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A B S T R A C T

Introduction: The added value of dopamine transporter SPECT (DAT-SPECT) for the diagnosis of “possible”
multiple system atrophy of the cerebellar type (MSA-C) remains unknown.
Methods: We reviewed retrospectively the charts of 128 consecutive patients with a clinical diagnosis of MSA-C
who were seen between 2007 and 2016 at the French Reference Center for MSA. The main objective was to
evaluate the proportion of patients for whom the diagnosis of “possible” MSA-C was made because of a positive
DAT-SPECT.
Results: Seventy-eight MSA-C patients had at least one DAT-SPECT. Fifty-nine of them were considered for the
final analysis. In these, 22 had “possible” MSA-C and 23 “probable” MSA-C before DAT-SPECT, while 14 did not
reach diagnosis criteria at that time. In those with “possible” MSA-C, DAT-SPECT was positive in 64%. In pa-
tients with “probable”MSA-C, 83% showed nigrostriatal denervation. Six out of 14 (43%) received a diagnosis of
“possible” MSA-C because of positive DAT-SPECT. These patients had mean disease duration of 2.3 years at the
time of DAT-SPECT compared to 3.5 years of the entire cohort of MSA-C patients with DAT-SPECT. Of the eight
remaining, one had positive DAT-SPECT but also pons atrophy on magnetic resonance imaging, and seven
progressed to “probable” MSA based on clinical features.
Conclusion: Our results suggest that DAT-SPECT significantly contributes to the diagnosis of “possible” MSA-C
(43% of patients not reaching consensus diagnosis criteria before DAT-SPECT). DAT-SPECT seems especially
useful in patients with shorter disease duration, while a negative result does not exclude a diagnosis of MSA.

1. Introduction

Multiple system atrophy (MSA) is a rare and fatal

neurodegenerative disorder characterized by a variable combination of
parkinsonism, cerebellar ataxia and autonomic dysfunction. Consensus
diagnosis criteria distinguish two clinical subtypes of MSA, the
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parkinsonian variant with predominant parkinsonism (MSA-P) and the
cerebellar variant with prominent cerebellar features (MSA-C) [1,2].
Three levels of certainty were established, i.e. “possible”, “probable”
and “definite” MSA, the latter requiring post-mortem confirmation. An
early diagnosis is important for the clinical guidance of patients and
caregivers because of the severe prognosis of MSA-C compared to other
conditions, in particular sporadic adult-onset ataxia (SAOA) of un-
known etiology [3]. To enhance the diagnostic sensitivity in early dis-
ease, the revision of the consensus criteria in 2008 has included addi-
tional features such as presynaptic nigrostriatal dopaminergic
denervation on SPECT or PET for the diagnosis of “possible” MSA-C.
According to these criteria, the diagnosis of “possible” MSA-C requires
the presence of cerebellar impairment, plus at least one feature sug-
gesting autonomic dysfunction (i.e. otherwise unexplained urinary ur-
gency, frequency or incomplete bladder emptying, erectile dysfunction
in males, or significant orthostatic blood pressure decline that does not
meet the level required in “probable” MSA) and at least one additional
feature (e.g. presynaptic nigrostriatal denervation on dopamine trans-
porter (DAT)eSPECT). Hitherto, the added diagnostic value of dopa-
mine transporter DAT-SPECT for the diagnosis of “possible” MSA-C
remains unknown.

We conducted a retrospective study at the two sites of the French
Reference Center for MSA to assess the contribution of DAT-SPECT to
the diagnosis of “possible” MSA-C in patients who eventually received a
clinical diagnosis of MSA, but who did not fulfill consensus diagnosis
criteria at the time of DAT-SPECT.

2. Methods

2.1. Patient selection

We reviewed the charts of all consecutive MSA-C patients of the
longitudinal cohort of 414 MSA patients (MSA-C=128, MSA-P=286)
who were recruited at the French Reference Center for MSA in
Bordeaux or Toulouse between 2007 and June 2016. The clinical di-
agnosis of MSA was made following current consensus criteria [2].
These criteria were also applied in patients who were diagnosed before
2008. Post-mortem confirmation was obtained in 3 MSA-C patients who
donated their brain after death.

For the purpose of this study, we referred to the data that were
collected at the visit prior or at the time of DAT-SPECT, including main
clinical and imaging features of the second consensus statement: clin-
ical signs of cerebellar impairment (gait ataxia, limb ataxia, dysarthria,
oculomotor dysfunction), parkinsonism (bradykinesia, rigidity, tremor,
postural instability), autonomic dysfunction (orthostatic hypotension
and urinary dysfunction), pyramidal signs, stridor and features of MSA-
C on brain magnetic resonance imaging (MRI; atrophy of putamen,
middle cerebellar peduncles, or pons). MRI was available for all but one
patient. MRI was performed before in 36, at the same time in 30, and
after DAT-SPECT in two patients.

