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Abstract. The diagnosis of Parkinson’s disease is based
on clinical features with pathological verification. How-
ever, autopsy has been found to confirm a specialist di-
agnosis in only about 75% of cases. Especially early in
the course of the disease, the clinical diagnosis can be
difficult. Imaging of presynaptic dopamine transporters
(DAT receptors) has provided a possible diagnostic
probe in the evaluation of Parkinson’s disease. The co-
caine analogue [123I]-2-β-carboxymethoxy-3-β(4-iodo-
phenyl)tropane ([123I]-β-CIT) is one of several radioli-
gands that have been developed for single-photon emis-
sion tomography (SPET). The purpose of this study was
to evaluate the impact of [123I]-β-CIT SPET on the diag-
nosis and clinical management of patients with a prima-
ry, tentative diagnosis of parkinsonism. We undertook a
retrospective evaluation of the clinical records of 90 con-
secutive patients referred to [123I]-β-CIT SPET from the
neurological department, Bispebjerg Hospital. In 58 sub-
jects the scans revealed altered tracer uptake consistent
with Parkinson’s disease, progressive supranuclear palsy
and multiple system atrophy. A significant change in the
management or treatment because of the scan was found
in 25 patients (28%). The sensitivity of the examination
was 97% and the specificity 83%. In conclusion, a sig-
nificant clinical impact of DAT receptor SPET imaging
was found. DAT receptor imaging is a useful diagnostic
probe in patients with a possible diagnosis of parkinson-
ism.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative progres-
sive disease. The age of onset is usually between 50 and
79 years, and the prevalence in the age group over 65
years is about 1.6% [1]. The diagnosis of idiopathic PD
is based on clinical findings. A definite diagnosis is pro-
vided by neuropathological microscopy showing neuro-
nal cell loss in substantia nigra and Lewy bodies in some
of the remaining neurones.

A patient with the clinical features of parkinsonism
(i.e. rigidity, bradykinesia and tremor) that respond well
to dopaminergic medication has a probable clinical diag-
nosis of PD [2]. Parkinsonism, however, can also be
found in a number of other diseases, e.g. “parkinsonism
plus” [(multiple system atrophy (MSA), corticobasal de-
generation (CBD) and progressive supranuclear palsy
(PSP)], and essential tremor. Secondary parkinsonism
can be induced by vascular events, hydrocephalus, drugs,
infection, trauma or toxins [3].

Clinically it can be difficult to distinguish between
these different forms of parkinsonism [4]. Some clinico-
pathological studies have shown that autopsy confirms a
specialist diagnosis in only 76% of cases [5, 6]. A cor-
rect clinical diagnosis, however, is important for ade-
quate treatment and prognosis. Especially the emergence
of possible neuroprotective drugs [7] has prompted a
search for early markers of PD [8].

Imaging of presynaptic dopamine transporters (DAT
receptors) has provided a possible diagnostic probe in
the evaluation of PD. The cocaine analogue [123I]-2-β-
carboxymethoxy-3β(4-iodophenyl)tropane ([123I]-β-CIT)
is one of several radioligands that have been developed
for single-photon emission tomography (SPET). [123I]-β-
CIT has been shown to have high affinity for DAT recep-
tors in the striatum [9]. A number of studies have shown
a correlation between [123I]-β-CIT uptake in the striatum
and symptom severity (UPDRS, H&Y) [10, 11] and age
[12]. Studies of hemiparkinsonian patients [13] have
shown possible pre-symptomatic changes, in accordance
with the 50%–80% loss of nigral neurones preceding
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parkinsonian symptoms. DAT receptor imaging has been
shown to differentiate parkinsonism with degenerative
changes in the striatum (PD and parkinsonism plus) from
other forms of parkinsonism, tremor or normal controls
[14, 15]. Previously, only one report regarding the over-
all clinical benefit of imaging DAT receptors has been
published [16].

In this report we focus on the clinical impact of DAT
receptor SPET scanning. Clinical impact was registered as
improvement in the ability to make a diagnosis shortly af-
ter the scan and to adjust adequately the management or
treatment in a population of patients referred from special-
ists in neurology working at a movement disorder clinic.

