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Is dopamine transporter invariably impaired at the time
of diagnosis in dementia with Lewy bodies?
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Assessment of the integrity of the nigrostriatal dopaminergic
pathway with 123I-ioflupane SPECT has been approved by the
Food and Drug Administration and the European Medicines
Agency for the differential diagnosis between dementia with
Lewy bodies (DLB) and Alzheimer’s disease (AD). This has
fulfilled a previously unmet need, i.e. to support the clinical
diagnosis of DLB that is usually difficult because of overlap-
ping symptoms with AD and also with frontotemporal lobe
degeneration and vascular cognitive impairment. Indeed, by
pooling the results from nine clinicopathological studies in-
cluding 135 DLB patients and 350 non-DLB patients, the
average sensitivity of clinical diagnosis was 49 % (range
0 – 83 %) and the average specificity (proportion of non-
DLB patients correctly diagnosed clinically) was 92 % (range
79 – 100 %) [1]. This specificity was considered good but the
sensitivity was considered unacceptably low.

The availability of 123I-ioflupane SPECT for dopamine
transporter (DAT) assessment in the early 2000s prompted a
large European multicentre study published in 2007 whose
conclusion was that 123I-ioflupane SPECT has a good accura-
cy in detecting dopaminergic impairment both in probable and

in possible DLB (with clinical diagnosis as the gold standard),
achieving about 90 % specificity, similar to clinical diagnosis
in previous studies, but a definitely higher sensitivity (77.7 %)
thus pointing to this tool as a valuable support for the clinical
diagnosis of DLB [2]. The demonstration of nigrostriatal do-
paminergic impairment by SPECTor PETwas included in the
diagnostic criteria published in 2005 merely as a supportive
feature [3]. Still a head-to-head comparison between 123I-
ioflupane SPECT and neuropathology was needed. This was
performed by Walker et al. [4] who found a specificity of
100% and a sensitivity of 88%with semiquantitative analysis
of the posterior putamen. In early 2015 a Cochrane review of
DAT SPECT concluded that DAT SPECT is more accurate
than clinical diagnosis in DLB and that clinical diagnosis is
unsuitable as a reference standard for assessing the accuracy
of DAT imaging [5].

However, the 88 % sensitivity found by Walker et al. sug-
gests that one in eight DLB patients with confirmed DLB
pathology at autopsy might have a normal 123I-ioflupane
SPECT scan. The patient with a normal scan actually had an
asymmetric presentation with right-sided parkinsonism re-
sembling a corticobasal syndrome, with abnormal posterior
left putamen uptake on visual analysis but normal average
counts between the two putamina (the index considered in
the paper). On autopsy only mild neuronal loss with mild α-
synuclein pathology were found in the substantia nigra (SN)
of that patient, together with widespread tau tangle/neuritic
pathology in both the putamen and caudate. Also, the patient
was affected by diffuse DLB pathology in the neocortex, and
the likelihood of clinical DLB was retrospectively estimate to
be ‘intermediate’ according to the DLB criteria. After publi-
cation of that study, the opinion in the scientific community
was that 123I-ioflupane SPECT was virtually always positive
in all patients with true DLB and that the limited sensitivity
shown in the 2007 multicentre study (77.7 %) was mainly due
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to the imperfect gold standard, i.e. clinical diagnosis, that has
limited accuracy.

In 2011 a neuropathological study conducted in patients
with DLB, AD and Parkinson’s disease dementia (PDD)
showed that 123I-ioflupane SPECT correlated fairly well with
neuronal density in the SN but not with the amount of α-synu-
clein, tau or amyloid pathology in the SN on post-mortem
examination [6], although the authors commented that the lack
of correlation with the amount of nigral α-synuclein and tau
pathology might have been due to the relatively low number of
patients. In that neuropathological series 2 of the 19 patients
with DLB or PDD actually had a normal scan and a normal or
slightly reduced SN neuronal density. The two patients
belonged to the DLB group that included seven patients. The
authors commented that those individuals who exhibited a
greater level of nigral neurons than the other patients in the
Lewy body cohort (i.e. the 19 patients with either DLB or
PDD) expressed cortical and striatal Lewy body pathology
but without significant nigrostriatal neuronal loss, thus still
had a ‘false-negative’ 123I-ioflupane SPECT scan. Similar re-
sults were also later found by an independent research group
that found that 3 of 20 patients who fulfilled the clinical criteria
for probable DLB had a normal 123I-ioflupane SPECT scan, as
evaluated by visual analysis only, while the other 17 patients
with probable DLB had a positive scan. The diagnosis of prob-
able DLB was confirmed on clinical follow-up, but the patients
did not undergo a repeat 123I-ioflupane SPECT scan nor was
pathological confirmation performed. Patients with a negative
scan did not differ from those with a positive scan in terms of
the presence of parkinsonism, but they did not show neuroleptic
sensitivity [7]. Of note, in the same study seven patients who
were not attributed to the DLB cluster actually had a positive
123I-ioflupane scan and all of them developed probable DLB
during the clinical follow-up, thus demonstrating the ability of
dopaminergic SPECT to pick up nigrostriatal degeneration ear-
ly before the clinical picture has become clear in a substantial
proportion of DLB patients.

