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Abstract
Purpose Subtle cognitive impairment is recognized in the
first stages of Parkinson’s disease (PD), including execu-
tive, memory and visuospatial dysfunction, but its patho-
physiological basis is still debated.
Methods Twenty-six consecutive, drug-naïve, de novo PD
patients underwent an extended neuropsychological battery,
dopamine transporter (DAT) and brain perfusion single photon
emission computed tomography (SPECT). We previously
reported that nigrocaudate impairment correlates with execu-
tive functions, and nigroputaminal impairment with visuo-
spatial abilities. Here perfusion SPECT was first compared
between the PD group and age-matched controls (CTR).
Then, perfusion SPECTwas correlatedwith both DAT SPECT
and four neuropsychological factors by means of voxel-based
analysis (SPM8) with a height threshold of p<0.005 at peak

level and p<0.05 false discovery rate-corrected at cluster
level. Both perfusion and DAT SPECT images were flipped
in order to have the more affected hemisphere (MAH),
defined clinically, on the same side.
Results Significant hypoperfusion was found in an occipital
area of the MAH in PD patients as compared to CTR.
Executive functions directly correlated with brain perfusion
in bilateral posterior cingulate cortex and precuneus in the
less affected hemisphere (LAH), while verbal memory
directly correlated with perfusion in the precuneus, inferior
parietal lobule and superior temporal gyrus in the LAH.
Furthermore, positive correlation was highlighted between
nigrocaudate and nigroputaminal impairment and brain
perfusion in the precuneus, posterior cingulate and para-
hippocampal gyri of the LAH.
Conclusion These data support the evidence showing an early
involvement of the cholinergic system in the early cognitive
dysfunction and point to a more relevant role of parietal
lobes and posterior cingulate in executive functions in PD.

Keywords Parkinson’s disease . DAT SPECT. Perfusion
SPECT. Neuropsychological assessment . Cognition

Introduction

Cognitive impairment, mainly in the form of executive,
visuospatial and memory deficit, has been increasingly
recognized in patients with Parkinson’s disease (PD) since
the first stages. A mild cognitive impairment has been
reported in 20–57% of cases 3–5 years after the diagnosis,
which has been suggested as a powerful predictor of the
progression of cognitive dysfunction to dementia [1].

However, the neurochemical and pathophysiological
basis of these deficits is still not fully elucidated and could
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be heterogeneous [1]. The early dysexecutive syndrome is
similar to that seen in patients with frontal lobe lesions,
which has contributed to the concept of PD as a
frontostriatal syndrome, mainly based on dopamine deficit at
the striatal level and on dorsal striatum-frontal connection
impairment. Previous studies have shown a direct correlation
between nigrostriatal (mainly nigrocaudate) dopaminergic
activity and scores on tests assessing executive functions
[2–4], but the relationships among nigrostriatal impairment,
cognition and cortical function are not well elucidated and
further research is underway.

By means of [18F]fluorodeoxyglucose positron emission
tomography (FDG PET), a PD-related cognitive pattern
(PDCP) has been identified, directly co-varying with
cognitive measures of executive, memory and visuospatial
functions [5, 6]. The cortical areas involved in PDCP are
mainly located in the frontal and parietal association cortex,
with the precuneus and superior frontal gyrus reaching the
highest statistical significance [7, 8]. While relevant in the
modelling of PD pathophysiology, the PDCP may be less
useful to unveil the cortical correlates of specific cognitive
domains, because it correlates with a variety of tests.

Also, it is still uncertain to what extent the severity of
dopaminergic striatal denervation is associated with impaired
cortical perfusion/metabolism. A PD motor-related metabolic
pattern (PDRP) has been described, mostly independent of
PDCP, in which increased metabolic levels in pallidothalamic,
pontocerebellar and motor cortical/supplementary motor area
metabolic activity, associated with reductions in the lateral
premotor and posterior parietal areas, correlate with dopamine
transporter (DAT) binding. Instead, DAT binding is not
correlated with the cortical areas contributing to the PDCP
[9]. However, not all of the studies support this model. In a
single photon emission computed tomography (SPECT)
study, while DAT binding in the left putamen was correlated
with perfusion in the left premotor cortex and supplementary
motor area, thus confirming the PDRP-DAT relationships,
DAT binding in the left caudate was correlated with
perfusion in the left dorsolateral prefrontal cortex, which is
actually part of the PDCP, not of the PDRP [10]. Similar
results were obtained in a study in drug-naïve PD patients, in
whom nigroputaminal dopaminergic activity was correlated
with glucose metabolism in premotor as well as in multiple
areas of the frontal association cortex [11]. In another study
the findings seemed to be even more discordant, since the
dopaminergic impairment in the basal ganglia was associated
with decreased FDG uptake in the cerebellum and thalamus,
and with increased FDG uptake in the motor cortex. In the
same study, the univariate voxel-based correlation analysis
between 18F-dopa PET and 18F-FDG PET failed to show
significant results [12].