Materials and methods

Subjects. Ninety patients examined and treated at the movement
disorder clinic at the Department of Neurology, Bispebjerg Hospi-
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Table 1. Suggested diagnoses at the time of referrala

Diagnosis at the time of referral No. of patients

Probable PD 16
Possible PD 41
Possible parkinsonism plus 19
Possible drug-induced parkinsonism 4
Possible dystonia 6
Probable essential tremor 4

Total 90

a The diagnosis at referral was stated by the referring doctor in ac-
cordance with the general diagnostic criteria used in the department
Probable PD, Clinically diagnosed Parkinson’s disease; possible
PD: clinically possible Parkinson’s disease

Table 2. Criteria for the diagnosis at the time of evaluationa

Parkinson’s disease Positive criteria Bradykinesia and rigidity and/or rest tremor
Supportive signs A good and sustained response to levodopa (anti-parkinsonian medication), 

unilateral onset, asymmetry of symptoms, rest tremor, slow progression 
of the disease

Possible parkinsonism plus MSA Cerebellar symptoms (ataxia, falls) and/or pyramidal signs 
(hyperreflexia, extensive plantar response), autonomic dysfunction 
(impotence, urinary dysfunction). A poor response to levodopa

PSP Early unsteadiness and falls, downgaze palsy, early memory impairment. 
A poor response to levodopa

CBD Cortical symptoms such as apraxia, myoclonus, alien limb or pyramidal signs

Cerebrovascular Atypical parkinsonism, especially lower body parkinsonism. Vascular changes on CT or MRI

Dystonia A presentation of repetitive muscle spasms or twisting, either in one muscle group or generalised. 
Possibly tremor

Essential tremor A presentation of mainly postural or action tremor. No rigidity or bradykinesia

a Generally established diagnostic criteria were used; for a de
scription, see Sawle 1999. A diagnosis of PD was based on British
Brain Bank Criteria. Possible parkinsonism plus was noted when

the patients had symptoms in accordance with one of the follow-
ing three diseases: multiple system atrophy (MSA), progressive
supranuclear palsy (PSP) or corticobasal degeneration (CBD)

tal, Copenhagen, were referred to [123I]-β-CIT SPET from 1997 to
2000. The referring physician had classified the patients according
to generally established clinical criteria (Tables 1, 2). The mean
age was 59 years (mean±SD 14 years; range 21–82). Fifty-six pa-
tients were males and 34, females. In 80 patients, symptoms of
parkinsonism were reported at referral. The duration of disease
and the effect of medication are listed in Table 3. Immediately af-
ter each scan the result of the investigation was submitted to the
neurologist in charge of the patient. 

Retrospective evaluation. The final information on outcome and
most likely diagnosis after months to years of observation was ob-
tained retrospectively from the clinical records by one specialist in
neurology (L.M.W.) blinded to the result of the scan (Table 4).
The time of evaluation was autumn 2001. The diagnoses were
based on generally established clinical criteria [17, 18]. The most
important criteria have been listed briefly in Table 2. In 22 pa-
tients the observation period ended before the time of this evalua-
tion because of referral to other departments or the general practi-
tioner, or because of death.

A clinical impact of the scan diagnosis was noted when it
caused a change in treatment, management or diagnosis. When
confirmation of the referral diagnosis was established, this was not
in itself considered to represent a clinical impact; however, some-
times this establishment of the diagnosis led to a change in man-
agement or medication, which was then noted as a clinical impact
of the result of the scan.

SPET protocol. Patients received 200 mg of sodium perchlorate
i.v. prior to the radiotracer injection in order to block uptake of io-
dine-123 in the thyroid. Subsequently they received 120 MBq
[123I]-β-CIT i.v. The SPET scan was performed 20 h after the
[123I]-β-CIT injection, when a steady state had been reached.

Image acquisition was carried out with a Tomomatic 232,
head-dedicated SPET scanner in the first 72 patients. In 18 pa-
tients the image acquisition was carried out with a Marconi
PRISM 3000XP triple-head gamma camera with ultra-high-resolu-
tion, fan-beam collimators. SPET acquisitions were performed us-
ing a 360º orbit for each collimator. A gadolinium-153 pin source



Table 3. The effect of medication and the duration of disease in patients with symptoms of parkinsonism at referral

Diagnosis No. Duration Effect of No effect of Unknown effect of anti-parkinsonian 
of disease anti-parkinsonian anti-parkinsonian medication
(years) medication medication

Probable PD 16 13.5 15 0 1 patient: questionable effect

Possible PD 41 5.9 13 12 9 patients: no anti-parkinsonian 
medication; 5 patients: insufficient dose;
2 patients: no information

Possible 19 3.4 1 11 5 patients: no anti-parkinsonian medication; 
parkinsonism plus 1 patient: insufficient dose; 

1 patient: no information

Possible drug- 4 4.5 2 0 1 patient: no anti-parkinsonian medication; 
induced parkinsonism 1 patient: insufficient dose

1625

European Journal of Nuclear Medicine Vol. 29, No. 12, December 2002

was used for simultaneous transmission scans. Image processing
was performed using iterative reconstruction with scatter and non-
uniform attenuation correction. The iterative algorithm OS-EM
(ordered subsets-expectation maximisation) was used.

