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ABSTRACT

In 41 patients with clinically determined Progressive Supranuclear Palsy, a model of
degenerative subcortical dementia, alterations in regional brain energy metabolism with respect
to control subjects have been investigated and correlated to clinical and neuropsychological scores.
A generalized significant reduction in brain metabolism was found, which predominated in the
prefrontal cortex in accordance with, and statistically correlated to, the frontal
neuropsychological score.
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INTRODUCTION

Progressive Supranuclear Palsy (PSP) is a degenerative brain disease individualized by Steele,
Richardson and Olszewski (Richardson et al., 1963) which is characterized clinically by 4 main
features: 1) an atypical parkinsonism with extrapyramidal rigidity, bradykinesia, unsteady gait,
abrupt falls, postural abnormalities, axial dystonia in extension, and lack of tremor, without
responsiveness to levodopa; 2) pseudo bulbar palsy with dysarthria, and dysphagia; 3)
supranuclear ophtalmoplegia (particularly of vertical gaze); and 4) intellectual decline (Steele,
1 9 7 2 ) .

The initial findings of cerebral energy metabolism in PSP were reported by D'Antona et al.
(1985) using the 18F-Fluoro-2-deoxy-D-glucose (FDG) method and positron emission
tomography (PET). The images showed a marked decrease of the cerebral metabolic rate of glucose
(CMRGIu) in the frontal cortex. Compared with control values, frontal cortex glucose utilization
was significantly lower in the 6 PSP patients. The original findings of D'Antona et al. (1985)
were confirmed by Foster et al. (1987). Leenders et al. (1988) reported a significant decrease in
the cerebral metabolic rate of oxygen (CMR02) suggesting that the decrease in conical glucose
utilization is accompanied by a proportional fall in CMRO2. The effect was present in most cortical
regions, with lower values in frontal cortex than in posterior cortex. The predominance of



metabolic depression in the prefrontal lobe is in accord with the preeminence of frontal-like
neuropsychological and behavioral symptoms which typically occurs in PSP (Pillon et al., 1986).

PATIENTS AND METHODS

Patients
We have studied the cerebral energy metabolism of 41 patients with presumed PSP (Blin et al., in
preparation). These patients presented with at least 8 of the 9 following clinical criteria for PSP:
progressive onset, disease duration less than 10 years, parkinsonism, no clear-cut initial
improvement with levodopa, vertical voluntary gaze palsy, falls, pseudobulbar palsy, no focal
neurological signs, normal standard blood tests. There were 25 patients with all 9 criteria
(Definite PSP, group I), and 16 with 8 criteria (Probable PSP, group II).

At the period of the PET studies were noted the disease duration, the severity of the parkinsonism
with the Columbia modified rating scale (Lhermitte et al. 1978), and a frontal neuropsychological
score by summation of 3 quantitative neuropsychological tests (a simplified version of the
Wisconsin card-sorting test, a test of verbal fluency, and a graphic series) known to be sensitive
to frontal lobe dysfunction (Pillon et al. 1986).

PET studies
The PET studies consisted of either the FDG or the steady state Oxygen-15 method, carried out on
either the ECATII or the LETI-TTV01-TOF PET camera. To allow comparison of the patient's data
despite different tracers and different PET devices, and assuming a proportional effect of PSP on
CMR02 and CMRGIu (see above), the data were normalized by calculating ratios of each patient's
regional metabolic value to the mean value of the corresponding regions in a group of controls for
the considered method, controlled for age.

RESULTS

PET metabolic data
The results of the normalized metabolic values of group I patients (n = 25) were compared to a
control group of 15 subjects of similar age. We found a highly significant decrease in the
metabolic rate in all cortical areas. The reduction in metabolic rate in cerebral cortex was mos;
prominent in the frontal regions (-24%) than in posterior regions with an antero-posterior
gradient (temporal: -22%; temporo-parietal: -18%; sensori-motor -16%; parietal associative
-14%; occipital -17%). The subcortical areas were also significantly affected: the caudate
nucleus (-19%), the lenticular nucleus (-20%), the thalamus (-25%) and the cerebellum
(-23%) showed a metabolic decline predominant in the thalamus. The use of metabolic ratios
(regional metabolic value divided by occipital value) disclosed significantly decreased ratios only
for the frontal regions. In probable PSP patients (n=16) all the normalized metabolic values were
significantly decreased compared to controls. These declines reached the same extent as in definite
PSP patients.

