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Striatal FP-CIT uptake differs in the subtypes of early Parkinson’s disease
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Summary In idiopathic Parkinson’s disease (PD), a tremor-dominant type

(TDT), an akinetic-rigid type (ART), and a mixed type (MT) are distin-

guished. We compared cerebral [I-123]FP-CIT SPECT in the PD subtypes

(67 patients Hoehn and Yahr stage 1:26 with ART, 19 with MT, 22 with

TDT). We measured the ratios putamen=occipital lobe binding and caudate

nucleus=occipital lobe binding. Parkinsonian motor symptoms were quanti-

fied by UPDRS motor scale. In both putamen and caudate nucleus con-

tralateral to the clinically affected body side TDT patients showed a

significantly higher FP-CIT uptake than ART or MT patients (ANOVA;

p<0.01). Contralateral putamen and caudate nucleus FP-CIT uptake cor-

related significantly with severity of rigidity (p<0.01) and hypokinesia

(p<0.01) but not with severity of resting or postural tremor (p>0.05). The

missing correlation between striatal FP-CIT uptake and tremor suggests, that

further systems besides the nigrostriatal dopaminergic system may contri-

bute to generation of parkinsonian tremor.
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Introduction

Previous SPECT studies revealed a reduced density of stri-

atal dopamine transporters (DAT) in patients with idiopathic

Parkinson’s disease (PD; Asenbaum et al., 1998; Benamer

et al., 2000a; Pirker et al., 2000; Spiegel et al., 2005). DAT

SPECT investigates the presynaptic dopaminergic system by

measuring the binding of DAT (Booij et al., 1998). There is

a high sensitivity of DAT SPECT concerning the diagnosis

of PD (Benamer et al., 2000a; Pirker et al., 2000). On the

other hand, DAT SPECT tends to show reduced uptake in

Parkinson’s disease as well as other types of Parkinsonism

such as PSP and MSA; therefore specificity of DAT SPECT

regarding detection of atypical parkinsonian syndromes is

rather low (Pirker et al., 2000; Kim et al., 2002). Today

DAT SPECT is mainly used to differentiate between PD

and essential tremor (Asenbaum et al., 1998; Benamer

et al., 2000a). Striatal density of DAT, as quantified by

DAT SPECT, correlates significantly with the UPDRS

score (Ichise et al., 1999) and Hoehn and Yahr stage

(Winogrodzka et al., 2001).

In PD, a tremor-dominant type (TDT), an akinetic-rigid

type (ART), and a mixed type (MT) are distinguished due

to predominant motor symptoms. Besides the predominant

motor symptoms, there are further clinical differences

between the different PD subtypes: TDT patients demon-

strate slower rates of disease progression, lower impairment

of cognitive functions – mostly obvious as executive dys-

function – and lower scores in the Beck depression inven-

tory than non-tremor-dominant patients (Lewis et al., 2005).

So far it is unclear, whether the PD subtypes are also dif-

ferent concerning nuclear medicine parameters. Therefore

we now compared [I-123]FP-CIT SPECT in patients with

different subtypes of PD. We examined patients at only one

Hoehn and Yahr stage (stage 1) to optimize comparison of

the different PD subtypes.

Patients and methods

Patients

The study involved 67 patients with idiopathic Parkinson’s disease (PD),

Hoehn and Yahr stage 1 (Hoehn and Yahr, 1967; 29 females, 38 males, age

37–78 years, 59 � 11 years, mean � SD, Table 1). Idiopathic PD was

diagnosed according to the criteria of the UK Parkinson’s Disease Society

Brain Bank (Hughes et al., 1992). Two independent neurologists examined

the patients. The motor part (part III) of the Unified Parkinson’s Disease

Rating Scale (UPDRS; Fahn et al., 1987) was used to assess the severity of
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disease. The scale was rated during an ‘‘off’’ phase (12 hour off drugs). The

motor part of UPDRS scale was rated between 4 and 6 times within six

months before SPECT examination and then averaged to exclude a bias due

to temporary clinical changes.

