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ABSTRACT: Forty adult patients (average age 40 years), with the clinical and radiological features of the Chiari
malformations, were seen at the Toronto Western Hospital between 1967 and 1984. Surgical confirmation of the
diagnosis was obtained in 32 cases; of these, 23 were classified as Chiari I malformation while 9 fulfilled the anatomic
criteria of Chiari I1. The patient population consisted of 22 males and 18 females. Common presenting symptoms
included head and neck pain (60%), sensory complaints (60%), upper extremity weakness (42%), and gait disturbance
(40%). Neurological findings included signs of central cord dysfunction (73%), long-tract motor and/or sensory
findings (58%), brainstem signs (38%), cerebellar dysfunction (18%), and increased intracranial pressure (15%). The
majority of patients underwent myelography with or without computed tomography of the cervical-medullary
junction. Two recent patients had 0. 15T MRI scans which helped demonstrate an intramedullary syrinx. Thirty-three
patients underwent 47 operative procedures (discounting spinal fusion and CSF shunt revisions). Open surgical
management was performed in 32 patients, with CSF shunting along in one patient. Five patients (15%) incurred
surgical complications within a six week postoperative period. Follow-up to date, ranges from one month to 11 years.
In the 33 surgically treated patients, 18 are improved (55%), 10 are neurologically stable (30%), and five have
worsened clinically (15%), including one death. Based on this study it appears that the Chiari 11 malformation may be
more common in adults than previously recognized. Surgical intervention has a favourable outcome in the majority of
patients but a significant proportion continue to deteriorate.

RESUME: Malformation de Chiari chez I’adulte: 4 propos de 40 cas. Quarante patients adultes (age moyen 40 ans)
présentant un tableau clinique et radiologique de malformation de Chiari. ont été examinés au ‘‘Toronto Western
Hospital’’ entre 1967 et 1984. Le diagnostic fut confirmé chirurgicalement dans 32 cas; parmi ceux-ci, 23 furent
classifiés comme étant des malformations de Chiari de type 1, alors que les 9 autres correspondaient aux critéres
anatomiques du type 1. Vingt-deux étaient des hommes et 18 étaient des femmes. Les motifs de consultation les plus
fréquents étaient des douleurs a la téte et au cou (60%), des problemes sensitifs (60%), de la faiblesse aux membres
supérieurs (42%) et des troubles de la démarche (40%). A I'’examen neurologique, on retrouvait des signes de
dysfonction méduliaire centrale (73%), des anomalies des faisceaux moteurs et/ou sensitifs longs (58%), des signes
d’atteinte du tronc cérébral (38%), une dysfonction cérébelleuse (18%) et une augmentation de la pression intra-
cranienne (15%). La plupart des patients subirent une myelographie de la jonction cervico-médullaire, avec ou sans
tomographie assistée par ordinateur. Récemment, on a pu démontrer la présence d'un syrinx intra-médullaire a I'aide
d’une scintigraphie 0.15T MRI chez deux patients. On a procédé a 47 interventions chirurgicales chez trente-trois
patients, sans compter les fusions spinales et les révisions de dérivation du LCR. Trente-deux patients ont subi un
traitement chirurgical, un patient n’ayant subi qu'une dérivation du LCR. Cinq patients (15%) ont présenté des
complications chirurgicales post-opératoires en dedans de six semaines de I'intervention. A date, la période d'observation
post-thérapeutique varie entre un mois et 11 ans. Parmi les 33 patients qui ont subi un traitement chirurgical, 18 sont
améliorés (55%), 10 sont stables au point de vue neurologique (30%) et cing sont empirés cliniquement (15%), incluant
un déces. En s’appuyant sur cette étude, il semble que la malformation de Chiari de type 11 est probablement plus
fréquente chez I'adulte qu’on ne le croyait antérieurement. Chez la majorité des patients, le traitement chirurgical
donne des résultats favorables. Cependant, I’état d’une proportion appréciable des patients continue a se détériorer.
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Cleland first described the anomaly later referred to as the
Arnold-Chiari malformation, in 1883.' Chiari and Arnold in
1891 and 1894 respectively,?* reported their descriptions and
students of Arnold later used a single eponymic term to describe
the various abnormalities.* More recently, Peach®®7 and Car-
mel®®'" have reviewed these early reports and others,'''>'3
and clearly delineate the anatomical features of the Chiari
malformations (Table 1).

