari Mal
formation in adults, usually without 
associated spina bifida or overt hyd
rocephalus (Aring, 1938; McConnell 
& Parker, 1938; Ogryzlo, 1942; Ray, 
1942; Bucy & Lichtenstein, 1945; 
Hurteau, 1950; Spillane et al, 1957; 
Teng & Papatheodorou, 1965; Ap
pleby et al, 1968; Carmel & Markes-
bery, 1969; Millar, 1974). In this 
paper we emphasize the clinical 
syndromes associated with the Ch
iari Malformation in seven adult pa
tients, the radiologic investigations 
and the findings at surgery. 

CASE REPORTS 
Case: 1 

M.R.:, a 32-year-old housewife, 
had been aware of a mild unsteadi
ness of gait for about four years. 
Two years prior to entry she had 
been told by her family physician of 
an abnormality of her eye move
ments (nystagmus). She had also 
noted clumsiness of her hands for 
the same period of time, and this had 
become more marked in the two 
months preceding admission. This 
clumsiness interfered with her 
domestic activities such as sewing 
and knitting. She had been aware of 
occasional episodes of sub-occipital 
headaches, which radiated to the 
frontal regions. Abnormalities on 
physical examination were limited to 
the central nervous system where 
there was nystagmus on horizontal 
and vertical gaze, ataxia and spastic
ity chiefly in the lower limbs, and a 

slight diminution of position sense in 
the fingers of both hands. X-rays of 
the skull and spine were normal. A 
positive contrast myelogram showed 
a normal flow of the contrast material 
in the spinal subarachnoid space. At 
the level of the odontoid process, the 
contrast was slightly restricted on 
the left side; (Fig. 1) the upper cervi
cal nerve root sleeves followed a 
normal course. Pneumoencephalog-
ram showed prolapse of cerebellar 
tonsils which were seen in a tongue
like outline to the level of the post
erior arch of C2. Air was also seen to 
demarcate the anterior inferior as
pects of the prolapsed tonsils; no 
filling of the ventricular system was 
obtained. Surgery confirmed pro
lapsed cerebellar tonsils, which were 
markedly gliosed. At follow-up, over 
the past four years, there has been 
no progression of the neurologic de
ficit. She is able to manage all her 
domestic duties without functional 

* f 

Figure I—Myelogram: Constriction of 
contrast material at the odontoid level. 
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deficit. The nystagmus persists on 
lateral gaze. 

Case: 2 
W.C.:, a 34-year-old man had com

plained of low back discomfort for 
about ten years, which he attributed 
to carrying heavy loads on his back. 
He has been aware of "cramp" and 
a feeling of tightness in the lower 
limb muscles for about five years, 
particularly with activity. He con
sumed large quantities of alcohol, 
and the unsteady gait which had 
been observed for several years was 

Figure 2 (a)—Clinical photograph, dorsal 
view. Note short neck, wide based 
stance. 

attributed by his colleagues (and by 
him) to excessive alcohol intake. On 
examination, he was of below aver
age intelligence, with a short neck, 
low hairline, and restriction of neck 
movements in all directions (Fig. 
2a). There was a marked spastic 
tetraparesis; his gait was also ataxic. 
X-ray of the skull and spine showed 
the following: there was platybasia; 
the odontoid and the anterior arch of 
Ci could not be identified as separate 
structures; the anterior rim of the 
foramen magnum was fused with 
subjacent bone structures; the post-

Figure 2 (b)—Myelogram—constriction 
of contrast indicated by two upper 
arrows. Small arrow on left points to 
cranially directed nerve root sleeve. 

Figure 2 (c)—Operative photograph — 
note herniated tonsils, arachnoid 
adhesions and neovascularisation. 

erior arch of Ci lay within the fora
men; the lateral aspects of the fora
men seemed fused with the lateral 
aspect of the arches of Ci and C2. 
Myelogram (Fig. 2b) showed maxi
mal constriction of the contrast col
umn on the left side at the level of 
the bony deformity. The upper cer
vical nerve root sleeves were directed 
cranially. Pneumoencephalogram 
showed filling of the fourth ventri
cle, aqueduct, and posterior third 
ventricle. The fourth ventricle was 
of normal size and appeared normal 
in position; the lateral ventricles 
were not outlined. 

