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Visual interpretation of 23|-ioflupane SPECT images has high diag-
nostic accuracy for differentiating parkinsonian syndromes (PS),
from essential tremor and probable dementia with Lewy bodies
(DLB) from Alzheimer disease. In this study, we investigated the
impact on accuracy and reader confidence offered by the addition
of image quantification in comparison with visual interpretation
alone. Methods: We collected 304 '23|-ioflupane images from 3
trials that included subjects with a clinical diagnosis of PS, non-
PS (mainly essential tremor), probable DLB, and non-DLB (mainly
Alzheimer disease). Images were reconstructed with standardized
parameters before striatal binding ratios were quantified against a
normal database. Images were assessed by 5 nuclear medicine
physicians who had limited prior experience with 23|-ioflupane in-
terpretation. In 2 readings at least 1 mo apart, readers performed
either a visual interpretation alone or a combined reading (i.e., visual
plus quantitative data were available). Readers were asked to rate
their confidence of image interpretation and judge scans as easy or
difficult to read. Diagnostic accuracy was assessed by comparing
image results with the standard of truth (i.e., diagnosis at follow-up)
by measuring the positive percentage of agreement (equivalent to
sensitivity) and the negative percentage of agreement (equivalent to
specificity). The hypothesis that the results of the combined reading
were not inferior to the results of the visual reading analysis was
tested. Results: A comparison of the combined reading and the
visual reading revealed a small, insignificant increase in the mean
negative percentage of agreement (89.9% vs. 87.9%) and equiva-
lent positive percentages of agreement (80.2% vs. 80.1%). Readers
who initially performed a combined analysis had significantly greater
accuracy (85.8% vs. 79.2%; P = 0.018), and their accuracy was
close to that of the expert readers in the original studies (range,
83.3%-87.2%). Mean reader confidence in the interpretation of im-
ages showed a significant improvement when combined analysis
was used (P < 0.0001). Conclusion: The addition of quantification
allowed readers with limited experience in the interpretation of
123|-joflupane SPECT scans to have diagnostic accuracy equivalent
to that of the experienced readers in the initial studies. Also, the
results of the combined reading were not inferior to the results
of the visual reading analysis and offered an increase in reader
confidence.
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SPECT with '23[-ioflupane (also known as '23[-FP-CIT SPECT
and marketed by GE Healthcare as DaTSCAN in Europe or
DaTscan in the United States) is a well-validated imaging tool
for assessing dopamine transporter (DAT) binding in the striatum
in vivo (/,2). Degenerative parkinsonian syndromes (PS) such as
Parkinson disease (PD) and progressive supranuclear palsy, as
well as dementia with Lewy bodies (DLB), are characterized neu-
ropathologically by a pronounced loss of the DAT in the striatum,
particularly in the putamen (3-5). Importantly, autopsy studies
validated that the antemortem striatal DAT binding in patients
with degenerative PS or DLB is positively associated with nigral
dopaminergic neuronal density (6,7). In line with these reports,
many clinical '?3I-ioflupane SPECT studies showed a loss of stria-
tal DAT binding in DLB and degenerative movement disorders
such as PD already at early disease stages (for reviews, see Suwijn
et al. (8) and Tatsch and Poepperl (9)).

On the one hand, visual interpretation of !'23I-ioflupane
SPECT images has a high diagnostic accuracy for the differen-
tiation of PS from essential tremor and probable DLB from
Alzheimer disease (1/0,11). On the other hand, quantitative
analyses are frequently used in routine practice and in scientific
studies, and quantification is especially mandatory for detect-
ing small changes in DAT binding (e.g., for measuring the pro-
gression of DAT loss in PD) (/2). Recent studies suggested that
the addition of quantitative analyses of !**I-ioflupane SPECT im-
ages may improve diagnostic accuracy and reproducibility (inter-
rater agreement) in routine practice (/3-15). Therefore, in this
study, we investigated the impact on accuracy, reader confidence,
and intra- and interobserver agreement offered by the addition of
image quantification in comparison with visual interpretation
alone in a large sample of '?*I-ioflupane SPECT images obtained
from patients who had movement disorders or dementia and who
participated in 3 different phase 3 or 4 studies (/0,11,16).
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MATERIALS AND METHODS

Subjects and Reconstruction of Images

In this study, we collected 304 '2[-ioflupane SPECT images from 3
multicenter phase 3 or 4 trials (/0,11,16). All 3 trials were formally
approved by the institutional review boards at all participating centers;
all subjects in every trial or their legal guardians (according to local
regulations) signed an informed consent form. Two of the published
studies included subjects with a clinical diagnosis of PS or non-PS (in
total, 118 images) (/0,16), and the other one included subjects with a
clinical diagnosis of probable DLB or non-DLB (mostly Alzheimer dis-
ease; 186 images) (/7). Images were included only if the subjects had a
definitive diagnosis at the 1- to 3-y follow-up. Subjects with a diagnosis
of vascular dementia, parkinsonism, or possible DLB were excluded.
Also, cases that did not include the whole brain (2 of the original 306
cases; see the Discussion section for more information) were excluded
because the images did not register properly with the template in
DaTQUANT software (GE Healthcare).

