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Distribution of cerebello-olivary degeneration in
idiopathic late cortical cerebellar atrophy:

Clinicopathological study of four autopsy cases
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Late cortical cerebellar atrophy (LCCA) is a neurodegen-
erative disease which presents with slowly progressive cer-
ebellar ataxia as a prominent symptom and is characterized
neuropathologically by a limited main lesion to the cer-
ebellar cortex and inferior olivary nucleus. To elucidate the
features of lesions in the cerebellar cortex and inferior
olivary nucleus, four autopsy cases suffering from idio-
pathic LCCA without other cortical cerebellar atrophies,
such as alcoholic cerebellar degeneration, phenytoin
intoxication, or hereditary cerebellar atrophy including
spinocerebellar ataxia type 6, were examined. All affected
patients had identical distinct features of cerebellar cortical
lesions. In all four cases, the most obvious pathological
finding throughout the cerebellum was loss of Purkinje
cells, but the rarefaction of granular cell layers was
observed only where loss of Purkinje cells was very severe,
and thinning of the molecular layer was seen only where
the rarefaction of granular cell layers was moderate to
severe. Two patients presented with vermis dominant cer-
ebellar cortical lesions, but the other two patients showed
hemispheric dominant pathological changes. Neuronal loss
of the inferior olivary nucleus was observed in the three
autopsy cases. Two of the three cases had a prominent
lesion in the dorsal part of the inferior olive and the cer-
ebellar cortical lesion disclosed the vermis dominance, but
the other patient, showing prominent neuronal loss in the
ventral olivary nucleus, had a cerebellar hemisphere domi-
nant lesion. The patient without neuronal loss in the infe-
rior olivary nucleus had suffered from a shorter period of
disease than the others and the rarefaction of granular cell

layers and narrowing of the molecular layer of the cerebel-
lar cortex were mild. Therefore, it is obvious that there are
two types of cerebellar cortex lesions in idiopathic LCCA;
one is vermis dominant and the other is cerebellar hemi-
spheric dominant. The lesion of the inferior olivary nucleus
occurs as a secondary degeneration after rarefaction of the
granular cell layer and thinning of the molecular layer of
the cerebellar cortex progresses. Furthermore, the distribu-
tion of the degeneration in the inferior olivary nucleus
depends on the distribution of the cerebellar cortex lesions.

Key words: granular cell, idiopathic late cortical cere-
bellar atrophy, inferior olivary nucleus, molecular layer,
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INTRODUCTION

Late cortical cerebellar atrophy (LCCA) is a non-
hereditary spinocerebellar degeneration and the first
autopsy case of LCCA was reported by Archambault in
1918.1 Marie et al. established foundation of the concept for
LCCA by investigating four patients in 1922.2 Since then,
LCCA has been considered as a disease entity that devel-
ops cerebellar cortical lesions mainly in the cerebellar
vermis. In 1975, Mancall regarded LCCA as a symptomatic
disease and classified it into six categories.3 However, some
patients with LCCA of unknown cause have been
reported.4–6 There are not many autopsy cases of LCCA
and only eight cases have been reported in Japan.4–9 In four
of these cases, the distributions of the lesion were cerebel-
lar hemispheric dominance5–8 and they did not necessarily
correspond to the distribution suggested by Marie et al. 6

Furthermore, there is a possibility that some patients
reported as idiopathic LCCA could be spinocerebellar
ataxia type 6 (SCA6).10 Therefore, a collective view on the
distribution of idiopathic LCCA has not been established
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yet. Archambault regarded the pathological lesion of the
inferior olivary nucleus as a secondary change,1 but this
also remains uncertain. In this study, the distribution and
features of the cerebellar cortex lesion and degeneration of
the inferior olivary nucleus were investigated in four cases
in which SCA6 was denied by genetic screening.

