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SUMMARY: A new syndrome of au-
tosomal recessive spastic ataxia has
been isolated in the Charlevoix-
Saguenay region of Quebec. This syn-
drome is remarkably homogeneous and
includes: spasticity, dysarthria, distal
muscle wasting, foot deformities, trun-
cal ataxia, absence of sensory evoked
potentials in the lower limbs, retinal stri-

RESUME: Nous avons isolé dans les
comtés de Charlevoix et Saguenay, au
Québec, un nouveau syndrome d’ataxie
spastique transmit par voie autosomale
récessive. Ce syndrome est remarqu-
ablement homogéne et inclue: spasticité,
dysarthrie, fonte musculaire distale,
déformités des pieds, ataxie tronculaire,
absence de potentiels sensitifs évoqués
aux membres inférieurs, striation
rétinienne réminescente du stage initial
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ation reminiscent of early Leber’'s at-
rophy and the frequent presence (57%)
of a prolapse of the mitral valve.
Biochemically, many cases show im-
paired pyruvate oxidation, others have
hyperbilirubinaemia and some have low
serum [ -lipoproteins and HDL apopro-
teins. These features are similar to those
Sfound in trypical Friedreich’s ataxia.

de l'atrophie de Leber et enfin la
présence fréquence (57%) d’un prolapsus
de la valve mitrale. Biochimiquement
plusieurs patients ont un ralentissement
du taux d’oxydation du pyruvate,
d’autres une hyperbilirubinaemie et
quelques uns des valeurs basses de
B-Iipoprotéines sériques ou des
apoprotéines des HDL. Ces
caractéristiques ressemblent a celles de
Iataxie de Friedreich typique.
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INTRODUCTION

During the past two years, we
became aware of a form of heredit-
ary ataxia encountered in a geneti-
cally isolated region of Quebec.
Some of these patients had been
investigated and diagnosed as *‘atyp-
ical Friedreich’s ataxia’ or a ‘‘forme
de passage’’ between Friedreich’s
ataxia and spastic paraplegia.

In a recent description of patients
with Friedreich’s ataxia in Quebec,
Geoffroy et al. (1976) stated that
intermediate and atypical forms
seemed to outnumber the classical
presentation and gave a comprehen-
sive list of signs and symptoms to
help in the differential diagnosis.
However, Netsky (1968), in an ex-
cellent review, listed an infinite
number of permutations and clinical
forms in hereditary ataxia but
doubted the necessity of describing
new diseases.

We have described a syndrome
seen in Charlevoix-Saguenay, pres-
enting as a form of familial spastic
ataxia and compared it with the clin-
ical picture of pure Friedreich’s
ataxia in Quebec. It is suggested that
both forms possibly originated from
a common couple living in Quebec
City around 1650.

The Region and the Population

Charlevoix County is a mountain-
ous area east of Quebec City on the
north shore of the St. Lawrence
River. Between 1665 and 1725, some
forty families migrated from the cap-
ital, settled around Baie St-Paul and
propagated with astonishing fertility.
While only sixty miles from Quebec
City, there was little population ex-
change as there were no roads and
navigation was hazardous. (Fig. 1).

By 1825 the descendants of these
families and a few others had popu-
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Figure 1—Map of the region where
familial spastic ataxia is encountered
in Quebec. Black dots represent the
sibships described in this study and
open circles sibships known to have
the disease. The arrow traces migra-
tion of the population.

lated and developed the county. Be-
tween 1838 and 1855 a number of
families from Charlevoix established
themselves in the newly opened
Saguenay territory. Until then it had
been protected for the fur trade. By
1851 they accounted for more than
80% of the Saguenay population
which was then around 5,000 (or 800
families). In 1977 it is more than
205,000.

As is the case for another well
known isolate in Holmes County,
Ohio (Cross and McKusick, 1967 a
and b), two other recessive entities
have been described from the same
pooled population of Charlevoix
County and the tributary Saguenay
and Lac St-Jean areas. These are
tyrosinemia (Laberge, 1969) and
familial agenesis of the corpus cal-
losum with sensorimotor neuropathy
(Andermann et al., 1976).