Data analysis. All scans were interpreted immediately after the in-
vestigation by the same specialist in nuclear medicine (L.F.). The
clinical replies consisted of a visual interpretation as well as a
quantified dataset.

The specific uptake was calculated in each case. A standard
ROI template was used (Fig. 1). The template was based on previ-
ously obtained computed tomography (CT) scans. The template
used for interpreting the scans on the Tomomatic SPET scanner

Fig. 1. A [123I]-β-CIT SPET scan from a patient with normal up-
take. The acquisition was performed using the PRISM scanner and
yielded 4-mm slices of the brain. For calculation of the uptake of
[123I]-β-CIT, the three slices with the highest activity were added
and analysed. The striatal uptake was calculated in each case. 
B A standard region of interest (ROI) template was used in the
two scanners. The template with ROIs was based on previously
obtained CT scans. The template used in the Tomomatic was ad-

justed slightly in order to produce equivalent results in the
PRISM. In this figure the four different regions are shown. On
both the left and the right side, the regions striatum, caudate nu-
cleus and putamen were placed. The occipital cortex was used as a
region for calculation of non-specific uptake as it is considered to
be devoid of dopaminergic receptors. The following uptake ratios
were calculated: (1) striatum/occipital cortex, (2) caudate nucleus/
putamen and (3) putamen/occipital cortex

was adjusted to provide similar results for both SPET scanners
(cross-correlation). The region used for the calculation of the spe-
cific uptake was the striatum, which consists of the caudate nucle-
us and the putamen, on the left and right sides of the brain. The re-
gion chosen for the calculation of non-specific uptake was the oc-
cipital cortex, since it is considered to be devoid of DAT receptors.
The regions were placed on a 12-mm slice of the brain represent-
ing the highest uptake of [123I]-β-CIT. The uptake was calculated
as the ratio between the uptake in the striatum and that in the oc-
cipital cortex.

The criteria for a normal scan were based on data from the lit-
erature [19, 20]. A reduction in the specific striatal [123I]-β-CIT
uptake was considered abnormal. Asymmetrical uptake and/or an



increased ratio of caudate nucleus to putaminal uptake was also
considered abnormal. In a few cases it was difficult to reach a
clear-cut conclusion at the time of the scan, and the result was de-
fined as “borderline changes”. Some of these scans presented nor-
mal striatal uptake, but with abnormal right-left asymmetry or a
high ratio of caudate nucleus to putaminal uptake.

Results

The mean of the left and right striatal uptake of [123I]-β-
CIT in the different referred groups is shown in Fig. 2.
The group with known PD had a marked reduction of
[123I]-β-CIT uptake compared with the other groups, in
accordance with the established clinical diagnosis of PD
(Table 3). In addition, in this group all the scans were
pathological, in accordance with the longer duration of
disease in these patients. The group of patients with dys-
tonia had normal uptake. The other groups had variable
uptake, as illustrated by both normal and pathological
scan diagnoses. Based on the read-out of the [123I]-β-CIT
SPET scans and the calculated ratios, the patients were
classified with the terms: “PD”, “borderline changes” or
“normal”. The relation between the mean of the left and
right striatal uptake of [123I]-β-CIT and the age of the pa-
tients is shown in Fig. 3. The age-related reduction was
different in the group with the scan result “normal” and
that with the scan result “PD”: the age-related decay in
DAT receptors seemed larger in the normal group than in
the PD group. For the scans with reduced striatal uptake
(i.e. the patients with a scan diagnosis of PD or parkin-
sonism plus), the ratio of striatal uptake to uptake in the
occipital cortex is depicted in Fig. 4 as a function of the
duration of the disease. A higher uptake, but a large vari-
ability, can be seen for short disease duration. 

