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We compared the severity of motor dysfunction with local cerebral metabolic rates for glucose (ICMRGlc) and the 
degree of tissue atrophy in 30 patients with olivopontocerebellar atrophy (OPCA). We devised a scale to quantitate the 
degree of ataxia in the neurological examinations. ICMRGlc was measured with '8F-2-fluoro-2-deoxy-~glucose and 
positron emission tomography (PET). Tissue atrophy was assessed by visual rating of computed tomographic scans. 
PET studies revealed marked hypometabolism in the cerebellar vermis, cerebellar hemispheres, and brainstem of 
OPCA patients compared with 30 control subjects. A significant correlation was found between severity of motor 
impairment and ICMRGlc within the cerebellar vermis, both cerebellar hemispheres, and the brainstem. A significant 
but weaker relationship was noted between the degree of tissue atrophy in these regions and clinical severity. Partial 
correlation analysis revealed that motor dysfunction in OPCA correlated more strongly with ICMRGlc than with the 
amount of tissue atrophy. These results suggest that the clinical manifestations of OPCA are more closely related to the 
metabolic state of the tissue than to the structural changes in the cerebellum. 
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Olivopontocerebellar atrophy (OPCA) is a progressive 
neurological disorder involving iieuronal degeneration 
in the cerebellar cortex, pons, and inferior olivary nu- 
clei [ 1-41. The disease often displays autosomdl domi- 
nant inheritance, though autosomal recessive transmis- 
sion and sporadic cases occur as well. Early clinical 
features of the disease include a disorder of gait and 
dysarthria. Later, impairment of coordinated move- 
ments of all the limbs and further impairment of the 
bulbar musculature develop. The rate of progression 
of the signs and symptoms associated with OPCA 
varies widely between patients. 

The diagnosis of OPCA is usually based on clinical 
evaluation, since most laboratory investigations show 
no abnormalities. Cerebrospinal fluid protein may be 
slightly elevated, and the electroencephalogram may 
show an excessive amount of slow activity [ S ] .  Audi- 
tory evoked potentials are sometimes abnormal [b], 
and impaired sensory nerve conduction ha.s been re- 
ported [7, 81. The results of immunological and 

biochemical investigations are usually normal, thouglh a 
deficiency of glutamate dehydrogenase has been re- 
ported in the tissue fibroblasts and platelets of some 
individuals with autosomal recessive and autosonnal 
dominant forms of the disorder [9- tb]. 

The list of conditions that can lead to cerebellar 
dysfunction in adults is extensive and includes malfor- 
mations, degenerations, vascular diseases, infectioins, 
neoplasms, remote effects of neoplasms, toxidmeta- 
bolic disorders, and demyelinating disease. The diag- 
nosis of OPCA is usually suggested by the presence of 
atrophy of the cerebellum and brainstem o n  computed 
tomographic (CT) scanning, often in association with 
abnormalities of brainstem auditory evoked responses 
and peripheral nerve studies. Because none of these 
tests is diagnostic for OPCA, an extensive evaluatiori is 
needed to rule out the many other possibilities of pro- 
gressive cerebellar dysfunction in an adult. 

Xecently, we used positron emission tomography 
(PET) and 18F-2-fluoro-2-deoxy-D-glucose ( ''F-FDiG) 
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to study local cerebral metabolic rates of glucose 
(ICMRGlc) in 30 patients with OPCA and 30 normal 
volunteers with the goal of defining a metabolic pat- 
tern that might aid in the diagnosis of OPCA C171. We 
found a significant decline in lCMRGlc in the cerebel- 
lar vermis, both cerebellar hemispheres, and the brain- 
stem of patients with OPCA when compared to age- 
matched control subjects. In 80% of OPCA patients, 
lCMRGlc values normalized to the cerebral cortex 
were more than two standard deviations below the 
mean of the normal group in at least one cerebellar 
region or the brainstem. The thalamus and the cerebral 
cortex were not hypometabolic. Moreover, we have 
shown that most OPCA patients studied have some 
degree of tissue atrophy detected by CT, though in 
some patients the atrophy is only mild 1177. Determi- 
nation of the specificity of these PET and CT findings 
awaits studies of patients with other diseases affecting 
the cerebellum. 

