
R a d i o l o g y  C a s e  R e p o r t s  1 8  ( 2 0 2 3 )  1 1 2 1 – 1 1 2 6  

Available online at www.sciencedirect.com 

journal homepage: www.elsevier.com/locate/radcr 

Case Report 

Multiple system atrophy-cerebellar: A case report 

and literature review 

✩ , ✩✩ 

Thi Thuong Doan, MD 

a , Thuy Dung Pham, MD 

a , Duy Duan Nguyen, MD 

b , 
Dac Hong An Ngo, MD 

a , ∗, Trong Binh Le, MD, PhD 

a , Thanh Thao Nguyen, MD, PhD 

a 

a Department of Radiology, University of Medicine and Pharmacy, Hue University, 06 Ngo Quyen str., 530000 Hue 
city, Vietnam 

b Department of Internal Medicine, University of Medicine and Pharmacy, Hue University, Hue, Vietnam 

a r t i c l e i n f o 

Article history: 

Received 17 November 2022 

Accepted 21 December 2022 

Keywords: 

Multiple system atrophy 

Neuroradiology 

MRI 

a b s t r a c t 

We reported a case of a 48-year-old female patient admitted to the hospital due to bal- 

ance disorder which progressed rapidly within 1 week. Cerebral magnetic resonance imag- 

ing showed significant atrophy and hyperintensities at the middle cerebellar peduncles and 

the “hot cross bun” sign of the pons. The final diagnosis was probable multiple system at- 

rophy, cerebellar subtype. The clinical and imaging findings will be discussed as well as a 

brief literature review. 
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Introduction 

Multiple system atrophy (MSA) is an uncommon progressive
neurodegenerative disorder that usually affects adults and
is more predominance in men with male-to-female ratio of
1.3: 1 [ 1 ,2 ]. Due to its rareness with an annual incidence of
0.1-3.0 per 100,000, depending on age and geographic region
[ 3 ,4 ], MSA is usually missed on clinical examination. The exact
cause of MSA is still unclear. Many recent studies suggested
relations to the pathogenesis of MSA, including the abnormal
deposition of protein α-synuclein ( αSyn) in the glial cytoplas-
mic [5–7] . 

The onset of MSA usually occurs in older adults in their
50s and 60s [8] . MSA is described as progressive decay of ner-
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vous systems including cerebellar, autonomic systems, pyra-
midal, and extrapyramidal tracts [9] . MSA is defined by specific
clinical findings such as a Babinski sign with hyperreflexia,
resting and postural tremors, speech disorder, poor response
to levodopa, rapid progression rate, and ataxia or characteris-
tic neuroimaging abnormalities based on magnetic resonance
imaging (MRI) [10] . 

Based on the consensus of diagnosis criteria, patients with
MSA are clinically classified into 2 main variations: cerebel-
lar (MSA-C) with olivopontocerebellar atrophy and predomi-
nant cerebellar features; parkinsonian (MSA-P) with striaton-
igral degeneration features [11] . MSA-P is more common and
characterized by the following features: rigidity, bradykinesia,
tremors, posture, and balance disorders [12] . MSA-C patients
usually show impaired movement and coordination, slurred
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Fig. 1 – Axial T2-weighted images showed “hot cross bun”
sign of the pon (arrows). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

language, impaired vision, and swallowing or chewing diffi-
culty [12] . Regardless of their differences, MSA-P and MSA-C
have overlapped signs such as urinary incompetence, erec-
tile dysfunction, orthostatic hypotension, and mental disor-
ders [12] . 

Abnormalities on conventional 1.5 T MRI in patients with
MSA may include atrophy of the lower brainstem, mid-
dle cerebellar peduncles (MCPs), cerebellum, and pons [13] .
Hyperintensities may be seen in the above-implicated areas,
commonly referred to as the “hot cross bun sign” when visu-
alized in the pons [13] . Putaminal atrophy findings in MSA-P,
T2 putaminal hyperintensity, and abnormally high T2 linear
rim surrounding the putamen (putaminal rim sign) are other
MRI findings [13] . 

The disease progresses quickly and deteriorates first. Pa-
tients with MSA usually become unable to walk within 5
years and die within 10 years of disease onset [14] . At
present, no successful treatment was yet reported for MSA,
but various evidence-based therapies can help improve qual-
ity of life while reducing the impact of the severe symptoms
[15–17] . 

Case report 

A 48-year-old female admitted to our hospital because of bal-
ance disorder and walking difficulty due to dizziness. Starting
one year previously, she experienced gait ataxia with cerebel-
lar dysarthria and orthostatic dizziness. Later, she developed
dyskinesia, walked unsteadily, and might also have difficulty
with coordination. Besides, she spoke with a lisp. The patient
complained about sloppy handwriting. She didn’t have uri-
nary disturbances and residual urine sense. Those mentioned
symptoms recurred and became worse 1 week ago. She didn’t
recall any difficulty in swallowing, no visual disturbances, and
no constipation. There was no history of sleep disturbances,
dementia, or cognitive impairment. 