The bony abnormalities were con
firmed at surgery; in addition the 
dura was thickened, with new vessel 
formation; there were dense arach
noid adhesions, and marked cerebel
lar tonsilar prolapse (Fig. 2c). At 
follow-up, there had been no prog
ress in the neurologic deficit. 
Though his gait remained spastic 
and mildly ataxic, these features 
were less marked. 

Case: 3 
A.M.:, This 53-year-old man had 

been investigated on several occa
sions at different hospitals for 
episodic vomiting which had recur
red over twenty years. The vomiting 
had been attributed to peptic ulcera-
ion, although an ulcer could not be 
demonstrated on several appropri
ate, radiologic examinations. Low 
back pain had been noted for about 
ten years, and an unsteady gait for 
about eight years. A year prior to 
entry he was treated at a mental 
hospital with a psychiatric diagnosis 
of a depressive illness. On examina
tion he was of below average intel
ligence. He had a short neck and 
restricted neck movements in all di
rections. There was nystagmus on 
horizontal and vertical gaze and a 
marked spastic tetraparesis. Similar 
bony anomalies at the cranio-
vertebral junction were evident in 
this patient as in patient number 
two. A myelogram showed marked 
restriction of the contrast column in 
the A.P. views, maximum at C1-C2 
levels. The upper cranial nerve root 
sleeves were directed cranially; 
there was a soft tissue density sug
gesting tonsillar prolapse which was 
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noted on supine, prone and oblique 
views. At pneumoencephalography, 
the fourth ventricle could not be 
filled with air. Air passed from the 
cisterna magna over the superior as
pect of the cerebellum and into the 
quadrigeminal cisterns. There was 
evidence of cerebellar atrophy. At 
surgery, the bone at the foramen 
magnum was markedly thickened, 
particularly in the midline where it 
caused severe extradural compres
sion. At follow-up, the degree of 
spastic tetraparesis was less marked 
than pre-operatively. The nystag
mus persisted, chiefly on horizontal 
gaze. 

Case: 4 
C.S.:, Six months prior to admis

sion, this 61-year-old man developed 
episodic vertigo and vomiting, while 
undergoing treatment for pulmonary 
tuberculosis. These symptoms wor
sened and in addition his speech 
became slurred. Five weeks prior to 
entry, there were episodic, severe, 
occipital headaches, and there were 
three episodes of momentary loss of 
consciousness associated with bouts 
of vomiting. On examination, he had 
a short neck with a low hairline. His 
speech was dysarthric and of the 
cerebellar type. There was bilateral 
papilledema, horizontal nystagmus, 
ataxia of trunk and gait and incoor
dination which was more marked in 

the left arm and leg than on the right. 
X-ray of the skull suggested in
creased intracranial pressure. Ci was 
occipitalised and associated with 
synostosis of the atlanto-occipital 
joint on the right (Fig. 3). The post
erior arch of Ci was open, the fora
men magnum appeared large. Bilat
eral brachial angiograms and a ven
triculogram showed evidence of a 
right sided cerebellar lesion. At 
surgery, the left half of the atlas was 
absent. Both cerebellar tonsils were 
swollen, herniated to the level of C2, 
and markedly gliosed. In addition to 
the congenital bony anomalies and 
the prolapsed tonsils, a metastatic 
tumor was removed from the medial 
aspect of the (R) cerebellar hemis
phere. This patient died six months 
following the surgical procedure, 
presumably due to widespread 
metastatic disease. An autopsy was 
not performed. 