The Study

The disease appears to be trans-
mitted as an autosomal recessive
disorder with strong intra and inter-
familial similarities. Forty-two pa-
tients were examined from 24 sib-
ships and we know of another 24
afflicted individuals not examined.
No parent was reported to have the
disease. Parents and unaffected sibl-
ings were examined in six families
and found to be normal. Fourteen
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patients were admitted to hospital
for tests and the results of their
investigation are tabulated. The
group of 42 forms the basis of the
discussion.

a) Sex distribution

The distribution of male and
female cases favored males 3:2 in the
24 sibships (Table 1). In six of these
sibships afflicted members are exc-
lusively from one sex. Bell and Car-
michael (1939) found the same ratio
for recessive spastic ataxia (66
males/48 females), while both sexes
were equally distributed in the five
other groups of ataxia and spastic
paraplegia with recessive or
dominant transmission. In the small
group described in the Troyer syn-
drome as spastic ataxia, males out-
numbered females 2:1 (Cross and
McKusick, 1967).

B) Age of Onset

None of the patients ever walked
normally, but milestones were not
delayed for most of them. Parents
noted unsteadiness and frequent
falls when the affected children
began to walk. This early involve-
ment is common in hereditary spas-
tic ataxia. Uniformity of this char-
acter highlights a significant correla-
tion within pairs of siblings for age of
onset. This was noted by Bell and
Carmichael (1939). Duration of the
disease is then simple to calculate.

At the time of the study, the age
of our patients was between 9 and 52
years, with a mean of 30.54 + 11.20.
The age of patients admitted to hos-
pital for tests ranged between 17 and
43 years, with a mean of 30.07 + 7.42
(Table 1). The disease has a long
course and slow progression com-
pared to Friedreich’s ataxia. In
many cases little evolution occurred
after the age of 20.

C) Neurological Signs and Symp-
toms

(Table 2)

1. Ataxia of gait was present from
the beginning of walking in all cases.
A few patients denied early walking
difficulties, but the family always
gave evidence of frequent falls and
clumsiness in running. Two patients
claimed improvement in childhood,
but they deteriorated again in their
teens. Progression of ataxia was dif-
ficult to delineate. The disease
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seemed to be stable for long periods
and then seemed to worsen over a
few years,

None of the patients exhibited
truncal ataxia when sitting. Cerebel-
lar manifestations in the upper limbs
included clumsiness of the hands
with variable degrees of dysrhyth-
mia, slowness of fine and course
alternating movements, dyssynergia
and past-pointing. These signs in the
lower limbs were obscured by stiff-
ness but the heel-to-shin test shows
less wavering than one would ex-
pect.

2. Dysarthria was always present
with a slurred character. The voice
was rarely explosive. There was
often a break in the normal melody
and sudden change of tone. The ton-
gue was never wasted but slow and
dysrhythmic in alternate movements
without oro-facial dyspraxia.

3. Nystagmus was present in all
cases with the following characteris-
tics: horizontal, of the first and
rarely second degree, bi-directional,
often with predominance on one
side. In addition, there was occa-
sionally a more irregular vertical
nystagmus. By comparison, Bell and
Carmichael (1939) reported nystag-
mus in 69% of their total cases of’
hereditary ataxia and Geoffroy et al.
(1976) in only 42% of their
Friedreich’s ataxia patients.

One of the most remarkable fea-
tures for all the cases of familial
spastic ataxia was a gross defect of
conjugate pursuit ocular move-
ments. These were dysmetric, sac-
cadic and restricted to the horizontal
plane. Wadia and Swami (1971) and
Zee et al. (1976) described similar
difficulties in hereditary ataxia and
the last author implied a specific role
for the cerebelium in helping to main-
tain eccentric gaze, in producing
smooth pursuit eye movements and
in modulating the amplitude of sac-
cadic eye movements. Electronys-
tagmographic studies in these pa-
tients will be presented in a forth-
coming paper.

4. Muscle tone was markedly in-
creased in the lower limbs, with
polykinetic knee jerks and occa-
sionally clonus at this level. Spastic-
ity often caused internal rotation of
the lower limbs and scissoring as the