The referral diagnoses of the patients are shown in
Table 1. For each of these seven groups the relation to
the scan diagnoses was noted (Table 4). Ninety patients
were examined; 60 scans had reduced uptake in accor-
dance with PD or parkinsonism plus, 25 scans were nor-
mal, and five scans had borderline changes.

The result of the [123I]-β-CIT SPET investigations
could be seen to correlate well with the later retrospec-
tive clinical diagnoses (Table 4). Among the 60 patients
with a scan diagnosis of PD, three were classified as
having a diagnosis other than PD or PP at the time of
evaluation (false positives). Of the 25 patients with nor-
mal scan results, two were classified as having a diagno-
sis of either PD or PP at the time of evaluation (false
negatives).

When the five investigations with “borderline chang-
es” were excluded, [123I]-β-CIT SPET had a sensitivity
of 97% and a specificity of 88%. The five investigations
with borderline changes were re-analysed by an investi-
gator blinded to the clinical diagnosis at the time of eval-
uation (Table 4). When they were included in the analys-
es on the basis of the most likely diagnosis, the sensitivi-
ty was 97% and the specificity, 83%.
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Fig. 2. The specific uptake in the striatum in the seven different
referred groups of patients. PD, Parkinson’s disease, PP, parkin-
sonism plus; Drug-induced, parkinsonism possibly caused by pre-
vious medicamentous treatment; ET, essential tremor. The group
with clinically definite PD had very low striatal uptake, while all
the patients in the group with dystonia had normal uptake. The
groups with possible PD or parkinsonism plus showed a wide
range of uptake: normal uptake was observed in 41 of these 60 pa-
tients and reduced uptake in 19. This wide range also in part re-
flects variation due to age

Fig. 3. Mean striatal uptake of [123I]-β-CIT in the three groups of
patients classified as “PD”, “borderline changes” or “normal” on
the basis of the read-out of the [123I]-β-CIT SPET scans and the
calculated ratios. Reduced striatal uptake as a function of age was
found. The reduction seemed most marked in the group without
pathologically reduced striatal uptake

Fig. 4. Ratio of striatal uptake to uptake in the occipital cortex as
a function of the duration of disease for patients in whom scans
showed reduced striatal uptake (i.e. those with a scan diagnosis
of PD or parkinsonism plus). No significant correlation was
found



Most of the patients had been seen regularly in our
out-patient clinic, and at the time of the retrospective
evaluation, the mean duration of observation since the
SPET scan was 14 months. In 22 patients, or 24%, the
evaluation period was terminated prior to the time of
evaluation because of death (ten patients) or referral to
other departments or a general practitioner. The mean
duration of observation differed in the three groups: For
patients with a scan diagnosis of PD it was 19 months,
for patients with a normal scan it was 16 months and in
the group with borderline changes it was 8 months.

A direct impact of the [123I]-β-CIT SPET investiga-
tions on management or treatment was found in the clini-
cal notes for 25 of the patients. Twenty-four of these pa-
tients had been referred with a diagnosis of either possi-
ble PD or possible parkinsonism plus (Table 5). In 62%
the result of the scan confirmed the clinical diagnosis.
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Table 4. Summary of the relation between the referral diagnosis, the scan diagnosis and the clinical diagnosis at the time of evaluationa

Diagnosis at time of referral Scan diagnosis Clinical diagnosis at time of evaluation 
(1997–2000) (1997–2000) (autumn 2001)

PD 16 PD 16 PD 15
Pplus 1

Possible PD 41 Normal 13 Dystonia 4
ET 4
PD 1
Hydrocephalus 1
Cerebrovascular 1
Atypical depression 1

PD 26 PD 23
Pplus 1
Primary dementia 1
Cerebrovascular 1

Borderline 2 Dystonia 1
Cerebrovascular 1

Possible Pplus 19 Normal 3 Dystonia 1
Pplus 1
Autonomic dysfunction 1

PD 15 PD 5
Pplus 9
Cerebrovascular 1

Borderline 1 Pplus 1

Possible drug-induced 4 Normal 1 Drug-induced parkinsonism 1
parkinsonism PD 3 PD 1

Pplus 2

Possible dystonia 6 Normal 5 Dystonia 5
Borderline 1 Uncertain, cerebrovascular? 1

