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Despite controversial clinicopathological distinctions between Par-
kinson’s disease with dementia (PDD) and Alzheimer’s disease (AD),
similar patterns of metabolic reduction in the posterior brain were
reported previously using PET with [‘°F]ﬂuorodeoxygluoose The
current study was designed to examine more specific regional
differences in cerebral glucose metabolism between PDD and AD
using accurate and objective brain mapping techniques. Methods:
This study included nine normal subjects, nine PDD patients and
nine AD patients. PDD and AD groups were matched carefully for
age, sex and general dementia severity as measured by Mini-Mental
State Examination and Clinical Dementia Rating scales. Each sub-
ject underwent ['®Flfluorodeoxyglucose-PET and neuropsychologi-
cal testing. After anatomic standardization of PET image sets and
stereotactic data extraction, absolute and normalized cerebral met-
abolic rates were assessed by region of interest and pixel-by-pixel
analyses. Results: PDD and AD showed global glucose metabolic
reduction with similar regional accentuation involving the lateral
parietal, lateral temporal and lateral frontal association cortices and
posterior cingulate cortex in comparison to normal controls. When
comparing between PDD and AD, however, PDD showed greater
metabolic reduction in the visual cortex and relatively preserved
metabolism in the medial temporal cortex. Conclusion: Atthough a
common feature of metabolic abnormalities in the posterior brain
exists in PDD and AD, the presence of regional metabolic differ-
ences suggests different degrees and combinations of disease
specific underlying pathological and neurochemical processes.
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Dementia occurs in 10%-30% of patients suffering from
Parkinson’s disease (PD) (/,2). Although clinical features are
often different between PD with dementia (PDD) and Alzhei-
mer’s disease (AD), earlier investigations suspected coexisting
AD pathology (senile plaques and neurofibrillary tangles) to be
responsible for the dementia occurring in PD patients (3).
Degeneration of cholinergic neurons in the nucleus basalis of
Meynert was found initially in AD (4) but subsequently in PDD
as well (5). Reflecting such pathological similarities, functional
similarities also were reported previously using in vivo brain
imaging such as PET (6—8) and SPECT (9,10). These studies
commonly found metabolic and blood flow reduction in the
posterior part of the brain in PDD and AD.

Other neuropathological studies, however, revealed differ-
ences in pathological changes between PDD and AD. AD
pathology, such as neurofibrillary tangles, was not found
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consistently in the neocortex or hippocampus in PDD (/1,12).
Even when AD pathology exists in the cortex of PDD patients,
the severity of cortical neuronal involvement (/3) and regional
patterns of AD pathology (/4) are different between PDD and
AD. The degree of neuronal loss in the nucleus basalis and
reduction in choline acetyltransferase activity may differ be-
tween PDD and AD (/5). The frequency of the epsilon 4 allele
of apolipoprotein E is different between PDD and AD (/6).
These findings suggest the presence of distinct pathological
processes that may be involved in PDD, other than the mere
coexistence of AD pathology.

The above similarities and dissimilarities between PDD and
AD are complicated further by the increasing recognition of
Lewy body disease. Lewy bodies are associated historically
with PD and found typically in the brainstem nuclei such as the
substantia nigra and locus coeruleus in PD (/7). Similar
intracellular inclusions (cortical Lewy bodies) are found also in
the neocortex of demented patients with parkinsonism (/8). The
spectrum of Lewy body disease includes idiopathic PD with and
without dementia, (pure) diffuse (cortical) Lewy body disease
(DLBD) and combined pathology of AD and Lewy bodies. One
autopsy study demonstrates coexisting Lewy bodies in the
substantia nigra in 23% of AD patients (/9). In contrast, among
PD patients who had dementia antemortem, 29% had similar
lesions to AD, 10% had numerous cortical Lewy bodies, 6%
had possible vascular origin and 55% has indefinite patholog-
ical causes (except “plentiful” cortical Lewy bodies) (20).
Although an as yet unidentified pathological entity could exist
in dementing disorders (27), autopsy studies suggest that PDD
and AD groups likely represent different populations on a
continuum of combinations of several overlapping pathological
and neurochemical processes.