Patients with any present or previous disease or medication, which might

affect the FP-CIT uptake, were excluded. Therapy with selegiline was

discontinued at least 18 hours before FP-CIT application to avoid interaction

of its metabolites with FP-CIT at the dopamine transporter (Laruelle et al.,

1993). Further anti-parkinsonian medication was continued during the

SPECT examination. Informed consent was obtained from all patients prior

to examination. The protocol was approved by the local ethics committee

(Ethical Committee of General Medical Council, Saarland, Germany).

By means of motor part of UPDRS score patients were subdivided into

PD subgroups of TDT, ART, and MT (Table 1): first we calculated a

‘‘tremor score’’ and a ‘‘non-tremor score’’ for each patient in a manner

similar to Lewis et al. (2005): the tremor score was derived from the sum

of UPDRS items 20 (tremor at rest) and 21 (action or postural tremor of

hands) divided by 7 (the number of single sub-items [for each body

region if separated] included). The non-tremor score was derived

from the sum of UPDRS items 18 (speech), 19 ( facial expression), 22

(rigidity), 27 (arising from chair), 28 (posture), 29 (gait), 30 (postural

stability) and 31 (body bradykinesia and hypokinesia) divided by 12 (the

number of single sub-items [for each body region if separated] included).

The patient was classified as tremor-dominant type, if the tremor score

was at least twice the non-tremor score. Vice versa, the patient was

classified as akinetic-rigid type, if the non-tremor score was at least twice

the tremor score. The remaining patients, in whom the tremor and non-

tremor score differed by less than factor 2, were classified as mixed

type. TDT, ART and MT patients were not significantly different con-

cerning age, duration of disease, or motor part of the UPDRS (ANOVA,

p>0.05).

In a second step, we calculated the correlation between striatal FP-CIT

uptake (contralateral to the clinically affected body side) and the severity

of parkinsonian cardinal symptoms tremor, hypokinesia, and rigidity over

all patients. We were interested, whether the severity of clinical cardinal

symptoms correlates with putamen or caudate nucleus FP-CIT uptake.

Furthermore, we performed this second step, since there is a continuous

spectrum of severity of tremor, hypokinesia, and rigidity across the cohort;

thus the subdivision into TDT, MT and ART patients might be too general

under some circumstances. The quantification of the clinical feature resting

tremor derived from UPDRS item 20 (tremor at rest), postural tremor

from item 21 (action or postural tremor of hands), rigidity from item 22

(rigidity), hypokinesia from the items 18 (speech), 19 ( facial expression),

27 (arising from chair), 28 (posture), 29 (gait) and 31 (body bradykinesia

and hypokinesia).

Data acquisition

Cerebral SPECT imaging was performed with a triple-head gamma camera

(Siemens Multispect, MS 3). 4 hours following thyroid gland blocking and

intravenous injection of iodine-123 ioflupane (185 � 10 MBq, specific

activity: 580–1040 GBq=mg, DaTscan+, Amersham Cygne, Braunschweig,

Germany) cerebral SPECT images were obtained. The triple-head gamma

camera was equipped with low-energy high-resolution collimators using a

20% energy window centered on the 159 keV photo-peak of iodine-123.

System resolution for iodine-123 was 7.5 mm full width at half maximum

(FWHM) at 10 cm distance. During SPECT acquisition 120 projections at

3� steps were recorded over 50 seconds per view in a 128�128 matrix.

Transaxial images were reconstructed using an iterative algorithm (OSEM,

6 subsets, 4 iterations) including contour-based attenuation correction

(m¼ 0.1=cm) and post-reconstruction filtering (Butterworth 4th order, cutoff

1.0=cm). Registration and semi quantitative analysis were performed with a

workstation (HERMES, Nuclear Diagnostics, Stockholm, Sweden) and a

software named BRASS (Nuclear Diagnostics, Stockholm, Sweden). The

putamen, caudate nucleus and occipital lobe binding of [I-123]FP-CIT was

assessed semiquantitatively by a regions of interest (ROI) technique and

compared with a control group. The ROI’s included 689 pixels (according

volume¼ 5.5 cm3) for each putamen, 524 pixels (according volume¼
4.2 cm3) for each caudate nucleus, and 9008 pixels (according volume¼
72 cm3) for both occipital cortices together. We regarded a small central area

