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Progressive supranuclear palsy (PSP) is characterized by supranuclear palsy of gaze, axial dystonia, bradykinesia, 
rigidity, and a progressive dementia. Pathological changes in this disorder are generally restricted to subcortical 
structures, yet the type and range of cognitive deficits suggest the involvement of many cerebral regions. We examined 
the extent of functional impairment to cerebral cortical and subcortical structures as measured by the level of glucose 
metabolic activity at rest. Fourteen patients with PSP were compared to 21 normal volunteers of similar age using "F- 
2-fluoro-2-deoxy-D-glucose and positron emission tomography. Glucose metabolism was reduced in the caudate nu- 
cleus, putamen, thalamus, pons, and cerebral cortex, but not in the cerebellum in the patients with PSP as cornpared to 
the normal subjects. Analysis of individual brain regions revealed significant declines in cerebral glucose utilization in 
most regions throughout the cerebral cortex, particularly those in the superior half of the frontal lobe. Declines in the 
most affected regions of cerebral cortex were greater than those in any single subcortical structure. Although using 
conventional neuropathological techniques the cerebral cortex appears to be unaffected in PSP, significant and perva- 
sive functional impairments in both cortical and subcortical structures are present. These observations help to account 
for the constellation of cognitive symptoms in individual patients with PSP and the difficulty encountered in identify- 
ing a characteristic psychometric profile for this group of patients. 
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Progressive supranuclear palsy (PSP) is characterized 
by supranuclear palsy of gaze, axial dystonia, pseudo- 
bulbar palsy with dysarthria and dysphagia, brady- 
kinesia and rigidity, and a progressive dementia 11-51. 
Typical pathological features of neuronal loss, distinc- 
tive neurofibrillary tangles, and gliosis most conspicu- 
ously affect the globus pallidus, subthalamic nucleus, 
red nucleus, substantia nigra, dentate nucleus, tectum, 
and periaqueductal gray matter and are limited to sub- 
cortical structures; the cerebral cortex generally ap- 
pears to be unaffected with conventional neuropatho- 
logical techniques {l, 6}. Despite the apparent lack of 
cerebral cortical involvement, behavioral changes and 
dementia are frequent concomitants of this disorder 
{l, 7, 81. This implies that there may be impairment 
of cerebral cortical function. Previous studies with 
'8F-2-fluoro-2-deoxy-D-glucose (I8F-FDG) and posi- 
tron emission tomography (PET) have demonstrated 
glucose hypometabolism most prominently in the 
frontal cortex 19-1 11. A disturbance in function of the 

frontal lobes only, however, fails to explain the occur- 
rence in patients with PSP of other symptoms of intel- 
lectual decline such as memory impairment, anomia, 
and visuospatial disturbance, which have classically 
been localized to other cortical regions. We therefore 
examined glucose metabolism throughout the cerebral 
cortex. We also studied metabolic activity in the cere- 
bellum and in subcortical structures that have promi- 
nent neuronal loss in this disease, such as the caudate 
nucleus, putamen, thalamus, and brainstem. 

Methods 
Patient Selection 
Fourteen patients with typical features of PSP (7 men, 7 
women, mean age 66 * 6, range 59-75 years) and 21 nor- 
mal control subjects (13 men, 8 women, mean age 60 * 8, 
range 46-71 years) were studied. All had cranial computed 
tomographic (CT) scans showing no localized abnormalities 
and had not taken any medication with central nervous sys- 
tem effects for at least 2 weeks before the PET study. None 
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F i g  I .  Regions of cerebral cortex as defined by the automated 
image analysis program in a typrcal horizontal sltce from a nor- 
mal subyect Mean metabolic rates from. homologous regzons of  ldt 
and right cortex extending from region I ,  moJt anterior, to region 
numbered 8, most posterior. were analyzed t o  determine Licalrzed 
changes in patients with progressit e supranudear palsy (PSP) as 
compared uvth control JubyectJ This image corresponds to the 
most Juperior horizontaislice of the brain analyzed, deszdnated 
aJ level F 

had a history of significant head injury or evidence of stroke. 
The diagnosis of PSP was based on the presence of supranu- 
clear gaze palsy, pseudobulbar palsy, axial and extremity 
rigidity, and dementia. One patient with this diagnosis has 
subsequently come to postmortem examination and this re- 
vealed multiple system degeneration. Since this patient 
fulfilled the clinical eligibility criteria for this study his data 
are included. The normal control subjects were healthy indi- 
viduals without evidence of neurological or psychiatric illness 
who had been recruited by advertisement from the commu- 
nity. 