Charlevoix-Saguenay Disease
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TABLE 1 TABLE 3
MEANS OF EACH OTTAWA-WECHSLER SCALE ADJUSTED FOR AGE
CHARACTERIZATION OF PATIENTS (§=2D
SCALE MEAN (z =SCORES):
PATIENTS EXAMINED ADMITTED VERBAL SCALES
N 42 14 INFORMATION -0, 74
GENERAL KNOWLEDGE - LonG TeERM MEMORY FROM
M 25 6 ExPERIENCE - EpUcATION
SEX i . COMPREHENS [ON -0. 21
F PRACTICAL KNOWLEDGE AND SOCIAL JUDGMENT -
ReasonING - LoGicAL SoLuTIONs
M 29,40 £ 12.04 25.83 £ 6.17
AGE DIGIT SPAN - 0. 88
F 32,23+ 9.96 33.25 + 6.94 ATTENTION, CONCENTRATION, ROTE & IMMEDIATE
MeMORY - SEQUENCING
BOTH SEXES 30,54 + 11,20 30.07 ¢ 7.42 ARITHMETIC 21,4
CONCENTRATION, ENUMERATING - ARITHMETIC
RANGE g - 52 17 - 43 REASONING - SEQUENCING
SIMILARITIES -u. 33
RELATIONSHIP & ABSTRACT THINKING - ASSOCIATION
OF ABSTRACT IDEAS
NON VERBAL SCALES (PERFORMANCE)
PICTURE ARRANGEMENT -1.39
TABLE 2 INTERPRETATION OF SOCIAL SITUATION - SEQUENCING -
VIsuaL ALERTNESS
NEUROLOGICAL SIGNS OF HEREDITARY ATAXIAS IN QUEBEC
(% OF TOTAL NUMBER) PICTURE COMPLETION -0. 8
VisuaL Memory & ALERTNESS 10 DETAILS
FAMILIAL ~ FRIEDREICH'S BLOCK DESIGN -1. 30
SPASTIC ATAXIA Repropuce ABSTRACT DEsichN FrROM PATTERN - VIsuaL
ATAXIA (GEOFFROY 1976) PERCEPTION
N (1% (33) OBJECT ASSEMBLY -1, 38
ATAXIA OF GAIT 100 100 Reprobuce FamiLiAL ForMs FROM MemORY - VISUAL
DysaRTHRIA 100 100 RETENTION
NysTAGMUS 100 42.4 DIGlT SYMBOL - 2 07
Saccapic PURSUIT 100 - SPEED AND ACCURACY OF LEARNING MEANINGLESS
SPaSTICITY 100 15.1 SymBoLs - IMMEDIATE VisuaL MemorY - Motor ConTROL
PATELLAR REFLEX PRESENT 100 0
ACRILLES REFLEX PRESENT 7.1 0 TABLE 4
ABDOMINAL REFLEX PRESENT 57.1 --
EXTENSOR PLANTAR RESPONSE 100 100 T-TEST FOR PAIRED DATA BETWEEN VERBAL 1.0, AND NoN-VERBAL [.Q.
PosT. CoLUMN S1GNS (LOWER LIMBS) 100 100
ScoLtosts (>100) 0 90.9 = 2D
Pes cavus 85.7 96.9
WASTED HANDS (MARKED) 21.4 -- EA_N S_D_
¥ visuaL acurTy 0 45.4 VERBAL 1., 92.67 11.37
RETINAL STRIATIONS 100 --
NON-VERBAL 1.Q. 71.14 13.03
InconTINENCE (BLADDER AND/OR Bowes) 64.3 -- (PERFORMANCE)
CARDIOPATHY (HYPERTROPHIC) 0 96.9 S1GNIFICANCE ¢ 8.11 —
(MITRAL VALVE PROLAPSE) 57.1 - S
Bouchard et a[ FEBRUARY 1978 = 63
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disease progressed. Tip-toeing was
not constant, but appeared early and
some patients had previous surgery
for elongation of Achilles tendon.
Chaddock and Babinski signs were
easily elicited in all cases, but in two
were associated with equivocal plan-
tar responses. Half of the patients
exhibited abdominal cutaneous re-
flexes and this finding could indicate
sparing the direct pyramidal tracts
and might explain the lack of
scoliosis in this form of spastic
ataxia.

5. Posterior column signs in the
lower limbs were found in all the
ataxic patients. Vibration sense was
decreased or absent in the toes and
reduced to a lesser degree at the
ankle. It was seldom completely
abolished at this level even in older
patients. Nevertheless, there was
progression of this sign as the
youngest patients in the group
seemed almost normal. Hesitations
and a few errors were observed in
most adult cases when testing posi-
tion of the toes. Such defects were
not demonstrated in the upper limbs.

Bell and Carmichael (1939) noted
that sensory signs are often acces-
sory and not looked for carefully in
hereditary ataxia. In a given
kindred, the sensory deficit can be
extensive (Ferguson and Critchley,
1929) or absent (Cross and Mc-
Kusick, 1976b). Hogan and Bauman
(1977) stated that disturbances in
sensations have been described in
relatively few patients with familial
spastic ataxia, but our group showed
a consistent, although not dramatic,
pattern of deep sensory involve-
ment.

