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Abstract

Aim The second consensus statement for the diagnosis of multiple system atrophy type cerebellar (MSA-C) includes pons and
middle cerebellar peduncle (MCP) atrophy as MRI features. However, other MRI abnormalities such as MCP hyperintensity,
hot cross bun sign (HCB), putaminal hypointensity and hyperintense putaminal rim have been described.

Objectives To evaluate, in patients with sporadic late-onset cerebellar ataxia (SLOCA), the discriminative value of several
MRI features for the diagnosis of MSA-C, to follow their evolution during the course of MSA-C, and to search for correla-
tions between these MRI features and clinical signs.

Methods Consecutive patients referred for SLOCA underwent comprehensive clinical evaluation and laboratory investiga-
tions, brain MRI, DaTscan and a 1-year follow-up.

Results Among 80 patients, 26 had MSA-C, 22 another diagnosis, and 32 no diagnosis at the end of the follow-up. At base-
line, MCP hyperintensity and HCB were more frequent in patients finally diagnosed with MSA-C than in other patients with
SLOCA (p <0.0001), and had the highest specificity (98.5%) and positive predictive value (91.7%) for the diagnosis of MSA-
C, compared to all other MRI signs. The most relevant MRI sequence regarding HCB sign was the T2-proton density (DP)
weighted. All MRI features were more frequent with disease duration. No correlation was found between any MRI feature
and neither clinical data, nor dopaminergic neuronal loss (p =0.5008), except between vermis atrophy and UPDRSIII score.
Conclusion MCP hyperintensity and HCB sign should be added into the list of additional features of possible MSA-C. MRI
signal abnormalities suggestive of MSA-C should be searched for in suitable sequence.

Keywords Multiple system atrophy - Late-onset cerebellar ataxia - Magnetic resonance imaging - Hot cross bun sign -
DaTscan
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Introduction

Multiple system atrophy (MSA) is a sporadic, degenerative,
progressive, adult onset disorder of unknown cause, which
involves striatonigral, olivopontocerebellar and spinal cord
structures and whose pathological hallmark is glial cyto-
plasmic inclusions. Two clinical forms have been described:
MSA-P with predominant parkinsonism, and MSA-C, with
predominant cerebellar ataxia in early stages. Although a
recent prospective study demonstrated that MSA-C was
the most frequent cause of sporadic late-onset cerebellar
ataxia (SLOCA) [1], and since there are numerous causes
of SLOCA [2], the diagnosis of MSA-C can be challenging.
According to the second consensus statement on the diag-
nosis of MSA [3], the diagnosis criteria for MSA-C include
three categories: definite MSA-C, requiring pathologic con-
firmation, probable MSA-C, requiring autonomic failure in
addition to cerebellar ataxia; and possible MSA-C, requir-
ing cerebellar ataxia associated to autonomic dysfunction
and at least one additional features including parkinsonism,
Babinski sign with hyperreflexia, stridor, putamen, pons or
middle cerebellar peduncle (MCP) atrophy, hypometabo-
lism on [1SF]ﬂuorodeoxyglucose(FDG)-PET in putamen,
or presynaptic nigrostriatal dopaminergic denervation on
SPECT or PET. Other magnetic resonance imaging (MRI)
features, such as “hot cross bun” (HCB) sign, MCP hyper-
intensity, putaminal hypointensity, hyperintense putaminal
rim sign have been described in MSA patients, but are not
included in the second consensus statement on the diagnosis
of MSA. The discriminative value of these MRI features for
the diagnosis of MSA has been studied rather in patients
with parkinsonism [4-9] than in patients with cerebellar
ataxia which are rarer. Only one study suggests that pons
atrophy, MCP atrophy, MCP hyperintensity and HCB sign
can help to differentiate MSA-C from other SLOCA [10].

The objectives of this prospective study were (1) to
compare the discriminative value of each of the MRI fea-
tures (atrophy or signal abnormalities) for the diagnosis
of MSA-C, (2) to follow their evolution during the course
of the disease, (3) to search for correlations between each
of these MRI features and some clinical (presence of auto-
nomic dysfunction or failure, parkinsonism, cerebellar
ataxia severity) and paraclinical (nigrostriatal dopamin-
ergic denervation) signs.