We, therefore, hypothesized that cerebral metabolic activity
should reveal specific regional differences between PDD and
AD reflecting different degrees of underlying pathological
processes, in addition to the common features previously
observed by functional imaging. To test this hypothesis, an
accurate and objective method to analyze PET datasets by
means of stereotactic signal localization, surface data extraction
and pixel-by-pixel group comparison, including the entire brain
(22), was used in this study. Age, sex and general dementia
severity were matched carefully between PDD and AD groups,
so that specific pathological processes could be compared
without confounding differences in the severity of the diseases.

MATERIALS AND METHODS

PDD and AD Patients and Normal Control Subjects
PDD and AD groups were carefully matched for age (PDD,
70 £ 6 yr; AD, 69 = 6 yr), sex (5 men and 4 women in each
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group), education (PDD, 10.6 * 2.5 yr; AD, 11.7 = 2.1 yr),
intellect (Full Scale Intellectual quotient (FSIQ): PDD, 78 * 12;
AD, 78 * 10) (23) and general dementia severity, as measured by
the Mini-Mental State Examination (PDD, 18 + 5; AD, 18 * 6)
(24), Clinical Dementia Rating (PDD, 1.2 * 0.8; AD, 1.3 * 0.6)
(25) and Blessed Dementia Rating (PDD, 7.4 * 6.6; AD, 7.3 +
3.9) (26). The diagnosis of PDD was based on progressive
cognitive decline starting at least 6 mo after the Parkinson’s
symptoms. Such Parkinson’s symptoms included two or three of
the following: rigidity, bradykinesia or resting tremor for at least 3
mo, and patients had to benefit significantly from dopaminergic
agents. Patients were not included if they demonstrated evidence of
a supranuclear gaze palsy (except upward gaze), autonomic failure
or cerebellar ataxia. One of the PDD patients died during a clinical
follow-up period. Autopsy revealed DLBD without concomitant
AD pathology, and imaging results from this patient have been
reported previously (27). The diagnosis of probable AD was based
on National Institute of Neurological and Communicative Disor-
ders and Stroke (NINCDS) and Alzheimer’s Disease and Related
Association (ADRDA) criteria (28). Eight PDD patients were on
chronic L-DOPA therapy (3,4-dihydroxyphenylalanine and a pe-
ripheral decarboxylase inhibitor). Five PDD patients were also
taking daily 5-10 mg of depreny! and one patient was taking 1.25
mg of bromocriptine. None received anticholinergic treatment. AD
patients were free from medication known to interact with cogni-
tive functions.

All PDD and AD patients also underwent a battery of neuropsy-
chological tests to evaluate a wide range of functions including
memory (Wechsler Memory Scale; passage learning and percent
delayed recall), language (Boston Naming Test) (29), motor
performance (finger tapping and strength of grip) and depression
(Hamilton Depression Rating Scale; HDRS) (30). Neuropsycho-
metric tests were performed within a few months of the PET study
(range, —7 to 4 mo; median, 0). Memory impairment was slightly
less severe in PDD (passage learning: PDD, 4.2 = 1.9, AD, 2.4 +
1.9, p = 0.05; and percent delayed recall, PDD, 43.1 + 34.2, AD
13.4, * 21.3, p = 0.04), whereas differences in language (Boston
Naming Test, PDD, 42.1 * 13.5; AD, 36.4 * 13.5), depression
scale (HDRS, PDD 134 * 8.3; AD 8.1 * 5.7) and motor
performances (finger tapping, PDD, 32.2 = 16.3, AD, 42.3 £ 9.1;
and strength of grip, PDD, 22.3 + 12.5; AD, 33.1 * 11.7) did not
show statistically significant differences.

Nine age- and sex-matched controls (68 * 5 yr; 5 men, 4
women) with no history of neurological, psychiatric or major
medical diseases were also included in the study. They had a
normal neurologic examination on the day of PET scanning. None
met the criteria for dementia as described above.