In the current study we sought to define the rela- 
tionship between the severity of the clinical manifesta- 
tions in OPCA and the metabolic rate of the cerebel- 
lum and brainstem. We also intended to explore the 
relationship between observed clinical severity and tis- 
sue atrophy as assessed by CT. Moreover, we aimed to 
determine whether the clinical signs of the disease are 
more closely linked to a decline in lCMRGlc or to the 
amount of tissue atrophy. 

Methods 
We studied 30 individuals with OPCA and 30 normal con- 
trol subjects. The studies were approved by the institutional 
review board and informed consent was obtained from all 
subjects. The normal control subjects had no history of 
neurological disease and no significant abnormalities on 
neurological or general physical examination. The subjects 
were taking no medication known to affect central nervous 
system (CNS) function or to cause CNS side effects. All 
subjects were carefully screened for alcoholism, and none 
with a clear history of alcoholism were admitted into the 
study. The patients with OPCA included 13 men and 17 
women with OPCA with an average duration of illness of 6 
-+ 5 years and a range of 1 to 22 years. Sixteen cases were of 
sporadic occurrence, while 14 patients presented with a fam- 
ily history of similar illness in first-degree relatives. Among 
these, all but 1 had a history compatible with autosomal 
dominant transmission. O n e  had a history compatible with 
autosomal recessive transmission. The diagnosis of OPCA 
was made on the basis of the history, physical examination, 
neurological examination, laboratory tests to exclude other 
diseases, and the findings on C T  scans. None of the patients 
had disorders of sensory function adequate to cause ataxia of 
movement. The laboratory tests included complete blood 
counts; serum profiles of hepatic and renal function; brain- 
stem auditory, visual, and somatosensory evoked potentials; 
serum levets of vitamins E, BIZ, and folic acid; and studies of 
thyroid function. A search was made for an occult malig- 
nancy and included a pelvic exmination in the women, a 

Table 1 .  Somatic Motor Signs 

Ataxia of gait 
0 NO deficit 
1 Ataxic, but able to walk in tandem 
2 Unable to walk in tandem 
3 Unable to walk without assistance 
4 Unable to walk 

Heel-knee-shin 
0 No deficit 
1 Mild to moderate deficit 
2 Severe deficit 

Finger-nose-finger 
0 No deficit 
1 Mild to moderate deficit 
2 Severe deficit 

Rapid alternating movements 
0 No deficit 
1 Mild to moderate deficit 
2 Severe deficit 

Table 2. Cranial Motor Signs 

Nystagmus 
0 Not present 
1 Present 

Ocular dysmetria 
0 Not present 
1 Present 

Ataxia of speech 
0 No perceptible deficit 
1 Mild deficit 
2 Moderate deficit 
3 Severe deficit 

0 Not present 
1 Present 

Impaired tongue movements 

prostate examination in the men, acid phosphatase levels, 
stool guaiac tests for occult blood, and chest roentgeno- 
grams. 

To quantitate clinical severity in OPCA, we devised a rat- 
ing scale (Tables 1, 2). The signs chosen for inclusion in the 
scale were selected because of their importance in the diag- 
nosis of OPCA and in determining the extent of progression 
of the disease. We relied on our clinical experience with this 
disorder to formulate the scale. The scale was devised before 
any analysis of PET or C T  data. 

Four somatic motor signs accounted for 10 of the 16 po- 
tential points in our scale and four cranial motor signs ac- 
counted for six points. This was intended to reflect the rela- 
tive importance of somatic motor and cranial motor deficit in 
the clinical progression of the disease process. Of the somatic 
motor signs, two are associated with the lower extremities 
and two with the upper extremities. Of the cranial motor 
signs, two each are associated with the mouth/larynx and 
eyes. The number of points associated with each individual 
sign represents its importance in determining clinical severity 
in OPCA in our clinical judgment. Clinical ratings were ap- 
plied to each patient by two of the authors (G. R. and S. G.). 
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The scoring of ataxia of speech was based on an evaluation 
conducted by one of the authors (K. J. K.). The rating system 
used for assessment of speech has been described previously 
1181. 