MATERIALS AND METHODS

Four patients who did not have family histories relating to
cerebellar disorders, previous histories of excessive alcohol
consumption, anticonvulsant medications or thyroid disor-
der, were involved in this study. Their prominent symptom
was slowly progressive cerebellar ataxia and the most con-
spicuous lesion was neuropathologically confined to the
cerebellar cortex and inferior olivary nucleus. Neuropatho-
logical examination revealed no inclusions such as glial
cytoplasmic inclusion in all four cases. Genetic tests were
performed with approval from the patients or their guard-
ians, and the patients proved negative for SCA6.They were
clinically diagnosed as having idiopathic LCCA from these
findings. Their clinical courses of disease are as follows.

Case 1

Schizophrenic disorder began at about the age of 26 years
and the patient had received multiple neuroleptics includ-
ing haloperidol and butyrophenone since he was 31 years
old. At 32 years, the frequency of falls caused by gait dis-
order, the exact onset of which was not determined, had
increased and he was admitted to our hospital. On admis-
sion, cerebellar limb ataxia, severe ataxic gait and dysar-
thria were observed, while motility function of the upper
extremities was relatively better preserved. Gait disorder
developed and he had difficulty in walking unaided at age
33. He was confined to his bed for a long time from the age
of 38 and died of respiratory failure from pneumonia at
age 42.

Case 2

A 57-year-old man developed dysarthria and sometimes
had falls following a 3-year history of gait disturbance.
At 59 years, tremor of the head and upper extremities
appeared and dysgraphia became prominent. He had been
able to walk by himself until the age of 77. However, he had
to be hospitalized because of increased falls from the age
of about 78 years. On admission, cerebellar limb ataxia,
horizontal fixation nystagmus and coarse tremor of the
upper extremities and head were observed. It was no
longer possible for him to walk at the age of 79 and he died
of pneumonia aged 80.

Case 3

This patient was reported by Tsuchiya et al. in 1994.6 His
neurological symptoms began with gait disturbance at the
age of 74 and progressed gradually. At 76 years of age,
dysarthria, cerebellar limb ataxia and ataxic gait were
observed and it was necessary for him to be assisted while
walking. He had suffered hypoglycemic attacks due to dia-
betic medicine since he was 78. He died of pneumonia at
age 81.

Case 4

This patient experienced stagger when he went down stairs
as the first subjective symptom at the age of 55 and it
became difficult for him to button up his clothes due to
tremulous hands. Slow speech and gait disorder progressed
gradually. At the age of 64, he had subdural hemorrhage
and subarachnoid hematoma from trauma, and became
irritable. He started behaving violently toward his wife and
was admitted to hospital at age 65 years. He was confined
to bed and developed dysphagia caused by psychotropic
agents at the hospital. He died of pneumonia at 66 years.

Neuropathological examination

The lesions of the cerebellar cortices were assessed by
HE-stained specimen. Each degree of Purkinje cell loss,
rarefaction of granular cell layer and narrowing of the
molecular layer was determined semiquantitatively using
sagittal sections through the vermis, the pars intermedia of
the hemisphere, the hemisphere through the dentate
nucleus or the lateral part of the hemisphere.The following
standard was used for the assessment. The severity of
Purkinje cell loss was as follows: +, approximately greater
than 50% of Purkinje cells were spared; ++, a few cells per
cerebellar folia were observed; +++, Purkinje cells disap-
peared completely. The levels of granular cell loss were: +,
mild; ++, moderate; +++, severe. The levels of narrowing of
the molecular layer were: +, slight narrowing; ++, promi-
nent narrowing.