Methods

From January 2013 to April 2017, all patients consecu-
tively sent to our referral centre for SLOCA, were included
[1]. Inclusion criteria were: (i) cerebellar ataxia (CA)
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either isolated or not, (ii) lack of family history of CA;
(iii) onset of CA after 40 years, (iv) CA duration longer
than 6 months. The only exclusion criterion was MRI con-
traindication. Patients had a prospective follow-up with
collection of clinical and imaging data as well as labora-
tory investigations at baseline, and 1 year later.

Collected clinical data included: Scale for the Assess-
ment and Rating of Ataxia (SARA) score, Spinocerebellar
Degeneration Functional Score (SDFS), Unified Parkin-
son’s Disease Rating Scale III (UPDRS III) score, assess-
ment of dysautonomia (urinary signs, erectile dysfunc-
tion, orthostatic hypotension). To evaluate the severity
of disease progression, scales scores were corrected by
disease duration (DD). Probable or possible MSA were
diagnosed according to the second consensus statement
of 2008, which included MRI features (pons and MCP
atrophy) [3]. Autonomic failure was established by urinary
incontinence, with erectile dysfunction in males or orthos-
tatic hypotension (defined by a decrease of blood pressure
by a least 30 mmHg systolic or 15 mmHg diastolic after
3 min of standing) and autonomic dysfunction by urinary
emergency, frequency or incomplete bladder emptying,
erectile dysfunction in males or significant orthostatic
blood pressure that does not meet the level required in
probable MSA.

Brain MRI were performed at baseline (MRI 1) and one
year later (MRI 2) with 1.5 or 3 T imaging system. MRI
protocol included sagittal T1-weighted, axial T2-weighted,
axial T2-proton density (PD)-weighted, axial T2 FLAIR-
weighted, axial DWI-weighted, and axial T2*-weighted
sequences. MRI data, which were collected by both a
neuroradiologist and a neurologist of the referral centre,
blinded from the suspected diagnosis, were the following:
HCB sign, posterior putaminal hypointensity (on axial T2*),
hyperintense putaminal rim sign (on T2 FLAIR [11], MCP
hyperintensity (on T2 and T2 FLAIR), cerebellar vermis
and cerebellar hemispheres atrophy (on sagittal T1, with the
following visual scale, 0: absent, 1: mild, 2: moderate, 3:
severe), and pons, midbrain and MCP sizes (Fig. 1). Pons
and midbrain size were measured on sagittal T1-weighted
sections as previously described [12], and MCP on axial T2
FLAIR-weighted sequences.

Brain MRI data from 30 age-matched controls, randomly
extracted from MRI database at the author’s centre, were
collected to establish reference sizes. For each healthy
control, the MRI protocol included sagittal T1-weighted
sequences (for pons and midbrain measurements), and axial
T2 FLAIR-weighted sequences (for MCP measurement).
Pons, midbrain and MCP atrophies were defined by a size
which was inferior to the lowest value observed in controls.

123]-Toflupane-SPECT (DaTscan) were performed and
evaluated as previously described [13] by an expert nuclear
radiologist blindly to the diagnosis suspected.
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Fig.1 MRI features observed in MSA: Putaminal hypointensity
(a), atrophy of middle cerebellar peduncle (MCP) (b), hyperintense
putaminal rim sign (c), atrophy of pons and cerebellar vermis (d), hot

A comprehensive laboratory investigation was performed
in all patients including alpha-fetoprotein serum level, albu-
min, vitamin E, copper, ceruloplasmin, acanthocytosis, very
long-chain fatty acids, aryl sulfatase, hexosaminidase A + B,
cholestanol, phytanic acid, homocystein, anti-neuronal anti-
bodies, anti-thyropéroxydase antibodies, cerebrospinal fluid
analysis (including 14-3-3 protein, Whipple PCR, Lyme
serology, anti-neuronal antibodies), thoraco-abdomino-pel-
vic tomodensitometry, electromyography, electroencepha-
lography, genetics study including SCA 1, 2, 3,6, 7, 17 and
DRPLA, Friedreich’s ataxia, FMRI premutation for frag-
ile X associated tremor/ataxia syndrome and, according to
the phenotype, MELAS, MERFF, POLG1, episodic ataxia
type 1 and 2, SLC20A2, PDGFRB, PDGFB and XPR1 genes
sequencing.

