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Abstract Visual and semi-quantitative assessments of '**I-FP-
CIT single-photon emission computed tomography (SPECT) are
useful for the diagnosis of dopaminergic neurodegenerative dis-
eases (ANDD), including Parkinson’s disease, dementia with
Lewy bodies, progressive supranuclear palsy, multiple system
atrophy, and corticobasal degeneration. However, the diagnostic
value of combined visual and semi-quantitative assessment in
dNDD remains unclear. Among 239 consecutive patients with
a newly diagnosed possible parkinsonian syndrome who
underwent '2*I-FP-CIT SPECT in our medical center, 114 pa-
tients with a disease duration less than 7 years were diagnosed as
dNDD with the established criteria or as non-dNDD according to
clinical judgment. We retrospectively examined their clinical
characteristics and visual and semi-quantitative assessments of
!2LFP-CIT SPECT. The striatal binding ratio (SBR) was used as
a semi-quantitative measure of '**I-FP-CIT SPECT. We calcu-
lated the sensitivity and specificity of visual assessment alone,
semi-quantitative assessment alone, and combined visual and
semi-quantitative assessment for the diagnosis of ANDD. SBR
was correlated with visual assessment. Some dNDD patients
with a normal visual assessment had an abnormal SBR, and vice
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versa. There was no statistically significant difference between
sensitivity of the diagnosis with visual assessment alone and
semi-quantitative assessment alone (91.2 vs. 86.8%, respectively,
p = 0.29). Combined visual and semi-quantitative assessment
demonstrated superior sensitivity (96.7%) to visual assessment
(p = 0.03) or semi-quantitative assessment (p = 0.003) alone with
equal specificity. Visual and semi-quantitative assessments of
'23[LFP-CIT SPECT are helpful for the diagnosis of dNDD,
and combined visual and semi-quantitative assessment shows
superior sensitivity with equal specificity.
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Introduction

Dopaminergic neurodegenerative diseases (ANDD) include
Parkinson’s disease (PD), dementia with Lewy bodies
(DLB), progressive supranuclear palsy (PSP), multiple system
atrophy (MSA), and corticobasal degeneration (CBD). In
dNDD, progressive degeneration of dopaminergic cells in
the substantia nigra reduces dopamine transporter (DAT) den-
sity and causes various neurological signs, e.g., tremor, rigid-
ity, bradykinesia, and postural instability. However, non-
dNDD, such as normal pressure hydrocephalus (NPH), essen-
tial tremor (ET), drug-induced parkinsonism (DIP), and cere-
brovascular parkinsonism (CVP), could also show symptoms
that mimic dNDD, so the clinical discrimination of dANDD
from non-dNDD is sometimes difficult. '**I-FP-CIT single-
photon emission computed tomography (SPECT) visualizes
DAT density, and visual and semi-quantitative assessments of
'23.FP-CIT SPECT are useful for the diagnosis of dNDD
[1-3]; however, the diagnostic value of combined visual and
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semi-quantitative assessment in ANDD remains unclear. The
purpose of this study was to verify the diagnostic value of
combined visual and semi-quantitative assessment in the di-
agnosis of dNDD.

Methods
Subject population

Two hundred and thirty-nine consecutive patients with a new-
ly diagnosed possible parkinsonian syndrome, e.g., tremor,
rigidity, bradykinesia, and postural instability, were investigat-
ed with '*I-FP-CIT SPECT at Kobe City Medical Center
General Hospital (KCMCGH) from June 2014 to January
2016. We excluded 26 patients with a disease duration greater
than 7 years, to focus on patients with a short disease duration.
Among the 213 patients with a disease duration less than
7 years, 91 patients who fulfilled the established criteria were
diagnosed as dNDD (PD, DLB, PSP, MSA, or CBD), and 23
patients were clinically diagnosed as non-dNDD (NPH, ET,
DIP, or CVP) by experienced neurologists. Ninety-nine pa-
tients who neither fulfilled the established criteria of ANDD
nor were clinically diagnosed as non-dNDD were excluded.
PD, DLB, PSP, MSA, and CBD patients fulfilled the UK PD
Brain Bank criteria [4], consensus guidelines for the clinical
diagnosis of probable and possible DLB [5], second consen-
sus statement on the diagnosis of MSA [6], NINDS-Society
for PSP, Inc. diagnostic criteria [7], and criteria for the diag-
nosis of CBD [8], respectively. We retrospectively examined
their clinical characteristics (age, sex, disease duration, and
disease severity) and visual and semi-quantitative assessments
of '*I-FP-CIT SPECT. The striatal binding ratio (SBR) was
used as a semi-quantitative measure of '**I-FP-CIT SPECT
[9]. The lower side of the SBR for each patient was used for
the analysis. Disease severity was assessed using the Hoehn
and Yabhr scale. For this type of study, formal consent was not
required, and this study was performed in accordance with the
guidelines of the ethics committee of KCMCGH.