Glinico-melabolir. correlations
The lack of difference in metabolic pattern between the Definite and the Probable PSP groups,
suggesting the same pathophysiology, justified merging them for the investigation of
clinico-metabolic correlations.

The energy metabolism decreased linearly with disease duration in both the frontal (p < 0.05) anc
the non-frontal cortex (p < 0.05) with low frontal metabolic value since the onset of the disease.
However, both the frontal- and the non-frontal-to-occipital metabolic ratios showed nc



significant time-related decline.

With respect to metabolic ratios the parkinsonian score was significantly correlated with several
cortical and subcortical metabolic values. This score showed a trend to be correlated only with the
caudate/ and the thalamus/occipital ratios. The frontal neuropsychological score was not
significantly correlated with either the metabolic, or the metabolic ratios, except for the
frontal/occipital ratio (p 0.05). For both lhese clinical scores, the more severe the deficit, the
lower the metabolic index.

DSCUSSION

The pattern of brain metabolic abnormalities in PSP patients that emerges from this and previous
studies is strikingly consistent. It consists of:

a. A diffuse metabolic depression affecting all cortical lobes as well as the subcorlical structures,
and the cerebellum, ranging from 15 to 26%.

b. Within the cerebral cortex, the effect is maximum in the prefrontal cortex as a whole, with a
slight predominance for the upper prefrontal cortex. Among non-frontal cortical areas, the least
affected are the parietal associative and the occipital cortex, followed in increasing order by the
sensori-motor, the temporo-parietal and the temporal cortex. The result is a marked
antero-posterior gradient of effects in PSP compared with controls.

c. Among the non-cortical structures, the most affected are the thalamus and the cerebellum, and
t!-e least affected the caudate and lenticular nuclei. These latter differences accompanying the
cortical hypometabolism predominant in frontal cortex tend to further distinguish the PSP
patients from the controls in term of hypometabolic pattern.

Specificity of prefrontal cortex hypometabolism in PSP
The issue of specificity is important if prefrontal hypometabolism is to be used as an additional
criteria when discussing the diagnosis of PSP; it may also help understand better :ts
pathophysiology.

In non demented patients with bilateral Parkinson's disease (PD) cortical energy metabolism has
been found largely normal save for inconsistent changes in basal ganglia values (Rougemont et a).,
1984; Wolfson et al., 1985) . A mild reduction of whole brain CMRGIu has been reported in a
group of bilateral PD patients with variable severity, cognitive deficit and disease duration (KM
et al., 1984a; Kuhl et al., 1984b). In unilateral PD patients regional CMRO2 was found increased
in the basal ganglia and marginally decreased in the frontal cortex contralateral to signs, compared
to the ipsilateral side (Wolfson et al., 1985). Interestingly all of these minor changes appeared
indépendant of levodopa therapy (Rougemont et al., 1984; Wolfson et al., 1985; Leenders et al.,
1985). In demented patients with PD Kuhl et al. (1985) reported a reduction in cortical glucose
utilization which was most severe in the parietal cortex as in Alzheimer's disease. On ihe whole
therefore, the striking pattern of prefrontal cortex hypometabolism found in PSP has not been
observed in PD patients with or without dementia.

In Wilson's disease Hawkins et al. (1987) observed a marked decrease of glucose metabolism in
the entire cerebral cortex and the basal ganglia but much milder in thalamus. In symptomatic
Huntington's disease, the striata are markedly hypometabolic but the cerebral cortex and thalamus
show no clear-cut metabolic depression (Kuhl et al., 1984; Hayden et al., 1986; Kuhl et al.,
1982; Young et al., 1986; Mazziotta et al.. 1987).



In presumed Alzheimer's disease (AD) numerous PET studies have demonstrated a cortical
hypometabolism that begins and predominates in the temporo-parietal cortex (in association with
cognitive deficits), with later and smaller decreases in frontal and occipital cortices (Haxby et
al., 1985; Cutler et al., 1985). The subcortical structures exhibit a milder metabolic reduction
than cerebral cortex, similar for caudate nucleus, lenticular nucleus, thalamus and cerebellum
(Kamo et al., 1987; McGeer et al., 1986; Horwitz et al., 1987; Cutler et al., 1985).