Case: 5 
L.G.:, this 34-year-old housewife 

was initially seen eight years previ
ously by a neurologist and a diag
nosis of myasthenia gravis was 
made. The patient was treated with 
anticholinesterase drugs. Despite 
this medication, constant fatigue 
persisted, together with episodic 
weakness and paraesthesiae of the 
right leg. Three years prior to entry, 
she had sought medical attention 

with the additional complaints of oc-
cipitonuchal pain and weakness in 
the upper limbs. A myelogram was 
performed and interpreted as show
ing a herniated cervical disc which 
was treated surgically. She pre
sented to us with increasingly severe 
occipital pain, blurring of vision, and 
unsteadiness of limbs and gait. On 
examination there was bilateral 
papilledema, nystagmus on horizon
tal and vertical gaze, mild weakness 
of the left upper limb, diminution of 
sensation over the right trunk arm 
and leg, and hyperreflexia in both 
lower limbs. X-rays of skull and 
spine were normal. A brachial an
giogram (Fig. 4a) showed the 
vertebro-basilar complex to be dis
placed forwards. The tonsillo-
hemispheric division of the posterior 
inferior cerebellar artery was her
niated through the foramen mag
num. The choroid point was dis
placed forwards and slightly up
wards. The ventriculogram con
firmed the angiographic findings of 
hydrocephalus of the lateral and 
third ventricles. The aqueduct was 
not outlined, air was seen in the 
cervical spinal canal outlining pro
lapsed cerebellar tonsils . The 
myelogram done three, years previ
ously was reviewed and showed dif
fuse expansion of the cerivcal cord 
from C2 down to the lower cerivcal 
levels, and upward inclination of the 

Figure 3—Tomogram of craniovertebral junction Ci is oc
cipitalised and there is synostosis of the (r) atlanto-occipital 
joint. 

Figure 4 (a)—Brachial angiogram — Basilar artery is pushed 
against clivus; tonsillo-hemispheric branch of post inf. cere
bellar artery indicated by lower arrow. Choroid point indi
cated by upper arrow. 
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nerve root sleeves was evident to the 
level of C3. Surgery (Fig. 4b) con
firmed prolapse of the cerebellar 
tonsils which were markedly gliosed 
and bound down with dense arach
noid adhesions. This patient has 
shown remarkable improvement at 
follow-up examinations. The symp
toms and signs of increased intrac
ranial pressure have cleared; the 
sensory deficit in the right upper 
limb has cleared, and the weakness 
and hyperreflexia in the lower limbs 
have improved. 

Case: 6 
T.C.:, This 19-year-old technical 

college student was admitted to the 
gynecology service for investigation 
of amenorrhoea. She had noted re
current headaches and vomiting for 
about a year. Despite this she had 
continued at her studies, and had 

,also gained about 20 lbs. in weight. 
She had been aware of an asym
metry of her tongue, noted inciden
tally while brushing her teeth. On 
examination she was short, mildly 
obese, and there was a mild paresis 
of the right hypoglossal innervated 
muscles, with deviation of the ton
gue to the right. X-rays suggested 
chronic increased intracranial pres
sure. Pneumoencephalogram (Fig. 
5a) failed to outline any part of the 
ventricular system. The pon-
tomedullary cistern was narrow, the 
circummesencephalic communicat
ing cistern seemed splayed and the 
quadrigeminal cisterns were dilated. 
There was tonsillar prolapse to the 
level of Ci. Ventriculoatrial shunt
ing was followed at a later date by 
suboccipital craniectomy. The sub
occipital squama was thin, the ex
ternal surface of the dura was thick
ened and reddish. Numerous adhe
sions were present between the 
inner surface of the dura and the 
arachnoid at the level of the foramen 
magnum. The cerebellar tonsils 
were enlarged, gliosed and pro
lapsed to the level of C2. The fora
men of Magendie was occluded by 
thick membranous adhesions (Fig. 
5b). Revision of the ventriculo-atrial 
shunt was necessary at follow-up, 
as signs suggesting intracranial pres
sure recurred consequent on mal
function of the shunt system. She 

completed her studies, and is pres
ently employed as a laboratory tech
nologist. The right hypoglossal 
paresis has improved; she remains 
amenorrheic. 

