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Objectives Studies investigating the age-related
impact on dopamine transporter binding have previously
omitted the use of attenuation correction by computed
tomography (CT). We aimed to explore the impact of age
and gender on dopamine transporter binding on ['%I]
loflupane single photon emission CT (SPECT) imaging
with simultaneously acquired CT.

Methods Three hundred forty-two patients with
clinically uncertain parkinsonian syndrome underwent
['#1]-loflupane SPECT/CT with CT-based attenuation
correction. Two nuclear medicine physicians independently
performed a visual evaluation of all scans and only visibly
normal scans were included for further analysis. Moreover,
the results of a fully automatic semiquantitative evaluation
method were recorded. Thereafter, the obtained ['%°1]
loflupane binding ratio and the hemispheric asymmetry
index were correlated with age and sex.

Results Patient age range was 41-80years with a
balanced distribution over decades. Of 342 patients,
133 (38.9%, 66 females, median age, 64 years) were
considered visually normal by both observers on the
SPECT/CT images. A significant inverse correlation
between age and ['*llloflupane binding ratios in the
striata (R=—0.38; P<0.001), putamina (R=-—0.39;
P<0.001) and caudate nuclei (R=—0.3; P<0.001) was
demonstrated. Linear regression of all included subjects
demonstrated an average decrease of 0.19 per decade

Introduction

['**1]-N-w-fluoropropyl-2p-carbomethoxy-3p-(4-
iodophenyl)nortropane ([IZSI]Ioﬁupane; Da'lscan [GE
Healthcare, Waukesha, Wisconsin, USA]) serves as a
powerful tool to identify degeneration in dopaminer-
gic neurons and to separate patients with parkinsonism
caused by nigrostriatal degeneration from those with-
out necurodegeneration [1,2]. Nigrostriatal and dopa-
minergic neurons are one of the most age-sensitive
neurotransmitter systems [3,4] and an extensive body
of evidence has reported on an age-related decline on
dopamine transporter binding using either single pho-
ton emission computed tomography (SPECT) or PET

in the striatal binding ratio (6.6%). No significant sex
differences were found in striatal binding ratios (P=0.86).
Moreover, no significant correlation was observed between
age and striatal asymmetry index (r=0.12; P=0.16).

Conclusion Inthe present largest single-center
analysis investigating ['?®l1loflupane SPECT/CT in patients
with clinical uncertain parkinsonian syndrome, a dopamine
transporter loss of 6.6% per decade in visually normal
scans was recorded.
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[5-8]. All of these previous studies had been performed
in relatively small patients cohorts (from #=23 to #=51)
[5,9] or collected data from multiple sites (up to 13
different centers) using a variety of different SPECT
systems [10]. Moreover, although recommended by
current guidelines [1], even recently published studies
investigating the age-related impact on dopamine trans-
porter binding omitted the use of attenuation correction
by computed tomography (CT) [11]. Therefore, in the
present largest single tertiary care center investigation,
we aimed to define the decrease of dopamine trans-
porter loss using baseline ['*1]Ioflupane SPECT/CT in
a large cohort of visually normal scans.
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Material and methods

For this retrospective evaluation, 342 subjects with
clinically uncertain Parkinsonian syndrome who had
undergone a baseline ['“I]loflupane SPECT/CT were
included. Parts of this patient cohort had been investi-
gated previously [12]. Patients had been clinically referred
from our institutional Movement Disorders Center and
were analyzed as part of an Institutional Review Board-
approved retrospective protocol of the Johns Hopkins
School of Medicine (Baltimore, Maryland, USA). For fur-
ther details of the patient cohort refer to Ref. [12].