The aim of this study was to investigate the relationships
among nigrostriatal denervation, cognitive performances

and cortical function in a group of de novo, drug-naïve PD
patients, by means of an extended battery of neuropsycho-
logical tests and both brain perfusion and DAT SPECT.

Materials and methods

Patients

Thirty consecutive patients with de novo PD, never treated
with dopaminergic stimulation (drug-naïve), were enrolled.
The diagnosis of PD followed current criteria [13]. The
patients underwent brain magnetic resonance imaging
(MRI), or computed tomography (CT) if MRI was
unfeasible, to rule out other brain diseases. Patients with
brain infarcts on MRI/CT or with a history of stroke or
transient ischaemic attacks were excluded, whereas the
presence of small white matter hyperintensities on MRI was
not an exclusion criterion. Dementia was excluded by
means of clinical interview and questionnaires for activities
of daily living (ADL)[14] and instrumental ADL [15]. The
Clinical Dementia Rating (CDR) Scale was 0 in all patients.
The Mini-Mental State Examination (MMSE) was used as a
measure of global cognitive function. The 15-item Geriatric
Depression Scale was administered to assess depression.
Motor severity of disease was assessed by the Unified
Parkinson’s Disease Rating Scale (UPDRS) (Motor section).

Patients underwent a neuropsychological test battery,
including: (1) 6-trial selective reminding test (SRT) for
verbal episodic memory (immediate and delayed recall); (2)
categorical and phonological verbal fluency; (3) figure
copying of the mental deterioration battery (simple copy
and copy with guiding landmarks) to assess visuoconstruc-
tional abilities; (4) Raven’s PM47 matrices, investigating
logical reasoning and visuospatial functions; (5) visual search
test to study sustained attention and ideomotor speed; (6) trail
making test (A and B, with computation of B-A score) to
explore visuomotor abilities, divided attention and attention
shifting; (7) Stroop colour-word test for cognitive flexibility
and executive functions; (8) symbol digit test to assess
executive functions and working memory; (9) Corsi’s block
design to investigate spatial memory; (10) digit span
(forward) assessing auditory memory span; and (11) clock
completion test as a mixed measure of executive functions,
visuospatial abilities and memory. References for tests and
normative values are listed in a previous paper [4].

White matter hyperintensities (WMH) were scored on
T2-weighted images using the Age-Related White Matter
Changes (ARWMC) Scale [16], which assigns a rating on a
4-point scale (0, no lesions; 1, focal lesions; 2, increasing
confluence; 3, diffuse involvement) in each of five regions
in both hemispheres separately (frontal, parieto-occipital,
temporal, infratentorial and basal ganglia). The MRI of 21
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patients and 17 controls were blindly assessed by one of us
(D.A.). In five patients and four controls CT was assessed
since MRI was not available.

The 30 patients underwent brain DAT SPECT, while in 4
of them brain perfusion SPECT was not feasible because of
logistic reasons. Therefore, the final study group included
26 of the original 30 patients. The main clinical and
demographic characteristics are listed in Table 1.

Controls

A group of 21 normal subjects in the same age span as
patients served as controls for brain perfusion SPECT
comparison with PD patients. Control subjects were healthy
volunteers, recruited during Open University programmes
for the elderly. Their healthy condition was carefully
checked by reviewing their general medical history and
clinical examination. MMSE was performed and only
subjects with a score≥28 were considered. Moreover, only
subjects with a CDR of 0 were included. Control subjects
also underwent brain MRI (all but 4 who underwent CT
because of metallic devices, n=2, or claustrophobia, n=2).

The study protocol met the approval of the local Ethics
Committee and an informed consent form was signed by all
participants, in compliance with the Helsinki Declaration
of 1975.