Table 1. Patients with idiopathic Parkinson’s disease

Tremor-domin. type Akinetic-rigid type Mixed type

Patients

N n¼ 22 n¼ 26 n¼ 19

Females n¼ 9 n¼ 12 n¼ 8

Males n¼ 13 n¼ 14 n¼ 11

Age (mean � SD) 60.1 � 10.8 58.5 � 9.9 58.0 � 12.1

Disease duration (mean � SD) 2.1 � 1.5 2.0 � 1.5 1.9 � 1.1

UPDRS III (mean � SD) 12 � 4 11 � 6 11 � 4

Putamen uptake ratios

Contral. FP-CIT (mean � SD) 2.39 � 0.77 1.82 � 0.46 1.96 � 0.58

Ipsilat. FP-CIT (mean � SD) 2.61 � 0.69 2.00 � 0.49 2.20 � 0.55

Contralat. FP-CIT normal n¼ 1 n¼ 0 n¼ 0

Contralat. FP-CIT pathological n¼ 21 n¼ 26 n¼ 19

Caudate nucleus uptake ratios

Contral. FP-CIT (mean � SD) 2.70 � 0.54 2.22 � 0.45 2.34 � 0.54

Ipsilat. FP-CIT (mean � SD) 2.92 � 0.52 2.45 � 0.44 2.59 � 0.56

Contralat. FP-CIT normal n¼ 3 n¼ 1 n¼ 1

Contralat. FP-CIT pathological n¼ 19 n¼ 25 n¼ 18

All patients were at Hoehn and Yahr stage 1. Tremor-domin. type¼ tremor-dominance type. Age and disease duration are given in years. UPDRS III¼motor

part (part III) of the UPDRS scale, given in points. Contral. FP-CIT¼ contralateral FP-CIT uptake. Ipsilat. FP-CIT¼ ipsilateral FP-CIT uptake. Contralat.

FP-CIT normal¼ number of patients with normal contralateral FP-CIT uptake. Contralat. FP-CIT pathological¼ number of patients with pathologically

reduced contralateral FP-CIT uptake
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within each nucleus and did not consider the whole nucleus to avoid partial

volume and resolution effects. We calculated the ratio putamen=occipital

lobe binding and the ratio caudate nucleus=occipital lobe binding. The

control group consisted of 19 age-matched healthy volunteers without any

present or previous neurological or psychiatric disease (age 38–76 years,

59 � 11 years, mean � SD). In these volunteers the ratio putamen=occipital

lobe binding was 3.44 � 0.35 (resulting norm value¼mean �2 SD: �2.74)

for the right putamen and 3.52 � 0.36 (�2.80) for the left putamen. The

ratio caudate nucleus=occipital lobe binding was 3.67 � 0.36 (�2.95) for

the right caudate nucleus and 3.67 � 0.37 (�2.93) for the left caudate

nucleus. Putamen or caudate nucleus FP-CIT binding was considered pa-

thological when 1) the absolute tracer accumulation was below these abso-

lute norm values or 2) the side – to – side difference (affected versus

unaffected striatal area) was above �0.15 (meanþ 2 SD). Clinical examina-

tion including clinical scores and FP-CIT SPECT examination were per-

formed independently by physicians, who were blinded to the results of the

other examination.

Statistical analysis

ANOVA was used for group comparison of nuclear medicine data, since all

nuclear medicine data were normally distributed. For correlations Pearson’s

correlation was used in case of normally distributed data, Spearman’s

correlation in case of not normally distributed data. For correlations between

single UPDRS items and FP-CIT uptake we used Spearman’s correlation,

since the single UPDRS items represent ordinal data on a 4-point scale.