All subjects were studied in the University of Michigan 
Division of Nuclear Medicine P.E.T. Facility while lying 
supine, awake, and blindfolded in a quiet room. Each subject 
was placed in a head holder that maintained the head im- 
mobile throughout the study. The head was aligned along the 
orbitomeatal line with a laser. Scans were performed 30 to 
75  minutes after the injection of '*F-FDG. Radiochemical 
purity of '#F-FDG, synthesized by a modification of the 
method described by Ehrenkaufer and colleagues [ 191, was 
greater than 95%. Five to 10 mCi were injected intrave- 
nously, and PET scans were performed with a TCC PCT 
4600A tornograph with an in-plane resolution of 11 mm full 
width at half maximum (FWHM) and a Z-axis resolution of 
9.5 mm FWHM. Five planes with 11.5-mm center-to-center 
separation were imaged simultaneously. Four sets of scans 
were taken per patient, including two interleaved sets 
through lower brain levels and two interleaved sets through 
higher brain levels for a total of 20 slices, each separated by 
5.75 mm. An attenuation correction was calculated by the 
standard ellipse method, modified to account for attenuation 
from the head holder and skull. 

Blood samples were collected from the radial artery. 
ICMRGlc was calculated using a three-compartment model 
and single scan approximation described by Phelps and co- 
workers {201 with gray matter kinetic constants derived from 
normal subjects [21]. As described fully in a previous article 
[17], regions of interest (ROIs) were studied in the cerebel- 
lar hemispheres, cerebellar vermis, brainstem, thalamus, and 
cerebral correx. Data were collected from the ROIs by plac- 
ing a 22 x 11 mm parallelogram over each cerebellar hemi- 
sphere, an 11 x 18 mm rectangle over the cerebellar vermis, 
an 11 x 15 mm rectangle over the brainstem, and an 11 x 
11 mm square over each thalamus. Each ROI was centered 
over a local peak in ICMRGlc. (For reference, an individual 
image element [pixel] is 3.75 mm x 3.75 mm in size.) Data 
were obtained from two slices containing the cerebellum and 
brainstem and from one slice containing the thalamus. ROIs 
from the cerebellar vermis were posterior to the fourth ven- 
tricle. The brainstem ROI chiefly reflects the pons, but the 
mesencephalon or medulla oblongata could be partially rep- 
resented. Data from the cerebral cortex were obtained by 
measuring ICMRGlc in the cortical ribbon from consecutive 
slices beginning with the lowest slice containing the basal 
ganglia and continuing until the mesial cortex became visible. 
This was accomplished with a computerized routine that en- 
hances the contrast in the images, then selects a 15-mm-wide 
band extending inward from the cortical rim. The mean met- 
abolic rate was computed for each of these ROIs. The meta- 
bolic rate for the subcortical regions studied was normalized 
to the metabolic rate of the entire cerebral cortex. 

C T  scans were obtained in OPCA patients with a GE 
9800 tornograph. The scans were read by a neuroradiologist 
(S. S. G.) who was informed only of the patient's age and 
diagnosis. The neuroradiologist was unaware of the patient's 
clinical history or findings on PET study. A rating scale previ- 
ously described was used to quantitate the degree of atrophy 
in each cerebellar hemisphere, the cerebellar vermis, and the 

brainstem [ 171. In this rating scale, the neuroradiologist took 
into account the degree of atrophy expected on the basis 'of 
the patient's age. Representative CT scans have been pub- 
lished [17). 

Spearman rank correlations were used to compare meta- 
bolic and C T  data to clinical scores and to assess the relation- 
ship between CT rating and 1CMRGlc. The partial correla- 
tions method was used to eliminate the effect of the 
relationship between ICMRGlc and tissue atrophy when 
these two variables were measured against clinical score. 

Results 
The neurological findings in the OPCA patients are 
summarized in Table 3. All the patients presented with 
a disorder of gait and an ataxic dysarthria. Some irn- 
pairment of coordinated limb movements was noted in 
all patients. Nystagmus was present in 20 patients and 
ocular dysmetria in 8. Seventeen patients demon- 
strated impaired tongue movements. Limb spastici'ty, 
hyperreflexia, and extensor plantar responses were 
present in 9, 6, and 8 patients, respectively. 

We found a significant relationship between the 
overall severity of the clinical signs and a decline in 
1CMRGlc normalized to the cerebral cortex for the 
cerebellar vermis, left and right cerebellar herni- 
spheres, and the brainstem of OPCA patients (Table 
4). N o  correlation between lCMRGlc and clini'cal 
score was noted for the thalamus. As an example, Fig- 
ure 1 portrays the relationship between clinical score 
and metabolic rate in the cerebellar hemispheres. 