Brain [123I]FP-CIT SPECT and [99mTc]bicisate (ECD)
SPECT

DAT SPECT was acquired after i.v. administration of about
185 MBq of [123I]FP-CIT (DaTSCAN, GE Healthcare, Little
Chalfont, Buckinghamshire, UK). Patients also underwent
brain perfusion SPECT after i.v. administration of about
740 MBq of [99mTc]bicisate (ECD) (Neurolite, Bristol-Myers

Squibb, Moreton, UK) within 1 month. Both procedures
were performed according to the European Association of
Nuclear Medicine (EANM) guidelines [17, 18].

SPECT was performed using a dual-head Millennium
VG camera (GE Healthcare) equipped with low-energy,
high-resolution, parallel-beam collimators. Acquisition
started between 180 and 240 min after injection of [123I]
FP-CIT and lasted 40 min, while it started after 30–60 min
after injection of [99mTc]bicisate (ECD) and lasted 30 min.
A “step-and-shoot” protocol was applied with a radius of
rotation <15 cm, and 120 projections evenly spaced over
360° were generated. Total counts ranged between 2.5 and
3 million ([123I]FP-CIT) or were higher than 5 million
([99mTc]bicisate). The pixel size of the acquisition matrix
was 2.4 mm, thanks to an electronic zoom (zoom factor=
1.8) applied in the data collection phase. In the reconstruc-
tion phase also a digital zoom was used and the resulting
images were sampled by cubic voxels with 2.33-mm sides.
Projections were processed by means of the ordered subsets
expectation maximization (OSEM) algorithm (8 iterations,
10 subsets) [19] followed by post-filtering (3-D Gaussian
filter with full-width at half-maximum 5 8 mm). The OSEM
algorithm included a proback pair accounting for collimator
blur and photon attenuation. No compensation for scatter
was performed. The 2-D+1 approximation [20] was applied
in the simulation of the space-variant collimator blur,
whereas photon attenuation was modelled with the approx-
imation of a linear coefficient uniform inside the skull and
equal to 0.11 cm−1.

The reconstructed [123I]FP-CIT images were exported in
analyse format and processed by the automatic BasGan
algorithm [21] based on a high-definition, three-dimensional
(3-D) striatal template, derived from Talairach’s atlas. An
optimization protocol automatically performs fine adjustments
in the positioning of blurred templates to best match the

CTR group PD group p value

Number 21 26

Age (years) 71. 9±5.9 68.9±4.9 n.s.

Gender 6 M/15 F 12 M/14 F n.s.

Education (years) 8.6±4.7 9.5±4.3 n.s.

Duration of disease (months) n.a. 28.5±35.5

UPDRS III score n.a. 12.7±5.0

UPDRS III asym. index n.a. 0.49±0.26

MMSE score 28.6±2.1 28.6±1.7 n.s.

GDS score 3.9±3.1 3.8±2.8 n.s.

ARWMC score 1.9±2.0 2.3±2.9 n.s.

Caudate uptake n.a. 2.39±0.67 MAH

Caudate uptake n.a. 2.63±0.73 LAH

Putamen uptake n.a. 0.96±0.44 MAH

Putamen uptake n.a. 1.36±0.61 LAH

Table 1 Main demographic and
clinical characteristics and
FP-CIT SPECT findings
(mean±SD) in the two groups
of control (CTR) subjects and
PD patients

UPDRS Unified Parkinson’s
Disease Rating Scale, III motor
section, MMSE Mini-Mental
State Examination, GDS Geriat-
ric Depression Scale (15 items),
ARWMC Age-Related White
Matter Changes, n.a. not avail-
able, n.s. not significant, MAH
more affected hemisphere, LAH
less affected hemisphere

Eur J Nucl Med Mol Imaging (2011) 38:2209–2218 2211



radioactive counts and locates occipital regions of interest for
background evaluation. Partial volume effect (PVE)
correction is included in the process of uptake computa-
tion of the caudate, putamen and background. Background
uptake was subtracted by putamen and caudate uptake as
follows [(caudate or putamen uptake−background uptake)/
background uptake].

The reconstructed [99mTc]ECD images were exported in
analyse format and processed by the Statistical Parametric
Mapping (SPM) 8 software.