Table 1: Classical Pathological Findings in the Chiari Malformations
[after Carmel (1972) and Peach (1965)]

Chiari 1 Chiari Il
(‘‘Arnold Chiari’’)

cerebellar tonsils displaced into

upper cervical canal Yes Yes
caudal dislocation of medulla No Yes
caudal dislocation of inferior .

vermis and/or fourth ventricle No Yes
dorsal kinking of cervical-

medullary junction No Yes, >50%
course of upper cervical nerve

roots usually normal usually upwards

hydrocephalus
syringomyelia

rarely absent
may be present

may be present
may be present

In both the Chiari I and Chiari II anomalies, the cerebellar
tonsils are displaced downwards below the foramen magnum to
variable levels of the upper cervical cord. The Chiari Il anomaly,
better known as the Arnold-Chiari maiformation, usually includes
caudal dislocation of the medulla, inferior vermis and/or the
fourth ventricle and may involve dorsal kinking of the cervical-
medullary junction. The upper cervical nerve roots course
rostrally. In both Chiari I and II malformations, hydrocephalus
and syringomyelia may be present.

We present a series of 40 adult patients with the clinical and
radiological features of the Chiari malformations seen at the
Toronto Western Hospital between 1967 and 1984. Clinical
presentation, radiological investigations, surgical management
of 33 patients and prognosis following surgery are analyzed.

METHODS AND CASE MATERIAL

A retrospective study was done of all charts in which a
diagnosis of Chiari malformation presenting in adulthood was
made between 1967 and 1984. Forty patients, 22 males and 18
females, were studied. The mean age at presentation was 39.8
years (range 13-65 years). The mean duration of symptoms
priortodiagnosis was 6.7 years, with agreat degree of variability;
one patient had symptoms lasting one day, while another pre-
sented after suffering for 36 years.

Thirty-three patients were treated surgically and in 32 cases,
the Chiari malformation was confirmed at operation. Complica-
tions related to surgery were included if their occurrence was
during a six week postoperative period. Follow-up was dated
from the time of the most recent surgical procedure and ranged
from one month to 11 years, with a mean of 2.4 years. *‘Improved”’
denoted evidence onclinical examination, of objective improve-
ment in the neurological status (eg. gait or motor strength) of
the patient. In some patients, in whom pain or subjective visual
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disturbance was the presenting complaint, such an objective
evaluation was not possible; a patient was considered improved
if relief of the major presenting complaint was achieved. **Stable™
denoted either a halt in the progression of symptoms and/or an
unchanged neurological examination postoperatively.

a) Symptoms

Pain was the major complaint on presentation. Twenty-four
(60%) patients experienced headache or cervical pain while 14
(35%) had shoulder girdle or arm pain. Sensory symptoms
occurred in 24 (60%}); these included numbness or tingling, in
upper as well as lower extremities, and loss of temperature
sensation. Gait disturbance in 16 (40%) patients was described
as ‘‘unsteadiness’’ or loss of balance in 11 or as ‘‘spastic’’ in 5
patients. Upper extremity weakness was a complaint in 17
(43%). These findings correlate well with larger studies.'*!>!6:17
Visual disturbances, such as diplopia or blurring and/or oscillopsia,
were a complaint in 12 (30%); only 13% presented with visual

complaints in series of 71 and 127 patients respectively.'*!
Table 2 lists the presenting symptoms in 40 patients.
Table 2: Presenting Symptoms in 40 Patients

Symptom Patients Percent
headache and cervical pain 24 60%
sensory complaints 24 60%
upper extremity weakness 17 43%
gait disturbance 16 40%
upper extremity pain 14 35%
blurred vision 12 30%
lower extremity weakness 8 20%
lower cranial nerve (IX-X11) dysfunction 4 10%
b) Signs

Patients with Chiari malformation presenting in adulthood
can be grouped into 5 clinical syndromes. Other authors, however,
have grouped neurological symptoms and signs into 3, 4 and 6
clinical syndromes.'*-'6:18:19:20 we have chosen to omit fora-
men magnum compression'®?' (ataxia, corticospinal and sen-
sory deficits, cerebellar dysfunction and lower cranial nerve
involvement) as it is less specific and precise in terms of clinical
diagnosis. Our patients were assigned to one or more of the §
syndromes (Table 3); an average of 2 clinical syndromes per
patient was documented. Other studies have assigned patients
to only one predominant syndrome.'"'®'® The clinical syn-
dromes are described as follows:

1) Central cord dysfunction was found in 29 (73%) of our
patients. This included pain, suspended dissociated sensory
loss and segmental lower motor neuron weakness.