We also found a statistically significant relationship 
between clinical severity and the amount of tissue at- 
rophy assessed by CT in the cerebellar vermis and 
both cerebellar hemispheres (Table 5 ) .  The correla- 
tions were of a slightly lesser magnitude than those 
noted between ICMRGIc and clinical score. A sig- 
nificant correlation was not observed between brain- 
stem atrophy rating and clinical score. 

The amount of tissue atrophy determined by CT 
correlates significantly with the decline in ICMRGlc 
measured by PET in each of the three cerebellar re- 
gions studied and the brainstem (cerebellar vermis, Y 

= -0.47, p < 0.005; left cerebellar hemisphere, r = 
-0.45, p < 0.01; right cerebellar hemisphere, Y = 
-0.54, p < 0.005; brainstem, Y = 0.38, p < 0.05). 
Figure 2 demonstrates the relationship between CT 
rating and metabolic rate in the cerebellar hemi- 
spheres. Because PET and CT measures were cor- 
related with each other, we used the partial correla- 
tions method to assess the relationship of these IWO 

variables to clinical score, independent of the effect of 
the other variable. Partial correlations reveal that when 
the effect of the relationship between ICMRGlc and 
tissue atrophy is eliminated, the amount of tissue at- 
rophy no longer correlates significantly with clinical 
severity in OPCA. That is, at any given metabolic tate, 
the amount of tissue atrophy in the cerebellar and 
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Table 

Patient 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
7 

10 
11 
12 
13 
14 
15 
16 
17 
18 
17 
20 
21 
22 
23 
24 
25 
26 
21 
28 
29 
30 

G a t :  - 

3. Clinical Features in OPCA Patients Studied 

Family Duration Ataxic Nystag- Ocular Tongue Spas- Hyper- Extensor 
Sex History Age (yr) GGr" HKSh FNFb RAMb Speech' mu& Dysrr.etnad Disorderd ticityd refleiad Plantard 

M Spor 30 16 + +  + t  + +  + +  + + +  + + + - - 
M Spor 38 9 + + +  + - +  + +  + + +  + 
F Dom 54 6 t +  + + + +  + +  + + 
F Dom 71 1 + t +  + + -  + -  
F Dom 44 5 + t +  + + +  + +  
F Spor 53 6 + t  + - +  t +  ~ + 
M Spor 60 3 + t +  + +  + +  + +  + +  + + 
F Dom 28 5 + +  + +  + +  + +  - - 
F Spor 59 2 + + t +  + +  + +  + +  + + +  + + 
F Spor 65 6 + + + +  + + t +  + -  - ~ - 
M Dom 68 1 + +  + + t  + +  + + +  
F Rec 41 7 + +  + +  + +  t t + -  + 
F Spor 57 2 + t + +  + + + +  + +  t + + + -  + 
F Dom 45 6 t +  + +  + +  + t  + 
M Spor 5 0  5 t i  + + + $ + +  - + 
F Dom 37 3 + +  + + +  + t  t t  
F Spor 52 4 t +  + + + +  + +  - 

M Spor 57 20 + +  + + +  i - +  t 
M Dom 48 5 + +  + +  i - +  - + t -  - 
F Spor 71 3 + + +  + t + +  + +  + 
F Dam 61 I 1  + +  + + +  t -  + - t  - 
F Dom 65 15 + + +  t + +  + +  + +  + + + 
M Spor 65 2 + + +  + + + +  + -  
F Dom 25 t + + t  t +  + +  t +  + + +  - 
F Spor 66 3 + +  + + +  + +  + 
M Spor 68 4 + +  t + + t + +  t + + 
fri Spor 69 3 t +  + + +  + t  
M Spor 55 4 + + +  + t  + +  + +  + + t  + + + +  + 
M Dom 41 22 + + + +  + +  + +  + +  t + t  - + + -  - 
M Dom 38 2 + +  + + +  + +  + 
= no deficit; + = mildly araxic; + t = atmc and unable to walk in tandem; + t + = unable to walk without assistance; + + + t = unable to walk. 
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Fig 1. Severity of clinical impairment plotted against the mean 
local cerebral metabolic rate fir glucose (LCMRG) normalized to 
the cerebral cortex in the left and right cerebellar hemispheres. A 
signifcant relationship (p < 0.005) i s  seen between clinical se- 
verity and LCMRG. 