Possible ET 4 Normal 3 ET 3
Borderline 1 ET 1

The borderline cases were re-evaluated by a specialist in nuclear
medicine (L.F.) blinded to the clinical diagnosis at the time of
evaluation. The most likely scan diagnosis was noted in each case.
Two borderline scans were evaluated as normal, and three as PD.
These cases were found in the six groups as follows: PD: none;
possible PD: two borderline scans, both most likely normal; possi-

ble parkinsonism plus: one borderline scan, most likely PD (but
still an uncertain diagnosis); possible drug-induced parkinsonism:
none; possible dystonia: one borderline scan, most likely PD; pos-
sible ET: one borderline scan, most likely PD
PD, Parkinson’s disease; Pplus, parkinsonism plus; ET, essential
tremor

Table 5. Impact of the result of the SPET investigation on man-
agement or diagnosis, in relation to the referral diagnosis

Diagnosis at the time of referral No. of Impact of scan 
patients result on 

management or 
diagnosis 

Probable PD 16 0
Possible PD 41 20
Possible parkinsonism plus 19 4
Possible drug-induced parkinsonism 4 1
Possible dystonia 6 0
Probable essential tremor 4 0

Total 90 25



Discussion

Implications of results

This study was performed in a large group of patients
consecutively referred for [123I]-β-CIT SPET scans from
a large movement disorder clinic. It reflects 21/2 years’
use of DAT receptor imaging by specialists in neurology.
Previously only findings in smaller patient groups have
been reported. Most of the referred patients had a tenta-
tive diagnosis of PD or parkinsonism plus.

In general the investigations were performed because
the diagnosis was uncertain. The results of the SPET in-
vestigations correlated well with the clinical diagnoses at
the time of evaluation. In 15 of the patients with a refer-
ral diagnosis of possible parkinsonism plus, DAT recep-
tor imaging showed reduced tracer uptake. At the time of
evaluation only one of these patients had a diagnosis oth-
er than PD or parkinsonism plus, i.e. vascular parkinson-
ism. In the group of 41 patients referred with possible
PD, DAT receptor imaging showed reduced tracer uptake
in 26. At the time of evaluation only two of these 26 pa-
tients had diagnoses other than PD or parkinsonism plus,
i.e. vascular parkinsonism and dementia.

Theoretically, DAT receptor imaging should be able
to differentiate vascular parkinsonism from the extrapy-
ramidal syndromes. One study using technetium-99m
TRODAT has suggested that this is the case [21]. The
clinical criteria for vascular parkinsonism are not well
established [22]. Atherosclerotic parkinsonism was first
described in 1929, but consensus regarding this diagno-
sis as a clinical entity has not been reached. One of the
reasons for this may be that vascular structural lesions in
both the basal ganglia and the frontal cortex can be
found in this syndrome. Pathological confirmation of
this clinical entity is lacking [3]. Vascular lesions are
also more frequent in PD than in controls. The reason for
the variable results of DAT receptor imaging in patients
with vascular parkinsonism may be that this clinical enti-
ty is heterogeneous.

In the group of 41 patients with possible PD, only 13
had a previous good response to dopaminergic medica-
tion. In some cases the investigation was used as a diag-
nostic probe before deciding whether the patient should
begin treatment or not. Traditionally a trial of levodopa
has been used as a diagnostic probe. In younger patients,
however, use of a levodopa trial has been questioned, as
it has been reported that even small doses of levodopa
can prompt complications in PD at an early stage in the
disease.

This retrospective study provides information on the
tentative diagnoses before SPET investigation and the
clinician’s reaction to the scan, as well as the tentative
diagnoses at an arbitrary time point after the investiga-
tions. The somewhat heterogeneous population very
much resembles that examined by a neurological special-
ist during his or her daily clinical work. We found the

SPET investigation to be clinically useful, and it caused
a change in treatment, management or diagnosis in 27%
of the patients. Among those patients with a referral di-
agnosis of possible PD or possible parkinsonism plus, an
impact was found in 40% of cases (Table 5).

Methodological considerations

The diagnoses in this study were all clinical. We had on-
ly one autopsy-confirmed case. A recent study has pro-
posed a high precision of clinical diagnosis by specialists
in PD, with re-evaluation of an initial diagnosis of PD
being necessary in only 8.1% of cases after a mean eval-
uation period of 6 years [23]. However, in that study the
diagnosis was assessed neuropathologically at autopsy in
only 13 of 800 patients. In five of these cases such as-
sessment did not confirm PD, and only four patients
(31%) had uncomplicated PD; hence the autopsy data
suggest a much higher misdiagnosis rate [24].