Cutaneous sensations were nor-
mal. In one patient (43 years of age),
pricking of the feet provoked triple
flexion of the legs before it was
perceived as painful. More detailed
sensory evaluation with threshold
study and concentration of cutane-
ous receptors are to be done, as
suggested by Dyck et al. (1971).
Biopsies of sural nerves were per-
formed in four patients and will be
reported later.

6. Muscles weakness was dis-
crete, but distal leg atrophy was pre-
sent in most of the cases, exemp-
lified by the extensor digitorum bre-
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vis muscle. Other small muscles of
the foot were involved and the at-
rophy sometimes extended to the
anterior compartment of the leg.

7. Pes cavus was frequently seen.
Only two admitted patients pre-
sented otherwise, one with normal
feet and the other with flat feet. We
found foot deformities in relation to
the characteristics already discus-
sed: early distal spasticity, weakness
of extensor digitorum brevis with
possible spasticity or weakness of the
intrinsic muscles as a whole.
Equinus was present early.

Clawing of the toes was a distinc-
tive feature of the majority and
in some the only noticeable defor-
mity. Prior to or after this clawing,
the usual cavus foot was observed as
in the other spino-cerebellar de-
generative diseases. The amount of
varus in the posterior region was
distinctive. It was less obvious than
the varus of Charcot Marie-Tooth
disease or Friedreich’s ataxia. The
cavitation was located mostly at the
forefoot with a plantar thrust of the
metatarsals. The mechanism of this
thrust was not clearly understood. It
could be due to spasticity of the
intrinsic muscles, dynamic secon-
dary compensations or a retrograde
downward force produced by the
clawing. As Tyrer and Sutherland
(1961) have shown, many different
mechanisms could explain such a
deformity. Later in the disease the
imbalance between a weak anterior
tibialis muscle and a deforming plan-
tar long peroneous acting on the first
metatarsal might be important. De-
fective cerebellar function, as ap-
pears to be the case in Friedreich’s
ataxia, may have an effect.

Many of the factors described can
lead to a variety of deformities:
equinus, clawing, equinovarus,
supinated equinovarus or club feet,
slight varus of the posterior part of
the foot with marked pronation and
equinus of the forefoot. This last
deformity, seen in patients late in the
disease, can be complex in its
pathology and its treatment. Usually
the deformities were well tolerated
and ranged, for the still active wal-
kers, from a reductible clawing of
the toes to a pes cavus with an
acceptable degree of varus and supi-
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nation of the foot. Occasionally, the
deformity did not allow a plantar
splaying of the foot, worsening the
problems of ambulation.

Ankle jerks were absent after 24
years of age. They could be normal
or brisk with clonus under that age,
thus indicating a progressive sign of
the neuronopathy.

8. Hand deformities. There was a
high occurrence of atrophy of the
small hand muscles, which was im-
portant in 5 of the 14 patients admit-
ted for the study. Silver (1966) de-
scribed similar wasting of the hands
and reviewed the literature for this
usually rare finding in familial spas-
tic paraplegia. His two families pre-
sented little functional deficit in the
legs, although examination disclosed
spasticity.

Claw hands were relatively rare in
hereditary ataxia described by Bell
and Carmichael (1939), but more
frequent when the disease lasted 20
years or more. This was the case in
most of our patients. Marked wasting
of the hands is a regular feature of
Charcot Marie-Tooth disease and is
regarded as evidence of ‘‘dying
back’’ neuronopathy. In our cases,
atrophy of the hands was a progres-
sive sign and was early and marked
in all affected members of two
families (Fig. 2). Generalized muscle
wasting was not seen, but muscle
bulk was moderately and diffusely
reduced without severe weakness in
some older patients.

9. Incontinence of urine or feces
was so rarely reported in hereditary
ataxia that Bell and Carmichael
(1939) concluded it had ‘‘no special
significance and may indeed by ac-
cidental in character’’. Hogan and
Bauman (1977) in a review on famil-
ial spastic ataxia do not mention it.
However, some of the patients re-
ported by Schut (1950) and Landau
and Gitt (1951) complained of incon-
tinence or severe constipation.

In our 14 patients admitted to hos-
pital, incontinence was an important
feature, as seven acknowledged
urine urgency and incontinence,
three feces incontinence and three
severe constipation. Only three pa-
tients had normal bladder and bowel
functions. No correlation was found

Charlevoix-Saguenay Disease
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between visceral involvement and
the patient’s age or sex.