PET Method 
These studies were approved by the institutional review 
board and informed consent was obtained from each subject. 
Subjects were scanned while at rest with eyes patched and 
ears open to ambient noise in a quiet room. PET images 
were obtained with a TCC PCT-4600A three-ring, five-slice 
tomograph (Cyclotron Corporation, Berkeley, CA) follow- 
ing intravenous administration of 5 to 10 mCi of "F-FDG. 
"E-FDG was synthesized using the reaction of acetyl hy- 
pofluorite with triacetylglucal in Freon-1 1 [12]. This method 
results in less than 5% contamination with 2-deoxy-2-flu- 
oromannose. In each scanning session, a series of four in- 
terleaved scans was obtained parallel to the canthomeatal 
line. This results in up to 20 images with an in-plane resolu- 
tion of 11 mm full width at half maximum (FWHM) and an 
axial resolution of 9.5 mm FWHM. Serial arterial blood sam- 

Fig  2. Positron emission tomographic scan images follozuing " F -  
2-j7uoro-2-deoxy-~g~ucose administration in a typical normal 
subject (top images) and a typical patient with progressive su- 
pranuclear palsy (bottom images). Each is  a horizontal section 
in a plane parallel t o  and approximately 4 cm, level A (left 
images) or 8 cm, level F (right images) above the canthomeatal 
line. The front of the head is to  the top  of the inuge and the 
right of the head i s  t o  the right of the image. The color bar is the 
scale used t o  indicate the rates of glucose utilization (mgl100 
gmlmin) with the highest values at the top and lowest laluer rtt 
the bottom of the bar. 

ples were used to determine IXF-FDG and glucose concen- 
trations. Images were reconstructed following attenuation 
correction by the standard ellipse method, and local rates 
of glucose metabolism were calculated using a three-com- 
partment, four-rate constant model with gray matter kinetic- 
rate constants derived from normal individuals [ 131. 

Image Analysis 
Local cerebral metabolic rate for glucose (ICMRGlc) in the 
cerebral cortex was determined using an automated i m e e  
analysis program that enhances the contrast in the images, 
mathematically defines the extent of the gray matter, and 
then selects a region extending no more than 22 mm inward 
from the cortical rim, thereby excluding subcortical gray mat- 
ter. In each patient, 6 horizontal slices extending from the 
basal ganglia to the top of the centrum semiovale at visually 
equivalent levels were analyzed. Rates of glucose metabolism 
were measured in 16 regions of each slice (8 in each hemi- 
sphere) representing equal sectors of the cortex (Fig 1). 
Mean cerebral cortical metabolism was determined by av- 
eraging rates in all regions analyzed. Mean values in each 
hemisphere were similarly determined. Therefore, hemis- 
pheric rates reflect only the contribution of the cerebral cor- 
tical gray matter and do not include subcortical structures, 
white matter, or ventricles. For simplicity of presentation, 
regional analysis was performed with the means of values 
obtained from homologous regions of the left and right 
hemispheres. Values in each brain region for patients with 
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PSP were expressed as a ratio to the mean in that region for 
normal subjects. 

For the analysis of ICMRGlc in the basal ganglia, the im- 
age in which the head of the caudate nucleus showed the 
highest metabolic rates as determined visually from un- 
smoothed images was selected for measurement of rates in 
the caudate nucleus and putamen. This same image was gen- 
erally also used for measurement of metabolic rate of the 
thalamus. Occasionally, however, the thalamus showed its 
highest metabolic rates in a slightly more superior image. 
When this occurred, the second image was used for analyzing 
thalamic metabolic rates. For each image selected, rates were 
measured in 7.5 x 11 mm regions centered on (1) the head 
of the caudate nucleus, approximately one-third of the ante- 
rior-posterior extent of the cortex and just posterior to the 
frontal horns of the lateral ventricles; (2) the putamen, half- 
way between the caudate cross-section and the anterior ex- 
tent of the thalamus; and (3) the middle of the thalamus. 
Positioning of the region was assisted by the use of a histo- 
gram showing the rates in successive cross-sections of the 
image. Mean metabolic rates of the caudate nucleus, puta- 
men, and thalamus consisted of the average of rates deter- 
mined for the right and left nucleus in each individual. 