In some of our patients, additional investigations may
have increased the likelihood of accurate diagnosis at the
time of evaluation. A follow-up investigation on a ran-
dom group of patients would be a way to control the di-
agnoses, but definite diagnosis will still require neuro-
pathological confirmation.

A high sensitivity and specificity were found for
[123I]-β-CIT SPET in this study,. This is in accordance
with the findings of Booij et al. [16]. Comparable results
could be expected, since the different cocaine analogues
used – [123I]-β-CIT and [123I]-FP-CIT – have been found
to produce similar results regarding discrimination of PD
and correlation with age and severity of symptoms [25].

The borderline changes should possibly have been
considered not to be parkinsonian. Patients with an ex-
trapyramidal syndrome exhibiting parkinsonian symp-
toms would be expected to have a significant reduced
striatal uptake of [123I]-β-CIT reflecting the loss of at
least about 50% of DAT receptors preceding neurologi-
cal symptoms [13, 26]. Neuropathological data, F-DOPA
positron emission tomography imaging [27] and clinical
reports of early changes in, for instance, smelling [8]
corroborate this. It is, however, possible that the early
changes in the brain in parkinsonism plus are reflected in
loss of DAT receptors to a lesser degree than is true in
PD, in that the parkinsonism plus syndromes are charac-
terised by significant post-synaptic changes early in the
course of the disease.

Conclusion

This study has shown that DAT receptor imaging is a clin-
ically useful investigation. The result of [123I]-β-CIT
SPET frequently caused a change in treatment, manage-
ment or diagnosis, especially in patients with a tentative
referral diagnosis of possible PD or parkinsonism plus.

1628

European Journal of Nuclear Medicine Vol. 29, No. 12, December 2002



Furthermore a high correlation was found between the
scan diagnoses and the clinical diagnoses after a mean ob-
servation time of 14 months. [123I]-β-CIT SPET was
found to have a sensitivity of 97% and a specificity of
83%, suggesting a high positive predictive value of the in-
vestigation. This study supports the use of DAT receptor
imaging as a diagnostic tool in PD and parkinsonism plus.

Acknowledgements. The skilled technical assistance of technicians
Eva Brødsgaard and Bente Dall is gratefully acknowledged. This
study was supported by the Danish Society for Parkinson’s Dis-
ease.

References

1. Wermuth L, von Weitzel-Mudersbach P, Jeune B. A two-fold
difference in the age-adjusted prevalences of Parkinson’s dis-
ease between the island of Als and the Faroe Islands. Eur
J Neurol 2000; 7:655–660.

2. Gelb DJ, Oliver E, Gilman S. Diagnostic criteria for Parkin-
son’s disease. Arch Neurol 1999; 56:33–39.

3. Koller WC. How accurately can Parkinson’s disease be diag-
nosed? Neurology 1992; 42 Suppl:6–16.

4. Quinn NP. Fortnightly review: parkinsonism – recognition and
differential diagnosis. BMJ 1995; 310:447–452.

5. Rajput AH, Rozdilsky B, Rajput A. Accuracy of clinical diag-
nosis in parkinsonism – a prospective study. Can J Neurol Sci
1991; 18:275–278.

6. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clini-
cal diagnosis of idiopathic Parkinson’s disease: a clinico-
pathological study of 100 cases. J Neurol Neurosurg Psychia-
try 1992; 55:181–184.

7. Marsden CD, Olanow CW. The causes of Parkinson’s disease
are being unraveled and rational neuroprotective therapy is
close to reality. Ann Neurol 1998; 44 (Suppl 1):S189–S196.

8. Montgomery EB, Lyons K, Koller WC. Early detection of
probable idiopathic Parkinson’s disease. II. A prospective ap-
plication of a diagnostic test battery. Mov Disord 2000;
15:474–478.

9. Laruelle M, Wallace E, Seibyl JP, Baldwin RM, Zea-Ponce Y,
Zoghbi SS, Neumeyer JL, Charney DS, Hoffer PB, Innis RB.
Graphical, kinetic, and equilibrium analyses of in vivo [123I]β-
CIT binding to dopamine transporters in healthy human sub-
jects. J Cereb Blood Flow Metab 1993; 14:982–994.

10. Asenbaum S, Brücke T, Pirker W, Podreka I, Angelberger P,
Wenger S, Wöber C, Müller C, Deecke L. Imaging of dopa-
mine transporters with iodine-123-β-CIT and SPECT in Par-
kinson’s disease. J Nucl Med 1997; 38:1–6.