10. Other features described in the
literature and present in this group
were dysphagia (occasional choking
either with solid or fluid or both)
noted in five patients. Vertigo on
movement was reported in another
five cases. It was not spinning, but
rather an unsteadiness or a move-
ment of the floor. Asymmetry of the
face was obvious in two patients.

Figure 2—Clawhand is sometimes seen
in this form of spastic ataxia and most
of the patients exhibit some degree of
intrinsic amyotrophy.

Bouchard et al
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Involunatry dystonic or athetoid
movements of the face and right
shoulder were noted once among the
hospitalized patients and this patient
also had fasciculations in the lower
limbs. In the field study, the pres-
ence of fine hand tremor, facial
grimaces and jerky movements of
the face and neck were noted in
some patients. In others, dystonic
postures were intermixed with
choreic-like movements. Although
definite on close examination by a
trained observer, these movements,
nevertheless, were not a major fea-
ture. There were no paresthesiae but
9/14 patients complained of painful
cramps in various territories (neck,
upper or lower limbs) and conditions
(rest, sleep, exertion).

Skull and chest X-rays were all
normal. Anterior-posterior (AP) view
of the spine was obtained from four-
teen erect patients and showed in
five cases a non significant thoracic
curve of less than 10°. True kyphos-
coliosis was never seen. Two pa-
tients had air encephalograms, with
tomography of the posterior fossa
demonstrating severe cerebellar at-
rophy.

D) Ocular Findings
Ophthalmological examination,
including color vision testing and
photography of the fundi, was done
on the 14 patients admitted. Six pa-
tients had electroretinographic and

Figure 3—Increased visibility of the re-
tinal nerve fibers, hiding parts of the
vessels is seen in all cases of this
study.
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electrooculographic studies (ERG —
EOG). Five patients had normal po-
tentials. One had photopic and
scotopic abnormalities but her vision
was 20/20 in both eyes with normal
color vision.

Visual acuity was normal in all
cases, but one patient had an amb-
lyopic eye (20/70) explained by
anisometropia. Refraction abnor-
malities (ametropia) were frequent.
Six patients were myopic (—1.00 to
—3.75) and four hyperopic «+
2.50). One patient had a unilateral
congenital blepharoptosis and
another had antimongoloid palpebral
fissures and hyperactive superior ob-
lique muscles but no obvious
strabismus. No paralytic strabismus
was found, but two patients exhi-
bited symptomatic weakness of con-
vergence. Five patients had manifest
strabismus, 3 with small angle exo-
tropia and 2 with small angle inter-
mittent esotropia. Ocular mobility
defects have already been described.

Visual fields, color vision (Ishih-
ara), slit lamp examination, search
for cataracts, tonometry ( < 20 mm
Hg), pupil size with intact light and
near reflexes were all normal. Fun-
duscopy showed normal optic discs
in all patients, but striking and mar-
kedly increased visibility of the reti-
nal nerve fibers, mainly in the papil-
lomacular bundle area (Fig. 3). A
somewhat similar increased thick-
ness of these nerve fibers has been
recently described in the early stage
of Leber’s hereditary optic atrophy.
This disease is often found in con-
junction with hereditary ataxia
(Nikoskelainen et al., 1977). A
number of papers have reported
funduscopic abnormalities in
hereditary ataxia, although seldom
with failing visual acuity. Brégeat
(1966) has studied the association of
hereditary nervous system de-
generative diseases and optic at-
rophy and concluded that it was
different from Leber’s atrophy,
where vision is rapidly lost. Central
retinal degeneration has been re-
ported with spastic ataxia (Berg-
stedt et al., 1962).

E) Psychometric Evaluation
The Ottawa-Wechsler intelligence
battery was administered to
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twenty-one patients, 13 females and
8 males, including the fourteen pa-
tients admitted to hospital. The
mean z-scores (mean equals 0 and
standard deviation equals 1 for the
entire population) of each scale ad-
justed for age is presented in table 3.
Our ataxic patients scored below
normal in the non-verbal scales. For
digit symbols, the low score may be
partly related to the physical hand-
icap, since the test requires speed
and good motor control of fine
movements. However, the physical
handicap does not explain the low
scores for the rest of the non-verbal
scales. Some of our low score pa-
tients could draw an accurate spiral
and quite a few patients with poor
spiral drawing scored quite high. In
addition, it was obvious during the
tests that some patients had marked
difficulties with picture or block ar-
rangements that had little or nothing
to do with motor control.