In the cerebellar hemispheres, vermis, and brainstem 
ICMRGlc was measured in a region centered over a local 
peak of activity on the image [ 141. A 22 x 11 mm paral- 
lelogram was used for each cerebellar hemisphere, an 11 x 
18 mm rectangle for the vermis, and an 11 X 15 mm rectan- 
gle was used for the brainstem. Data were obtained from 
each image (generally 2 or 3) containing the cerebellum and 
brainstem and represent [he means of values in all images. 
Data were obtained from the cerebellar vermis by centering 
the region of interest over the peak activity seen posterior to 
the brainstem in the midline. The brainstem region chiefly 
reflects the pons, but the mesencephakm or medulla nblon- 
gata could be partially represented. 

All estimates of ICMRGlc are expressed as mean 2 stan- 
dard deviation (SD). Differences between normal and PSP 
rates were assessed by a two-sample Behrens-Fisher t test 
(which does not assume equality of variances). The effects of 
hemisphere, region, and level within a group were tested 
by a three-way repeated measures analysis of variance 
(ANOVA). 

Results 
PET images of glucose metabolic rates obtained from 
patients with PSP differed noticeably in appearance 
from those obtained in normal subjects (Fig 2). Re- 
gional analysis demonstrated that patients with PSP 
had lower glucose metabolic rates in the cerebral cor- 
tex, caudate nucleus, putamen, thalamus, and brain- 
stem (Table 1, Figs 3-5). There was also a tendency 
for cerebellar hemispheric rates t o  be lower in those 
with PSP than in the normal subjects, but rates in the 
cerebellar vermis were unchanged. Significant declines 
in lCMRGlc were present throughout the cerebral cor- 
tex. Anterior brain regions, particularly those in the 
superior half of the cortex, were most impaired (Fig 6). 
ANOVA indicated that there was a significant effect 

Left Cerebral Hemisphere 
Right Cerebral Hemisphere 
Whole Cerebral Cortex 
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F i g  3. Comparison of mean rates of cerebral cortical glucose me- 
tabolism in patients with progressive supranuclear palsy (PSPI 
and in normal subjects (NL). Hemispheric rates represent the 
metabolism of the cerebral cortex in each hemisphere. Error bars 
represent 93% confidence intewals for the mean. (" = p = 
0.0002,** = p = 0.000l.i 

PSP NL 

Fig  4. Comparison of mean rates of glucose metabolism in the 
caudate nucleus, putamen, and thalamus in patients with pro- 
gressive supranuclear palsy (PSP) and in normal subjects (NL). 
Error bars represent 95% confidence intervalsfor the mean. (* = 
p < 0.02; ** = p < 0.0002.) 

of both level (p < 0.0001) and region (p < 0.0001) in 
the patients with PSP. This effect was larger for region 
than for level. Relative to the rates seen in normal 
subjects, the declines were greatest in the superior- 
anterior frontal regions, followed by the caudate nu- 
cleus, putamen, thalamus, brainstem, and most other 
areas of the cerebral cortex (see Table 1, Fig 6). Cere- 
bellar hemispheres and vermis were least affected. 