In the single published case of Pick's disease established by necropsy Kamo et al. (1987)
observed a marked glucose metabolic reduction in frontal cortex (- 60 %), and a much milder one
in the three other cerebral lobes (mean decrease: - 21 %) and in the subcortical structures.

Thus both AD and advanced Pick's disease display a markedly different pattern of cerebral
hypometabolism than that seen in PSP. In AD the cortical hypometabolism exhibits a
postero-anterior gradient inverse to that of PSP, while in Pick's disease the cortical gradient is
similar to PSP but considerably exaggerated. In addition in both types of AD and Pick's disease the
subcortical structures are preserved relative to the cortical regions, accentuating the distinctive
patterns of brain hypomelabolism among AD1 Pick's disease and PSP.

A predominantly frontal cortex hypometabolism has been occasionnally reported in primary
degenerative dementias by several authors (Frakowiack et al., 1981; Benson et al., 1983; Metier
et al., 1985). The lack of detailed account of the quantitative regional data in these reports makes
comparison with PSP difficult, but the visual inspection of the images published suggest a close
resemblance to the pattern seen in PSP. In the absence of pathologically established diagnosis,
some of these cases have been categorized as AD and Frakowiack et al. (1981) further indicated
that this pattern occurred in advanced AD cases. Cases of AD with predominantly frontal
neuropathology seem very rare as shown by Brun (1987), who described a separate group
without the hislological features of either AD or Pick's disease, in similar cases of 'anterior"
dementia with predominantly cognitive dysfunction Chase et al. (1987) recently published PET
images of CMRGIu which bear relatively close resemblance to typical PSP images. Pending more
information on these cases the specificity of the prefrontal cortex hypometabolism for PSP must
remain uncertain.

Interpretation of the findings
In PSP the cerebral cortex is largely spared by the degenerative process. In only a few patients the
frontal cortex presents mild histological changes that could not be clearly distinguished from
controls of similar age (lshino et al., 1975). Therefore, neither the marked metabolic depression
of the entire cortex seen in PSP, nor the preferential hypometabolism of the prefrontal cortex can
be entirely explained by direct neuronal lesions, at variance with AD where cortical pathology
presumably accounts for most of the observed reduction in glucose utilization (McGeer et al.,
1986).

D'Antona et al. (1985) suggested a mechanism of cortical deafferentation to explain their
observations, in accordance with Albert's concept of subcortical dementia (Albert et al., 1974).
Among the subcorlico-cortical systems that are affected in PSP they mentioned the reticular
formation, the serotonergic raphe complex, the noradrenegic locus coeruleus system, the
dopaminergic meso-cortical system, the innominato-cortical cholinergic system, and the
striato pallido-lhalamo-cortical circuit as most likely candidates to explain the cortical
hyporeotabolism. All of these systems have projections to the prefrontal cortex, some
preferentially so, a feature that could account for the pattern of hypometabolism seen in PSP.
D'Antona et al. (1985), reviewing experimental 2-Deoxyglucose autoradiographic studies in
animals, favored lesions of the reticular, the cholinergic, and the pallido-thalamic systems, but
indicated that combined lesions were probably at play to result in the observed pattern. Although it
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is well established thai thalamic damage depresses cortical energy metabolism (Baron et al,
1986), the histological involvement of the thalamus in PSP is only mild, although detailed
analysis of specified lhalamic nuclei in PSP is not available yet.

Additional data on both the biochemical effects of PSP and the metabolic sequelae of subcortical
lesions that shed new light on the problem have appeared since D'Antona et al's report. Hence,
medial raphe lesions in rats do not reduce cerebral cortex glucose use (Cudennec et al. 1988), but
lesions of nucleus basalis of Meynert in baboons result in a marked, diffuse but predominantly
frontal cortex glucose hypometabolism, linearly correlated to the severity of the depression in
cortical ChAT activity (Kiyosawa et al., 1987). Ruberg et al. (1985) and Kish et al. (1985) have
reported that, in contrast to PD, there was no significant noradrenergic, serotonergic or
dopaminergic cortical deficits in brains of PSP patients studied post-mortem. With respect to the
cholinergic system, Ruberg et al. (1985) found in 8 patients a mild but significant depression in
ChAT (up to 40%) in the frontal and cingulate cortex, while Kish et al. (1985) found no change in
two patients. These recent data would tend to lessen the role of the monoaminergic systems in the
cortical hypometabolism of PSP1 except to some extent the cholinergic system. The reticular
formation however remains a possible additional candidate.