A t-test for paired data has been
calculated between verbal 1.Q. and
non-verbal 1.Q. (Table 4) and shows
a significant difference (p < 0.01).
Familial spastic ataxia seems to be
associated with a decrease in non-
verbal mental abilities. There was no
correlation with handedness and no
significant difference between males
and females, although female pa-
tients scored slightly lower (respec-
tively 81 and 76). Verbal abilities
were less influenced. With a mean of
92.67 for verbal 1.Q., we concluded
that our group of ataxia patients
were within the limits of normal,
similar to the typical Friedreich’s
ataxia patients studied by Geoffroy
et al. (1976).

We have also identified two non-
verbal scales (object assembly and
digit symbol) that are in negative
correlation with age. This suggests
that abilities decrease significantly
as age increases, or as the disease
progresses. These correlations are
respectively: —41 and —31 for ob-
ject assembly and digit symbol. This
tends to suggest that correlations
need to be looked for with all the
sub-tests of the non-verbal as well as
the verbal scale. This appears to be
more important than the global 1.Q.
studies which are an average of
many different mental abilities.
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F) Cardiovascular Evaluation

The fourteen patients of this study
underwent cardiovascular evalua-
tion as well as chest X-rays, electro-
cargiograms, vectocardiograms and
echocardiograms..

Clinical findings: Five patients
had normal cardiovascular examina-
tions. In one case, there was a grade
1/ VI ejection systolic murmur at the
upper left sternal border which dis-
appeared with the Valsalva man-
euver. In six patients there was an
early systolic click, best heard at the
apex, and in two additional patients
a similar click was followed by an
early and mid-systolic murmur. This
is usually considered clinical evi-
dence for prolapse of the mitral
value.

Chest X-rays: The heart size was
normal (normal C/T ratio) as well as
the pulmonary vascularity in each
case.

Electrocardiograms and vectocar-
diograms: The E.C.G. tracing was
normal in thirteen patients. The
other exhibited occasional prema-
ture ventricular contractions but the
tracing was otherwise normal. The
vectocardiogram was normal in all
twelve patients in whom it was ob-
tained.

Echocardiogram: Tracings were
obtained in 12 of the 14 patients. The
echocardiogram was entirely normal
in two. In one case it showed slight
dilatation of the left and of the right
ventricle. One patient exhibited a
very slight degree of septal hyper-
trophy, with the septal to posterior
wall ratio of 1.37 at end-diastole.
Eight tracings showed the echocar-
diographic features of prolapse of
the mitral valve. In seven cases, the
prolapse was of the early or pansys-
tolic type, whereas in the last patient
it was of the mid-systolic type. None
of the fourteen patients exhibited the
echocardiographic features of
Friedreich’s ataxia (Gattiker et al.,
1976). Instead, a high incidence of
mitral valve prolapse was found.
Three patients had clinical, but no
echocardiographic, evidence of pro-
lapse. In three others there was
echocardiographic prolapse without
any physical signs. In five patients
there was both clinical and echocar-
diographic evidence of the anomaly.
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G) Electrophysiological Study
Nerve conduction studies and
EMG’s were carried out on the hos-
pitalized patients. They revealed ab-
sent or markedly decreased sensory
evoked potentials. However, in line
with the increased CSF proteins and
the peripheral muscle atrophy,
motor conduction (Dyck et al., 1968,
1971; Peyronnard et al., 1976) was
decreased in most patients in this
group. Polyphasic motor units in
many muscles confirmed neurogenic
involvement. These studies are re-
ported in detail in a later paper.

H) Laboratory results

Each of the fourteen patients was
admitted to hospital for ten days.
During the first three days they were
placed on a diet balanced for pro-
teins and sugars before the routine
and special fasting blood tests were
done. Determination of total serum
bilirubin was done on three consecu-
tive days. Cerebrospinal fluid was
obtained by lumbar puncture for
analysis of proteins by elec-
trophoresis, and by chromatography
for endogeénous opiates and pep-
tides.

Methods: Aldolase, serum gluta-
mate oxalo-acetate transaminase
(SGOT) and pyruvate transaminase
(SGPT), creatinine phosphokinase
(CPK) and triglycerides were esti-
mated using Gemsaec at 30°C.
Serum lactate dehydrogenase was
measured with the kit Statzyme
LDH (L-P) 16 by ICN and total
serum cholesterol with the kit of
Beohringer-Mannheim. Lactic and
pyruvic acid were estimated with the
kit of Sigma Chemical Co. Conju-
gated and unconjugated bilirubin
were estimated by the method of
Malloy and Evelyn (1937). Serum
and cerebrospinal fluid proteins
were determined by the methods of
Grunbaum (1963) and Kaplan and
Savary (1965).