Results

FP-CIT uptake in the putamen

In the putamen contralateral to the clinically affected body

side (¼ contralateral putamen), TDT patients showed a

Fig. 1. Correlation between contralateral putamen uptake and clinical symptoms. Each of the 67 patients is represented by one circle; the regression is

symbolized by an inserted straight line. Contralateral putamen uptake was quantified by the binding-ratio putamen=occipital lobe and related to the

according mean value of the control group (age-matched healthy volunteers); the latter was put on the level of 1 (¼ 100%). In two patients FP-CIT SPECT

was pathological due to a pathologically increased side-to-side difference of putamen FP-CIT uptake. Extent of clinical parameters (rigidity, hypokinesia,

resting tremor and postural tremor) was quantified by the sum of the according UPDRS items, for which both body sides – clinically affected body side as

well as clinically unaffected body side – were considered
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significantly higher FP-CIT uptake than ART or MT

patients (ANOVA; p<0.01; F¼ 5.41; R2¼ 0.15; Table 1).

Considering our norm values the contralateral putamen up-

take was pathologically reduced in 21 of 22 TDT patients

and all ART and MT patients.

There were similar findings in the ipsilateral putamen

(Table 1); TDT patients revealed a significantly higher up-

take than ART or MT patients (ANOVA; p<0.01; F¼ 6.48;

R2¼ 0.17). There were no significant differences between

ART and MT patients concerning binding ratios in the

contra- or ipsilateral putamen, or in the ipsi- and contral-

ateral putamen pooled together (pooled data, p¼ 0.51; un-

paired t-test).

Over all 67 patients, FP-CIT uptake in the contralateral

putamen correlated significantly with the extent of rigidity

(r¼�0.34; p<0.01; n¼ 67; Spearman’s correlation; Fig. 1)

and hypokinesia (r¼�0.36; p<0.01; n¼ 67), but not with

the extent of resting tremor (r¼þ0.08; p¼ 0.54; n¼ 67) or

postural tremor (r¼þ0.14; p¼ 0.24; n¼ 67). Contralateral

putamen uptake did not significantly correlate with age or

disease duration (p>0.05; multiple regression analysis).

FP-CIT uptake in the caudate nucleus

In the contralateral caudate nucleus TDT patients showed a

significantly higher FP-CIT uptake than ART or MT

patients (ANOVA; p<0.01; F¼ 5.54; R2¼ 0.15; Table 1).

Following our norm values the contralateral caudate

nucleus uptake was considered pathological in 19 of 22

TDT, 25 of 26 ART, and 18 of 19 MT patients.

Similar findings were disclosed in the ipsilateral caudate

nucleus; TDT patients revealed a significantly higher up-

take than ART or MT patients (ANOVA; p<0.01; F¼ 5.58;

R2¼ 0.15). There were no significant differences between

ART patients and MT patients concerning binding proper-

ties in the contra- or ipsilateral caudate nucleus, or the ipsi-

and contralateral caudate nucleus pooled together (pooled

data, p¼ 0.22; unpaired t-test).

Over all 67 patients, FP-CIT uptake in the contralateral

caudate nucleus correlated significantly with severity of

rigidity (r¼�0.45; p<0.001; n¼ 67) and hypokinesia

(r¼�0.48; p<0.0001; n¼ 67) but not with severity of

resting tremor (r¼þ0.05; p¼ 0.66; n¼ 67) or postural tre-

mor (r¼þ0.10; p¼ 0.43; n¼ 67). There was no significant

correlation between contralateral nucleus caudate uptake

and age or disease duration (p>0.05; multiple regression

analysis).

In all subgroups (TDT, ART and MT patients) putamen

uptake was significantly lower than caudate nucleus uptake

(p<0.0001 each; Student’s paired t-test). The relation

between lower putamen uptake and relatively higher cau-

date nucleus uptake (quotient [contralateral caudate nucleus

uptake ratio=contralateral putamen uptake ratio]) was sim-

ilar and not significantly different between TDT, ART and

MT patients (ANOVA; p>0.05).

Discussion

In the present study we investigated and compared FP-CIT

uptake in four striatal areas: putamen and caudate nu-

cleus contralateral to the clinically affected body side

(¼ contralateral putamen and contralateral caudate nucleus)

as well as putamen and caudate nucleus ipsilateral to the

clinically affected body side (¼ ipsilateral putamen and

ipsilateral caudate nucleus). TDT patients revealed a sig-

nificantly higher FP-CIT uptake in all four striatal areas

than ART or MT patients at the same Hoehn and Yahr stage.