2) Long tract motor and/or sensory findings were seen in 23
(58%) who presented with a combination of dorsal column
involvement, pyramidal tract findings and spasticity.

3) Brain stem compression in 15 (38%) patients included
impaired cranial nerve V, V11, IX-X11 function and/or nystag-
mus (usually downbeating).

4) Cerebellar dysfunction was present in 7 (18%) patients.
Limb and/or truncal ataxia and/or nystagmus (horizontal) were
the presenting signs.

5) Raised intracranial pressure signs were found in 6 (15%)
patients.
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Table 3: Clinical Syndromes in 40 Patients

33 Surgical
Clinical Syndrome Patients Total Series

1) Central cord dysfunction 25 (76%) 29 (73%)
2) Long-tract motor and/or sensory

findings 19 (58%) 23 (58%)
3) Brainstem compression 12 (36%) 15 (38%)
4) Cerebellar dysfunction 7 (21%) 7 (18%)
5) Raised intracranial pressure 6 (18%) 6 (15%)

Table 4: Neuroradiological Investigations — 33 Surgical Patients

Study Patients

Myelography (iodine, air, metrizamide + delayed CT) 29
— wide cord 24
— tonsils displaced downward 22
— collapsing cord 4

Computed Tomography (alone + contrast) 18

wn

— tonsils displaced downward

— syrinx

— dilated ventricles

— dye in central canal

— normal study
Magnetic Resonance Imaging

— syrinx

— tonsils displaced downward
Cerebral Angiography

— PICA/tonsillar branches displaced

— hydrocephalus
Pneumoencephalography

— syrinx

— tonsils displaced downward
Cervical Spine X-ray

— degenerative changes

— normal study

— spina bifida occulta

— assimilation of atlas

— widened canal

(54
NAMO\W'N DN NN = RN W R SO

Visual disturbances were found in 12 (30%) patients. They
presented with nystagmus, 9 of the horizontal type, 6 of the
downbeating type and 2 of the rotatory type. Other ophthalmo-
logic signs included absent corneal reflex in 5 patients (13%), 2
with papilledema (5%) and 6 (15%) with a partial or complete
Horner’s syndrome. These findings are listed to emphasize that
a careful examination of the vestibulo-ocular pathway may be
useful in diagnosing a patient with adult-onset Chiari malformation.

c) Neuroradiological Investigations (in 33 surgically treated patients)

1) Skull films were done in only 17 (52%) patients. Eight were
normal studies, while 2 demonstrated platybasia; another showed
basilar impression and a concave clivus. Two patients with
raised ICP had a copper-beaten appearance of their calvaria.

2) Cervical-spine films were done in 22 (67%) patients either
as a separate study or as part of myelography. Eight showed
degenerative changes, while in 6 a normal study was found.
Spina bifida occulta was documented in 5 patients, 2 involving
the cervical spine.
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3) Pneumoencephalography and cerebral angiography were
doneinthe years preceding computed tomography. In2 patients,
ventriculomegaly was demonstrated.

4) Myelography was performed in 29 (88%) patients using
various contrast media (air, iodine, metrizamide), and in recent
years, metrizamide myelography has been combined with a
delayed CT scan (16 patients). A widened cord was found in 24
patients (83%) while caudal displacement of the cerebellar ton-
sils was noted in 22 patients (76%), from the foramen magnum
to the C2 spinal level.

5) Computed tomography was done separately in 19 (55%)
patients; sixteen had CT of head and spine while 2 had CT of
head alone. A syrinx was demonstrated in 9, with the tonsils
displaced downwards in 15 patients. Four patients had ventri-
culomegaly.