PET Cerebral Glucose Metabolic Imaging

PET scanning was performed using a Siemens ECAT-931/08-12
scanner, which collects 15 simultaneous slices with a slice-to-slice
separation of 6.75 mm. After overnight fasting, the subjects were
scanned in a quiet, dimly lit room with their eyes open. Thirty
minutes after intravenous administration of 370 MBq (10 mCi)
18F.2-fluoro-2-deoxy-D-glucose, a 30-min emission scan was col-
lected. Images were reconstructed using a Shepp filter with a cutoff
frequency of 0.35 cycles per projection element, and attenuation
correction was calculated using a standard ellipse fitting method
resulting in in-plane image resolution of 7-8 mm full-width-at-
the-half-maximum. Quantitative cerebral glucose metabolic rates
(CMRglc) were calculated by a standard single scan method using
an input function obtained from the radial artery (31).

Data Analysis
The quantitative parametric images were transformed into the
stereotactic coordinate system using a method described previously
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(32). Both absolute CMRglc and CMRglc normalized to the pons
(33) were analyzed with stereotactically defined cortical and
subcortical volumes of interest (VOIs) and pixel-by-pixel analysis
using three-dimensional stereotactic surface projection (3D-SSP)
techniques (22). Predefined cortical VOIs included the following
Brodman areas defined on a standard stereotactic atlas (34): lateral
frontal association cortex 6, 8, 9, 10, 11, 44, 45, 46 and 47, lateral
parietal association cortex 5, 7, 39 and 40; lateral temporal
association cortex 21, 22, 37 and 38; lateral occipital association
cortex 18 and 19; primary visual cortex 17; primary sensorimotor
cortex 1, 2, 3 and 4; posterior cingulate cortex 23 and 31; anterior
cingulate cortex 24 and 32; and medial temporal cortex 27, 28, 34
and 35. The whole brain activity was defined as an average of all
gray matter structures. An asymmetry index was calculated using
VOI values as a percentage ratio of right and left hemispheres
(Jright — left|/(right + left)). Significant regional asymmetry was
considered when the index was greater than 10%. Averaged values
of right and left hemispheric VOIs were used for statistical
analyses. The analysis of variance was first performed to examine
group differences among normal controls, AD patients and PDD
patients including all cerebral VOIs, except the whole brain value,
as repeated measures. Group differences in whole brain and
pontine values were assessed also by analysis of variance. When
analyzing normalized data, the pons (reference region) was ex-
cluded from the analysis. Posthoc univariate F tests with contrasts
were performed to test differences between normal controls and
AD patients, between normal controls and PDD patients and
between AD and PDD patients. A probability of 0.005 was
considered to be statistically significant based on multiple compar-
ison adjustment for the multiple regions included in the analysis
(Bonferroni correction). Two-sample Student’s t statistic tests were
used for pixel-by-pixel analysis and to test differences in psycho-
logical indices.

RESULTS

Absolute whole brain CMRglc was significantly different
among normal controls, AD patients and PDD patients (F
ratio = 15.3, p < 0.00005). Posthoc analysis demonstrated
significant reduction in CMRglc in AD patients (5.47 * 0.63
mg/100 g/min, mean * s.d., p < 0.0001) and PDD patients
(5.52 = 0.79 mg/100 g/min, p < 0.0001) in comparison to that
of normal controls (7.22 = 0.85 mg/100 g/min). Among all
cerebral structures included in the VOI analysis, metabolic
activity in the pons was most preserved in both AD and PDD
(normal, 5.59 * 0.67; AD, 4.98 *+ 0.53, p > 0.05; PDD, 5.18 =
0.67 mg/100 g/min, p > 0.20). There was no statistically
significant group difference in the pontine activity among three
groups (F ratio = 2.26, p = 0.13). In this series, only three
patients in both AD and PDD showed metabolic asymmetry
greater than 10% in the lateral parietal cortices. Normalized
regional cerebral glucose metabolism was calculated by aver-
aging both hemispheres and using the pons as a reference region
(Table 1, N, AD and PDD). The significant group difference
was indicated again in normalized regional glucose metabolic
rates (excluding the pons, F = 14.8, p < 0.0001).