In 2 trials (/1,16), a strict acquisition protocol was used to minimize,
as much as possible, the variation in raw data acquired per center. In the
third trial (/0), the imaging was done according to clinical practice at
each site. To create uniformity of the reconstructed '*’I-ioflupane
SPECT scans, all images were reconstructed with standardized param-
eters at 1 core laboratory (ordered-subset expectation maximization; 10
subsets, 2 iterations; a Butterworth filter with a cutoff of 0.5 and an
order of 10 was applied with the Chang attenuation correction and an
attenuation coefficient of 0.11 cm™1). For the purpose of a standardized
visual analysis, all reconstructed images were displayed in a “cool”
color map, as shown in Figure 1.

Regarding quantification, all images were compared against a
normal database that was derived from 118 subjects who participated
as healthy controls and underwent an '?*I-ioflupane SPECT scan in
the Parkinson Progression Markers Initiative (PPMI; http://www.
ppmi-info.org) study; DaTQUANT software was used. In brief, im-
ages were loaded in the DaTQUANT application, which performed a
volume-of-interest determination of radiotracer binding in the caudate
nucleus and anterior and posterior putamen bilaterally. For the deter-
mination of nonspecific binding, 2 additional volumes were deter-
mined, in the occipital cortex. The specific striatal binding ratios
were calculated by determining the ratio of specific striatal binding
to nonspecific binding with the following formula: (mean counts in
striatal area — mean counts in occipital cortex)/mean counts in occip-
ital cortex. Only 2 of the 306 image sets from the 3 original studies
(10,11,16) were excluded from the masked readings because they
could not be quantified by the software.

Image Reading Sessions

All '*3-joflupane SPECT images were assessed by 5 board-certified
nuclear medicine physicians in the United States; these physicians had
very limited experience with '?3I-ioflupane SPECT image interpreta-
tion (i.e., 5-50 prior assessments) and were designated as readers 1-5.
Two reading sessions, separated by at least 1 mo, consisted of either a
visual interpretation only or a combined reading (both visual and
quantitative data were available to the reader). Readers were random-
ized to the session with visual reading alone or to the session with
combined reading first. They were unaware of any clinical data except
for sex and age (because aging is associated with a natural loss of
striatal DAT binding (17)).
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FIGURE 1. Example of how DaTQUANT results were displayed to individual readers (along with central image slices with regions of interest

overlaid). Readers viewed images on GE Healthcare Xeleris workstation, and quantitative values were available on printed page. DB = distribution;
DFQV = dual field of view; LEHR = low-energy high-resolution; NC = normal controls; OSEM = ordered-subset expectation maximization; SBR =

striatal binding ratio.
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For the combined reading, the readers also received the DaTQUANT
data output for each individual scan, including the binding ratios of the
caudate nucleus and posterior and anterior putamen (compared with
those of age-matched controls), the asymmetry of binding, and the ratio
of binding in the putamen to that in the caudate nucleus. The available
DaTQUANT output also included images of the reoriented central slices
in the striatal region. Before the readings, the masked readers received
brief training on the visual differentiation of normal images from
various patterns on abnormal images (//) and were familiarized with
the quantitative output of the software (Fig. 1).

For each subject’s image set, the readers were asked to score the
images as normal or abnormal and to rate their confidence about
image interpretation on a 5-point scale (from 1 [very challenging] to
5 [very easy]); they were also asked to judge scans as either easy or
difficult to read. To help avoid the potential for reader bias in the
difficulty assessment, we used a 9-point difficulty rating system
(where 0 represented no difficulty and 8 represented maximum diffi-
culty) that incorporated the binary difficulty assessment, confidence
about interpretation, and interreader agreement (Table 1).

Statistics

For this study, the final clinical diagnosis from the original study
databases was used as the standard of truth; this diagnosis was
established after a minimum follow-up of 12 mo.