6) Magnetic resonance imaging (MRI) using an 0.15T mag-
netic field was done in 2 patients. In both, a syrinx was demon-
strated but only one showed caudal displacement of the tonsils
(Figure 1).

d) Operative findings

Based on surgical anatomy, 23 patients were classified as
Chiaril and 9 as having Chiari 1l malformation. Tonsillar descent

Figure 1{a) — MRI scan showing tonsillar herniation (arrow) in Chiari 1
patient.
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Figure 1(b) — MRI scan demonstrating cervical svrinx (arrow) in Chiari |
patient.

was found in all patients having an open surgical procedure.
Demonstration of a syrinx (direct visualization or aspiration)
only occurred in 17 patients, although 25 presented with the
clinical syndrome of central cord dysfunction. Kinking of the
cervical-medullary junction was evident in 6 (19%) patients,
and caudal dislocation of the medulla was recorded in 2. These
criteria were the major determinants of a Chiari 1l malforma-
tion designation. Arachnoid adhesions were described inonly 9
patients (28%). The upper cervical nerve roots were upgoing or
horizontal in 9 patients (28%}; this was seen in both Chiari l and
I1 malformations (Table 5).

e) Surgical treatment

Figure 2 summarizes 33 patients who underwent 47 operative
procedures (discounting spinal fusion and CSF shunt revisions).
One patient had CSF shunting alone while the remaining 32
underwent posterior fossa decompression and cervical lamin-
ectomy, usually from CI to C3 inclusive (the majority with
duroplasty). Of these 32 patients, 9 had decompression alone, 3
had CSF shunting in addition, and the remaining 20 had plug-
ging of the upper end of the central canal (obex) with a fascial or
muscle plug. Twelve of these patients had additional or subse-
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Table 5: Surgical Anatomy in 32 Patients

Findings at Surgery Chiari I (23) Chiari Il (9) Total (32)
Tonsillar descent 23 9 32
Syringomyelia 13 4 17
Kinking/buckling of cervical-

medullary junction 1 6 7
Caudal dislocation of medulla 0 2 2
Arachnoid adhesions S 4 9
Roots cephalad or horizontal 6 3 9
Dural Band 4 1 5
Skeletal anomalies 2 2 4

— Cl1 arch atresia

— deep posterior fossa

— small cisterna magna

— bifid C1
Fourth ventricle cyst 0 1 |

Surgical Treatment of 33 Patients

33 Surgical Panents

t VP shunt only

32 Posterior fossa decompression
+ cervical laminectomy

g Decompresston only

l 20 Obex ptugged

3 Decompression
+ CSF shunt

® 2 VP shunt
* 1 VA shunt

‘ 8 Obex pilugged only | I 12 obex plugged + other procedures —l

8 Aspiration
synnx

4 No Aspiration
synnx

® 1 CSF shunt (VP)
* 1 Synngo-SA shunt
® 2 Terminal ventnculostomies

5 Syrninx aspiration
alone

| 3 Synnx aspiration + Other procedures

® 1 Syningo - SA +
4th V-SA shunt

® 1.4th V-5A shunt

* 1 Synngo-SA + VA shunt
+ repeat obex plugging

Legend

CSF  Cerebrospinal fluid
vP Ventnculoperitoneal
VA Ventriculoatrial

SA Subarachnoid

4th V. Fourth ventricle

Figure 2 — Surgical procedures in 33 patients.

quent procedures. Eight had aspiration of an associated syrinx
while 4 had various CSF shunts performed: terminal ventricu-
lostomy (section of the filum terminale) in 2 patients, VP shunt-
ing in another patient and a syringo-subarachnoid shunt in the
fourth patient. Three of 8 patients who had syrinx aspiration
had other CSF shunts placed while the remaining 5 had this
procedure alone. Syrinx aspiration resulted in cord collapse in
3 patients and in one patient the syrinx was identified but not
drained. One patient, who later died, required 4 procedures
over S years including posterior fossa decompression, lamin-
ectomy, obex plugging, a VA shunt and, finally, repeat obex
plugging.

Chiari malformation — Eisenstat et al
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f) Surgical Results
(i) Surgical Complications

Five (15%) patients incurred surgical complications within a
6 week postoperative period. In 2 patients a CSF leak and a
wound hematoma occurred respectively. Both were localized
to the laminectomy site and were treated by aspiration.
Hydrocephalus was diagnosed in a third patient postoperatively;
he subsequently underwent a CSF shunting procedure. Hemi-
paresis resulted in another patient, but resolved spontaneously
prior to discharge from hospital. A fifth patient complained of
further sensory deficit in an extremity. No patients experi-
enced respiratory complications which have been previously
documented. 'S-18:22.23.24

(ii) Surgical Outcome

Results of surgical treatment are outlined in Tables 6, 7and 8.
Follow-up varied from one month to 11 years with a mean of 2.4
years. Outcome was analyzed with respect to surgical anatomy,
surgical procedure and presenting clinical syndrome. Overall,
18 (55%) are improved, 10(30%) are neurologically stable, and 5
(15%) have worsened clinically including one death.