The common features of the cerebellar cortex lesions in
all patients studied were as follows: (i) the most severe
pathological change throughout the cerebellum was
Purkinje cell loss; (ii) in some parts granular cells and the
molecular layer were preserved although Purkinje cells
disappeared completely; (iii) granular cell loss was
observed only where Purkinje cell loss was severe and
narrowing of the molecular layer was seen only where
granular cell loss was moderate to severe; and (iv) the
cerebellar cortical lesions tended to be more striking in the
crests than in the depths of the folia. Particularly, there
were quite a few cerebellar folia which had a big gap in the
levels of granular cell loss between the crest and the depth.
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Fig. 1 Degree of the cerebellar cortical lesions. (A) Grade 1;
Purkinje cell loss is moderate. The granular cell and molecular
layers are normal. HE stain. ¥85. (B) Grade 1; Purkinje cells are
absent, but the granular cell and molecular layers are normal. HE
stain. ¥85. (C) Grade 2; Purkinje cells are absent. The granular
layers show slight rarefaction and the molecular layers are
normal. HE stain. ¥85. (D) Grade 3; Purkinje cells are absent.
Moderate rarefaction of the granular layers and moderate nar-
rowing of the molecular layers are observed. HE stain. ¥85. (E)
Grade 4; Purkinje cells are absent. Prominent rarefaction of the
granular layers and prominent narrowing of the molecular layers
are observed. HE stain. ¥85.

Table 1 Degree of the cerebellar cortical lesions

Purkinje cells Granular cell layers Molecular layers

Grade 1 +~+++ – –
Grade 2 +++ + –
Grade 3 +++ ++ +~++
Grade 4 +++ +++ ++

Purkinje cells: + minimal or slight neuronal loss, ++ prominent neuronal loss, +++ absent. Granular cell layers: – normal, + slight rarefaction,
++ moderate rarefaction, +++ prominent rarefaction. Molecular layers: – normal, + slight narrowing, ++ prominent narrowing.
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We classified the lesions of the cerebellar cortex into
four grades (Table 1, Fig. 1A,B (Grade 1), C (Grade 2), D
(Grade 3), E (Grade 4)) based on our pathological features
mentioned above (i–iv) and investigated the distribution of
lesions on idiopathic LCCA based on the degree of the
crest of cerebellar folia degeneration using four sagittal
sections.

RESULTS

It has been reported that the neuropathology of idio-
pathic LCCA shows cerebellar cortical degeneration
where the pathological change is more marked in surface
cerebellar folia than in deeper folia and is more pro-
nounced in the crests of the folia than the depths of the
folia.2 These were observed commonly in our four
patients assessed in this study. In addition, further com-
monly observed features among these four cases were as
follows. The vermis lesion was more severe in the anterior
parts of the horizontal fissure (particularly the culmen)
than posterior parts or the lower face of the cerebellum.
The section through the pars intermedia of the cerebellar
hemisphere showed more severe lesions in anterior parts
of the primary fissure, especially in the quadrangular
lobule, than in posterior parts or the lower face of the
cerebellum. The section through the dentate nucleus
revealed that the front portion of the primary fissure had
more severe lesions, particularly in the quadrangular
lobule, compared to the posterior region or lower face of
the cerebellum. In the lateral part of the cerebellar hemi-

sphere, the lesion in the anterior portion of the horizontal
fissure (superior semilunar lobule) was as severe as or
worse than the lower face of the cerebellum. Thus each
section generally showed that the lesion of the upper face
of the cerebellum was more severe than that of the lower
face of the cerebellum. However, there were relatively
severe lesions in the pyramis vermis and inferior semilu-
nar lobule for all cases. Therefore, it is not the case that
the lesion of the lower face of the cerebellum is always
mild.