When considering p = 0.005 as a statistical threshold
(Bonferroni correction) for the cortical structures, metabolic
activity in AD was significantly decreased in the lateral parietal,
lateral temporal, lateral frontal and cingulate cortices when
compared to normal control subjects (Table 1, AD — N). The
greatest reduction was observed in the posterior cingulate
cortex. When comparing PDD to normal control subjects,
significant metabolic reduction was found in similar structures
including lateral parietal, lateral temporal, lateral frontal and
cingulate cortices (Table 1, PDD — N). In addition, there was
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TABLE 1
Normalized Cerebral Glucose Metabolism in Normal Control Subjects, AD Patients and PDD Patients

AD - N PDD - N AD - PDD
N AD PDD (%) (%) (%)
Cortical structures
Lateral parietal 134 £ 0.15 1.01 £ 0.21 1.01 = 0.22 -25" -25" 0
Lateral temporal 1.26 = 0.09 0.96 = 0.15 1.04 = 0.13 —24% -17 -9
Lateral frontal 142 +0.14 1.16 = 0.14 1.11 2017 -18* -22" 4
Lateral occipital 1.31 £ 0.10 1.14 = 0.13 1.04 +0.16 -13 -21* 8
Primary visual 1.51 £ 0.13 1.40 = 0.16 117 £ 0.12 -8 -23t LA
Primary sensorimotor 149 £ 0.15 1.30 £ 0.12 128 = 0.14 -12 -14 2
Anterior cingulate 1.20 = 0.12 0.99 = 0.13 0.96 = 0.09 -17 -20" 3
Posterior cingulate 1.44 £ 0.15 1.05 0.1 1.03 = 0.09 -7 -28" 1
Medial Temporal 0.96 + 0.05 0.85 = 0.10 0.96 * 0.06 -12 0 -13"
Subcortical structures
Thalamus 163 +0.18 142 = 0.15 138 = 0.11 -13 -16* 3
Striatum 1.46 = 0.17 1.36 = 0.16 1.38 = 0.09 -7 -6 -2
Others
Cerebellum 1.22 + 0.04 1.17 = 0.09 1.13 £ 0.06 -4 -7 3
Whole brain 1.30 £ 0.10 1.10 £ 0.1 1.07 = 0.11 -15* -7 3

*p < 0.05, post-hoc univariate F test comparing two groups.
Tp < 0.0005, post-hoc univariate F test comparing two groups.

Regional cerebral glucose metabolism normalized to the pons (mean * s.d.) in normal control subjects (N) and AD and PDD patients. AD — N =
(AD — NYN x 100; PDD — N = (PDD — NYN x 100; AD — PDD = (AD — PDD)YAD x 100.

significant reduction in PDD in the primary visual cortex and
mild reduction in the lateral occipital cortex, which were not
observed in AD. Metabolic activity in the primary sensorimotor
cortex, medial temporal cortex, striatum and cerebellum was
relatively preserved in both patient groups. The spatial extent
and regional magnitude of cerebral metabolic abnormalities
were demonstrated clearly by pixel-by-pixel analysis (Figs. 1
and 2).

When comparing metabolic activities between PDD and AD,
metabolic activity in the primary visual cortex in PDD was
significantly lower than that in AD (Table 1, AD — PDD, F =
10.4, p < 0.005). This reduction was also evident in absolute
glucose metabolic rates (PDD, 6.03 + 0.85 versus AD, 6.91 *
0.68 mg/100 g/min; —29% versus —18% reduction, respec-
tively, relative to normal control subjects). A trend toward
greater reduction was found also in the lateral occipital cortex in
PDD compared to AD. In contrast, metabolic activity in the
medial temporal cortex in PDD was nearly preserved. Although
medial temporal metabolism was not decreased significantly in
AD compared to normal control subjects (Table 1, AD — N),
comparison between PDD and AD showed relative reduction in
the medial temporal cortex in AD because of the preservation in
PDD (Table 1, AD — PDD, F = 10.1, p < 0.005). This pattern
was also evident in absolute glucose metabolic rates. Absolute
metabolic activity in the medial temporal cortex was 4.22 *
0.55 mg/100 g/min in AD (—22% relative to normal control
subjects), which was a milder reduction compared to other
cortical areas (e.g., —33% in the lateral parietal cortex and
—35% in the posterior cingulate cortex), but medial temporal
metabolism was preserved further in PDD (4.97 + 0.58 mg/100
g/min, —8%). The spatial extent and regional magnitude of
cerebral metabolic differences between PDD and AD were
demonstrated by pixel-by-pixel analysis (Fig. 3). Areas of
metabolic differences clearly delineated the occipital and tem-
poral cortices, and thus, these findings were less likely to be a
statistical noise or chance. Metabolic reduction in the visual
cortex and medial temporal cortex also was examined individ-
ually (Fig. 4). Although metabolic reduction in the visual cortex
was somewhat variable in AD and PDD, metabolic preservation
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in the medial temporal cortex in PDD was invariable compared
to normal control subjects.