DISCUSSION

The Chiari malformations present in adulthood in variable
fashion; often diagnosis and subsequent surgical treatment are
delayed. Thorough clinical examination and a high index of
suspicion remain important in diagnosis. Neuroradiological
investigations, however, are essential to document tonsillar
and/or vermian herniation and/or the presence of a syrinx.

Myelography with or without delayed contrast computed
tomography (CT) was performed in 29 of 33 surgical patients; in
24 (83%) patients, a widened cord, suggestive of a syrinx, was
found. In several studies only 75-90% of syrinxes have been
detected with water-soluble contrast CT scanning,’%-%5-26.27-28:29
A pre-operative accuracy of 87% combining metrizamide mye-
lography with delayed contrast CT scanning has recently been
reported.?®

Magnetic resonance imaging (MRI) has been shown to be a
useful adjunct in demonstrating pathology of the cervical-
meduliary junction and in differentiating intramedullary spinal
cord tumours from sprinxes.*'*2-3*3* As more centres become
familiar with its use, MRI will likely replace myelography with
CT scanning as the diagnostic investigation of choice in those
patients presenting with the clinical syndrome of central cord
dysfunction, and those suspected of having a Chiari malformation.

The morphogenesis and pathophysiology of the Chiari mal-
formations and syringomyelia has been described by several
authors and numerous reviews are available in the neurological
literature, '7:20:23.29.35-58 The pomenclature of the Chiari
malformations has been the subject of controversy throughout
the years. We have classified 23 of 32 patients as having Chiari |
malformation, while 9 fulfilled the anatomic criteria of Chiari 11
malformation as originally described by Chiari? and later clari-
fied by Peach,’®” Carmel ®%'? and others.**-*"2 Of 9 patients
considered to have the Chiari II malformation, 6 had kinking of
the cervical-medullary junction, 2 had caudal displacement of
the medulla while one patient had a meningomyelocele at birth.
Several authors have included caudal displacement of the medulla

as part of the Chiari 1 malformation;*-%-%0-6162 the earliest
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published reports, however, only included caudal medullary
dislocation in their descriptions of the Chiari Il or **Arnold-
Chiari’* malformation.'>=* Apparently, the Chiari malforma-
tionsare a spectrumofrelated congenital anomalies and division
into Chiari I or Il may be an arbitrary one.

Surgical anatomy in our series was similar to other published
reports.'*!31® Higher incidences of arachnoid adhesions
(40%),'*" dural bands (30%)."* and cephalad cervical roots
(39%)"* in other series could be due to variable reporting in the
operative note. Levy et al report that only 106/127 (83%) clearly
had cerebellar tonsils below the foramen magnum'® while the
majority of other papers, including the present series, report
that all patients have tonsillar descent evident at the time of
operation.IS.l().IX.l'J

Atsurgery, a syrinX was demonstrated in 17 patients, although
25 presented with the clinical syndrome of central cord
dysfunction. In two recent series, only 41% and 32% had a
syrinx demonstrated at operation.'*' It can be postulated that
the syrinx may not be visible after bony decompression has
occurred. Often, the syrinx is below the region where cervical
laminectomy is performed or perhaps it is not looked for.
Another possibility is that the syrinx is manifested by central
cord cavitation and the spinal cord itself is not widened.

Various surgical procedures have been advocated in the
treatment of symptomatic patients with a Chiari malformation.
14.15.16.29.51.54.63.64 Tyenty patients in our series had plug-
ging of the obex in addition to posterior fossa decompression
(Gardner’s procedure). Within this group, 4 patients had van-
ous syrinx shunts (syringo-subarachnoid and/or fourth ventricle-
subarachnoid) and 2 patients underwent terminal ventriculostomy.
A review of the literature regarding syrinx shunting reveals
results differing only slightly from those with bony decompres-
sion alone.'6?3:293465 Tator et al reported favourable results
with syringo-subarachnoid shunting especially if there was no
cerebellar tonsillar ectopia.®® Barbaro et al documented *‘good™’
or ‘‘fair’” outcome in 12 of 15 with idiopathic syringomyelia
treated by syringoperitoneal shunts.>® Lesoin et al reported a
series of 8 patients treated by syringoperitoneal shunting and
followed them from 3 to 12 months. Seven showed neurological
improvement and 1 patient remained stable.% Cahan and Bentson
reported no difference in patients undergoing Gardner’s proce-
dure who did or did not have a fourth ventricle to subarachnoid
shunt placed in addition to the obex plugging.?®