Imaging procedure

Integrated SPECT/CT using a Symbia T2 (Siemens,
Erlangen, Germany) equipped with a low energy,
high-resolution collimator was performed in all patients.
A SPECT brain scan was acquired 3 hours after the intra-
venous administration of 111-185MBgq (3-5mCi) ['*’]
Ioflupane. Imaging parameters included a 128x128
matrix, 30's projection time (120 projections) and a photo-
peak energy window of 159keV +20%. The obtained data
were reconstructed at the acquisition terminal and ana-
lyzed using a Xeleris Workstation (DaTQUAN'T 4.0, GE
Healthcare, Waukesha, Wisconsin, USA). Reconstruction
was carried out using ordered-subset expectation maxi-
mization iterative reconstruction (four subsets and eight
iterations). C'T~based attenuation correction was applied
per routine clinical protocol.

Fully automatic semiquantitative analysis

All images were compared with brain scans of 118
healthy volunteers through the multicenter Parkinson’s
Progression Markers Initiative project provided with
DaTQUANT on Xeleris 4.0 [13]. Region of Interests
(ROIs) were automatically defined over the caudate
nuclei, putamina and striata bilaterally, as well as over the
occipital cortex (background nonspecific uptake refer-
ence region). The following equation was used to deter-
mine binding ratios: [(mean counts of striatal ROI - mean
counts of background ROI)/mean counts of background
ROI] [14]. Semiquantitative parameters were obtained in
all subjects.

Imaging interpretation

Two experienced nuclear medicine physicians per-
formed a visual evaluation of all scans independently.
Binary reporting was performed by visual analysis of radi-
otracer uptake and morphology within the putamen and
caudate in each hemisphere. Readers were blinded to
relevant clinical information. Only those scans deemed
visually normal by both readers were included for further
analysis.

Statistical analysis

Continuous variables are presented as mean=SD.
Paired sample 7-tests were used to assess the differ-
ences in dopamine transporter availability between left

and right striata, caudate nuclei, and putamina. A hemi-
spheric asymmetry index derived for the striata, caudate
nuclei, and putamina was calculated using the following
equation:

Asymmetry Index (Al)= (Right - Left) / (Right /2+Left/ 2) x100 [15].

The effect of age on the striatal ['?I]Ioflupane binding
ratio (dopamine transporter availability in striata, cau-
date nuclei, and putamina) and hemispheric asymmetry
index were evaluated by the Pearson correlation coeffi-
cient (R) analysis and linear-regression analysis with age
as the independent variable. The striatal ['**I]Toflupane
binding ratio in relation to age was displayed in a scatter
plot. Statistical analysis was performed using IBM SPSS
Statistics (version 22, Chicago, Illinois, USA). The statis-
tical significance level was set at P<0.05.

Results

Of 342 patients, 133 (38.9%, 66 females, median age,
64 years, range, 41-80years) were determined to be vis-
ually normal by both observers [distribution over decades:
(41-50vyears: »=18/133, 13.5%); (51-60years: 7=30/133,
22.6%); (61-70years: 7=49/133, 36.8%); (71-80years:
7=36/133,27.1%)]. The mast vajority of the enrolled sub-
jects suffered from tremor (98/133, 73.7%), followed by
gait abnormality (40/133, 30.1%).

Comparisons between left and right striatal regions
showed significantly higher dopamine transporter availa-
bility in the left than in the right striata (mean difference
of +0.04, P<0.011) and caudate nuclei (+0.13, P<0.001).
There was no significant difference in dopamine trans-
porter uptake in the left and right putamina (Table 1).

Significant inverse correlations between age and ['%I]
Ioflupane binding ratios in the striata (R=-0.38), putam-
ma (R=-0.39), and caudate nuclei (R=-0.3) were
demonstrated (P<0.001, respectively). Linear regres-
sion analysis demonstrated a significant effect of age
on striatal binding ratio (B=-0.19 per decade, 7=-4.68,
P<0.001), with an estimated 6.6% [95% confidence
interval (CI)=3.7-9.5%) loss in the striatal binding ratio
per decade (Fig. 1). No significant sex differences were
found in striatal binding ratios (P=0.86). There was
no significant correlation between age and the striatal

Table 1
regions

Comparison between left and right striatal binding

Mean difference

Mean SD (left versus right) P value
Striatum right 2.5057 0.51235 +0.04 0.011
Striatum left 2.56434 0.53360
Putamen right 2.2905 0.54809 +0.03 0.324
Putamen left 2.3186 0.53345
Caudate right 2.8495 0.61005 +0.13 <0.001
Caudate left 2.9812 0.68665