In patients without DAT-SPECT, data of the first visit at the French
Reference Center for MSA were used for the analysis. All patients gave
written informed consent to personal data processing for research
purposes and all necessary regulatory approvals were obtained (CNIL
1338780 v1).

2.2. DAT-SPECT

The main objective was to evaluate the proportion of patients for
whom the diagnosis of “possible” MSA-C was made because of a posi-
tive DAT-SPECT, as the only additional feature of current consensus
diagnosis criteria [2]. A specialist in nuclear medicine (FH), who was
blinded with regard to the clinical diagnosis, performed a visual ana-
lysis as well as a semi-quantitative assessment of all exams with the
DaTsoft3D software (Toulouse, France, http://www.en.datsoft3d.com).
According to current recommendations [4], the visual analysis was used

as the primary criterion and the semi-quantitative assessment as the
secondary criterion. DaTsoft3D software quantification provides an
estimation of spatial resolution (FWHM) directly on striatal images
before quantification and an automatic registration of a 3D MRI-based
template of caudate and putamen (right and left). Threshold was set at
2.2 based on the results of the PPMI international multicenter database
(http://www.ppmi-info.org/). For the sake of standardization and since
all images were analyzed with the same software, the assessment was
limited to patients with DAT-SPECT performed at the two sites of the
French Reference Center for MSA (59 out of 78, Fig. 1).

2.3. Statistical analysis

Chi-square or Fisher tests were used for the comparison of catego-
rical data and a Mann-Whitney U test for the comparison of age at onset
and disease duration between patients with and without DAT-SPECT
(Supplementary Table 1). For the data analysis of the three patient
groups with DAT-SPECT, chi-squared tests were used for analyzing
categorical data, a Mann-Whitney U test for comparing disease duration
between patients with positive and negative DAT-SPECT within groups,
and a one-way ANOVA for comparing age at onset and disease duration
between the three groups (Supplementary Tables 2 and 3). A one-way
ANOVA was used to compare DAT-SPECT binding potentials (BP) be-
tween groups and a Pearson correlation analysis was performed be-
tween BP and disease duration. Data are presented as mean ±
standard deviation or proportion. A p < 0.05 was considered sig-
nificant. All tests were performed by using Prism 7.

3. Results

3.1. Demographic, clinical and MRI data

Of the entire population of patients with a diagnosis of MSA-C at
final follow-up, 53.1% were men, the mean age at disease onset was

Fig. 1. Study profile.
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58.9 ± 7.7 years and the mean disease duration at the first visit was
3.8 ± 3.0 years. Bradykinesia, cerebellar oculomotor dysfunction, se-
vere orthostatic hypotension and urinary dysfunction were more fre-
quent in patients without DAT-SPECT (Supplementary Table 1). These
patients also showed longer disease duration at the first visit, but none
of these differences reached significance after Bonferroni correction for
multiple comparisons.

Of the 59 MSA-C patients with DAT-SPECT considered for the
analysis (Fig. 2), “possible” MSA-C was diagnosed in 22 and “probable”
MSA in 23 before DAT-SPECT. According to current consensus criteria,
evidence for a diagnosis of MSA-C was insufficient in 14 patients before
DAT-SPECT. An overall comparison between these three groups showed
significant differences in disease duration at DAT-SPECT, as well as in
the proportion of limb ataxia, parkinsonism, bradykinesia, rigidity,
tremor and autonomic dysfunction (Supplementary Table 2). A higher
proportion of patients with “possible” and “probable” MSA-C showed
classical MRI features of MSA compared to subjects with insufficient
criteria at the time of DAT-SPECT. However, group differences were not
statistically significant except for a strong trend for putamen atrophy
(Supplementary Table 3).

3.2. DAT-SPECT

In patients with “possible” MSA-C, DAT-SPECT was positive in 14
(64%). Mean disease duration at DAT-SPECT was 4.8 ± 3.3 years for
those with positive and 3 ± 1.7 years for those with negative DAT-
SPECT (not significant). In patients with “probable” MSA-C, 19 (83%)
showed nigrostriatal denervation. Mean disease duration at DAT-SPECT
was 4.1 ± 2.5 years for those with positive and 2.3 ± 1.9 years for
those with negative DAT-SPECT (trend for longer disease duration in
“probable” MSA-C patients with positive DAT-SPECT, p= 0.063).