Terminal ventriculostomy was first described by Gardner in
1977.57 It has been advocated as a treatment for syringomyelia,
especially when posterior fossa decompression has been fol-
lowed by progression of symptoms.*>%¢? Williams and Fahy
reported 31 cases; 3 definitely improved and 10 patients did not
show any improvement. The remaining 18 patients initially had
marginal improvement, but the majority (12) continued to de-
teriorate after this procedure.*

Surgical outcome in our series compared favourably with
other surgical series having 30 or more patients.'4'>16:17-22.
29.35.45.39.64.68.69.70 1n the [argest series of 127 patients, Levy
et al reported 46% improvement, while 25% deteriorated in
spite of any treatment. In patients with rapid progression of
their disease, plugging of the central canal produced better
results but overall, obex plugging did not gain an advantage.'*
Paul et al reported subjective improvement in 82% and objec-
tive improvement in 70% of 71 patients. Early improvement
was followed by later relapse in 21% of patients.'’
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Analysis of surgical outcome was accomplished by examin-
ing results with respect to surgical anatomy, surgical procedure
and presenting clinical syndrome. Twenty-three patients with
Chiari I (mean age 42.0 years) and 9 with Chiari II (mean age
33.1 years) malformation were classified (Table 6) but no differ-
ence was detected between these groups regarding outcome.
Twelve patients had bony decompression alone or with CSF
shunting procedures. Six (50%) improved, 5 (42%) were stable
and one (8%) worsened. Twenty patients had plugging of the
obex in addition to bony decompression; of these 11 (55%)
improved, 5 (25%) were stable and 4 (20%) worsened clinically.
In our series, plugging of the obex did not appear to produce a
more favourable outcome (Table 7).

Identification of presenting clinical syndromes was helpful
with respect to prediction of surgical outcome (Table 8). Four
of 6 (67%) with raised intracranial pressure, 9 of 12 (75%) with
brainstem compression, 5 of 7 (71%) with cerebellar dysfunc-
tion and 12 of 19 (63%) with long-tract findings improved with
surgical treatment; however this data must be interpreted in
light of the fact that most patients were assigned 2 or more
clinical syndromes. Only 13 of 25 (52%) with central cord
dysfunction improved while 7 (28%) remained stable and 5
(20%) continued to decline neurologically. Of the 8 operated

Table 6: Results in Surgically Treated Patients by Anatomical Findings

Improved  Stable Worse  Total
Chiari | 12 7 4 23
Chiari 11 5 3 1 9
Anatomy not visualized
(CSF shunt alone) 1 0 0 1
Total 18 10 5 33
Percent 55% 30% 15% 100%

Table 7: Results in Surgically Treated Patients by Surgical Procedure

Improved  Stable Worse  Total

CSF shunt alone | 0 0 1
Bony decompression alone

(BD) 6 2 i 9
BD + CSF shunt 0 3 0 3
BD + obex plugging S 2 1 8
BD + obex plugging +

other CSF drainage 4 0 0 4
BD + obex plugging +

syrinx aspiration 2 2 I 5
BD + obex plugging +

syrinx aspiration + other 0 1 2 3
Total 18 10 5 33
Percent 55% 30% 15% 100%

Table 8: Results in Surgically Treated Patients by Clinical Presentation

Clinical Syndrome Improved  Stable Worse  Total
Central cord dysfunction 13 7 S 25
Long-tract motor and/or

sensory findings 12 3 4 19
Brainstem compression 9 3 0 12
Cerebellar dysfunction S | 1 7
Raised ICP 4 1 | 6
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patients without any signs of central cord dysfunction pre-
operatively, 5 have improved (63%) while 3 are stable. Paul et al
and others note that in patients with the syndrome of central
cord dysfunction there is a tendency for relapse;'® review of
earlier series shows that about 1 in 5 patients obtaining early
postoperative improvement will deteriorate clinically over
time,'16-18:2223 Thoge with cerebellar dysfunction and/or
lraissed ICP usually do not have late postoperative deterioration.
4,15.16