Statistical analyses used the statistical software package
Statistical Analysis System (SAS) for Windows, release 9.3
(SAS Institute Inc., Cary, NC, USA). The Shapiro—Wilk test
and Q-Q plots were used to assess the normality of dis-
tribution of quantitative variables. Non-parametric statisti-
cal tests were used for the analysis of data, as the variables
were not normally distributed. We applied Wilcoxon and
Kruskall-Wallis tests for comparisons of quantitative vari-
ables across two or more independent groups. In case of sta-
tistically significant results, groups were pairwise compared

cross bun sign in T2-PD-weighted (e), HCB sign in T2*-weighted (f),
HCB sign and hyperintensity of MCP in T2-weighted (g), HCB sign
in T2 FLAIR-weighted (h)

and the p values were adjusted using the Bonferroni—-Holm
method. We used the Bonferroni—-Holm correction for mul-
tiple comparisons. The linear relationship between quantita-
tive variables was assessed using the Spearman correlation
procedure. The Chi-square and the Fisher’s exact test were
applied to test for differences in proportions between groups
or association between categorical variables. Survival Esti-
mates were calculated by the Kaplan—Meier method using
the SAS Lifetest procedure. For all statistical tests, we con-
sidered p values <0.05 as statistically significant.

Local ethics committee approved the study. Patients gave
written consent to participate to the study.

Results

Demographic and clinical profiles of the 80 SLOCA patients
and of 30 controls are presented in Table 1. At the end of the
study, a diagnosis of possible or probable MSA-C (group 1)
has been established for 26 patients (32.5%), another diag-
nosis for 22 (27.5%) (group 2), and no diagnosis was found
for 32 (40.0%) (group 3).

Among MSA-C patients, 8 patients (10%, 4 males, 4
females) met the diagnosis criteria for possible MSA-C,
and 18 (22.5%, 11 males, 7 females) for probable MSA-C.
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Diagnosis in group 2 were the following: Very Late Onset
Friedreich Ataxia (vLOFA) (N=2), Mitochondrial disease
(N=2), primary progressive multiple sclerosis (N=4),
paraneoplastic syndrome (N =2), Creutzfeldt-Jakob disease
(N=1), superficial siderosis (N= 1), Arnold-Chiari malfor-
mation (N =1), alcoholic cerebellar degeneration (N=1),
Hashimoto’s encephalopathy (N =1), primary brain calcifi-
cation due to SLC20A2 mutation (N =3), cerebellar ataxia,
neuropathy, vestibular areflexia syndrome (CANVAS)
(N=1), coeliac disease (N=1), SCA 3 (N=1), severe essen-
tial tremor with cerebellar ataxia (N=1).

Atrophy was defined by a size under 21 mm (mm) for
pons, under 15 mm for the midbrain, and under 14 mm for
the MCP (Table 2).

Discriminative value of brain MRI signs at baseline
for the diagnosis of MSA-C following a 1-year
follow-up

Hyperintensity of MCP, and HCB sign had the higher spe-
cificities and positive predictive values (PPV) for the diag-
nosis of MSA-C at baseline (Table 3, Fig. 1).

HCB sign was present in 44% of patients from group 1
and hyperintensity of MCP in 42% (Table 3), while in group
2 only 1 patient who had SCA 3, showed the HCB sign and

Table 2 MRI pons, midbrain and MCP sizes in patients from the con-
trol group

MRI features Control group

23.18 + 1.36 (21-25)
1633 +0.92 (15-18)
16.15 + 1.15 (14-18)

Size of Pons (mm), mean + SD (range)
Size of Midbrain (mm), mean + SD (range)
Size of MCP (mm), mean + SD (range)

another one, who had multiple sclerosis, showed a MCP
hyperintensity.