In order to highlight correlation in the more and in the less
affected hemispheres, respectively, the more affected hemi-
sphere (MAH) was defined as the contralateral one to the side
of the body with prevalence of motor symptoms, such as
tremor, rigidity or motor impairment, by the referring
clinician. A UPDRS asymmetry index was computed follow-
ing the procedure described in Yogev et al. [22] (Table 1). In
16 patients the MAH was the left one, while in the remaining
10 patients it was the right one. Thus, both DAT and
perfusion SPECT were flipped in these ten patients so as to
have the MAH on the left side and the less affected
hemisphere (LAH) in the right side, following the procedure
adopted in previous works [4, 12]. In this way we favoured
highlighting findings caused by the disease process while
missing the information of left/right hemisphere peculiarities.

As for putamen uptake, correspondence between clinical
and DAT SPECT MAH was found in 19 of 26 patients,
while in 4 of 26 patients the uptake was the same in the two
sides and just in 3 of 26 was the asymmetry reversed in
comparison to the clinical side (mean reversed putamen
asymmetry: 10.3%). Bilateral uptake reduction was present
in the four patients with symmetric putamen uptake as well as
in the three patients with reversed asymmetry. As for caudate
uptake, correspondence between clinical and DAT SPECT
MAHwas found in 18 of 26 patients, while in 1 of 26 patients
the uptake was the same in the two sides and in 7 of 26 the
asymmetry was reversed in comparison to the clinical side
(mean reversed putamen asymmetry: 8.1%). The presence of
both reversed putamen and reversed caudate asymmetries was
never found in an individual patient, so that each patient had at
least one of the two nuclei uptake asymmetry concordant
with the clinical asymmetry. The UPDRS asymmetry
index was positively correlated (r=0.41; p<0.05) with DAT
putamen asymmetries but not with DAT caudate asymmetries
(computed as LAH−MAH/mean of LAH + MAH).

Statistics

Because of the problem of multicollinearity among the 16
neuropsychological variables, preliminary analyses were
performed on the original variables to minimize multicolli-
nearity and to reduce the number of variables for further
statistical analysis. As a first step, factor analysis with varimax

rotation was applied to the 16 native neuropsychological
measures at baseline to identify those scores expressing a
similar part of total variance. Factor analysis identified four
cognitive factors, as detailed in a previous paper [4], including
a dysexecutive (NPS-EX), a visuospatial (NPS-VS), a verbal
memory (NPS-VM) and a ‘mixed’ (NPS-MIX) factor. A
conventional threshold of 0.4 was applied to factor loadings
(expressing the factor-variable correlation) to individuate the
group of variables mainly represented by each factor.

Using SPM8 (Wellcome Department of Cognitive Neurol-
ogy, London, UK) implemented inMATLAB 6.5 (MathWorks,
Natick, MA, USA), perfusion SPECT data were subjected to
affine and nonlinear spatial normalization into the MNI space,
using a 99mTc-bicisate customized template [23]. The spatially
normalized set of images were then smoothed with a 12-mm
isotropic Gaussian filter to blur individual variations in gyral
anatomy and to increase the signal to noise ratio. The
resulting statistical parametric maps, SPM{t}, were trans-
formed into normal distribution (SPM{z}) unit.

Correction of SPM coordinates to match the Talairach
coordinates was achieved by the subroutine implemented by
Matthew Brett (http://www.mrc-cbu.cam.ac.uk/Imaging).
SPM t-maps were thresholded using a p<0.005 at voxel
level, uncorrected for multiple comparisons. This threshold
is accepted as a reasonable choice as it takes into account the
need to balance between type I and type II errors and
considers the relatively low sensitivity of SPECT in the lack
of repeated measures [24, 25]. The significance of identified
regions was established at a p<0.05, corrected for multiple
comparisons with the false discovery rate (FDR) option at
the cluster level. Only clusters containing more than 50
voxels were considered to be significant.