Visual assessment

I23_FP-CIT SPECT images were visually classified by a
board-certified radiologist (M.H.) blinded to the diagnosis,
clinical information, and semi-quantitative assessment, ac-
cording to the following scale [10] (Fig. 1): normal, symmet-
ric uptake in the caudate and putamen; grade 1, asymmetrical
loss of a putaminal tail—“comma with full stop™; grade 2,
bilateral loss of putaminal tails—*“two full stops™; and grade 3,
partial to complete loss of the caudate and putaminal signals—
“disappearing full stops.”
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SPECT acquisition, data analysis, and semi-quantitative
assessment

'3[.FP-CIT (DatSCAN; Nihon Medi-Physics, Tokyo, Japan)
of 167 MBq was intravenously administered. Images were
acquired at 3 h post injection with a dual-head gamma-camera
(Discovery NM/CT 670; GE Healthcare) equipped with an
extended low-energy, general-purpose, collimator using a par-
allel head configuration [11]. The gamma camera was calibrat-
ed for a 159-keV photo peak and +10% energy window. SPECT
acquisition was performed into a 128 x 128 matrix, zoom %1.3
(pixel size 3.4 x 3.4 mm), dynamic SPECT mode, orbit of 15-
cm radius, and 32-min total acquisition time (90 projections;
10 s per projections; 4 rotations). With CT-based attenuation
correction, images were reconstructed using ordered subset
expectation maximization (OSEM; subset 10, iteration 6) to-
gether with a Butterworth filter cut-off frequency of 0.55 cy-
cles/cm and scatter correction (130 keV + 10% energy win-
dow) and re-oriented for AC-PC angle in accordance with CT
images. All reconstructed transaxial slices were used for quan-
tification by the software DaTView (AZE). DaTView uses a
region of interest (ROI) approach in which the SBR is derived
from a measure of total striatal counts that takes into account
the partial volume effect. The definition of the image for anal-
ysis was automated and included transaxial slices within a
“slab” approximately 44 mm thick centered on the highest
striatal signal. The reference region was defined automatically
from non-specific uptake in the whole brain enclosed in a slab,
with the exclusion of the striatal region [9].

Receiver operating characteristic (ROC) analysis was per-
formed in 114 patients who were diagnosed as dNDD or non-
dNDD to define an adequate cut-off point of the SBR for the
discrimination of ANDD from non-dNDD patients. ROC anal-
ysis indicated the best cut-off point of the SBR at 5.13 for the
discrimination of ANDD from non-dNDD patients with a sen-
sitivity of 86.8% and specificity 95.7% (see Supplementary
Fig. 1); therefore, we classified an “SBR of no more than 5.13”
as “abnormal” in this study.

Statistical analysis

The Mann—Whitney U test or chi-square test was used, as
appropriate, to compare the clinical characteristics and results
of 'I-FP-CIT SPECT between the dNDD and non-dNDD
groups. For the comparison of disease severity, it was classi-
fied into three groups: Hoehn and Yahr scale stage 1-2, stage
3, and stage 4-5 groups. Spearman’s rank correlation was
used to compare visual assessment and SBR in all 114 pa-
tients. The sensitivity and specificity for the diagnosis of
dNDD with semi-quantitative assessment alone, visual assess-
ment alone, and combined visual and semi-quantitative as-
sessment were calculated. For diagnosis with combined visual
and semi-quantitative assessment, we assessed “patients with
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Fig. 1 Visual assessment of
1231-FP-CIT SPECT

Normal

Grade 1 Grade 2 Grade 3

Abnormal

Grade 1: asymmetrical loss of putaminal tail—*‘comma with full stop”

Grade 2: bilateral loss of putaminal tails—“two full stops”

Grade 3: partial to complete loss of caudate and putaminal signal
—“disappearing full stops.”

an abnormality in either visual assessment or SBR” as
“abnormal.” McNemar’s test was used to compare the sensi-
tivity and specificity of the diagnosis with each method. P
values less than 0.05 were considered statistically significant
for each test. All statistical analyses were performed using
JMP 10 software for Windows (SAS Institute, Cary, NC).