The HCB sign was significantly more frequent on T2-PD
sequences (p=0.0074 on MRI 1 and p=0.012 on MRI 2)
and T2* sequences (p=0.0416 on MRI1) than on T2 FLAIR
sequences (Table 4).

Hypointensity of the putamen was significantly more fre-
quent in group 1 (p <0.0001), but observed in 10 patients
(18.52%) from groups 2 and 3 [2 with SLC20A2 mutation,
1 with CANVAS, 1 with severe Essential tremor, 1 with
paraneoplastic syndrome, and 5 with idiopathic late onset
cerebellar ataxia (ILOCA)]. The hyperintense putaminal
lateral rim was found in only one patient from group 1 and
in none from groups 2 or 3 (Table 3).

Vermis and cerebellum hemispheres atrophies were pre-
sent in all groups, and were not discriminant for MSA-C
diagnosis (Table 3). Sizes of pons and MCP (Table 1) were
lower in group 1 than in groups 2 and 3, while size of mid-
brain was not significantly different in the three groups. As
expected, pons and MCP atrophies were significantly more
frequent in group 1 than in groups 2 and 3 (Table 3).

In the MSA-C group, at baseline, MRI features were not
necessary for the diagnosis of possible or probable MSA-C
in 15/26 patients according to the second consensus

Table 4 Assessment of hot cross bun sign in different MRI sequences
on first and second MRI (included only MRI with T2-proton density
(PD)-weighted, T2 FLAIR-weighted, T2-weighted and axial T2*-
weighted sequences) in patients from group 1

MRI sequences First MRI (N=20) Second MRI (N=22)
T2-PD-weighted, % 47.4% (n=9) 68.2% (n=15)
T2*-weighted, % 36.8% (n=17) 54.5% (n=12)
T2-weighted, % 15.8% (n=3) 27.3% (n=6)

T2 FLAIR-weighted, % 0% (n=0) 18.2% (n=4)

MRI magnetic resonance imaging, mm millimeter, MCP middle cer-
ebellar peduncles

MRI magnetic resonance imaging, T2-PD-weighted T2-proton den-
sity-weighted

Table 3 Comparison of sensitivity, specificity, PPV and NPV of the various MRI features, for the diagnosis of MSA-C on MRI 1

MRI features at baseline Group 1 (N=26) Groups 2-3 (N=54) p value Sensitivity ~ Specificity PPV~ NPV
Atrophy of the cerebellar vermis 23 (88.46%) 37 (68.51%) 0.2067 88.46 31.48 38.33  85.00
Atrophy of the cerebellar hemispheres 18 (69.23%) 31 (57.40%) 0.4113 69.23 42.59 36.73  74.19
Atrophy of pons 14 (53.85%) 10 (18.52%) 0.0012 53.85 88.51 58.33 86.52
Atrophy of midbrain 4 (15.38%) 12 (22.22%) 0.4739 15.38 86.21 25.00 77.32
Atrophy of MCP 18 (69.23%) 12 (22.22%) <0.0001 69.23 86.21 60.00 90.36
Hyperintensity of MCP 11 (42.31%) 1 (1.85%) <0.0001 42.31 98.15 91.67 77.94
Hot cross bun sign 11 (44.00%) (N=25) 1 (1.85%) <0.0001 44.00 98.15 91.67 7794
Hypointensity of the putamen 10 (40.00%) (N=25) 10 (18.52%) <0.0001 40.00 81.48 50.00 74.58
Hyperintense lateral rim of the putamen 1 (5%) (N=20) 0 (0%) (N=38) 0.3448 5.00 - - 66.67

Group 1: patients with MSA-C, Group 2: patients with another diagnosis, Group 3 patients without diagnosis

MRI magnetic resonance imaging, MCP middle cerebellar peduncles, PPV positive predictive value, NPV negative predictive value
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statement. However, in 3/26 patients (11.5%) with ataxia
and autonomic dysfunction (but neither autonomic fail-
ure, nor parkinsonism), presence of pons and MCP atro-
phy allowed the diagnosis of possible MSA, and in 3/26
patients (19.2%) with isolated cerebellar ataxia, other MRI
features, not present in the second consensus statement
[HCB sign and MCP hyperintensity (two patients), putam-
inal hypointensity (one patient)] were already present.