The following analyses were assessed using SPM8, taking
into account age, gender and education as ‘nuisance’ variables:

1. Comparison

– Controls minus PD patients

2. Correlations

– Brain perfusion and each of the four neuropsycho-
logical factors

– Brain perfusion and FP-CIT uptake at the caudate
and putamen level in the MAH as well as in the LAH

Results

Comparison: controls minus PD patients

A cluster of significant hypoperfusion was found in the
occipital lobe of the MAH, including the middle occipital
gyrus (Brodmann areas, BA, 18 and 19) and the lingual
gyrus (Table 2, Fig. 1).
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Correlations: brain perfusion and neuropsychological
factors

A positive correlation between brain perfusion and NPS-EX
was found in a large cluster in the parieto-occipital areas of
both hemispheres, with peaks in the posterior cingulate
cortex (PCC; BA30) of both hemispheres and parietal
precuneus (BA7) of the LAH (Table 2, Fig. 2). The
correlation in the posterior cingulate gyrus of the LAH
survived the p<0.001 threshold at peak level. A cluster of
positive correlation was also found between brain perfusion
and NPS-VM in the temporoparietal region of the LAH,
involving the superior temporal gyrus (BA13), the inferior
parietal lobule (BA40) and the parietal precuneus (BA7).
The correlation in BA13 and BA40 survived the p<0.001
threshold at peak level. No significant correlation was
found between perfusion and either NPS-VS or NPS-MIX.

Correlations: brain perfusion and FP-CIT uptake

A positive correlation was found between brain perfusion in
the PCC (BA30), parahippocampal gyrus (BA30) and middle
temporal gyrus (BA39) of the LAH and FP-CIT uptake in the

caudate of the LAH (Table 2, Fig. 3). A positive correlation
was also found between brain perfusion in the PCC (BA30),
parietal precuneus (BA7) and occipital cuneus (BA18) of the
LAH and putamen uptake in the MAH.

Discussion

This study shows that executive functions are directly
correlated with cortical function, as assessed by means of
perfusion SPECT, in the posterior association and limbic
cortex with peaks in the PCC and parietal precuneus. These
areas are included in the PDCP that is correlated with
measures of executive function indeed, but also includes
association areas of the frontal lobe. The latter may have
been expected to show a higher correlation with executive
functions than the parietal-posterior limbic areas. However,
the classic notion of executive dysfunction as a conse-
quence of frontal-subcortical disconnection, mainly derived
from patients with cerebrovascular disease, has not received
further validation by more recent neuroimaging studies. In a
large series of non-demented elderly individuals, WMH in
all but occipital lobes were correlated with executive

Table 2 Numerical results of SPM comparisons (uncorrected height threshold p<0.005 at voxel level)a

Comparison/correlations Cluster level Voxel level

Cluster
extent

FDR-corr.
p value

Cortical
region

Z score of
maximum

Talairach
coordinates

Cortical region BA

Perfusion CTR-PD 1,404 0.023 MAH occipital 4.03 −38, −71, 9 Middle occipital gy 19

MAH occipital 3.72 −12, −90, 17 Middle occipital gy 18

MAH occipital 3.64 −22, −58, 3 Lingual gy 18

Perfusion NPS-EX 3,048 0.000 LAH limbic 4.75 8, −69, 13 Posterior cingulate 30

MAH limbic 3.84 −18, −59, 16 Posterior cingulate 30

LAH parietal 3.39 2, −68, 37 Precuneus 7

Perfusion NPS-VM 1,216 0.017 LAH temporal 4.49 48, −44, 22 Superior temporal gy 13

LAH parietal 4.24 50, −37, 39 Inferior parietal lob 40

LAH parietal 3.46 18, −46, 45 Precuneus 7

Perfusion caudate
(LAH)

1,667 0.024 LAH limbic 3.89 16, −54, 14 Posterior cingulate 30

LAH limbic 3.52 18, −50, 6 Parahippocampal gy 30

LAH temporal 3.43 38, −63, 18 Middle temporal gy 39

Perfusion putamen
(MAH)