1 5  
Brain Region Correlation Coefficient 

1 .2  - Cerebellar vermis -0.5Sb 
0 
N 

Left cerebellar hemisphere -0.53b W - Right cerebellar hemisphere - 0.48b 
-0.39' 2 0 9 -  

Thalamus 0.02 z 
Brainstem 

0 
2 

K 

- 
"Spearman rank correlation coefficients of the relationship berween 
the clinical impairment score and the local cerebral metabolic rates 
for glucose (ICMRGlc), normalized to the metabolic rate of the 
entire cerebral cortex. Clinical impairment score was determined 
from the neurological examination and perceptual analysis of speech. 
bp < 0.005. 
' p  < 0.0s. 

u 
> 

0 3 -  
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Table 5.  Cowelations Between Clinical lmpaimzent Score 
and Tissue Atrophy" 

I 

* * .  a 1 9  1 
B 

-~ - 

Brain Region 

hp < 005 
' p  < 001 

of motor functions. A slightly weaker relationship was 
noted between the m o u n t  of atrophy vi~ualized .)n 

Correlation Coefficient 

0 3 -  

~~~ ~ ~ 

Cerebellar vermis 0.42b 
Left cerebellar hemisphere 0.36b 
k g h t  cerebellar hemisphere 0.42b 
Brainstem - 0.04 

"Spearman rank correlation coefficients. Clinical impairment score 
was determined from the neurological examination and perceptual 
analysis of speech. Tissue atrophy was determined by visual rating of 
computed tomographic scans. 
' p  < 0.05. 

CEREBELLAR HEMISPHERES 

i j = -0 i I  

Table 6. Partial Correlations Between Clinical Impahnent 
Score, lCMRGk, and Tissue Atrophy" 

- 
ICMRGlc Tissue 
Given 
Tissue Given 

Atrophy 

Brain Region Atrophy ICMRGlc 
- 

Cerebellar vermis - 0.42b 0.22 

Right cerebellar hemisphere - 0 . 3 j b  0 .22  
Left cerebellar hemisphere - 0.44' 0.16 

Brainstem - 0.44' - 0.12 

"When the effect of the relationhip between local cerebral metabolic 
rate for glucose (1CMRGlc) and tissue atrophy is eliminated, the 
clinical impairment score remains significantly correlated with 
ICMRGlc in all the regions of interest in the cerebellum and brain- 
stem (first column). When the effect of the relationship herween 
ICMRGlc and tissue atrophy is eliminated, the amount of tissue 
atrophy no longer correlates with the clinical impairment score (sec- 
ond column). 

- - - ~  - 

Fig  2 Graph of the mean local cerebral metabolrc rate for glucose 
(LCMRG), normalized to  the cerebral cortex rn the ldt and 
right cerebellar hemtspheres, plotted against the degree of atrophy 
observed i n  computed tomographic (CTI scans A szgnificant re- 
lationship (p < 0 005) is seen between LCMRG and the degree 
of atrophy i n  the cerebellar tissue. The shaded region destgnates 
the range of t w o  standzrd deviattons of LCMRG in the normal 
control group 

brainstem regions does not correlate significantly with 
the clinical signs of the disease (Table 6). In contrast, 
when the effect of the relationship between ICMRGlc 
and tissue atrophy is eliminated, the degree of hy- 
pometabolism still correlates significantly with the 
overall clinical severity. In other words, at any given 
level of tissue atrophy, the decline in ICMRGlc de- 
tected by PET remains significantly correlated with the 
clinical manifestations of OPCA (see Table 6). 

Discussion 
Our data demonstrate that ataxia of limb and truncal 
movements, along with signs of brainstem motor dys- 
function, are directly related to the metabolic rate of 
the cerebellum and brainstem in OPCA. The findings 
confirm the importance of the physiological state of 
the cerebellum and its functional connections in the 
brainstem in the clinical appearance of incoordination 

CT in the cerebellar vermis and hemispheres and the 
severity of clinical deficit. The absence of any correla- 
tion between brainstem tissue atrophy and clinical 
score may relate to the difficulty in estimating the de- 
gree of brainstem atrophy in CT scans because of 
beam-hardening artifacts. 

The scale we developed for assessing clinical sever- 
ity in OPCA scores primarily ataxic components of 