Table 2 shows the lobules where the most severe degen-
erations common to four patients were observed in four
sagittal sections and the level of the lesions, respectively.
For cases 1 and 2, the most severe part of the lesion in the
vermis was the culmen, which was Grades 3–4. The domi-
nant levels of degeneration of case 1 (G3 > G4) and case 2
(G4 > G3) were Grades 3 and 4, respectively (Table 2). In
the lesion of the cerebellar hemisphere, the level of case 1
was Grades 1–4, mainly Grade 2, and that of case 2 was
Grades 2–4, mainly Grade 3. It became milder toward the
lateral part of the cerebellar hemisphere in both cases. For
cases 3 and 4, the lesions of the culmen in the vermis were
Grade 1–2. On the other hand, those of the cerebellar
hemisphere were Grades 1–3, and in cases 3 (pars interme-
dia and dentate nucleus, G2 > G1 = G3; lateral part,
G2 > G3) and 4 (dentate nucleus, G3 > G1 = G2; lateral
part, G3 > G2) were Grades 2 and 3, respectively (Table 2).
In these cases, the degeneration became more severe
toward the lateral part of the cerebellar hemisphere
(Table 2).

Table 2 Comparison with the most extensive cerebellar cortical lesion in each sagittal sections

Case 1 Case 2 Case 3 Case 4

Cerebellar vermis
Culmen G 3–4 G 3–4 G 1–2 G 1–2

(G3 > G4) (G4 > G3) (G1 > G2) (G1 = G2)
Cerebellar hemisphere

Pars intermedia N.E. G 2–4 G 1–3 NE
AQL (G4 > G3 > G2) (G2 > G1 = G3)

Dentate nucleus
PQL G 2–4 G 2–4 G 1–3 G 1–3

(G2 > G3 = G4) (G3 > G4 > G2) (G2 > G1 = G3) (G3 > G1 = G2)
Lateral part

SSL G 1–2 G 2–4 G 2–3 G 2–3
(G1 = G2) (G3 > G2 = G4) (G2 > G3) (G3 > G2)

AQL, anterior quadrangular lobule; NE, not examined; PQL, posterior quadrangular lobule; SSL, superior semilunar lobule. G, Grade; G1–2,
cerebellar lesion is composed of Grade 1 and 2; G1–3, cerebellar lesion is composed of Grade 1, 2, and 3; G2–3, cerebellar lesion is composed of
Grade 2 and 3; G2–4, cerebellar lesion is composed of Grade 2, 3, and 4; G3–4, cerebellar lesion is composed of Grade 3 and 4; G3 > G4, the portion
of Grade 3 is larger than that of Grade 4; G4 > G3, the portion of Grade 4 is larger than that of Grade 3; G1 > G2, the portion of Grade 1 is larger
than that of Grade 2; G1 = G2, cerebellar lesion is composed of half Grade 1 and half Grade 2; G4 > G3 > G2, the portion of Grade 4 is larger than
that of Grade 3, furthermore the portion of Grade 3 is larger than that of Grade 2; G2 > G1 = G3, cerebellar lesion is mainly composed of Grade
2, but the small portion is composed of Grade 1 and 3 equally; G2 > G3 = G4, cerebellar lesion is mainly composed of Grade 2, but the small portion
is composed of Grade 3 and 4 equally; G3 > G4 > G2, the portion of Grade 3 is larger than that of Grade 4, furthermore the portion of Grade 4 is
larger than that of Grade 2; G3 > G1 = G2, cerebellar lesion is mainly composed of Grade 3, but the small portion is composed of Grade 1 and 2
equally,; G3 > G2 = G4, cerebellar lesion is mainly composed of Grade 3, but the small portion is composed of Grade 1 and 2 equally; G3 > G2, the
portion of Grade 3 is larger than that of Grade 2.
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The pyramis for the lower face of the vermis and the
inferior semilunar lobule for the lower face of the cerebel-
lar hemisphere had the same or more severe lesions com-
pared with other lobules. The lesion distribution indicated
a similar tendency to that of the upper face of the cerebel-
lum. For all cases, the lesions of the uvula in the vermis and
the tonsil in the cerebellar hemisphere were minimal
(Fig. 2A,B). There was no band-like structure around
residual Purkinje cells, which is observed in chromosome
16-linked autosomal dominant inherited cerebellar cortical
degeneration.11

The inferior olivary nucleus was normal in only case 3
(Fig. 3) and the others showed distinct neuronal loss. For
cases 1 and 2, the dorsomedial part of the inferior olive,
including accessory olivary nuclei, showed more serious
lesions (Figs 4,5A–C). However, the pathological findings
for case 4 showed that accessory olivary nuclei were rela-
tively preserved and the ventral principal olivary nucleus
had severe lesions (Fig. 6A–C). The clinicopathological
findings are summarized in Table 3.