The image results were compared with the standard of truth by
calculating the positive percentage of agreement (PPA, equivalent to
sensitivity), the negative percentage of agreement (NPA, equivalent to
specificity), the positive predictive value, the negative predictive value, and
accuracy. We assumed that the weighted-average combined-assessment
PPA and NPA would be 1.5% and 2.5% higher, respectively, than visual
assessment values. Because there were not enough subjects to statistically
power superiority assessments, noninferiority comparisons of the com-
bined reading and the visual reading alone were chosen, with a
noninferiority margin of 10%, a power of 80%, and a 1-sided o value
of 0.025.

For the assessment of intraobserver agreement, 10% of the images were
randomly selected to be read twice by the readers. The intra- and inter-
observer agreements were calculated and reported as k-coefficients (/8).

RESULTS

To minimize bias from !?’[-ioflupane assessment experience
that would be gained during the course of the reading, readers 1
and 2 started with the visual interpretation alone, and readers 3, 4,
and 5 started with the combined assessment.

TABLE 1
Summary of Difficult-to-Read Criteria
Criterion Definition
i Confidence of =<2 by at least 2 readers
ii Confidence of =<2 by at least 3 readers
iii Confidence of =3 by at least 2 readers
iv Confidence of =3 by at least 3 readers
\ “Difficult to read” by at least 2 readers
Vi “Difficult to read” by at least 3 readers
vii Maximum disagreement between readers
(2 from 5 readers)
viii Any disagreement between readers

(1 from 5 readers)

READING OF 'Z3[-IorFLuPANE SPECT IMAGEs

| I
| —{r— | OReader 1 PPA
: —— : © Reader 2 PPA
| —0— | O Reader 3 PPA
| —A— | aAReader 4 PPA
: —_— : =Reader 5 PPA
| —— | x Majority read PPA
i| : W Reader 1 NPA
| e | # Reader 2 NPA
| — | ® Reader 3 NPA
: ! : A Reader 4 NPA
| I | = Reader 5 NPA
: —— |l +Majority read NPA
-20 -10 0 10 20
Combined better PPAINPA difference (%) Visual better

FIGURE 2. Combined reading was statistically not inferior to visual
reading alone. Individual scores of 5 readers for NPA (specificity) and
PPA (sensitivity) were all close to line of 0% difference in diagnostic
performance between 2 different reads. Error bars represent 95% CI.

Regarding diagnostic performance, the combined reading was
statistically not inferior to the visual reading alone. A small,
statistically insignificant increase in the mean NPA (87.9% vs.
89.9%) and equivalent PPAs (80.1% vs. 80.2%) were observed
when the results of the visual reading alone and the combined
reading were compared. Figure 2 shows that the individual scores
for the NPA and the PPA were all close to the line of 0% difference
between the 2 readings. This was also true when the subsets of
images obtained from patients with movement disorders and pa-
tients with dementia were analyzed separately (Fig. 3). The pos-
itive predictive values were 90.5% and 89.6% and the negative
predictive values were 83.2% and 82.6% for the visual reading
alone and the combined reading, respectively (combined sample
of patients with movement disorders and patients with dementia).

Readers who initially read in the combined session showed a
statistically significantly greater accuracy than readers who initially
read in the visual-only session (85.8% vs. 79.2%; P = 0.0178)
(Fig. 4).

The mean reader confidence score for the interpretation of the
images showed a statistically significant improvement when the
combined analysis was used instead of the visual-only analysis for
the total population (i.e., 4.25 for visual only vs. 4.37 for combined;
P < 0.0001). These results were observed in the subsets of images
obtained from both patients with movement disorders and patients
with dementia.

More images from the visual reading alone than from the
combined reading met at least 3 of 8§ criteria for difficult to read
(12.2% vs. 7.9%). In difficult-to-read cases (2 examples are shown
in Fig. 5), the PPA remained high in both the visual-only and the
combined assessments, whereas the NPA tended to be higher in
the combined assessment, with differences becoming greater with
increasing levels of difficulty (Fig. 6).

Overall, the intra- and interreader agreements were high. Inter-
reader k-coefficients for reader pairs were between 0.74 and 0.93 for
the visual assessment and between 0.86 and 0.97 for the combined
assessment. Intrareader k-coefficients were between 0.86 and 1.00 for
the visual assessment and between 0.92 and 1.00 for the combined
assessment. Similar trends were observed in the subsets of images
obtained from both patients with movement disorders and patients
with dementia. All readers had an intrareader k-value for the
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FIGURE 3. Combined reading was statistically not inferior to visual reading alone in subsets of
both patients with movement disorders (left) and patients with dementia (right). Individual scores
of 5 readers for NPA (specificity) and PPA (sensitivity) were all close to line of 0% difference in
diagnostic performance between 2 different reads. Error bars represent 95% CI.

combined assessment that was equal to or greater than the k-value for
the visual assessment.