motor impairment in OPCA. Some OPCA patients 
demonstrate corticospinal tract involvement as mani- 
fested by spasticity, muscle weakness, hyperreflexia, 
and extensor plantar responses; however, we have 
shown previously that metabolic rates in the cereloel- 
lum and brainstem are no different in patients with 
OPCA who have corticospinal tract involvement when 
compared to those patients with OPCA who do not 
display these signs [ 171. Because our current study 
focused on ROIs within the cerebellum and brainstem, 
we did not include signs indicating corticospinal tract 
involvement in our quantitation of clinical progression 
in OPCA. 

The correlation between ICMRGlc and tissue at- 
rophy raises the question of whether the decrease in 
metabolism measured by PET can be accounted for by 
the amount of atrophy in the cerebellum and brain- 
stem of patients with OPCA. That is, does the partial 
volume effect (decreased tissue mass and increased ce- 
rebrospinal fluid in the tissue) resulting from the loss 
of neurons and their synaptic connections cause the 
measured metabolic rate to be low? This issue cannot 
be settled with any certainty until a quantitative 
method for analyzing cerebellar and brainstem atrophy 
in the CT scan is developed. Currently, we are pursu- 
ing this task. The results suggest that some of the mea- 
sured decline in 1CMRGJc is due directly to the effects 
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of atrophy; however, Figure 2 demonstrates that some 
patients have no atrophy or mild atrophy and yet dis- 
play severely depressed ICMRGlc. This suggests that 
in some patients the amount of atrophy detected by 
CT in the cerebellum and brainstem does not explain 
the observed hypometabolism of the tissue in these 
regions . 

Our approach, in light of the aims of the current 
study, was to determine whether the clinical signs of 
disease are more closely linked to anatomical degener- 
ation or to a decline in ICMRGlc. To  achieve a satisfac- 
tory assessment we had to account for the tendency of 
these two variables to progress concomitantly. Thus, 
we employed the partial correlations method of analy- 
sis. The results of this analysis (see Table 6) indicate 
that tissue atrophy as assessed by CT is not sufficient to 
explain the relationship between metabolism and clini- 
cal score. In contrast, hypometabolism as determined 
by PET is clearly more tightly linked to the clinical 
severity of the disease process. This suggests that the 
metabolic rate of the tissue is a more important corre- 
late of motor dysfunction in OPCA than is the degree 
of atrophy. 

We conclude that the information provided by PET 
is useful in a complete assessment of OPCA in that, at 
any given level of tissue atrophy noted by CT, the 
degree of hypometabolism correlates with the clinical 
severity of the disease. In previous work we have 
found a significant decline in ICMRGlc in OPCA 
measurable by PET. This implies that decreased 
ICMRGlc measured with PET could support a clinical 
impression of OPCA; however, the issue of whether 
PET provides any clinically useful information not pro- 
vided by CT alone remained unresolved. In our cur- 
rent study we have shown that PET studies may be 
abnormal in symptomatic patients who have minimal 
or no evidence of atrophy in CT scans. Thus, PET does 
appear to be capable of providing information that can- 
not be obtained from CT scans. In addition, the meta- 
bolic data that PET provides is important in assessing 
the severity of the disease. In further work we plan to 
explore the relationship between the neurological 
signs of disease in the various adult-onset cerebellar 
ataxias and the metabolic rate in specific CNS struc- 
tures. Such studies will help to establish whether PET 
can serve as an indicator of severity in these diseases 
and whether differing patterns of deficit in metabolic 