DISCUSSION

This study revealed that, despite similar hypometabolism in
posterior association and lateral frontal cortices, disease-spe-
cific regional CMRglc alterations are present in PDD and AD
groups that are matched carefully for age, sex and general
dementia severity. In comparison to AD, PDD shows a greater
metabolic reduction in the primary visual cortex and metabolic
preservation in the medial temporal cortex, while AD shows
mild reduction in these areas. Metabolic reduction in the
posterior cingulate cortex demonstrated in AD only recently
(35) is present in PDD patients as well. As far as we know, such
detailed comparison of regional metabolic activity in carefully
matched AD and PDD groups has not been reported previously.
The accurate and objective analysis necessary to detect these
small metabolic differences has become possible only recently
by means of stereotactic anatomic registration (32), followed by
stereotactically defined VOI analysis and pixel-by-pixel analy-
sis using 3D-SSPs (22).

In agreement with previous studies (6,7,36), PDD as well as
AD patients showed global cerebral glucose hypometabolism
compared to age-matched normal control subjects. In addition,
regional accentuation of metabolic reduction in the posterior
brain (i.e., parietotemporal association cortex) was similar in
PDD and AD, consistent with previous observations (6-8).
Among the posterior regions, the posterior cingulate cortex
demonstrated the largest reduction in AD as well as PDD,
emphasizing once again the importance of evaluating this
region in dementing disorders (35). There was a preferential
sparing of the primary sensorimotor cortex and subcortical
structures in AD and PDD, a result consistent with previous
observations in AD (37) as well as in PDD (36). Glucose
metabolism in the pons was reported to be preserved in AD
(33). Relative preservation of pontine metabolism was found
also in PDD in this study.

Extending an initial observation of metabolic reduction in the
occipital region in PD and PDD (38), greater glucose metabolic
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FIGURE 1. 3D-SSPs of normalized CMRgic in normal control subjects (N),
AD patients and PDD patients. Each pixel represents a mean metabolic value
averaged across nine subjects in each group. Right lateral (R.LAT), left lateral
(L.LAT), right medial (R.MED), left medial (LMED) and inferior (INF) views are
shown. Regional hypometabolism in the association cortices is evident.

reduction was found in the primary visual cortex in PDD as
compared to AD. The lateral occipital cortex also showed
significant metabolic reduction. Although room conditions in
the PET suite were controlled carefully to maintain the same
degree of environmental stimuli, visual attention in each sub-
ject, especially in demented patients, was difficult to assess
precisely. However, reviewing other published studies, meta-
bolic or blood flow reduction in the occipital cortex in PDD was
observed frequently (10,39), but was not discussed critically.
Similar metabolic reduction was observed also in patients with
PD without dementia (40) and autopsy-proven DLBD (27),
suggesting that pathologic and neurochemical abnormalities
common to PD, PDD and DLBD may be responsible for the
metabolic reduction in the visual cortex. The effects of drug
treatment common to these disorders cannot be excluded, but
they seem to be less likely since significant treatment effects on
cerebral glucose metabolism were not found when studying PD
patients with and without chronic dopaminergic medication
(41). Another possible explanation is that PD or PDD patients
reported previously may have included DLBD and that the
occipital reduction may be a metabolic feature of DLBD (27).
However, it is worth noting that abnormalities in the visual
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FIGURE 2. Metabolic reduction in AD and PDD. 3D-SSP of t statistic maps
comparing AD and PDD to N using normalized CMRglc values. Higher pixel
intensity represents more severe metabolic reduction. Note similar CMRglc
reduction with relative ion of the primary sensorimotor cortex and
cerebellum in AD and PDD. Metabolic reduction in the medial temporal
cortex is minimal in PDD (INF view). Abbreviations are as in Figure 1.
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FIGURE 3. Comparison between AD and PDD. 3D-SSP of t statistic maps
comparing AD and PDD using normalized CMRgic values. PDD-AD shows
those areas in which metabolic reduction in AD is greater than those in PDD.
AD — PDD shows those areas in which metabolic reduction in PDD is greater
than those in AD. Note relatively greater hypometabolism in the visual cortex
in PDD and temporal cortex in AD. Abbreviations are as in Figure 1.