1,206 0.011 LAH limbic 3.82 14, −53, 17 Posterior cingulate 30

LAH parietal 3.61 10, −74, 35 Precuneus 7

LAH occipital 3.55 6, −77, 22 Cuneus 18

LAH less affected hemisphere, MAH more affected hemisphere, CTR controls, NPS-EX neuropsychological executive factor, NPS-VM
neuropsychological verbal memory factor, BA Brodmann area, gy gyrus, lob lobule. In the case that the maximum correlation is achieved outside
the grey matter, the nearest grey matter is indicated with the corresponding BA
aA value of p≤0.05, false discovery rate (FDR) corrected for multiple comparison at cluster level, was accepted as statistically significant. In the
‘cluster level’ section on the left, the number of voxels, the FDR-corrected p value of significance and the cortical region where the voxel is found
are all reported for each significant cluster. In the ‘voxel level’ section, all of the coordinates of the difference/correlation sites (with the Z score of
the maximum correlation point), the corresponding cortical region and BA are reported for each significant cluster.
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dysfunction; thus, not just those located in the frontal lobes
[26]. In another larger sample of subjects with mild
cognitive impairment (MCI), WMH in the parietal lobe,
but not in the frontal lobe, were necessary to cause
executive dysfunction [27]. A similar scenario may char-
acterize executive dysfunction of PD. A SPECT study
highlighted hypoperfusion in the inferior parietal lobule
and supramarginal gyrus, rather than in the frontal lobes,
in PD patients with dysexecutive impairment, assessed
with the Frontal Assessment Battery [28]. Furthermore,
there was significant fractional anisotropy reduction in the
left parietal—not frontal—white matter in non-demented
PD patients with a low score on the Wisconsin Card
Sorting Test as compared to those with a higher score [29].
These findings in patients with cerebrovascular disease
and in PD patients parallel those obtained in healthy
individuals [30] and suggest that executive functions are
more distributed across several cortical regions, including the
parietal association cortex.

Verbal memory disclosed a significant correlation with
cortical function in an association temporoparietal region of
the LAH, including again the precuneus, the inferior
parietal lobule and the superior temporal gyrus. This is in
agreement with previous correlative studies in other
neurodegenerative disorders, such as Alzheimer’s disease

(AD), in which correlation between a word list learning and
brain perfusion in bilateral temporal lobes and left
precuneus was found [31]. These findings point to the
involvement of the wider memory network component of
verbal memory function. In a correlative analysis in mild
AD patients, the score on a verbal memory test was found
to correlate with glucose metabolism in bilateral PCC and
precuneus, middle occipital and inferior parietal gyri in the
right hemisphere [32]. The key role of the precuneus in the
memorization of imageable words has been confirmed by
activation studies in normal subjects during the recall of
episodic information [33] or during mental imagery
processes [34, 35]. In PD patients with amnestic MCI, we
previously reported significant hypoperfusion in bilateral
parieto-occipital cortex, also including the PCC, in com-
parison with controls but even in comparison with patients
with the common form of amnestic MCI [36].

Thus, both executive and verbal memory function
correlated with brain perfusion in posterior association
cortical areas, with some topographical overlap (precuneus)
and some differences. These findings do not fit with the
concept of PD as a frontostriatal syndrome, mainly based
on dorsal striatum-frontal connection impairment. Rather,
they point to the impairment of posterior brain areas, where
dopamine endings are much less present. Increasing

Fig. 1 Statistical parametric
maps superimposed to magnetic
resonance rendering showing
the regions of significant
decrease in brain perfusion in
PD patients compared with
controls, obtained by SPM8
analysis. Details of regions
and coordinates in Table 2
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evidence with N-[11C]methyl-4-piperidyl acetate (MP4A)
PET shows a reduction of cholinergic function mainly in
posterior brain regions, including the PCC and posterior
temporo-parieto-occipital association cortex, in PD patients
without dementia [37] but even in de novo or early PD
patients [38]. There is an intriguing topographic correspon-
dence in posterior association areas between cortical
dysfunction, as shown by means of FDG PET [39–41] or
perfusion SPECT [8, 36], and cholinergic denervation in
PD. It has been shown that the cholinergic deficit in
posterior association areas is even more severe in PD
patients without dementia than in patients with AD [42].
According to this view, the early cholinergic deficit in PD
might account for executive dysfunction more than previ-
ously thought, as supported by early studies showing that in
PD patients anticholinergic drugs produce a frontal-like
executive dysfunction after acute administration [43] and
by the findings that performance on tests of attention and
executive function correlated with loss of cortical cholin-
esterase activity in PD dementia [44].

We found a positive correlation between nigrostriatal
denervation and cortical perfusion in posterior temporo-
parieto-occipital areas of the LAH, most of which are
included in the PDRP as shown by both FDG PET [11] and
[99mTc]ECD SPECT studies [45]. Our results seem in