At the time of admission, her vital signs were within nor-
mal limits. Routine workups including chest X-ray, and cardiac
and abdominal sonography were normal. Romberg sign was
positive and fell in various directions. The finger-to-nose test
was positive. There was no sign of resting or postural tremors,
rigidity, or bradykinesia. All the modalities of sensation were
normal. Deep tendon reflexes were normal in all extremities.
Muscle strength was at grade V. Hoffman and Babinski signs
were negative. Tests for nystagmus revealed no limitation of
ocular movements or abnormalities. 

The tilt table test revealed orthostatic hypotension 3 min-
utes after standing (dropped from 145/80 mmHg in recumbent
position to 115/70 mmHg in standing position). The stand-
ing and lying blood pressures differed by 30/10 mmHg. Cere-
brospinal fluid biomarkers were normal. 

She had a healthy living style without use of tobacco or al-
cohol, and denied any history of genetic diseases or progres-
sive neurological disorders, or similar diseases in her family
or relatives. 

The follow-up brain MRI showed several abnormalities in-
cluding the “hot cross bun” sign, a cruciform hypointensity in
the pons that resembles the Easter pastry ( Fig. 1 ); symmetric
atrophy, and hyperintensities of MCPs ( Fig. 2 ). There were no
relevant abnormalities in the basal ganglia ( Fig. 3 ); no abnor-
malities on brain magnetic resonance angiography by time-of-
flight sequence ( Fig. 4 ) and no abnormal diffusion restriction. 

Discussion 

Multiple system atrophy is a progressive neurodegenerative
disease, which typically occurs in male adults at their 30s
[11] . Clinical appearance of MSA comprised of various neu-
rological signs and symptoms of cerebellar impairment, au-
tonomic nervous system dysfunction, and dopa-low-reaction
Parkinson-like symptoms [18] . 

Although MSA is reportedly a sporadic disease, Tsuji et al.
suggested an association of the COQ2 gene impaired variants
with an increased risk of MSA [19] . A meta-analysis reported
that the COQ2 V393A gene variant was associated with an in-
creased risk of MSA in East Asian patients [20] . Thus, the hy-
pothesis of a genetic contribution to MSA has been put for-
ward. 

Regarding the neuropathological aspect, MSA is defined
by the existence of α-synuclein-containing inclusions, espe-
cially in the cytoplasm of oligodendrocytes (glial cytoplas-
mic inclusions), which are observed in motor systems, the
supraspinal autonomic sections, the pallidum, the putamen,
and the lateral part of caudate nucleus. Therefore, MSA is
classified as one of 3 main types of α-synucleinopathy. Oligo-
dendrocytic α-synuclein inclusions are associated with neu-
ronal death in MSA; however, these mechanisms are not fully
known. The neurodegeneration in MSA presumably contains
the cell-to-cell transmission of α-synuclein in a prion-like
manner, α-synuclein accumulation , decreased expression of
neurotrophic factors, excitotoxicity, and microglial activation,
increased oxidative stress, neuroinflammation, and abnormal
expression of tubulin proteins [ 21 ,22 ]. 
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Fig. 2 – Axial FLAIR (left) and T2-weighted images (right) showed symmetric atrophy of middle cerebellar peduncles with 

hyperintensities (arrows). 

Fig. 3 – Axial T2-weighted image showed no abnormalities 
in the basal ganglia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MSA is divided into 2 subtypes based on the main symp-
tom: MSA-C with predominant cerebellar dysfunction and
MSA-P with predominant parkinsonism [23] . According to the
second consensus criteria for the diagnosis of MSA in 2008,
MSA had 3 clinical diagnoses: “definite MSA,” “probable MSA,”
and “possible MSA.” A definite MSA diagnosis can only be
reached with autopsy confirmation by widespread and abun-
dant cerebral α - synuclein- positive glial cytoplasmic inclu-
sions and neurodegenerative changes in the olivopontocere-
bellar or striatonigral region. A probable MSA diagnosis is
considered when autonomic nervous system dysfunction is
combined with a poor levodopa-responsive parkinsonian syn-
drome (MSA-P) and/or cerebellar ataxia (MSA-C). A possible
MSA diagnosis is defined when autonomic dysfunction is ac-
companied by sporadic adult-onset parkinsonism (MSA-P), or
cerebellar ataxia (MSA-C) and at least one of the features on
the red flag list [ 11 ,24 ]. 