No significant asymmetries were observed in t6e 
lCMRGlc for the caudate nucleus, putamen, or 
thalamus in either patients or normal subjects; how- 
ever, the cerebral cortex, which was symmetrical in 

Foster et al: Glucose Metabolism in PSP 401 



a + 
Cerebellar verrnis 
L cerebellar cortex 
R cerebellar cortex 

2 7  
0 .c 
- E  .- 
0 a ;6 
S O  

O E  

c3 

f 3 
0 
0 4  3 - 

3 
PSP NL 

F i g  5 .  Comparison of mean rate5 of glucose metabolism in brain- 
slem, cerebellar z,emzis, and hemispheres in patients with progre1- 
sicie supranuclear pahy IPSP) and in nomalJubjects (NL).  Er- 
ror ban represent 95 confidence intervals for the mean. (" = p 
= 0.004.) 

normal subjects, was decreased in the left hemisphere 
(as compared to the right) in patients with PSP. 
Significant asymmetry of cerebellar hemisphere metab- 
olism was observed in normal subjects, but not in pa- 
tients with PSP (Table 2). 

It was not possible to match our patient group to our 
cohort of aged normal subjects for both age and sex 
because the normal subjects are used for many differ- 
ent studies at our center. Consequently, the effects of 
age and sex were investigated in both the normal sub- 
jects and patients. There was no correlation of age with 
lCMRGlc, and no significant differences in ICMRGlc 
were observed between the sexes in either the patient 
or control groups. 

Discussion 
The present study demonstrates that neuronal function 
as measured by regional glucose metabolism is im- 

paired not only in the frontal region of the cerebral 
cortex as described previously {9}, but also in the re- 
mainder of the cerebral cortex as well as in the brain- 
stem, basal ganglia, and thalamus in patients with PSP 
as compared to normal subjects of similar age. Cere-- 
bellar neuronal function shows little change, but the 
resolution of our PET scanner is not sufficient to dis- 
criminate the metabolic activity of the dentate nucleus, 
where substantial abnormality has been describe4 [ 1,  
3, IS]. Our findings using 18F-FDG and PET iliffer 
somewhat from the findings anticipated from the pat- 
tern of neuronal loss observed at postmortem, but re- 
main consistent with the known neuroanatomy o f  re- 
gions that are most affected in PSP. The ICMRGlc 
reflects functional activity of neurons, part of which is 
attributable to the metabolic demands of maintaining 
cellular integrity and part to those of synaptic activity 
{ 161. Thus, decrements in lCMRGlc can be due to loss 
of neurons, loss of afferent fibers, or a combination of 
both. Different brain regions may reflect these mecha- 
nisms in different proportions. Abnormalities of glu- 
cose metabolism at sites distant from the ultimate 
structural lesion have been recognized in a variety of 
circumstances [ 171, and this phenomenon may account 
for some of the declines in ICMRGlc seen in patients 
with PSP. 

By light microscopy, the loss of neurons in PSI' is 
most severe in the midbrain tecturn, including the 
superior colliculi, substantia nigra, basal pontine nu- 
clei, and periaqueductal gray matter. Less severe neu- 
ronal loss is also seen in the rcd nucleus and locus 
ceruleus { I ,  3, IS]. In some patients, motor cranial 
nuclei { 18, 191 are also affected. The resolution of the 
PET scanner used in our studies is insufficient to dis- 
criminate these structures individually; however, neu- 
ronal loss is still the most likely explanation for the 
decline of ICMRGlc observed in the brainstem. 

The globus pallidus, subthalamic nucleus, and me.- 
dial periventricular portions of the thalamus :show 

Table 1 .  Regional Glucose Metabolic Rates imgll00 gnilmin) in Patients with Progrej.siw Supranudeuy 
Pals.? and Normal Control Subject.<" 

Brain Region 

~ 

Normal Control 

(n = 2 1 )  (n = 14) 
Subjects PSP 

Cerebral cortex 6.08 t_ 0.94 4.92 t 0.52 0.8 1 0.000 1 
Cerebellar cortex 6.10 ? 0.90 5.52 t 0.74 0.9 1 0.048 
Cerebellar vermis 5.54 It 0.87 5.33 t 0.84 0.06 0.49 
Brainstem 4.46 2 0.67 3.81 t 0.49 0.86 0.0024 
Caudate 6.48 t 0.91 5.04 t 0.63 0.78 0.00005 
Putamen 7.14 2 1.09 5.60 2 0.99 0.79 0,0002 
Thalamus 6.69 t 1.29 5.65 t 1.15 0.84 0.018 ______ 
"Values represent means 2 standard deviations; / I  values are for a test of equality of means by the Bchrens-Fisher / test, which is equivalent to a 
test that the PSPinormal ratio is unity. 