keeping with the finding of a positive correlation trend
between [18F]fluorodopa uptake in the basal ganglia and
glucose metabolism in the temporal and insular cortex of
the LAH by univariate analysis [12]. Substantial evidence
links the components of PDRP to the motor symptoms of
PD, because it is correlated with measures of motor
disability [46] as well as with spontaneous firing rates of
pallidal neurons [47]. PDRP expression increases linearly
with disease progression and is correlated with concurrent
reductions in motor function and DAT binding in the
putamen [48]. Although the anatomo-functional bases for
the PDRP are not well known, the association of PDRP
expression with DAT binding in the striatum [9] and its
modulation by levodopa [46] suggests that, functionally,
this network may be affected by dopamine. However,
although loss of nigrostriatal dopamine cells can be seen
as permissive for expression of the PDRP, network activity
seems to be more closely related to basal ganglia output,
which are not dopaminergic, and in fact includes areas in
parietal and occipital lobes where dopamine endings are
rare. Moreover, a recent study with functional MRI (fMRI)
has extended previous observations on the functional
connectivity pattern of the striatum. Besides the frontal
association cortex, connectivity of the caudate includes the
parahippocampal gyrus, the inferior temporal gyrus and the

Fig. 2 Statistical parametric
maps superimposed to magnetic
resonance rendering showing
the regions of significant corre-
lation between brain perfusion
and NPS-EX (neuropsychologi-
cal executive factor) in PD
patients, obtained by SPM8
analysis. Details of regions and
coordinates in Table 2
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inferior parietal cortex both in PD patients and controls,
while connectivity of the putamen includes the superior
temporal gyrus, the inferior parietal cortex, the middle
cingulate cortex and the middle occipital gyrus besides the
classic connections with motor and premotor areas. Of note,
in PD patients there was increased functional connectivity
between the anterior putamen and parietal operculum,
supramarginal gyrus, insula and inferior temporal gyrus as
compared to controls [49].

As a final remark, looking at Table 2 it appears that the
region of the PCC-precuneus was almost invariably positive-
ly correlated with executive function, verbal memory
function and nigrostriatal dopamine impairment. The PCC-
precuneus is the main posterior key node of the so-called
default mode network, thought to express hyperactivity of
interlinked regions during brain at rest. Activity in the dorsal
caudate has been shown to correlate with the PCC-precuneus,
and it has been suggested that default network activity in
these nodes is abnormally modulated in diseases in which the
dopamine system is implicated. A relationship between
striatal dopamine synthesis and resting state fMRI activity
in the PCC-precuneus has been shown that may be facilitated
by the closed loop dorsal caudate-pallidal-thalamic-cortical
connectivity, including both lateral prefrontal cortex and
precuneus [50].

Correlations between brain perfusion in the LAH and
nigrostriatal impairment were found at the nigrocaudate
level in the LAH and at the nigroputaminal level in the
MAH. This side discrepancy may well be the result of
chance. However, the PDRP has been recently evaluated in
the LAH in the attempt to assess cortical metabolism in a
pre-symptomatic hemisphere. The PDRP correlates with
nigrostriatal denervation, is already expressed in the LAH
at the time of clinical diagnosis, and it has been shown to
be detectable at least 2 years before the onset of symptoms
in the unaffected side of the body [51].

A limitation of this study is that the mean age at onset of
PD (66.6 by looking at age and disease duration in Table 1)
was a bit higher than in the general PD population. This
bias could be the result of chance, since no criteria other
than consecutive enrolment were adopted. Also, living in a
very old urban area might have affected recruitment.
Although age has been taken into account as a confounding
variable in SPM comparison and correlation analyses,
which has smoothed the effect of age on results, the present
data may not be applicable to the younger general PD
population. It could also be argued that WMH have an
impact on cognition in PD patients. However, WMH did
not significantly differ between the PD group and controls
(Table 1). Moreover, whereas the number of WMH has

Fig. 3 Statistical parametric
maps superimposed to magnetic
resonance rendering showing
the regions of significant corre-
lation between brain perfusion
and FP-CIT caudate uptake in
the less affected hemisphere in
PD patients, obtained by SPM8
analysis. Details of regions and
coordinates in Table 2
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been shown to be higher in PD patients developing
dementia [52, 53], they have not been shown to signifi-
cantly impact cognition in early PD [54, 55].

In conclusion, we have shown that executive and verbal
memory function as well as nigrostriatal impairment are
correlated with areas of posterior association and limbic
cortex in de novo, drug-naïve PD patients. These findings
suggest a larger cortical involvement since the time of
diagnosis than admitted by the classic striato-frontal hypoth-
esis. Their role in predicting cognitive decline and eventually
dementia remains to be verified in longitudinal studies.

Conflicts of interest None.
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