system in PD have been characterized previously (42). These
abnormalities are attributed to dopaminergic systems in the
visual pathway (43). Retinal dopamine deficiency was indicated
by electrophysiological studies (44) as well as immunohisto-
chemical studies (45). Such primary abnormalities in the visual
input from the retina may, at least in part, explain the metabolic
reduction in the primary visual cortex in PDD and PD. A flash
visual evoked potential study also indicated abnormalities in N1
and N2 latencies in PDD, but not in AD (46), consistent with
the current metabolic observation.

Metabolic reduction in the medial temporal cortex was mild
in AD compared to other cortical areas (e.g., parietal and
posterior cingulate cortices). This finding is somewhat puz-
zling, considering severe degeneration in the medial temporal
cortex in AD (47), but it is in agreement with the previous
observation of mild and variable metabolic reduction demon-
strated by a high-resolution PET scanner (48). Interestingly,
metabolic activity in the medial temporal cortex in PDD was
affected even less (Fig. 2), thus medial temporal metabolism in
AD appears relatively reduced when compared to PDD (Fig. 3).
Such preservation was fairly consistent across PDD subjects
(Fig. 4), suggesting that PDD patients included in this study are
relatively uniform, at least, for medial temporal abnormalities.
Relative metabolic preservation of the medial temporal cortex
in PDD has not been reported previously using either metabolic
PET or blood flow SPECT. This functional observation, how-
ever, seems to be consistent with pathological observations. If
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FIGURE 4. Normalized cerebral glucose metabolism of individual subjects in
the primary visual cortex and medial temporal cortex in N, AD and PDD
patients.
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PDD patients in this study have some degree of concomitant
AD pathology as discussed previously, such pathological
changes seem to be either less frequent or less severe in PDD.
For example, when comparing hippocampal and entorhinal AD
pathology between AD and PD or PDD, neurofibrillary tangles
formation, senile plaque formation and/or reduction in neuronal
density were less severe in PD and PDD (49). Abnormal Tau
proteins indicating the presence of AD-type pathology, were
found in PDD, but less severe than AD in the entorhinal cortex,
and more prominent in the prefrontal cortex in PDD compared
to the temporal cortex (/4). Alternatively, the observed meta-
bolic difference in the medial temporal cortex may reflect
pathological differences between DLBD versus AD. In fact, one
of PDD patients in the current study was diagnosed as DLBD
by autopsy (27). The first metabolic PET study in autopsy-
proven DLBD patients revealed relatively preserved metabolic
activity in the parahippocampal cortex (27), although no com-
parison with AD was made. AD pathology in the medial
temporal cortex in the presence of cortical Lewy bodies is less
severe than that in AD pathology alone (50). Medial temporal
neuronal density is unchanged in DLBD compared with con-
trols (57). Synaptic alterations in the hippocampal-entorhinal
formation are less severe in DLBD and the Lewy body variant
of AD (52). Nicotinic binding was severely reduced in the
medial temporal cortex in AD, but not in Lewy body dementia
(53). These previous pathological observations may explain
relative metabolic preservation in the medial temporal cortex in
PDD observed in this study. When examining neuropsycholog-
ical test results, PDD showed slightly less severe memory
impairment as compared to AD, which coincided with the
relative preservation of temporal metabolism. Further investi-
gations, however, are necessary to establish functional signifi-
cance of the medial temporal pathology in AD and PDD or
DLBD.