Results

For the 114 patients, 65 (57.0%) were male, median age was
74 years (interquartile range [IQR], 67-80 years), median

disease duration was 2 years (IQR, 1-3 years), and the median
Hoehn and Yahr stage was stage 3 (IQR, stage 2-3).

Clinical characteristics, visual assessment, and SBR

Table 1 shows the clinical characteristics, SBR, and visual
assessment of each group. There was no significant difference
among the ANDD and non-dNDD groups in sex, age, and
disease severity, but disease duration was longer in the
dNDD group than in the non-dNDD group (p < 0.001). The
median SBR of the ANDD group was lower than that of the
non-dNDD group (3.84 vs. 7.67, respectively, p < 0.001). The

Table 1 Clinical characteristics

and 'PI-FP-CIT SPECT of the dNDD (N =91) non-dNDD (N =23)  p value
dNDD and non-dNDD groups
Male, n (%) 53 (58) 12 (52) 0.64
Age, median (IQR) (years) 74 (68-81) 74 (62-78) 0.34
Diagnosis PD (N = 50) DIP (N = 11)
DLB (N =21) ETWN="T7)
PSP (N = 8) CVP (N =3)
CBD(N=17) NPH (N = 2)
MSA (N =5)
Disease duration, median (IQR) (years) 2 (1-4) 1(0-2) <0.001
Disease severity, median (IQR), Hoehn and Yahr stage 3 (2-4) 3(2-3) 0.09
123L_FP-CIT SPECT SBR median (IQR) 3.84 (2.34.64) 7.67 (6.09-8.23) <0.001

123_FP-CIT SPECT visual assessment, 7 (%)

Normal
Grade 1
Grade 2
Grade 3

8 (8.8) 22(95.7)
10 (1) 0

26 (28.6) 0

47 (51.6) 1(4.3)

SPECT single-photon emission computed tomography, dNDD dopaminergic neurodegenerative diseases, non-
dNDD non-dopaminergic neurodegenerative diseases, /OR interquartile range, PD Parkinson’s disease, DLB
dementia with Lewy bodies, PSP progressive supranuclear palsy, CBD corticobasal degeneration, MSA multiple
system atrophy, DIP drug-induced parkinsonism, ET essential tremor, CVP cerebrovascular parkinsonism, NPH
normal pressure hydrocephalus, SBR striatal binding ratio
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Table 2  Correlation of visual assessment and SBR

I23FP-CIT SPECT visual assessment Normal (N = 30)

Grade 1 (N = 10)

Grade 2 (N = 26) Grade 3 (N = 48) r p value

123LFP-CIT SPECT SBR median (IQR)  6.77 (5.21-8.16)

4.55 (3.87-5.49)

424 (3.31-4.94) 2.46 (1.9-4.04) 0.701  <0.001

SPECT single-photon emission computed tomography, SBR striatal binding ratio, /OR interquartile range

SBR was negatively correlated with visual assessment in all
114 patients (Table 2: p < 0.001, » = 0.701).

Diagnosis with visual and semi-quantitative assessment

As mentioned earlier, the sensitivity of the diagnosis with the
SBR was 86.8% and specificity was 95.7% with the best cut-
off point of 5.13. Conversely, the sensitivity of the diagnosis
with visual assessment was 91.2%, and specificity was 95.7%.
In the ANDD patients, 9 of the 12 patients with a normal SBR
had an abnormal visual assessment, and 5 of the 8 patients
with a normal visual assessment had an abnormal SBR. The
sensitivity of the diagnosis with combined visual and semi-
quantitative assessment was 96.7% and specificity was
95.7%. There was no statistically significant difference be-
tween the sensitivity of the diagnosis with visual assessment
alone and semi-quantitative assessment alone (p = 0.29).
Combined visual and semi-quantitative assessment demon-
strated superior sensitivity to visual assessment alone
(p = 0.03) and SBR alone (p = 0.003) with equal specificity
(Fig. 2).