DISCUSSION

The four cases that we investigated here were negative for
SCA6 by genetic screening and there was also less possibil-
ity of chromosome 16q-linked autosomal dominant inher-
ited cerebellar cortical degeneration because no band-like
structure around residual Purkinje cells11 was observed.
Among four cases, case 1 was unique in that he underwent
treatment for schizophrenia, but there was no history that
he developed a neuroleptic malignant syndrome.Moreover,
severe degeneration of the cerebellar white matter accom-
panied by macrophages and cerebellar dentate nucleus,
which are consistent with the neuropathological findings of
neuroleptic malignant syndrome, were not recognized in
case 1. This neuropathological finding differs from those
described in neuroleptic malignant syndrome.12 A diagnosis
of idiopathic LCCA would be appropriate in this study

Fig. 2 Cerebellar tonsilla. Purkinje cells are well preserved and
the granular and molecular layers are normal (A; case 2, B; case
3). HE stain. ¥85.

Fig. 3 Neuronal density is normal in the inferior olivary complex
of case 3. HE stain. ¥18.

Fig. 4 Inferior olivary nucleus of case 1. Neuronal loss in the
dorsomedial portion of the principal olivary nucleus, and in
the dorsal and medial accessory olivary nucleus are observed.The
neurons in the dorsolateral and ventral part of the principal
olivary nucleus are almost normal in number. HE stain. ¥24.
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although further classification may be possible in the future.
Concerning distributions of the cerebellar cortical lesion of
cases 1 and 2, the vermis lesion was dominant in both the
upper and lower faces of the cerebellum, while degenera-
tion of the cerebellar hemisphere was more conspicuous in

cases 3 and 4 (Table 2). Our findings indicate that there are
two types of cerebellar cortical lesion in idiopathic LCCA
the same as SCA6,13–16 one is vermis dominant and the other
is hemispheric dominant, although only a small number of
cases were examined in this study.Although the same result

Fig. 5 Inferior olivary nucleus of case 2 (B; enlargement of the
arrowed area in A. C; enlargement of the arrow-head area in A).
Inferior olivary complex showing obvious neuronal loss (A; HE
stain. ¥21), predominantly in the dorsomedial portion of the prin-
cipal olivary nucleus (B; black arrow, HE stain. ¥54) and the
accessory olivary nucleus (B; white arrow, HE stain. ¥54), com-
pared with the ventral portion of the principal olivary nucleus
(C; HE stain. ¥54).

Fig. 6 Inferior olivary nucleus of case 4 (B; enlargement of the
arrowed area in A. C; enlargement of the arrow-head area in A).
Inferior olivary complex showing evident neuronal loss (A; HE
stain. ¥18), particularly in the ventral portion of the principal
olivary nucleus (C; black arrow, HE stain. ¥36), compared with the
dorsomedial portion of the principal olivary nucleus (B; black
arrow, HE stain. ¥85) and the accessory olivary nucleus (B, C;
white arrow).
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is reported in SCA6,13–16 there have been no reports in which
cerebellar cortical lesions in idiopathic LCCA, without
genetic diseases such as SCA6, were investigated in detail
based on a particular histopathological standard.Therefore,
this is the first report to objectively show the diversity of the
cerebellar cortical lesion in idiopathic LCCA.According to
the neuropathological features of these four cases, it seems
that the cerebellar cortical lesion progresses from Purkinje
cell loss to narrowing of the molecular layer through granu-
lar cell loss. However, it was difficult to distinguish clinically
the diversity of distributions of the cerebellar cortical
lesion, because the patients’ idiopathic LCCA had already
progressed to a certain level; Purkinje cell loss, in particular,
may already have occurred diffusely by the time they
consult a medical specialist. Thus the differentiation has to
be made through their medical history alone.Generally,gait
disorder as the prominent symptom of idiopathic LCCA
cannot be relied on for differential diagnosis of having a
vermis dominant lesion and hemisphere dominant lesion,
because it is difficult to determine by only clinical history
whether gait disorder is caused by ataxia in the lower
extremities or truncal ataxia. However, when movement
disorder in the upper extremities occurs early, like in our
case 4, the cerebellar cortical lesion may be more severe in
the hemisphere than in vermis.7,8 Therefore, the time of
appearance of symptoms in the upper extremities seems to
be very important in clinical differentiation of the lesion
distribution pattern in the cerebellar cortex.