A significantly higher dopamine transporter availability in the left than in the right
striatum and caudate could be observed.
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Correlation between striatal binding ratio and age (in years) in 133
subjects rated normal by two observers (correlation coefficient —0.38;
P<0.001). An average decrease of 6.6% per decade in the striatal
binding ratio was recorded.

asymmetry index (R=0.12; P=0.16), caudate asymmetry
index (R=0.11; P=0.21), or putamen asymmetry index
(R=0.02; P=0.82). Asymmetry index of the striatal bind-
ing ratio in relation to age is displayed in Fig. 2.

Discussion

The results of this study are concordant with previous
investigations using either ROI settings or voxel-based
analysis (reported dopamine receptor uptake loss per
decade (4.1-8.9%) [7,9-11]). A similar finding was also
derived in a recently published meta-analysis (3.7-14%)
including both PET and SPECT compounds [15].
However, the present largest single-center investiga-
tion differs from prior reports in that the SPECT camera
and its acquisition parameters were consistent across all
included scans and all scans were reconstructed using
C'T*based attenuation correction [10,12]. Given the sim-
ilar rate of dopamine transporter loss per decade among
these different types of studies, the molecular imaging
specialist should consider an age-related impact on dopa-
mine transporter binding, in particular while interpret-
ing ['*INToflupane SPECT/CT examinations of older
patients or when comparing longitudinally acquired
scans in the same patient.

In the present study, patients had been clinically referred
from our institutional Movement Disorders Center to
assist in diagnosis. Thus, instead of including definitive
healthy subjects, the baseline ['“I]Toflupane SPECT/
CT of patients with clinically uncertain Parkinsonian

No relation to age could be observed.

syndromes were analyzed. Consequently, the design of
the present investigation might reflect a more common
clinical ‘real-world’ scenario. Notably, in concordance
with studies investigating other neuroimaging SPECT
("#I-2beta-carbomethoxy-3beta-(4-iodophenyl)tro-
pane, [“I]beta-CIT) or PET ([''C]threo-methylphe-
nidate) probes, an identical decrease of 6.6% in striatal
binding per decade of life was observed [5,16]. Taken
together, our findings should not be interpreted as
results obtained in healthy subjects, but in patients with
clinically uncertain Parkinsonian syndrome but visually
normal striatal dopaminergic function at baseline. This
may have direct applicability to the clinical setting:
before any clinical symptoms of Parkinson Disease (e.g.,
motor signs) may become apparent, about 50% (or even
up to 70%) of dopamine neurons must have been lost
[17-19]. Thus, given the findings of the present study,
an age-dependent decline should be taken into account,
especially when interpreting borderline cases.

The dopamine transporter availability among different
sexes is still a point of controversy. Studies in Japan and
Europe had reported on a higher ['*I]Toflupane bind-
ing in women compared to men [10,11], but similar to
our findings, Jakobson ez /. [20] found no significant sex
difference. Indeed, in contrast to other studies [11], the
ratio between male and female in the present cohort was
rather balanced across decades (e.g., 40—49years, ratio
female versus. male, 1:1).

van Dyck ez al. [16] reported on the hemispheric asymme-
try index using ['*I]beta-CIT and, similar to the findings
in this study, no correlation between striatal asymmetry
index and age was found (Fig. 2). One might speculate
that the observed higher dopamine transporter availa-
bility in the left than in the right striatum and caudate
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(Table 1) is primarily a function of left cerebral dominance
[21,22]. Consequently, the handedness (e.g., derived by
the Edinburgh Inventory) in the setting of ['“I]Ioflupane
imaging should be the subject of future studies [23].

Conclusion

An age-induced dopamine transporter loss of 6.6% was
observed in visually normal baseline ['*I]loflupane
SPECT/CT scans of patients with clinically uncertain
Parkinsonian syndrome.
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