Case: 7 
J .G.C. : , This 24-year-old 

mechanic had noted episodic pallor 
of the fingers of both hands when 
working in a cold environment, for 
the preceding four years. The fol
lowing year, at an annual physical 
examination, a curvature of the 
spine was detected. Two years prior 
to entry he had noted weakness of 
hand grip bilaterally, and decreased 
perception of temperature in both 
hands. The weakness in the upper 
limbs and impairment of sensation 
had been progressive, and on a cou
ple of occasions he had burnt his 
fingers without being aware of the 
injury. Abnormalities on examina
tion were as follows: There was 
marked nystagmus on horizontal and 
vertical gaze. The trapezius, supra 
and infraspinati muscles were 
wasted and weak, as were the mus
cles of the right arm and forearm. A 
claw hand deformity was evident on 
the right. Pain and temperature 
sense were markedly impaired distal 
to the elbows bilaterally, while touch 
was relatively preserved. The ten
don reflexes were absent in the arms 
and abnormally exaggerated in the 
legs. There was a slight thoracic 
scoliosis. X-rays of the skull showed 
no abnormality. There was scoliosis 
of the thoracic and lumbar spine. 
There was a slight expansion of the 
spinal canal at the level of Cs and C6. 
A myelogram suggested narrow 
channels on both sides of the odon
toid, slightly more marked on the 
right. On supine positioning there 
was a free flow of contrast material 
through the foramen magnum. The 
myelogram did not suggest an en
larged cervical spinal cord. An air 
myelogram showed herniation of the 
cerebellar tonsils. Surgery (Fig. 6) 
confirmed displacement of cerebel
lar tonsils to C2 with the caudally 
displaced cerebellar tissue appearing 
large, white and markedly gliosed. 
Two cc's of clear fluid was aspirated 
from the widened cervical spinal 
cord, and a drainage tube inserted 

through the myelotomy connecting 
with the spinal subarachnoid space. 
At follow-up this man had been able 
to return to work; there had been no 
progression regarding the sensory 
deficit or muscle weakness in his 
limbs. Horizontal nystagmus per
sisted, but was not marked. 

DISCUSSION 
In our series, Case 1 is an example 

of the Chiari Malformation present
ing in adult life. The clinical syn
drome is explicable on the basis of 
compression of neural structures at 
the cranio-vertebral junction. The 
absence of radiologically demonstr
able bony anomalies at the 
craniovertebral junction has been 
documented in several previous re
ports of similar cases (Aring, 1938; 
Ogryzlo, 1942; Busy, 1945; Gardner 
and Goodall , 1950; Teng and 
Papatheodorou, 1965; Appleby et al, 
1968; Banerji and Millar, 1974). 

Case 2 illustrates the Chiari Mal
formation in association with con
genital bony abnormalities at the 
craniovertebral junct ion. These 
bony abnormalities can be sus
pected, when a short neck, low hair
line and relative restriction of neck 
movements are present. When these 
clinical signs co-exist with radiologi
cally demonstrated craniovertebral 
junction anomalies, an associated 
Chiari Malformation is highly likely. 

Case 3 illustrates the co-existence 
of the clinical and radiological fea
tures suggesting a lesion at the 
craniovertebral junction. In addi
tion, the marked thickening of bone 
at the level of the foramen magnum 
(noted at surgery) added a further 
element to the compression of neural 
structures already compromised by 
the presence of the Chiari Malforma
tion. 

In Case 4, the bony abnormalities 
at the foramen magnum, demon
strated radiologically and confirmed 
at surgery, together with the pro
lapse of the cerebellar tonsils to the 
level of the second cervical spine 
and marked gliosis of these her
niated cerebellar structures, confirm 
the existence of the Chiari Malfor
mation. The additional problems of 
bronchogenic malignancy, pulmo-

118- MAY 1975 The Chiari Malformation in Adults 

https://doi.org/10.1017/S0317167100020096 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100020096


LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES 

nary tuberculosis, and a cerebellar 
metastatic lesion may have been 
precipitating factors leading to the 
emergence of the clinical syndrome. 

Cases 5 and 7 are examples of a 
cervical syringo-myelic syndrome in 
association with the Chiari Malfor
mation. Gardner (1957) has post

ulated that developmental atresia or 
occlusion of the outlet foramina of 
the fourth ventricle causes diversion 
of the CSF pulse waves from the 
sub-arachnoid space into the central 
canal of the spinal cord. The hyd-
rodynamic effect of these pulse 
waves then leads to the development 

of syringomyelia. This view has 
been supported Appleby et al (1968), 
and Hankinson (1970). Arguments 
against this hypothesis have been 
advanced by Ball and Dayan (1972) 
and "vascular factors" have been 
implicated in the pathogenesis of 
syringomyelia (Banerji and Millar, 

Figure 5 (b)—Operative photograph. Note the membrane over
lying the foramen of Magendie demonstrated after separation 
of tonsils. 