The relationship between the cerebellar cortical lesion
and the lesion of the inferior olivary nucleus was remark-
able in the four cases in this study. For cases 1 and 2, which
were vermis dominant in the cerebellar cortical lesion, neu-
ronal loss was severe in the dorsomedial part of the inferior
olive including the accessory olivary nuclei. On the other
hand, for case 4, which was hemispheric dominant in the
cerebellar cortical lesion, the ventral part of the inferior
olive had severe neuronal loss. This relationship of lesion
distribution between the cerebellar cortex and the inferior
olive had already been reported in previous cases of
LCCA5,7,8 and SCA6,13,15 and correlates with olivocerebel-

lar tract fibers.17 It suggests that there is some relationship
between the cerebellar cortical lesion and lesion of the
inferior olive. Furthermore, in case 2 with lesions of Grade
3 or more throughout the cerebellar cortical lesion, the
neuronal loss in the inferior olive was more conspicuous.
Case 1 showed obvious lesions of Grade 3 or more in the
cerebellar vermis and significant neuronal loss in accessory
olivary nuclei and the dorsomedial part of the principal
olivary nucleus. In contrast, in case 3, which did not show
distinct neuronal loss in the inferior olivary nucleus, the
duration of illness was shorter than in other cases, the
granular cell loss and narrowing of the molecular layer was
mild and there were few lesions belonging to Grade 3 or
more. These findings suggest that the lesion of the inferior
olivary nucleus is related to the level of cerebellar cortical
lesion, especially changes of the granular cell and molecu-
lar layer and to the period of suffering from the disease as
well as SCA6.18 As mentioned above, our study disclosed
that cerebello-olivary degeneration of idiopathic LCCA
has a striking resemblance to that of SCA6.13–16 Thus, it
seemed to be difficult to discriminate idiopathic LCCA
from SCA6 pathologically.

In conclusion, the distribution pattern of the cerebellar
cortical lesion in idiopathic LCCA is diverse and it would
appear that idiopathic LCCA starts from degeneration of
the Purkinje cell and progresses to granular cell loss and
narrowing of the molecular layer in the cerebellar cortex.
The neuronal loss in the inferior olivary nucleus occurs as
a secondary phenomenon in patients after the degenera-
tion of granular cells and the molecular layer becomes
moderate or severe. Furthermore, the distribution of neu-
ronal loss in the inferior olivary nucleus depends on that of
the cerebellar cortical lesions.
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Table 3 Summary of clinicopathological findings

Case 1 Case 2 Case 3 Case 4

Age at onset (years) unknown 54 74 55
Age at death (years) 42 80 82 66
Disease duration (years) more than 10 26 8 11
Cerebellar cortical lesions

Purkinje cell layers Severe Severe Severe Severe
Granular cell layers Moderate Severe Slight Moderate
Molecular layers Moderate Severe Slight Moderate
Distribution V > H V > H V < H V < H

Inferior olivary nucleus
Distribution Do > Ve Do > Ve normal Do < Ve

Do, dorsal portion; H, hemisphere; V, vermis; Ve, ventral portion.
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