In subjects with insufficient criteria at the time of DAT-SPECT, four
had isolated ataxia, five had ataxia with features suggesting autonomic
dysfunction and five had ataxia with one additional feature. Of these 14
patients, six had a positive DAT-SPECT with three qualifying

immediately after DAT-SPECT for a diagnosis of “possible” MSA-C ac-
cording to revised consensus criteria. In the remaining three, the di-
agnosis of “possible” MSA-C was only reached 10–18 months later be-
cause of the onset of features suggesting autonomic dysfunction. These
six patients had a mean disease duration of 2.3 ± 0.8 years at DAT-
SPECT and progressed to “probable” MSA during follow-up. DAT-
SPECT was positive in another patient but there was also pons atrophy
on MRI as additional feature. In other terms, the positive DAT-SPECT
did not provide significant additional information for the diagnosis.
One year later, this patient developed features suggesting autonomic
dysfunction and parkinsonism qualifying for the diagnosis of “possible”
MSA-C. Seven patients did not show significant denervation. These
patients reached consensus criteria 4.6 years after symptom onset and
had a diagnosis of “probable” MSA at last follow-up. They tended to be
younger (57.7 vs 64.9 years at disease onset), while disease duration
and clinical presentation at the first visit were not different compared to
patients with insufficient criteria and positive DAT-SPECT.

A second DAT-SPECT (interval between the first and second
scan=2.6 ± 2.6 years) was performed in five of the seven subjects
with initial negative result and insufficient evidence for a diagnosis of
“possible” MSA-C. Among these, DAT-SPECT became positive in two.
However, at the time of the second DAT-SPECT, the diagnosis was al-
ready “probable” MSA-C because of severe autonomic failure (urinary
incontinence in one patient and severe orthostatic hypotension in the
other). A third DAT-SPECT (interval between the second and third
scan=8 and 17 months) was performed in two patients, yielding a
positive result in one subject. Again, the clinical diagnosis had already
progressed to “probable” MSA-C because of urinary incontinence.

Overall, the proportion of patients with a positive DAT-SPECT was
significantly different between the three groups at the time of imaging
(insufficient evidence (43%), “possible” (64%) and “probable” MSA
(83%), chi2= 6.2, p < 0.05). Of all patients with a positive DAT-
SPECT, 21/40 (52.5%) had no bradykinesia and 24/40 (60%) no par-
kinsonism on clinical examination.

Fig. 2. Diagnostic certitude before performing DAT-SPECT.
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3.3. Quantitative assessment of DAT-SPECT

The mean BP in the putamen were 2.1 ± 1.0 for patients with
“probable” MSA-C (1.7 ± 0.7 in patients with positive DAT-SPECT vs.
3.8 ± 0.7 in patients with negative DAT-SPECT), 2.6 ± 1.1 for pa-
tients with “possible” MSA-C (2.1 ± 0.7 vs. 3.6 ± 0.8) and 2.7 ± 1.2
for patients not reaching diagnosis criteria for MSA-C (2.0 ± 0.8 vs.
3.7 ± 0.9) at the time of DAT-SPECT. Differences in mean BP between
groups were not significant (F2,54= 0.38, p=0.68), while there was a
trend for a negative correlation between BP and disease duration
(r=−0.23, p= 0.086).

The mean BP in the caudate were 3.7 ± 1.3 for patients with
“probable” MSA-C (3.4 ± 1.2 vs. 5.2 ± 1.1), 3.6 ± 0.9 for patients
with “possible” MSA-C (3.2 ± 0.8 vs. 4.2 ± 0.9) and 4.0 ± 1.3 for
patients not reaching the criteria for MSA-C (3.5 ± 1.3 vs. 4.7 ± 0.9)
at the time of DAT-SPECT. Differences in mean BP between groups were
not significant (F2,54= 2.1, p=0.14), while there was a trend for a
negative correlation between BP and disease duration (r=−0.23,
p=0.086).

The mean BP in the striatum were 2.5 ± 1.0 for patients with
“probable” MSA-C (2.2 ± 0.7 vs. 3.9 ± 0.8), 2.7 ± 0.9 for patients
with “possible” MSA-C (2.3 ± 0.6 vs. 3.5 ± 0.7) and 2.9 ± 1.1 for
patients not reaching the criteria for MSA-C (2.3 ± 0.9 vs. 3.7 ± 0.8)
at the time of DAT-SPECT. Differences in mean BP between groups were
not significant (F2,54= 0.8, p=0.45), while there was a trend for a
negative correlation between BP and disease duration (r=−0.24,
p=0.07).