Most series (including ours) represent relatively small num-
bers of patients and comparisons of treatment regimes are not
amenable to statistical analysis. However, based on our series
and the literature reviewed, we are proposing a recommended
approach to the diagnosis and surgical treatment of patients
having adult-onset Chiari malformation (Figure 3). A thorough

CHIARI MALFORMATIONS - SURGICAL Rx

{TONSILLAR HERNIATION]

yes/\no

syrinx shunt for
syringomyelia

SYRINGOMYELIA

no yes

bony

decompression [CLINICAL COURSE]

slow/\ropld

bony bony decompression
decompression + obex plugging

|

deterioration

(repeat) obex plugging
+ syrinx shunt

Figure 3(a) — Flow chart for recommended surgical management of adult
patients with Chiari malformation. Bony decompression includes duro-
plasty.

SYRINGOMYELIA
TONSILLAR HERNIATION
bony
decompression
<(BD>
BD
syrinx
BD + shunt

okex plugging

RAPID COURSE

Figure 3(b) — Venn diagram summarizing flow chart. Bony decompression
includes duroplasty.
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history and physical examination must precede any neuro-
radiological investigations, which at present should include
both metrizamide myelography with delayed contrast CT scan-
ning and magnetic resonance imaging (MRI). If there is evi-
dence of syringomyelia but not of tonsillar herniation, syringo-
subarachnoid or syringoperitoneal shunting is recommended.
Suboccipital craniectomy and cervical (C1 to C3) laminectomy
(ic. bony decompression) with duroplasty, should be done if
there is tonsillar herniation but no syringomyelia. If tonsillar
herniation is present along with demonstration of a syrinx, one
should consider the clinical course of the patient. A rapidly
progressive course (a few months or less) would suggest treat-
ment with bony decompression and plugging of the obex. A
long, protracted course would suggest that bony decompres-
sionaloneisadequate. Follow-upoverseveral yearsisrequisite;
with subsequent clinical deterioration of the patient, the clini-
cian could consider (repeat) obex plugging or syringoperitoneal/
syringo-subarachnoid shuntingin addition to procedures already
performed. Other CSF shunting techniques are not recommended,
nor are multiple procedures done at the time of the initial
operation.

Follow-up of patients with Chiari malformations often poses
some difficulties regarding objective assessment. Frequently,
the presenting symptom such as pain or visual disturbance
cannot be quantitatively tested and the clinician must depend
upon subjective reports. It may be useful in patients with nysta-
gmus to assess this finding quantitatively, both pre- and
postoperatively, using electronystagmography (ENG).”!7273.74
Brainstem auditory evoked responses have recently been used
to document and follow patients.’” -7 Pain may be semiquantita-
tively assessed using prepared standardized questionnaires such
as the McGill Pain Questionnaire.”

The natural history of the Chiari malformations presenting in
adulthood is not known and many patients have variable
courses. "™ Clearly, long-term follow-up is essential if we are
to better understand the Chiari malformations and their clinical
sequelae.

CONCLUSIONS

1. The Chiari Il malformation may be more common in
adults than previously recognized. Apparently, the Chiari mal-
formations are a spectrum of related congenital anomalies and
division into Chiari I or Chiari Il may be an arbitrary one. There
was no difference in surgical outcome between these 2 groups.

2. Magnetic resonance imaging (MRI) is a useful test in
demonstrating cervical-medullary pathology. Neuroradiological
investigation of patients with a Chiari malformation should
include metrizamide myelography with delayed contrast com-
puted tomography and MRI if available.

3. More than one-half of patients improved with surgery; of
the remainder, % became neurologically stable and Y3 con-
tinued to deteriorate. Patients presenting with clinical evidence
of central cord dysfunction tend to have a less favourable
outcome. Those with evidence of raised intracranial pressure,
brainstem compression or cerebellar dysfunction, without cen-
tral cord dysfunction may have a more favourable outcome.

4. Plugging of the obex, in our series, did not produce a more
favourable outcome. We only recommend obex plugging for
patients with tonsillar herniation, demonstration of a syrinx,
and a rapidly progressive clinical course.
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