RESULTS

a) Distribution of ABO/Rh blood
types for this group of patients
showed an increase in type B+
(28.5%), which is more than the
normal population of Quebec (9%)
and the Friedreich’s ataxia popula-
tion (Butterworth et al., 1976).

Charlevoix-Saguenay Disease


https://doi.org/10.1017/S0317167100024793

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

DISTRIBUTION OF TOTAL BILIRUBIN

TOTAL BILIRUBIN tug %)

PYRUVATE LEVELS DURING
GLUCOSE TOLERANCE TEST

32 } PYRUVATE (Mc T)
. 14 |
oy va |l * .
2.4 b ° 10 .:. e ® * .
.0 | .
20 | . . . . 2 .
[ .
8 }' .® :. ’c‘o oo ..
.60 R . ASA : ) :.
-6 . oo . . -
12 b * . . H A .
' - oo
s b * * . 4 L . o
4} . - s 2k
. had ... ¢
—— .0
2 3 4 S 6 7 § 9 10 11 12 13 1 15 ° 30 60 120 180
TIME: (MinuTE)

NO: CASES

Figure 4—Distribution of total bilirubin results for each patient

in the study.

However, it should be remembered
that they all originate from the same
family group. Other hematologic
data are normal, but we found a
single patient with a spoliative
anemia and another with discrete
acanthocytosis.

b) Serum enzyme activities as well
as the levels of cholesterol and trig-
lycerides were normal in all patients
by routine tests (see paper by
Davignon et al., this issue). Serum
protein electrophoresis did not show
any quantitative or qualitative modi-
fication.

¢) Total bilirubinemia was in--
creased in six patients (1.6, 1.6, 2.9,
3.0, 1.1, 1.2 mg %) at least once (Fig.
4). We did not find a familial dis-
tribution to this as described by Bar-
beau et al. (1976) in Friedreich’s
ataxia. Three determinations of
bilirubin for each patient gave the
following mean values: conjugated
0.104 £ 0.108 mg %, unconjugated
0.318 * 0.262 mg % and total biliru-
bin 0.536 + 0.55 mg %.

d) Pyruvic and lactic acids were
determined during a glucose toler-
ance test. As with Friedreich’s
ataxia, 'we found a delayed return to
normal, indicating impaired pyru-
vate oxidation (Fig. 5). Six patients
had a slightly elevated pyruvate
level when fasting. One hour after
the glucose load, eleven patients had
an increased level and after three

Bouchard et al

Figure 5—Pyruvate levels during glucose tolerance test for each

patient. Mean value at start time is 0.59 * .172 mg % and
peaks to 0.825 % .227 mg % at 60 minutes. After 180 minutes
it is still elevated at 0.68 * .19 mg %.

hours six were still elevated. How-
ever, the pyruvate oxidation defect
appears to be of much less impor-
tance than in Friedreich’s ataxia
(Barbeau et al., 1976¢).

e) The cerebrospinal fluid had
normal cellular content in all cases.
Total C.S.F. proteins were in-
creased in 9 cases with a range of 18
to 87.5 mg%. Contrary to the results
of Badiu and Cherciulescu (1969)
and in hereditary ataxia, C.S.F. al-
bumins were increased in 7 cases
and B-globulins decreased in 10
cases, although these values were
not significant when compared to a
group of 26 controls with neurologi-
cal diseases other than brain hemor-
rhages or multiple sclerosis. A rela-
tive decrease in &2 and -globulins
in C.F.S. has been noted in atrophic
degenerative processes (Kawi, 1973)
and we also found a: globulins de-
creased in 7 of our cases.

DISCUSSION

We have described a large group
of patients from a genetic isolate,
presenting a uniform clinical picture
and best fitting the general descrip-
tion of familial spastic ataxia. The
clinical features of these patients are
more homogeneous than in the cases
from around the world which were
first called spastic ataxia by Bell and
Carmichael almost forty years ago.
No other published family or
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kindred presents the range of clini-
cal, electrophysiological and
biochemical manifestations encoun-
tered in the syndrome seen in the
Charlevoix-Saguenay area.