Beside lesions of monoaminergic sytems projecting to frontal cortex, dysfunction of the basal
ganglia as a cause for the cortical metabolism requires mention. Some association between
metabolic abnormalities in the caudate and/or lenticular nucleus and frontal cortex
hypometabolism appears to exist, as in Wilson's and Pick's disease, although extensive
degeneration of the slriatum as in Huntington's disease does not result in significant cortical
hypometabolism. Bilateral pallidal lesions of anoxic origin, which results in behavioral
disturbances reminiscent of frontal cortex malfunction are associated with a mild, only relative,
prefrontal cortex hypometabolism without reduction in thalamic CMRGIu utilization (Levasseur et
al., 1988). In PSP the pallidum displays severe histological lesions and the dopamine deficiency in
the caudate nucleus reaches the same severity as in the putamen (at variance with PD)(Ruberg et
al., 1985); there is also a cholinergic deficiency in the striatum where the histological lesions
are mild and inconsistent. Therefore the basal ganglia are likely to be involved in the cortical,
predominantly frontal, hypometabolism of PSP.

Our recent PET study of 41 PSP patients (Blin et al., in preparation) also indicates a marked
decrease of glucose utilization (-26%) in the thalamus. In unilateral thalamic stroke Baron et al.
(1986) demonstrated a cortical hypometabolism which predominated in the anterior cortex in
lesions of the anterior thalamus. The involvement of striatum, pallidum and, possibly the
thalamus in PSP could disrupt the striato-pallido-thalamo-cortical pathway and participate in
the observed frontal cortex hypometabolism. Further dysfunction of the thalamo-fronta!
pathways could result from involvement of other nuclei which project to thalamus, such as the
dentate nucleus and the substantia nigra.

Interpretation of clinico-metaboliç correlations
Few and limited studies of the correlations between PET metabolic and clinical data from patients
with PSP have appeared until now. D'Antona et al. (1985) found no clear-cut correlation between
frontal signs and relative frontal hypometabolism in their 6 patients, but some trend of
correlation was apparent when absolute frontal CMRGIu values were considered. Leenders et al.
report a good correlation between the duration of the disease and the upper frontal cortex CMRO2.
Foster et al. (1986) observed a tendency for average cortical CMRGIu to negatively correlate to
WAIS full-scale IQ.

In our study we found significant correlation between clinical data and PET values despite the nor
longitudinal nature of this study. The normalized metabolic values of the cerebral cortex decrease
with the disease duration and low values are already present in the initial stages of the disease.



Thus the hypofronlal pattern may constitute an early marker of PSP.

The parkinsonian and the frontal scores showed significant correlations with most and none
normalized metabolic values, respectively. The fact that the brain metabolic depression in PSP
affects all the regions investigated makes interpretation of correlations with the normalized
metabolic values difficult. The use of the metabolic ratios, which compensates for this generalized
effect, disclosed more specific correlations: the parkinsonian basaline score showed a trend for
correlation with the caudate/ and thalamus/occipital ratios while the frontal score was
significantly correlated with only the frontal cortex ratio. Despite the multiple functionnal
interconnections among the individual brain structures, these correlations document specific
roles for the caudate-thalamus and the prefrontal cortex in the parkinsonian and the frontal lobe
features in PSP.

RESUME

Chez 41 patients présentant cliniquement une Paralysie supranucléaire progressive, modèle de
démence sous-corticale, nous avons étudié, en tomographie par émission de positons, les
modifications du métabolisme énergétique régional par rapport à des sujets témoins et leurs
corrélations avec les signes cliniques et neuropsychologiques. Le métabolisme est
significativement diminué dans les différentes régions cérébrales étudiées avec une prédominance
dans le cortex préfrontal corrélée aux signes neuropsychologiques frontaux.
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