PSP = progressive supranuclear palsy. 
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Fig 6 .  Regional cerebral cortical metabolic rates for glucose in the 
left hemisphere (A) and in the right hemisphere (B) in  patients 
with progressive supranuclear palsy (PSPI expressedas a ratio to 
the mean rate observed in  the same region in normals. Horizontal 
sections compared are labeled from A,  most inferior, to F ,  most 
supevior. Regions of interest extend from the most anterior ( 1 )  t o  
the most posterior (8). 

considerable neuronal loss in PSP, although generally 
more neuronal loss is found in the brainstern 11, 31. 
Other portions of the thalamus, caudate nucleus, and 
putamen are less affected. Neurons in the striatum that 
contain postsynaptic dopamine receptors are damaged 
120, 213, and important afferents are lost. Dopami- 
nergic fibers from the substantia nigra degenerate, 
leading to declines in dopamine and homovanillic acid 
concentrations in the striatum {20, 221. Thalamostriate 
fibers originate from the intralaminar and centrome- 
dian portions of the thalamus that have the greatest 
neuronal loss 11) and may also contribute to the de- 
clines in ICMRGlc seen in the striatum. Afferents to 
the thalamus are also affected. Fibers projecting from 
the dentate nucleus through the superior cerebellar 
peduncle to the ventral lateral thalamus are damaged, 
as evidenced by the prominent demyelination of this 
tract {l, 151. Thus, declines of glucose metabolism in 
the caudate nucleus, putamen, and thalamus reflect 
both loss of neurons and deafferentation. 

In the cerebellar cortex in patients with PSP there is 
a slight to moderate loss of Purkinje cells, and torpe- 
does have occasionally been noted 111. Most neuronal 
loss, however, appears to be limited to the dentate 
nucleus [3, 151, which receives fibers from but does 
not send fibers to the cerebellar cortex. As expected, 
we found little change in ICMRGlc in the cerebellar 
hemispheres and no change in the cerebellar vermis. 
The asymmetry of cerebellar hemisphere metabolism 
in normal subjects and the loss of this asymmetry in 
patients with PSP is of uncertain significance. Previous 
studies at our center, which included normal subjects 
of younger age, also demonstrated asymmetry of cere- 
bellar hemisphere glucose metabolic rates { 141. 

The cerebral cortex generally appears to be spared 
in PSP when examined by standard neuropathological 
techniques [l, 61. Neurofibrillary tangles have been 
seen in the cerebral cortex of occasional patients, but 
this has not been accompanied by any apparent loss of 
cortical neurons 1231. Because careful morphometric 
studies of the cerebral cortex have not yet been per- 

Table 2. Diffrrence in Glucose Metabolic Rates lmgl100 gmlmini o f  Lej9 and Right Brain Structures 
in  Progressioe Supranuclear Palsy and Normal Control Subjectsa 

Normal Control Subjects (n = 2 I) PSP(n = 14) 

Brain Region Left-Right p Value Left-Right p Value 

Cerebral cortex -0.02 k 0.13 0.53 -0.20 1 0.20 0.002 

Caudate 0.08 & 0.62 0.58 0.23 2 0.74 0.28 

Thalamus -0.12 2 0.30 0.08 -0.17 2 0.37 0.10 

Cerebellar cortex 0.18 5 0.17 0.000 1 0.10 1 0.42 0.40 

Putamen -0.04 ? 0.45 0.66 -0.06 5 0.35 0.56 

"Values represent means t- standard deviations; p values represent comparisons by Student's paired t test. 