DISCUSSION

The results obtained when quantification was provided to readers
with limited experience in the interpretation of !?3I-ioflupane
SPECT scans were statistically not inferior to the results obtained
in a session in which the images were analyzed only by visual
interpretation. This finding was reflected by minor (statistically in-
significant) improvements in diagnostic performance. Finally, the
addition of quantification led to an increase in reader confidence
about the interpretation of 23[-ioflupane SPECT scans.

Interestingly, readers who initially read in the combined session
showed statistically significantly greater accuracy than readers who
initially read in the visual-only session (an increase from 79.2% to
85.8%; P = 0.0178). More specifically, the addition of quantifica-
tion allowed readers with limited experience in the interpretation of
123]-joflupane SPECT scans to perform as well as the more experi-
enced readers in the initial clinical studies, as their accuracy score of
85.8% was very similar to the scores of the highly experienced
readers (range, 83.3%-87.2%) (10,11,16). Thus, quantification
may improve the accuracy of readers with limited experience in
the interpretation of these scans. The design of the present study,
however, did not allow us to evaluate whether experienced readers
may also increase their accuracy using quantitative data. Previous
studies suggested that this might be the case, although in those
studies, other software was
used to analyze the images
(I3-15).

The sensitivity and specific-
ity of the combined reading
were statistically not inferior
to those of the visual reading
alone in both patients with
movement disorders and pa-
tients with dementia. This
finding is important because
it has been suggested that
visual analysis may be more
difficult in DLB than in PD. In
PD, degeneration is commonly
much more pronounced in the
putamen than in the caudate
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FIGURE 4. Readers who initially
read in combined session (white
bar; mean + SD) showed statisti-
cally significantly greater accuracy
(85.8% vs. 79.2%; P = 0.0178) than
readers who initially read in visual-
only session (gray bar).
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accuracy of 'Z-ioflupane interpretation in
patients with dementia is different from that
in patients with movement disorders, but we
cannot exclude this possibility in a larger
study.

Compared with the diagnostic performance of visual interpre-
tation alone, the diagnostic performance of combined interpreta-
tion of 1ZI-ioflupane SPECT scans demonstrated statistically
insignificant improvement in specificity (the NPA increased from
87.9% to 89.9%) and equivalent sensitivities (PPA, 80.1% vs.
80.2%). Although there may be some slight trends in Figures 2
and 3 toward either combined or visual readings being better, there
was no statistically significant difference, and almost all of the
error bars overlapped the line of 0% difference between combined
and visual readings.

In the present study, the overall sensitivity (PPA) of the scan
interpretation was approximately 80%, and the specificity was
90%, with the final clinical diagnosis as the standard of truth.
However, in 2 of the 3 phase 3 or 4 studies, the results of the image
interpretation were not available to the clinician determining the
final clinical diagnosis (/1,16). It is well known that the diagnostic
accuracy of DAT imaging may be better than the accuracy of
clinical diagnosis, particularly in early cases and especially in
DLB (21,22). Therefore, the sensitivity and specificity found in
the present study actually may be higher.

When combined reading was used, the mean reader confidence
in the interpretation of images showed a statistically significant
improvement over that obtained with visual reading alone in the
total population (i.e., 4.25 for visual only vs. 4.37 for combined;
P < 0.0001). Although this finding is relevant, it is remarkable
that the scores were already very high for visual interpretation
alone, as a score of 5 means that the readers were already very
confident in their visual interpretation. In addition, although the
improvement was statistically significant, it may not necessarily
indicate additional benefit from the semiquantitative analysis. We
cannot exclude the possibility that confirmation of readers’ assess-
ments by the semiquantitative analysis, even in clear cases, con-
tributed to this finding.

More images met difficult-to-read criteria in the visual reading
alone than in the combined reading. Interestingly, the PPA
(sensitivity) remained high in both the visual-only and the
combined assessments, whereas the NPA (specificity) tended to
be higher in the combined assessment, with differences becoming
greater with increasing levels of difficulty (Fig. 6). These findings
can be explained as follows: a reader who judged a scan as diffi-
cult to read was more likely to score it as abnormal. Consequently,
the sensitivity remained high, at the cost of specificity.