Figure 4 (b)—Operative photograph — note herniated, gliosed, 
pale looking tonsils. 

Figure 5 (a)—Lumbar pneumoencephaiogram. Arrow 1 points 
to the pontine cistern; 2, quadrigeminal cistern, 3, air outlin
ing herniated tonsils. 

Figure 6— Operative photograph showing gliosed, markedly 
herniated tonsils. The horizontally placed instrument indi
cates level of foramen magnum. 
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1974). Our experience would lend 
further support to Gardner's theory. 

Marked internal hydrocephalus 
may be the most prominent feature 
of the morphologic changes in the 
central nervous system consequent 
on the Chiari Malformation, and 
Case 6 illustrates such a presenta
tion. The amenorrhoea and obesity 
in this patient could represent 
hypothalmic dysfunction conse
quent on the marked internal hyd
rocephalus (including third ventri
cle); the asymmetric hypoglossal 
nerve involvement suggests a further 
lesion in the brainstem, or in the 
extramedullary course of the nerve. 
Banerji and Millar (1974) record de
mentia as the main manifestation of 
an adult with the Chiari Malforma
tion, the dementia is ascribed by 
them as due to "normal pressure" 
hydrocephalus. 

Thus, from our experience the 
clinical syndromes in adults as
sociated with the Chiari Malforma
tion can be classified as follows: 

(a) Compression of structures at the 
level of the foramen magnum. 
(1) Without associated bony ab

normality at the craniover-
tebral junction. 

(2) With associated bony abnor
mality at the craniovertebral 
junction. 

(3) With associated bony abnor
mality, and an independent 
pathologic process. 

(b) Increased intracranial pressure 
or obstructive hydrocephalus. 

(c) Intramedullary cervical cord 
syndrome. 

In any one patient the clinical fea
tures may represent one or more of 
the above syndromes. 

Tomography is a valuable, and 
often essential, technique in the 
radiologic studies of these patients. 
It is invaluable to elucidate the often 
complex bony abnormalities at the 
craniovertebral junction. When used 
in conjunction with air contrast ex
amination to outline the fourth ven
tricle, cervical subarachnoid space 

and posterior fossa subarachnoid cis
terns it is most helpful. Appleby et 
al (1968) comment on the usefulness 
of the supine position in myelog
raphy examination of these patients, 
particularly to demonstrate the her
niation of the cerebellar tonsils. We 
have found air encephalography and 
demonstration of the posterior in
ferior cerebellar artery and its ton-
sillohemispheric branches by an
giography as helpful as myelography 
in outlining the cerebellar tonsils. 
The surgical procedures performed 
in our series of patients have in
cluded the following: 

(a) Posterior decompression of the 
osseous structures at the 
craniovertebral junction. 

(b) Further decompression of the 
structures at the craniovertebral 
junction by incising the thick
ened atlanto-occipital membrane 
and dura. 

(c) Inspection of the degree of her
niation of the cerebellar tonsils, 
and the degree of 'arachnoiditis'. 

(d) Since attempts to 'break' the 
dense arachnoid adhesions seem 
to be associated with changes in 
respiratory and cardiac rhythm, 
and probable insult to the many 
fine vessels in the same area, it 
has been our policy not to at
tempt to 'unroof the foramen of 
Magendie or to attempt to plug 
the orifice at the apex. 

(e) Instead, a ventriculo-atrial shunt 
has been performed to relieve 
the hydrocephalus. This has 
been done as a preliminary step, 
prior to the posterior decom
pression at the craniovertebral 
junction in those cases where 
hydrocephalus is particularly 
prominent (in the radiologic 
studies). 

(f) When the intramedullary cervical 
cord lesion is the predominant 
clinical feature, aspiration of the 
syrinx, myelotomy, and estab
lishment of a 'shunt' between the 
syrinx and the spinal subarach
noid space has been achieved. 
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