PSP = progressive supranuclear palsy. 
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formed, however, loss of some neurons cannot be ex- 
cluded. Many afferent projections to the cerebral cor- 
tex are damaged, and this may account for the changes 
in ICMRGlc observed in this study. The  nucleus 
basalis of Meynert, which suffers significant neuronal 
loss in PSP [24],  projects diffusely to the cerebral cor- 
tex. A decline in cerebral cortical choline acetyltrans- 
ferase in PSP is attributable to degeneration of pro- 
jections from this structure 120). The locus ceruleus, 
as mentioned above, shows significant neuronal loss 
and also projects diffusely to the cerebral cortex. The  
asymmetry of hypometabolism in the cortex suggests 
that subcortical structures may also be asymmetrically 
involved, at least in earlier stages of the illness. Al- 
though a decrease in ICMRGlc in the cerebral cortex 
generally may result from deafferentation, the promi- 
nence of frontal lobe hypometabolism is more difficult 
to explain. The thalamus, nucleus basalis of Mrynert, 
globus pallidus, and other subcortical structures pro- 
ject soniatotopically to the cortex, and conceivably, 
localized damage to one or more of these structures 
could account for the pattern of frontal hypometabol- 
ism that we observed. Until more is known about the 
distribution of neuronal loss in subcortical structures 
that project to the frontal lobe, it is difficult to know 
whether deafferentation is sufficient to explain the pat- 
tern of hypometabolism observed in the cerebral cor- 
tex. 

Some symptoms of PSP can be predicted on the 
basis of neuropathological observations. Prominent ex- 
trapyramidal signs that in some cases lead to a misdiag- 
nosis of Parkinson’s disease [ S ]  result from functional 
impairment of the basal ganglia. Dysphagia, dysarthria, 
and some of the disturbance of ocular motility are 
likely the result of damage to brainstem nuclei and 
tracts. Ataxia is due to damage of cerebellar efferent 
pathways. Other symptoms, however, cannot be ade- 
quately explained by postmortem studies, and PET 
provides a better understanding of their pathogenesis. 

Patients with PSP exhibit a variety of behavioral and 
intellectual changes that classically have been localized 
to the cerebral cortex. Apathy or depression, memory 
loss, dysphasia, impaired judgment, and perseveration 
all may be observed in patients with this disease [7, 8, 
25-27]. The concept of subcortical dementia was de- 
veloped to account for these changes in the absence of 
clear neuropathological change in the cerebral cortex 
177; however, recently the distinction between subcor- 
tical and cortical dementias has become blurred 1281. 
FDG-PET now provides evidence that in PSP there is 
functional impairment in the cerebral cortex and that 
this may account for some of the intellectual and be- 
havioral changes observed in these patitints. Glucose 
hypometabolism is most prominent in the frontal lobe, 
and many symptoms attributable to frontal lobe dys- 
function are seen in patients with PSP {S, 9, 271. Al- 

though in relative terms the frontal cortex is inost  
affected, glucose metabolic activity is decreasecl 
throughout the cerebral cortex. Likewise, impairn~ents 
of behavior and menration seeii in PSP are not limited 
to those expected with fronral lobe Jysfunctioii h u t  
include a range of cognitive abilities such as dysph.isia 
[29}, word-finding difficulty {.?(>I, anJ visuospatial per- 
formance [25-27} that have been locdized to the ~tsso-  
ciation cortex of both hemispheres. Regions of  the 
cerebral cortex that are most impaireil in  other dcinen- 
tias, such as Alzheiiner’s disease, are also affectccl i n  
PSP. Thus, the constellation of  symptoms seen i i i  PSP 
overlaps with those observed in other kinds of  ileinen-. 
tia [8, 301. The  types of symptoms occurring in  PSP 
are related to the severity of  illness and vary somewhat 
between individuals. This accounts for the Jifliculty 
encountered in identifying a characteristic psychomet- 
ric profile for patients with PSI’. 

In the present study, the glucose metabolic rate was 
most impaired in the cerebral cortex just anterior to  
the central sulcus. Although it is not  possilAc to lo- 
calize this region with certainty, it likely eiiwrn~xisses 
supplementary inotor areas a i d  the frontal eye tields in 
the frontal cortex. Functional impairment o f  the.;e 
gions is likely to result in  difhculr\. with in i t ia t ion  i l l i d  