4. Discussion

In our retrospective study, DAT-SPECT allowed the diagnosis of
“possible” MSA-C in six patients (43%) not reaching the diagnosis cri-
teria of MSA at the time of imaging. DAT-SPECT was therefore sig-
nificantly contributive to the diagnosis of “possible” MSA-C in these
patients, while the overall contribution was relatively low (6/59) when
considering the entire cohort of MSA-C patients followed at the French
Reference Center for MSA. One reason may be that patient referral to
tertiary centers only occurs once clinical core and supportive features
for “possible” and “probable” MSA are already present. This is corro-
borated by the mean disease duration of almost four years between
symptom onset and first visit. Accordingly, DAT-SPECT might be more
useful at earlier stages of the disease in patients seen at non-reference
centers. However, the increasing proportion of striatal dopaminergic
denervation in MSA-C patients with higher level of diagnostic certainty
and the trend for a negative correlation between BP and disease dura-
tion suggest that the likelihood of a positive DAT-SPECT decreases with
shorter disease duration. In addition, although the mean disease dura-
tion at the first visit at our center was only 2.1 years in the 14 patients
with insufficient criteria at the time of DAT-SPECT, the mean disease
duration at the time of their clinical MSA-C diagnosis was 3.6 years
illustrating the challenges for an early diagnosis in this population.

Although no longer necessary according to consensus diagnosis
criteria, DAT-SPECT was frequently performed at the French Reference
Center for MSA in patients who had already a clinical diagnosis of MSA-
C. This illustrates that even expert clinicians attempt to increase the
diagnostic certainty for a devastating neurodegenerative disease such as
MSA beyond established diagnosis criteria. In the present study, 73.3%
of patients with a diagnosis of “possible” or “probable” MSA-C at the
time of imaging had a positive DAT-SPECT. This number is similar
compared to the 76.9% reported by a smaller study including 13 MSA-C
patients [5]. The increasing proportion with higher diagnostic certainty
and the trend for a negative correlation with disease duration further
suggest that striatal dopaminergic denervation occurs progressively in
MSA-C, as also illustrated by the progressive appearance of parkin-
sonism and the moderate to severe neuronal loss in the substantia nigra
at the time of death [6]. It should be emphasized that a negative DAT-

SPECT does not exclude the diagnosis of MSA since this was observed in
almost one third of patients with a clinical diagnosis of MSA-C at last
follow-up. Patients with shorter disease duration were more likely to
have a negative DAT-SPECT, as was also observed in a small series of six
MSA-C patients with a mean disease duration of 1.6 years [7].

Not surprisingly, more MSA-C patients without DAT-SPECT had
received their diagnosis before 2008, the year the revised consensus
diagnosis criteria were published. Additionally, the trend for more
bradykinesia, urinary dysfunction, severe orthostatic hypotension, and
longer disease duration at the first visit made it also less likely to per-
form DAT-SPECT in these patients.

As illustrated by the high number of MSA-C patients in our study
without parkinsonian signs despite striatal dopaminergic denervation,
DAT-SPECT is able to detect subclinical abnormalities, thereby in-
creasing the diagnostic certainty for MSA-C compared to SAOA, one
major differential diagnosis. In contrast, patients with Fragile X-asso-
ciated tremor/ataxia syndrome (FXTAS) or spinocerebellar ataxia
(SCA), two additional differential diagnoses of MSA-C, may also show
dopaminergic denervation [8,9]. Of note, middle cerebellar peduncle
hyperintensities on brain MRI can be found in MSA-C and FXTAS,
usually with a distinct topography and additional white matter lesions
in FXTAS [9]. The “hot cross bun sign”, witnessing a loss of myelinated
transverse pontocerebellar fibers, may also be found in SCA 2, but pa-
tients are usually younger and have a family history of autosomal
dominant ataxia [10].

The main limitation is the retrospective nature of the study. In ad-
dition, although we considered a large cohort of 128 patients with a
diagnosis of MSA-C at last follow-up, the main result relies on only 14
patients with insufficient criteria for “possible” MSA-C at the time of
DAT-SCAN. This low overall contribution of DAT-SPECT may be due to
the patient referral to tertiary centers only in more advanced disease,
which is corroborated by the long mean interval between symptom
onset and first visit.

In conclusion, our results suggest that DAT-SPECT contributes sig-
nificantly to the diagnosis of “possible” MSA-C. DAT-SPECT seems
especially useful in patients with shorter disease duration, while a ne-
gative result does not exclude a diagnosis of MSA. Additional studies
are warranted to confirm our main result in larger cohorts.
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