rate can be useful in the differential diagnosis of cere- 
bellar dysfunction. 
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07222. 

We thank Dr  Morton Brown for his advice concerning statistical 
analysis of the data and Drs B. J .  Giordani and S. Berent for their 
assistance. We are indebted to the staff of the Division of Nuclear 
Medicine for their participation in this study. 

References 
1. 

2. 

3. 

4. 

5 .  

6. 

7 .  

8. 

9. 

10 

1 I .  

12 

13 

14. 

15 

16. 

17 

18. 

19 

20 

21 

Gilman S, Bloedel JR, Lechtenberg R. Disorders o f  the cerebel- 
lum. Philadelphia: Davis, 1981 
Harding AE. The hereditary ataxias and related disorders. Lon- 
don: Churchill Livingstone, 1984 
Eadie MJ. Olivo-ponto-cerebellar atrophy (Dejerine-Thomas 
type). In: Vinken PJ, Bruyn GW, eds. Handbook of clinical 
neurology, Vol 21. Amsterdam: North-Holland, 1775:4 15- 
43 1 
Eadie MJ. Olivo-ponto-cerebellar atrophy (Menzel type). In: 
Vinken PJ. Bruyn GW, eds. Handbook of clinical neurology, 
Vol 2 1. Amsrerdam: North-Holland, 1975:433-449 
Liversedge LA, Emery V. Electroencephalographic changes in 
cerebellar degenerative lesions. J Neurol Neurosurg Psychiatry 

Gilroy J ,  Lynn GE. Computerized tomography and auditory 
evoked potentials: use in the diagnosis of olivopontocerebellar 
degeneration. Arch Neurol 1978;35:143-147 
Wadia NH, Irani P, Mehta L, Purohit A. Evidence of peripheral 
neuropathy in a variety of heredofamilial olivo-ponto-cerebellar 
degeneration frequently seen in India. In: Sobue I ,  ed. Spino- 
cerebellar degenerations. Tokyo: Uiiiversity of Tokyo Press, 
1980 
McLeod JG, Evans W. Peripheral neuropathy in spinocerebellar 
degenerations. Muscle Nerve 1981;4:51-61 
Plaitakis A, Nicklas WJ, Desnick RJ. Glutamate dehydrogenase 
deficiency in three patients with spinocerebellar syndrome. Ann 
Neurol 1980;7:297-303 
Plaitakis A, Berl S, Yahr MD. Abnormal glutamate metabolism 
in an adult onset degenerative neurological disorder. Science 

Plaitakis A, Berl S, Yahr MD. Neurological disordcrs associated 
with deficiency of glutamate dehydrogenase. Ann Neurol 1984; 
15: 144- 153 
Duvoisin RC, Chokroverty S, Lepore F, Nicklas WJ. Glutamate 
dehydrogenase deficiency in patients with olivopontocerebellar 
atrophy. Neurology 1983 ;3 3 : 1 32 2- 1 326 
Chokroverty S, Khedekar R, Derby B, e t  al. Pathology of 
olivopontocerebellar atrophy with glutamate dehydrogenase 
deficiency. Neurology 1984;34:145 1-1455 
Finocchiaro G,  Taroni F, Pandolfo M, Di Donato S. Glutamate 
metabolism alterations in dominant OPCA. Ital J Neurol Sci 

Finocchiaro G, Taroni F, Di  Donato S. Glutamate dehydroge- 
nase in olivopontocerebellar atrophies: leukocytes, fibroblasts, 
and muscle mitochondria. Neurology 1986;36:550-553 
Konagaya Y, Konagaya M, Takayanagi T. Glutamate dehydro- 
genase and its isozyme activity in olivopontocerebellar atrophy. 
J Neurol Sci 1986;74:231-236 
Gilman S, Markel DS, Koeppe RA, et al. Cerebellar and brain- 
stem hypometabolism in olivopontocerebellar atrophy detected 
with positron emission tomography. Ann Neurol 1988;23:223- 
230 
Kluin KJ, Gilman S, Markel DS, et al. Speech disorders in 
olivopontocerebellar atrophy correlate with positron emission 
tomography findings. Ann Neurol 1988;23:547-554 
Ehrenkaufer RE, Potocki JF, Jewett DM. Simple synthesis of F- 
18-labeled 2-fluoro-2-deoxy-D-g~ucose: concise communication. 
J Nucl Med 1984;25:333-337 
Phelps ME, Huang SC, Hoffman EJ, et al. Tomographic mea- 
surement of local cerebral glucose metabolic rate in humans 
with (F-18) 2-fluoro-2-deoxy-D-glucose: validation of method. 
Ann Neurol 1979;6:371-388 
Hawkins RA, Mazziotta JC, Phelps ME, et al. Cerebral glucose 
metabolism as a function of age in man: influence of the rate 
constants in the fluorodeoxyglucose method. J Cereb Blood 
Flow Metab 1983;3:250-253 

1961;24:326-330 

1982;216:193-196 

1984;(s~ppl 4): 134- 140 

Rosenthal et al: Motor Dysfunction in OPCA 419 