Natural history of MRI features in MSA-C (group1)

Kaplan—Meier curves (Fig. 2), demonstrated that the vari-
ous MRI features were more frequent with disease pro-
gression. Furthermore, the probability to find each of all
the MRI features increased with DD.

Comparing MRI 1 and MRI 2, sizes of pons (p <0.0001)
and MCP (p =0.0002) decreased significantly in MRI 2,
and the HCB sign was significantly more frequent on MRI
2 (p=0.0313).

Linear correlations (Spearman test r: correlation
coefficient) were found between DD and (1) severity
of vermis atrophy (MRI 1 (r=0.6293; p=0.0006) and
MRI 2 (r=0.4317; p=0.0448), (2) atrophy of the cer-
ebellar hemisphere (MRI 1 (r=0.4170; p=0.0341) and
MRI 2 (r=0.5939; p=0.0036)), and (3) size of pons
(MRI 2 r=-0.5071; p=0.0160), and of MCP (MRI 2
r=—0.4847; p=0.0223). Although neither pons, nor mid-
brain and nor MCP atrophies significantly correlated with
DD, size of these structures tended to decrease with DD,
except for midbrain (Fig. 3).

1.0
_____________ __;]
-—— =S
]
08 Tl
z 1
- r==
;":; 0.6 4 [774 —a —b =—c
] 5
£ I p<0,05| p<0,05|p<0.0.
E 0.4 + !
= ]
2 =
0.2 | T
| T
0.0 -

Disease duration

MRI features
Atrophy of — — — . Atrophy of vermis
—— - — Atrophy of midbrain —— — Atrophy of MCP
Atrophy of pons

Fig.2 Kaplan—Meier curves: probability of presence of various MRI
features during the course of MSA-C. a Pons, midbrain, cerebellum,
middle cerebellum peduncle (MCP) atrophy. a: comparison between
midbrain atrophy and MCP atrophy; b: comparison between midbrain
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Correlation between MRI features and clinical
or paraclinical data

No correlations were found between presence of MRI
features and autonomic failure [MRI 1 (p=0.3147), MRI
2 (p=0.5264)], autonomic dysfunction [MRI 1 (p=1),
or extrapyramidal signs (MRI 1 (p =0.4449), MRI 2
(p=0.2684)].

Presence of vermis atrophy was correlated with UPDRS
III score/DD ratio on MRI 1 (p=0.0430) and on MRI 2
(p=0.0244), while no other significant correlation was
found between MRI features and the SARA, SDFS and
UPDRSIII scores although theses scales tended to worsen
with DD (supplementary material: Figs. 4, 5, 6). Further-
more no correlation was found between presence of MRI
features and dopaminergic denervation on Datscan [MRI 1
(p=0.5008), MRI 2 (p=1)]. A nigrostriatal dopaminergic
denervation was found in seven patients without any clinical
signs of parkinsonism.

Discussion

This study is, to our knowledge, the first to prospectively
report sensibility, specificity, PPV and NPV of HCB sign,
MCP hyperintensity, putaminal hypointensity, and hyper-
intense putaminal rim for the diagnosis of MSA-C. MCP
hyperintensity and HCB sign have the highest specificity
and PPV and, in spite of a low sensibility, they seem relevant
for the diagnosis of MSA-C in case of SLOCA (p <0.0001)
(Table 3). HCB sign was previously described in SCA 1,
SCA 2 and in SCA 3 (Machado—Joseph) [14-16]. However,