11. Staffen W, Mair A, Unterrainer J, Trinka E, Ladurner G. Mea-
suring the progression of idiopathic Parkinson’s disease with
123I beta-CIT SPECT. J Neural Transm 2000; 107:543–552.

12. Tissingh G, Bergmans P, Booij J, Winogrodzka A, Stoof JC,
Wolters ECh, van Royen EA. [123I]β-CIT single-photon emis-
sion tomography in Parkinson’s disease reveals a smaller de-

cline in dopamine transporters with age than in controls. Eur
J Nucl Med 1997; 24:1171–1174.

13. Marek KL, Seibyl JP, Zoghbi SS, Zea-Ponce Y, Baldwin RM,
Fussel B, Charney DS, van Dyck C, Hoffer PB, Innis RB.
[123I]beta-CIT/SPECT imaging demonstrates bilateral loss of
dopamine transporters in hemi-Parkinson’s disease. Neurology
1996; 46:231–237.

14. Benamer HTS, Patterson J, Grosset DG. Accurate differentia-
tion of parkinsonism and essential tremor using visual assess-
ment of [123I]-FP-CIT SPECT imaging: The [123I]-FP-CIT
Study Group. Mov Disord 2000; 15:503–510.

15. Asenbaum S, Pirker W, Angelberger P, Bencsits G, Pruckmeyer
M, Brücke T. [123I]β-CIT and SPECT in essential tremor and
Parkinson’s disease. J Neural Transm 1998; 105:1213–
1228.

16. Booij J, Speelman JD, Horstink MWIM, Wolters EC. The clin-
ical benefit of imaging striatal dopamine transporters with
[123I]FP-CIT SPET in differentiating patients with presynaptic
parkinsonism from those with other forms of parkinsonism.
Eur J Nucl Med 2001; 28:266–272.

17. Sawle G. Movement disorders in clinical practice. Oxford: Isis
Medical Media, 1999.

18. Calne DB, Snow BJ, Lee C. Criteria for diagnosing Parkin-
son’s disease. Ann Neurol 1992; 32:S125–S127.

19. Brücke T, Kornhuber J, Angelberger P, Asenbaum S, Frassine
H, Podreka I. SPECT imaging of dopamine and serotonin
transporters with [123I]β-CIT. Binding kinetics in the human
brain. J Neural Transm Gen Sect 1993; 94:137–146.

20. van Dyck C, Seibyl JP, Malison R, Laruelle M, Zoghbi S,
Baldwin RM, Innis RB. Age-related decline in dopamine
transporters: analysis of striatal subregions, nonlinear effects,
and hemispheric asymmetries. Am J Geriatr Psychiatry 2002;
10:36–43.

21. Tzen KY, Lu CS, Yen TC, Wey SP, Ting G. Differential diag-
nosis of Parkinson’s disease and vascular parkinsonism by
(ppm) Tc-TRODAT-1. J Nucl Med 2001; 42:408–413.

22. Demirkiran M, Bozdemir H, Sarica Y. Vascular parkinsonism:
a distinct, heterogeneous clinical entity. Acta Neurol Scand
2001; 104:63–67.

23. Jankovic J, Rajput A, McDermott MP, Perl DP. The evolution
of diagnosis in early Parkinson’s disease. Arch Neurol 2000;
57:369–372.

24. Quinn NP. Accuracy of clinical diagnosis in early Parkinson
disease. Arch Neurol 2001; 58:316–317.

25. Seibyl JP, Marek KL, Sheff K, Zoghbi S, Baldwin RM, Charney
DS, van Dyck C, Innis RB. Iodine-123-β-CIT and iodine-123-
FPCIT SPECT measurement of dopamine transporters in heal-
thy subjects and Parkinson’s patients. J Nucl Med 1998;
39:1500–1508.

26. Guttman M, Burkholder J, Kish SJ, Hussey D, Wilson A, 
DaSilva J, Houle S. [11C]RTI-32 PET studies of the dopamine
transporter in early dopa-naive Parkinson’s disease: implica-
tions for a symptomatic threshold. Neurology 1997;
48:1578–1583.

27. Brooks DJ. The early diagnosis of Parkinson’s disease. Ann
Neurol 1998; 44 (Suppl 1):S10–S18.

1629

European Journal of Nuclear Medicine Vol. 29, No. 12, December 2002