performance of motor tasks such as those ohsc.rved in 
patients with PSP 131). Impairment of the  front.il e’ye 
fields may contribute to the abnoriualities in  ocular 
motility that are so characteristic of  this disordcr. 
Animal studies indicate that volurirary control of sac- 
cadic eye movements depends upon both the superi.or 
colliculus and the frontal eye fields. Ablation of’ either 
alone in trained monkeys in the chronic stite produces 
only subtle changes in sac.cadic movements [ 321. 
Combined lesions of the superior ollicuius and frontal 
eye fields, however, cause devastating oculonic )tor id)- 
normalities. Such animals have saccadic paralysis mJ 
appear to lose the ability t o  move their eyes voluntar- 
ily, although they can do so  refkxively [ 331. I-hlethyl- 
4-phenyl-l,2,3,6-tetrahydropyric~ine (MPTP)-induced 
parkinsonism in monkeys has been found to Jecrease 
glucose metabolism in the paralamellar rnc t i i odc  rsal  
thalamus and in the frontal eye tields. These Jeclines 
are reversed by the administration of levodopa, which 
suggests that they may be dopaminergic in origin {,14]. 
In these monkeys, oculomotor abnormalities were also 
reversed by levodopa. Levodopa therapy ctoes i io t  usu- 
ally improve eye movements in  patients with PSP, and 
thus it is not clear whether a similar mechaiiism can 
account for our findings. 

Declines in the metabolism of the frontal cortex arc 
the most apparent changes observed when FDG.-PET 
is used in patients with PSP. This pattern is qu i t e  dis- 
tinctive from that seen in Alzheimer’s discxse where 
more posterior regions of the cerebral cortex are mmi: 
impaired, and the frontal cortex is relatively spareJ 
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1 101. Hypometabolism, most prominent in the frontal 
cortex, has also been observed in Parkinson’s disease 
uncomplicated by dementia 13 5 }  and Pick‘s disease 
136, 377; however, no declines of glucose metabolism 
in brainstem, basal ganglia, or thalamus were observed 
in these disorders. FDG-PET is helpful in differentiat- 
ing PSP from other diseases leading to gait instability 
such as olivopontocerebellar atrophy (OPCA). Distin- 
guishing these two diseases can be difficult, particularly 
in the early stages of the illness and in view of the 
observation of supranuclear gaze palsy in some pa- 
tients with OPCA C38). Patients with OPCA show 
hypometabolism in the cerebellar hemispheres and 
vermis and in the brainstem but have normal values in 
the thalamus and cerebral cortex [14, 391, a pattern 
quite distinct from that observed in patients with PSP. 

In the present study, rate constants derived from 
normal subjects have been used in computing 
1CMRGlc. The applicability of these rate constants in 
disease states such as PSP has not yet been tested. We 
have made no corrections for atrophy, although at- 
rophy of the pontine tegmentum is often apparent at 
gross examination of the brain after death 13, 151 and 
has been noted using high-resolution CT 140-421. 
Atrophy of the cerebellum or the cerebral cortex has 
been demonstrated with CT 141, 421 and pneumoen- 
cephalography [437, although atrophy of these struc- 
tures is not clearly recognizable at gross postmortem 
examination. If atrophy causes loss of volume in brain 
structures being measured with PET and if this volume 
change is significant relative to the resolution of the 
scanner, a decline in the recovery coefficient could also 
lead to an underestimation of glucose metabolism in 
these structures 144,451. Atrophy may also complicate 
the measurement of subcortical structures. We have 
chosen a method that centers a uniform region of in- 
terest over the peak activity corresponding to a subcor- 
tical structure, rather than attempting to outline the 
entire extent of the structure based on its anatomy or 
appearance on the image. This should minimize the 
error due to difficulties in visualizing a hypometabolic 
structure. The significance of atrophy in our studies, 
however, is not known. Even if problems with rate 
constants and partial volume effects are found to make 
a difference in the interpretation of the present results, 
these factors do not negate the diagnostic utility of our 
observations. 

Patients with PSP demonstrate a distinctive pattern 
of glucose hypometabolism that accounts for many of 
the characteristic features of this disease. The extent to 
which this pattern results from intrinsic neuronal dam- 
age or deafferentation cannot at present be deter- 
mined; however, FDG-PET contributes to our under- 
standing of this disease and in the future may play an 
important role in improving the accuracy of clinical 
diagnosis. 
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