Overall, the intra- and interreader agreements were very high.
The combined reading improved the percentage of agreement
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FIGURE 5. Examples of 2 '23|-ioflupane SPECT studies that were
classified as difficult to read. (Left) Some readers classified this scan
as difficult to read because dopamine transporter binding was slightly
asymmetric and somewhat lower in posterior putamen than in caudate
nucleus. Quantification was normal in this patient (i.e., no region of this
patient’s image had quantified binding ratios or left-right asymmetry
more than 2 SDs below those for age-matched controls). (Right) Some
readers classified this scan as difficult to read because some binding
was still visible in putamen bilaterally (weak commas). Quantification
was abnormal in this patient (i.e., this patient’s image had multiple re-
gions with quantified binding ratios more than 2 SDs below those for
age-matched controls).

among all readers and thus the k-values. These results are in
agreement with those of other '23I-ioflupane SPECT and amyloid
brain PET studies, which also showed that high k-values for both
intraobserver and interobserver agreements (/4,23-26) improved
as quantitative data were provided to readers (/4,26).

Several semiquantitative and automated methods have been
developed to analyze '?’I-ioflupane SPECT images (27). In the
present study, we used DaTQUANT software to analyze images
quantitatively. Of the initial 306 scans that were available from
the 3 phase 3 or 4 studies, all except 2 were quantified successfully.
For these 2, the software did not correctly register the image to the
template for placement of the regions of interest; therefore, these
scans were excluded from the readings. The most likely explanation
for the registration failure is that these acquisitions had very poor
counts (overall, not only in the striatum); however, other, visually
similar, count-poor images were registered successfully.
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FIGURE 6. Effects on mean sensitivity and specificity for visual read-
ing alone and combined reading (all readers) as number of difficult to
read criteria met by '23l-ioflupane SPECT images increased.
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In a recent study, the results of automated semiquantitative
analyses and independent visual analyses of 23[-ioflupane SPECT
scans were also compared in 120 patients with clinically uncertain
parkinsonism. In 12 patients (10% of the total sample), discrepant
findings were observed between the 2 analysis methods. More spe-
cifically, 9 of the 12 cases were categorized as normal by the auto-
mated analyses but as abnormal by the visual analyses, and the
opposite was true for the other 3 cases. Also, discrepant cases
occurred in relatively old subjects. Interestingly, the authors inves-
tigated the clinical characteristics of this subgroup of 12 patients
and found that after a minimum of 4.5 y of clinical follow-up, none
of the patients developed neurodegenerative parkinsonism (25). In
the present study, we also observed discrepant findings, particularly
in the difficult-to-read cases. It would be interesting to monitor the
clinical and imaging characteristics of the patients to optimize the
interpretation of such difficult-to-read cases.

In the present study, we showed that the results of the combined
reading were not inferior to the results of the visual reading.
Although a large number of cases were included in the present
study, superiority assessments could not be performed because
there were not enough cases to statistically power such assess-
ments. The sample size required for a superiority assessment of
combined reading and visual reading with a superiority margin of
1%, a power of 80%, and a 1-sided a-value of 0.025 was estimated
to be at least 3,000 cases.

A limitation of the present study is that the images were
acquired at different centers, potentially inducing heterogeneity in
the data input (/7). Importantly, however, only images acquired on
multihead cameras with low-energy high-resolution collimators
were included in the image readings, and all images were recon-
structed at 1 core laboratory. Also, in 2 trials (/1,16), a strict
acquisition protocol was used to minimize, as much as possible,
the variation in raw data acquired per center. In the third trial (10),
however, the DAT imaging was done according to clinical practice
at each site. The inclusion of a wide range of images without
limitations may be more similar to clinical practice and demon-
strates the value of quantification under more “real-world” condi-
tions. Finally, no images were excluded on the basis of visual
quality, and we did not note that any center that provided images
that were of lower general visual quality resulted in more images
classified as nondiagnostic by the readers.

CONCLUSION

Combined reading (i.e., visual interpretation and automated
software analysis) was statistically not inferior to visual interpreta-
tion alone, as reflected by a minor (insignificant) improvement in
diagnostic performance. Also, the addition of quantification allowed
readers with limited experience in the interpretation of '?*I-ioflupane
SPECT scans to perform as well as the more experienced readers in
the initial clinical studies. Finally, the addition of semiquantification
and comparison with age-matched normal values led to an increase
in reader confidence in the interpretation of ?*I-ioflupane SPECT
scans and therefore may have resulted in fewer scans being consid-
ered difficult to read.
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