0.8 -

0.6

0.4 4
f— e — s — e — e — e — - — - +

02 - — ‘

Failure Probability

0.0-__+——+

Disease duration

MRI features
Hyperintensity of MCP — — — - Hypointensity of putamen —
—— — Cross sign

_ __Hyperintense lateral rim of
putamen

atrophy and atrophy of cerebellar hemisphere; c: comparison between
midbrain atrophy and atrophy of vermis. b Hot cross bun sign, MCP
hyperintensity, putamen hypointensity, putamen hyperintense lateral
rim



Journal of Neurology (2020) 267:1269-1277

1275

Size of pons, midbrain and middle cerebellar peduncles

25,00

20,00

15,00

Mean Size (mm)

5,00

0,00

e E—

S

7\,
—

—~

0 2 4 6

8 10 12 14

Disease Duration (years)

—8—Mean size of pons (mm)

Mean size of mibrain (mm)

—#— Mean size of MCP (mm)

Fig.3 Progression of size of pons, midbrain and middle cerebellar peduncle with disease duration in group 1; mm millimeter, MCP middle cer-
ebellar peduncles. Each point is the average value obtained when considering all the data obtained for MSA-C patients

a misdiagnosis between SCA and MSA-C is probably rare,
due to different associated signs (especially dysautonomia
in MSA-C and ocular signs in some SCA) and to a slower
evolution for SCA. Since specificity and PPV of HCB sign
and MCP hyperintensity appeared higher than those of pons
and MCP atrophy (which are included in MSA criteria),
and since they are more easy to detect, we suggest that they
should be added into the list of additional features of pos-
sible MSA-C [3].

It is important to emphasize that these signal abnormali-
ties should be searched for, on suitable MRI sequences.
Hypointensity of putamen, which demonstrated increased
putaminal iron content, should be searched for on T2*-
weighted sequences [17], and hyperintense lateral rim of
putamen, which presence is significant only on 1.5 T scan-
ner [11], on T2 FLAIR-weighted sequences. For HCB sign
which has high specificity and PPV, there is no clear recom-
mendation [18, 19], but our findings suggest that T2-PD
sequences should be recommended (Table 4).

Previous studies showed that putamen hypointensity
cannot differentiate MSA nor from other parkinsonian
syndromes [20, 21], nor from isolated cerebellar ataxia
(ILOCA) [10]. In our series we confirm that in front of a
patient with SLOCA, an isolated putaminal hypointensity is
not sufficient for the diagnosis of MSA-C. However, espe-
cially in patients with ILOCA, a later progression to MSA
criteria cannot be excluded, and in case of putaminal hypoin-
tensity, a strict follow-up should be proposed to search for
MSA-C.

As demonstrated previously [22], pons and MCP atro-
phies were significantly more frequent in MSA-C patients.
We showed that these atrophies can be precocious in the
course of MSA-C and that probability of their presence is
closed to 1 after 6 years of disease duration (Fig. 2). This last
point was to our knowledge never reported. Nevertheless,
due to a low sensitivity and PPV at baseline, these features
are not the best for an early diagnosis of MSA-C in patients
with SLOCA.

Probability of midbrain atrophy in MSA-C patients was
under 0.4 at 10 years in our series. Contrary to Pradhan et al.
[23], we suggest that midbrain atrophy cannot be used to dif-
ferentiate MSA-C in patients with SLOCA, and so whatever
the stage of the disease.

Previously, several studies found a linear correlation
between DD and cerebellar atrophy [23, 24] and brainstem
volume [24], but only a tendency for the HCB sign [25,
26] and for putaminal findings [26] to be more frequent
when DD is longer. Herein, we confirmed linear correla-
tions between DD and morphological features (atrophy or
decrease of size), and found no correlation between DD and
MRI signal changes (HCB sign, MCP and putaminal signal
changes).