CONCLUSION

The current study has demonstrated a general similarity in the
pattern of metabolic alterations with some specific regional
differences in PDD and AD patients who are matched carefully
for age, sex and general dementia severity. These findings
suggest that PDD and AD may share common features of
pathologic and neurochemical alterations along with different
degrees and combinations of disease specific underlying patho-
logical and neurochemical processes. Further investigations
with a larger number of subjects are warranted to address the
neuropsychological significance of such metabolic differences
and to compare PET results prospectively with autopsy results.
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Fluorine-18-FDG PET and Iodine-123-IMT SPECT
in the Evaluation of Brain Tumors

Wolfgang Weber, Peter Bartenstein, Markus W. Gross, Dieter Kinzel, Hans Daschner, Horst J. Feldmann, Giinther Reidel,
Sibylle I. Ziegler, Christianto Lumenta, Michael Molls and Markus Schwaiger

Departments of Nuclear Medicine and Radiation Oncology, Klinikum Rechts der Isar; and Department of Neurosurgery
Krankenhaus Miinchen-Bogenhausen, Technical University of Miinich, Miinich, Germany

The high glucose utilization of normal gray matter limits the detection
of brain tumor tissue by PET using '®F-fluorodeoxyglucose (FDG).
The aim of this study was to evaluate whether the examination of
amino acid transport with the SPECT tracer '%%l-alpha-methyi-L-
tyrosine (IMT) allows better identification of tumor tissue than FDG-
PET. Methods: Nineteen patients (16 with gliomas, 3 with nontu-
morous lesions) were included in the study. Two independent
observers classified PET and SPECT images as positive or negative
for tumor tissue and defined the extent of tumor with regions of
interest. Tracer uptake of FDG and IMT was quantified by calculating
the tumor uptake relative to contralateral gray and white matter.
Results: SPECT studies were interpreted concordantly in 18 pa-
tients (kappa = 0.77) and all tumors were identified by both
observers. PET studies were interpreted discordantly in 4 patients
(kappa = 0.52) and only 10 tumors were identified by both observ-
ers. Interobserver variability in definition of tumor extent was signif-
icantly lower in the IMT-SPECT than in the FDG-PET studies (p =
0.03). Mean tumor uptake relative to gray and white matter was
1.93 + 0.42 and 2.25 *+ 0.46 for IMT and 0.93 + 0.32 and 1.61 *
0.52 for FDG. All tumor uptake ratios were significantly (p < 0.01)
higher for IMT than FDG, even when only glioblastomas were
analyzed. No significant correlation was observed between the
various uptake ratios of FDG and IMT. Conclusion: Despite the
lower resolution and lower sensitivity of SPECT compared with PET,
IMT-SPECT was clearly superior to FDG-PET in the detection and
delineation of tumor tissue.
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Aggressive neurosurgery, radiotherapy and chemotherapy are
the standard of care for most patients with primary brain tumors
(1). These combined therapeutic strategies can lead to consid-
erable side effects (2) and achieve long-term survival only in a
small percentage of patients (3). Therefore, reliable recognition
of viable tumor tissue and measurement of treatment effect are
of great importance. Several studies have demonstrated that CT
and MRI cannot reliably differentiate viable tumor tissue from
tumor-associated edema, postoperative changes or radiation
necrosis (4). Therefore, imaging methods that are based on specific
markers of tumor tissue and metabolism have been proposed as
alternatives to these techniques. Since 1982, PET using the glucose
analog '®F-fluor-deoxy-D-glucose (FDG) has been applied for
noninvasive tumor grading, differentiation of tumor recurrence
from radiation necrosis and determination of prognosis (5-8).
However, the high glucose utilization of gray matter complicates
the identification of tumor tissue by FDG-PET (9-11). Therefore,
difficulties in the visual interpretation of FDG-PET studies and the
quantification of FDG uptake were reported (9,/1). As protein
synthesis rate of normal brain tissue is several degrees of magni-
tude lower than its glucose utilization [about 0.5 nmol/g/min for
leucin versus 0.3 umol/100 g/min for glucose (/2)], amino acid
tracers have been proposed as an alternative to FDG in the
metabolic characterization of brain tumors (/3).
Iodine-123-alpha-methyl-L-tyrosine (IMT) is an amino acid
analog initially developed for imaging melanomas and the
adrenal medulla (/4). IMT has a similar affinity to the neutral
amino acid carrier at the blood-brain barrier as L-tyrosine but is
not further metabolized and not incorporated into proteins
(15,16). Its uptake in brain tumors can be saturated by natural
amino acids, indicating that IMT uptake in these tumors is due
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