Therefore, it appears that a small but not insignificant pro-
portion of DLB patients (possibly about the 10 %) can have a
normal 123I-ioflupane SPECT scan when they are diagnosed
for the first time. What was not clear until the publication of
the article by van der Zande et al. in this issue of the European
Journal of Nuclear Medicine and Molecular Imaging [8] is
whether their scans remain negative during follow-up or
whether they become positive over time. In their remarkable
study, van der Zande et al. found that 7 of 67 patients with
probable DLB (about 10 %) had a negative 123I-ioflupane
SPECT scan as evaluated by semiquantitative analysis.
Among these seven patients parkinsonism was significantly
less frequent; the diagnosis was confirmed during an average
clinical follow-up of 2 years (interquantile range 8 – 36
months). The authors were able to perform a repeat scan in
five of the seven patients after a median time of 18 months

(range 9 – 38 months) and the scans were abnormal in all
patients, thus proving that SN neuronal density can still be
normal at the time of diagnosis, especially in patients without
or with mild parkinsonism, but then the spreading of patholo-
gy invariably leads to SN involvement and a positive 123I-
ioflupane SPECT scan.

This notion is of paramount clinical relevance as up to now
the fate of patients with clinically probable DLB but a negative
123I-ioflupane scan has been unclear. In clinical practice this
means that a negative scan should not deny the diagnosis of
DLB if the patient meets the criteria for probable DLB. Should
we then wait a couple of years before repeating the scan to
confirm the diagnosis? This seems now the key question. Do
we have answers? First, the clinical diagnosis of probable DLB
has a poor sensitivity (about 50%) but a good specificity (about
90 %; that is, if a dementia or movement disorder expert con-
siders an individual patient to be affected with probable DLB
the likelihood he/she is right on the basis of neuropathological
studies is about 90 %). If the patient had a normal 123I-
ioflupane SPECT scan we still might be confident that
the patient actually has DLB. This may be confirmed by
other diagnostic tools without waiting for two more years
before repeating the 123I-ioflupane SPECT scan. Indeed, 123I-
metaiodobenzylguanidine (MIBG) cardiac planar scintigraphy
has shown high sensitivity in detecting norepinephrine trans-
porter deficit at the cardiac level even in DLB patients without
autonomic failure [9], and the likelihood that a patient with
probable DLB has both a normal 123I-ioflupane SPECT scan
and a normal 123I-MIBG scan should be exceedingly rare.
Alternative tools are 18F-FDG PET that often shows much
more pronounced hypometabolism in the occipital cortex than
in AD patients and patients with other dementias [10].
Moreover, as compared to AD, FD -PET shows relatively pre-
served uptake in the precuneus/posterior cingulate region in
DLB, the so-called ‘cingulate island’ sign [10]. Finally, quanti-
tative electroencephalography (qEEG), a simple, noninvasive
and cheap tool can show significantly higher variability of pos-
terior dominance frequency in DLB patients than in AD pa-
tients [11]. Figure 1 shows the expected biomarker features in a
representative DLB patient and an AD patient for comparison.

In this context, a preserved nigrostriatal dopaminergic
SPECT or PET scan is regarded as an accurate biomarker to
exclude a diagnosis of DLB in patients with moderately severe
dementia and a strong clinical suspicion of DLB (i.e., proba-
ble DLB) [5]. However, the accuracy of these biomarkers in
the earliest stages as well as their temporal cascade still needs
to be clarified. This issue has been exploited in AD but now is
also emerging in DLB, given the concerted effort to establish
the phenotypes of the main neurodegenerative dementia in the
prodromal phase [12]. This will provide a critical opportunity
for potential intervention with disease-modifying drugs [13].

Given the crucial role of 123I-ioflupane SPECT findings in
early DLB, an issue that needs to be emphasized and is
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especially relevant in nuclear medicine is how the scan is read
and reported.While visual assessment by an expert is the basis
of all reports, semiquantitative assessment (better if performed
with the aid of automatic tools and compared with an adequate
normal database) may further increase diagnostic confidence.
To this purpose, the Neuroimaging Committee of the EANM
in recent years has generated a large normal database of 123I-
ioflupane SPECT scans assessed by some of the most popular
automatic tools which may be of help in routine clinical prac-
tice [14, 15].

To summarize, the paper by van der Zande et al. in this
issue of the EJNMMI [8] confirms the high sensitivity (about
90 % versus clinical diagnosis) of 123I-ioflupane SPECT in
demonstrating nigrostriatal dopaminergic impairment in pa-
tients with probable DLB. The small proportion of patients
(about 10 %) with a normal scan but still with a strong suspi-
cion of probable DLB on clinical grounds may not have suf-
ficient nigral neuronal loss to have a positive scan while hav-
ing diffuse cortical and striatal α-synuclein pathology, thus
with an unusual top–bottom propagation of pathology instead
of the reverse, as is usual. In the present state of knowledge,
these patients should invariably show a positive scan about
1.5 – 3 years later, thus raising the final sensitivity of 123I-
ioflupane SPECT to 100 %. These patients are less likely to
be affected by parkinsonism and to show neuroleptic sensitiv-
ity. DLB diagnosis could be confirmed using other molecular
imaging tools, such as 123I-MIBG cardiac scintigraphy and

brain FDG PET, but other tools, such as qEEG, deserve to
be considered.
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