These last results raised the question whether some MRI
signs can be correlated with presence of specific clinical
signs in patients with MSA-C. Previous studies showed that
clinical cerebellar signs were correlated with infratentorial
MRI abnormalities [6, 10, 27], while contradictory results
were obtained for correlation between parkinsonian signs

@ Springer



1276

Journal of Neurology (2020) 267:1269-1277

and putamen hypointensity [6, 10, 28]. To our knowledge,
our study was the first to search for correlations between
abnormalities on conventional MRI and the three main signs
of MSA (dysautonomia, cerebellar ataxia, and parkinson-
ism). While obviously, SARA, SDFS, and UPDRS III tended
to worsen with DD (supplementary material: Figs. 4, 5, 6)
the only correlation which could be established was between
the severity of UPDRS III progression (scale corrected by
DD) and the presence of vermis atrophy. One explanation
could be that UPDRS III score has been worsened by associ-
ated cerebellar signs such as slowness or clumsiness, which
can increase UPDRS III axial and tapping scores. However,
no correlation with the SARA score has been found, and,
to our opinion, this correlation with UPDRS III needs to be
confirmed and further elucidated. In accordance with patho-
physiology of dysautonomia in MSA [29] no correlation was
found between brain MRI abnormalities and autonomic fail-
ure or autonomic dysfunction.

The more remarkable finding was, at baseline, the pres-
ence of MRI abnormalities in patients who had not yet devel-
oped any autonomic dysfunction or failure, parkinsonism or
pyramidal signs. While the usefulness of MRI criteria for an
earlier diagnosis has been reported in MSA-P [30], our study
demonstrate that some MRI features which are not included
in the second consensus statement may precede dysautono-
mia and parkinsonism in MSA-C.

A presynaptic dopaminergic denervation has been dem-
onstrated by **I-Toflupane-CIT-SPECT (DaTscan), both in
MSA-P [31] and MSA-C [32]. This dopaminergic denerva-
tion precedes the occurrence of clinical parkinsonism [33],
and presynaptic nigrostriatal dopaminergic denervation on
SPECT or PET is one of the additional feature for the diag-
nosis of possible MSA-C. Munoz et al. [33] have found that
most, but not all, MSA-C patients without parkinsonism
had subclinical nigrostriatal dopaminergic denervation, but
that no correlation could be made neither with cerebellar
disability, nor with pontine atrophy nor with DD. In our
series, we demonstrated the absence of correlation between
nigrostrial denervation and each of the other MRI features
found in MSA-C. These findings suggest that in MSA-C
nigrostriatal dopaminergic denervation and MRI features
may occur independently, and that functional and morpho-
logical imaging provide complementary information for the
diagnosis of MSA-C.

Several limits of our study should be pointed out. First,
and as in most clinical studies, none of our patients had a
pathological confirmation of MSA. However, the disease
duration to the end of the 1-year follow-up could be consid-
ered as long enough for a reliable clinical diagnosis. Second,
the number of patient in each group could appear small:
however, it was large enough to provide significant results
and furthermore, we can emphasize that a prospective,
standardized follow-up is rare in diseases such as SLOCA.

@ Springer

Another limitation is that, we did not used Unified Multi-
ple System Atrophy Rating Scale (UMSARS) but this scale
did not appear appropriate for other SLOCA that MSA-C.
Lastly, it could be raised that MSA diagnosis was made with
the second consensus statement criteria which include some
of the MRI features which were also assessed in our study
(atrophy of pons and MCP). However, all patients had, at
the end of the prospective follow-up, the clinical criteria for
possible or probable MSA, and atrophy of pons and MCP
were not necessary to the diagnosis at this stage. Moreover,
the most important findings in our study are related to HCB
sign and MCP hyperintensity which are not included in the
second consensus statement criteria.

In summary, we showed that, in patients who will experi-
ence probable MSA-C, MRI abnormalities can precede the
main diagnosis criteria which are dysautonomia and par-
kinsonism, and that in front of a patient with SLOCA, pres-
ence of atrophy, but also of signal abnormalities in pons,
MCP or putamen should be carefully searched for in suit-
able sequences, in order not to miss an early diagnosis of
MSA. Since HCB sign and MCP hyperintensity have higher
specificity and PPV than those of pons and MCP atrophy, we
propose that they should be added into the list of additional
features of possible MSA-C.
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