The first distinctive feature is the
genetic transmission. Contrary to
the autosomal dominant form of
hereditary spastic paraplegia
(Landau and Gitt, 1951) which is the
most common form of presentation,
in our cases the transmission was
autosomal recessive. Recessive
spastic ataxia has been reported
rarely. Hogan and Bauman (1977), in
a thorough review of familial spastic
ataxia, stated that the recessive form
is more frequent in childhood, but
further in their paper they analyze
jointly the recessive and dominant
cases reported in the literature, thus
further contributing to the confu-
sion. Cross and McKusik (1967a),
while describing the Troyer Syn-
drome in the Old Order Amish of
Holmes County, Ohio, reviewed the
literature concerning recessive cases
of spastic ataxia. The data is com-
puted in Table 6, modified from their
paper. It can be seen that a clinical
tetrad of spasticity, dysarthria, distal
muscle wasting and foot deformities
is common to all previously reported
cases of recessive (familial) spastic
ataxia, and even to some cases in-
herited in an autosomal dominant
fashion (Garland and Astley, 1950).
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TABLE 5
HEREDITARY NEUROLOGICAL

SPASTIC ATAXTA CONTROLS

(N = 14) N = 26)
NORMALITY MEANS S.D. MEANS S.D.
TOTAL PROTEIN 15 - 40 mgs 53.35 24.66 34.23 23.6
PRE-ALBUMIN 2 - 4.5mgy 5.3 2.6 6.65 2.57
ALBUMIN 47 - 60 mgd 59.47 5.31 56.16 4.74
a GLOBULIN 6.5 - 10 mgk 6.90 1.67 7.62 1.34
8 GLOBULIN 15.5 - 24 gk 14.34 2.35 15.08 2.8

To this may be added onset before
age two as reported by Seeligmuller
(1876), Holmes (1905), in the Troyer
Syndrome (Cross and McKusick,
1967a) and in the Charlevoix-
Saguenay syndrome. The disease in
Quebec is progressive, even if rela-
tively slow. This is also the case in
the Troyer Syndrome. Nystagmus
and abnormal pursuit movements
were present in all our cases, but
have not been noted in the Troyer
Syndrome.

Although superficial sensory
modalities were normal in all the
reported cases and in our patients,
we found vibration perception and

position sense in the legs was de-
creased. This was confirmed by the
complete absence of sensory evoked
potentials in the lower limbs in our
patients. This distinctive feature has
not previously been reported (al-
though not usually tested for).
Another distinctive feature found in
all our cases was a retinal striation,
which has recently been reported in
early cases of Leber’s optic atrophy
(Nikoskelainen et al., 1977). Finally,
in a significant proportion of cases
there was mitral valve prolapse, a
heretofore undescribed finding in
ataxia.

The Charlevoix-Saguenay syn-

TABLE 6

RECESSIVE SPASTIC ATAXIA IN THE LITERATURE

SEELIGULLER
(1876) (1897)

Cases Males 1 1

Females 3 2
Onset (yr) 1 10
Spasticity + +
Dysarthria + +
Distal wasting + +
Foot deformities + +
Nystagmus ? +
Sensory abnormalities 0 0
Mitral prolapse ? ?

HODGE MAAS ORMEROD HOLMES
(1904)

TROYER CHARLEVOIX
SODRME  SAGUENAY
(1967) (1977)

(1904) (1905)

3 0 13 25
0 2 7 17
3-6 1-2 1-2 1-2
+ + + +
0 + + +
+ + + +
2 + + +
+ + 1} +
0 0 [ +
? ? ? +

Modified and campleted from Cross and McKusick, 1967a
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drome appears to be a distinct en-
tity, or at least a more advanced
form of previously described reces-
sive spastic ataxias. However, on
genetic, clinical and even biochemi-
cal grounds there is some evidence
linking recessive spastic ataxia and
Friedreich’s ataxia. This possibility
had been raised by Bell and Car-
michael (1939) and has been men-
tioned by many authors. Both are
rare recessive diseases. It is of in-
terest that all the known Kinships of
the Charlevoix-Saguenay syndrome
have among their ancestors one of
the couples previously identified in
many Friedreich’s ataxia Kinships:
Robert Drouin and Marie Dubois
(Barbeau et al., 1976a). However,
direct links with the Friedreich’s
families have not been established.
Clinically, it is important to note the
involvement of the posterior columns
in both diseases. Finally, there are a
number of biochemical similarities.
In both diseases there are groups of
patients with slow pyruvate oxida-
tion rates, with elevated indirect-
reacting bilirubin, with decreased
B -lipoproteins in the serum (see
paper by Wastiaux et al. in this
issue) or with low HDL apoproteips
(see paper by Davignon et al. in this
issue). Such similarities pose a
number of nosologic problems which
will have to be solved by future
studies. However, major differences
such as the mitral prolapse rather
than cardiomyopathy and the in-
creased tendon reflexes exist be-
tween the two diseases.
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