Discussion

In this study, the SBR of the ANDD group was lower than that
of the non-dNDD group, and the SBR was negatively corre-
lated with visual assessment. Some dNDD patients with a
normal visual assessment had an abnormal SBR, and vice
versa. There was no statistically significant difference in sen-
sitivity between diagnosis with visual assessment alone and
semi-quantitative assessment alone, but combined visual and
semi-quantitative assessment demonstrated superior sensitivi-
ty with equal specificity.

'23_FP-CIT SPECT and post-mortem pathological studies
have shown that PD patients in the early stages exhibit a de-
cline of DAT density in the unilateral dorsal putamen, contra-
lateral to the clinically affected side, and then in more ad-
vanced stages, this decline of DAT density proceeds to the
ipsilateral putamen and caudate [12, 13]. The alterations ob-
served in visual assessment and SBR in '*I-FP-CIT SPECT
reflect such progressive degeneration of dopaminergic neu-
rons. In the present study, the SBR of the ANDD group was
significantly lower than that of the non-dNDD group, as re-
ported previously [13], although this might be affected by the
longer disease duration of the ANDD group because the SBR
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is correlated with disease duration [14, 15]. A correlation be-
tween visual assessment and SBR has also been reported pre-
viously [16, 17], and our results confirmed this finding.

To the best of our knowledge, the diagnostic value of com-
bined visual and semi-quantitative assessment of '*’I-FP-CIT
SPECT in the diagnosis of dNDD has never been reported.
Visual assessment seems to be subjective, but the interobserver
agreement rates of visual assessment for “normal” or “abnormal
(grades 1-3)” are sufficiently high [16, 18], which ensures the
high robustness and reproducibility of visual assessment. In this
study, some dNDD patients with a normal SBR have an abnor-
mal visual assessment, which could be partly because the SBR is
vulnerable to many factors such as attenuation or scatter correc-
tion methods, reconstruction, ROI drawing procedure, SPECT
acquisition, and data analysis [19-21], but some dNDD patients
with a normal visual assessment had an abnormal SBR, perhaps
because of the technical limitations of visual assessment, and the
combination of visual assessment and SBR demonstrated supe-
rior sensitivity with equal specificity. Therefore, we speculate that
visual and semi-quantitative assessments are complementary to
each other, and combined visual and semi-quantitative assess-
ment leads to a more accurate diagnosis of dANDD.

This study has several limitations. First, the sample size of
our cohorts is relatively small. The future trials in larger co-
horts are necessary to validate our findings. Secondly, differ-
ent diseases including PD, DLB, PSP, MSA, or CBD are
mixed together in one group as ANDD, mainly due to the
small sample size of our cohorts. Future studies should assess

P =0.003
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Fig. 2 Comparison of the sensitivity and specificity in visual assessment
alone, semi-quantitative assessment alone, and combined visual and
semi-quantitative assessment in the diagnosis of dANDD
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each disease separately in order to establish the utility of '**I-
FP-CIT SPECT in each disease. Thirdly, because the three
methods (visual, semi-quantitative, and combined
assessment) were not independent, we did not conduct multi-
ple comparison correction. However, there were still possibil-
ities of increased alpha error. Finally, diagnostic accuracy is
also potential limitation. Although we used the established
criteria for PD, DLB, PSP, MSA, and CBD for the dNDD
patients, the non-dNDD patients were clinically diagnosed
without any established criteria. Moreover, there was no path-
ological confirmation of diagnosis, and a discrepancy between
the clinical diagnosis and post-mortem pathological diagnoses
might exist. Additionally, the diagnosis of non-dNDD might
be less accurate than the diagnosis of ANDD because it might
be influenced by the results of '**I-FP-CIT SPECT.

Conclusion

Visual and semi-quantitative assessments of '**I-FP-CIT
SPECT are helpful for the diagnosis of dNDD, and combined
visual and semi-quantitative assessment shows superior sen-
sitivity with equal specificity. More detailed clinical analyses
and accumulation of cases are necessary to elucidate the diag-
nostic value of combined visual and semi-quantitative assess-
ment of '*’I-FP-CIT SPECT.
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