In a further step, we examined the correlation between striatal

FP-CIT uptake and severity of parkinsonian clinical cardinal

symptoms over all patients: FP-CIT uptake in both contral-

ateral putamen and caudate nucleus correlated significantly

with severity of hypokinesia and rigidity but not with severity

of resting tremor or postural tremor. Comparing putamen

FP-CIT uptake versus caudate nucleus FP-CIT uptake, puta-

men uptake was significantly more impaired than caudate

nucleus uptake, in accordance with previous DAT imag-

ing studies (Asenbaum et al., 1998; Benamer et al., 2000b).

The relation between lower putamen uptake and relatively

higher caudate nucleus uptake was similar and not signifi-

cantly different between TDT, ART and MT patients.

As mentioned above, we found a significantly higher

striatal FP-CIT uptake in TDT patients than in ART or MT

patients. The reason for this significantly differing striatal

FP-CIT uptake in the subtypes of PD remains yet unclear. It

could be speculated that manifestation of tremor is earlier

noticed than stiffness of movements (frequently ascribed to

aging or arthritis). The conclusion would be that TDT pa-

tients are detected at an earlier stage of disease than ART or

MT patients. Hence the striatal FP-CIT binding would be

less affected in TDT patients than in ART or MT patients.

Two facts, obtained from our study, contradict this assump-

tion and show that our TDT patients belonged to the same

stage of disease as our ART and MT patients: 1) if the TDT

patients were at an earlier stage of disease due to an earlier

diagnosis, lower values of UPDRS=motor part in TDT

patients than in ART or MT patients would be expected.

In our study, TDT patients revealed – on average – slightly

(not significantly) higher scores of UPDRS=motor part than

ART or MT patients. 2) If TDT patients would be earlier

diagnosed because of the specific symptom tremor, it could

be concluded that some MT patients with tremor should be

detected in an earlier stage, too. Hence the MT patients
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should exhibit a higher FP-CIT uptake than the ART patients.

In our study the MT patients had nearly the same mean value

for ipsi- and contralateral FP-CIT uptake as the ART patients.

Due to the above observations the TDT patients were in the

same stage of disease as the ART and MT patients.

As a second result of our study, contralateral FP-CIT

uptake correlated significantly with the clinical symptoms

rigidity and hypokinesia but not with the clinical symptom

tremor. Already previous DAT imaging studies (Seibyl

et al., 1995; Rinne et al., 1999; Benamer et al., 2003;

Pirker, 2003) reported a significant correlation of putamen

and caudate FP-CIT uptake with severity of akinetic-rigid

features but not with tremor in PD. Fluorodopa-PET studies

(Otsuka et al., 1996; Vingerhoets et al., 1997) also de-

scribed a significant correlation of nigrostriatal deficit with

bradykinesia and rigidity but not with tremor. This missing

correlation between nigrostriatal dopaminergic deficits and

severity of tremor suggests, that other neural systems –

apart from the nigrostriatal dopaminergic system – may

contribute to generation of parkinsonian tremor. There

are further significant differences between TDT and ART

patients: TDT patients typically demonstrate slow rates of

disease progression, no or less cognitive impairment, and

an absence of depressive symptoms (Lewis et al., 2005). In

contrast, non-tremor-dominant patients exhibit cognitive

impairment mostly demonstrated by executive dysfunction,

significant depression scoring >9 in the Beck depression

inventory, and a more rapid disease progression (Lewis

et al., 2005). Ages at disease onset are markedly differently

distributed between TDT, ART, and MT patients. A posi-

tive family history for Parkinson’s disease appears signifi-

cantly more often in TDT than in MT or ART patients with

later onsets of disease (Korchounov et al., 2004).

In summary, TDT patients Hoehn and Yahr stage 1 show

a significantly higher striatal FP-CIT uptake than ART or

MT patients at the same stage of disease. Further systems

besides the nigrostriatal dopaminergic system seem to be

involved in generation of parkinsonian tremor.
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