In this case, the patient started the disease with symp-
toms of cerebellar disorders such as loss of balance, titubation,
orthostatic dizziness, gait ataxia, coordination disturbance,
sloppy handwriting, and Romberg ( + ), finger-to-nose test ( + ).
Symptoms showed gradual increase. The difference between
her standing and prone blood pressure is 30/10 mmHg, show-
ing orthostatic hypotension. It suggested autonomic nervous
system dysfunction. She had no symptoms of Parkinsonism.
MRI showed atrophy of MCPs, abnormal signal intensities
within the pons, and cerebellar peduncles with classic “hot-
cross-bun” sign in the pons. Patient’s onset is predominant
cerebellar dysfunction and autonomic dysfunction. In addi-
tion, the patient’s MRI images are typical for MSA-C. According
to the second consensus statement on the diagnosis of MSA,
a probable diagnosis of MSA-C was reached. 

The progression of MSA-C patients is usually rapid. Pa-
tients are often confined to a wheelchair after 5 years, with
an average survival of 6-9 years [ 11 ,24 ]. 

In MSA-C, there is cerebellar and brainstem atrophy (par-
ticularly the MCP and pons) (sensitivity 100%, specificity 82%
for brainstem atrophy) [25] . The “hot cross-bun” sign appears
as a hyperintense cross in the pons on axial T2-weighted and
FLAIR imaging, representing selective degeneration of median
pontine raphe nuclei and pontocerebellar fibers. Although the
specificity of this sign in MSA-C is high (97%), the sensitiv-
ity is only 50% [26] . In addition, MCP degeneration is demon-
strated by atrophy and hyperintensity MCP on T2W and FLAIR,
which contains the frontocerebellar tracts (connecting to or-
bitofrontal and dorsolateral prefrontal cortex [27] . This sign is,
however, not specific for MSA. 

Idiopathic Late-Onset Cerebellar Ataxia (ILOCA) is a slowly
progressive, adult-onset ataxia and includes ataxia and uri-
nary dysfunction, abnormal reflexes, and dementia. Currently,
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Fig. 4 – Maximum intensity projection (MIP) reconstruction in axial (left) and coronal (right) planes of time-of-flight (TOF) 
sequence of cerebral arteries showed no abnormalities. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ILOCA is considered to include spinocerebellar ataxias (SCAs),
MSA-C, fragile X-associated tremor ataxia syndrome, and au-
tosomal recessive cerebellar ataxia type 1, Friedreich’s ataxia,
and other genetic disorders. Therefore, it is important to dif-
ferentiate between MSA-C patients presenting with isolated
cerebellar disorders and those with other causes of ILOCA [28] .
SCAs are a group of autosomal dominant genetic disorders
that are often described by progressive neurodegeneration of
the cerebellum and its efferent and afferent connections. A
family history of cerebellar ataxia often supports the diagno-
sis of SCA [ 29 ,30 ]. The “hot cross bun” sign can be seen in
MSA-C, SCA 2, SCA 3, SCA 7, and SCA 8 [ 28 ,31 ]. But the diagno-
sis of MSA may be strongly supported by an early “hot cross-
bun” sign [10] . In general, the MSA’s progression rate is signifi-
cantly more rapid than SCAs [32] . Proton Magnetic Resonance
Spectroscopy also contributes to the differential diagnosis of
MSA-C and SCAs. Jiing et al. demonstrated that subtle differ-
ences between MSA-C and subtypes of SCAs could be observed
by using Cho/Cr, NAA/Cr and NAA/Cho attained from a 1.5 T
MRI [33] . 

The autonomic disorder is commonly observed in all α-
synucleinopathies. MSA should be differentiated from other
neurodegenerative diseases that are also classified as α-
synucleinopathies such as Parkinson’s disease (PD), dementia
with Lewy bodies (DLB), and pure autonomic failure (PAF) [10] .
Some other diseases with similar clinical symptoms of MSA
should also be differentiated such as corticobasal degenera-
tion (CBD), and progressive supranuclear palsy (PSP). Putami-
nal atrophy is the most characteristic sign of MSA-P [34] . At-
rophy and abnormal signals of putaminal, pontine atrophy,
cerebellar vermian atrophy, and fourth ventricle dilatation in
MSA were more pronounced than in other parkinsonian syn-
dromes and PD. In both CBD and PSP, there might be promi-
nent putaminal atrophy, third ventricle dilatation, and mid-
brain atrophy [35] . Yekhlef et al. demonstrated that cortical
atrophy was significantly more serious in CBD than in MSA
[35] . The existence of MCP hyperintensity has a sensitivity of
85% and specificity of 100% when compared with PD, and PSP
[36] . The “hummingbird” sign helps to distinguish MSA from
PSP [37] . This sign is not present in our patient. 

The presence of hyperintense rim to the putamen sign
on T2-weighted imaging has the highest specificity (90%)
for MSA-P, but the sensitivity is only 72% [38] . Hyperintense
putaminal rim sign is only seen at 1.5 T (this is normal at 3 T)
[39] . It has been associated with the augmentation of the in-
tertissued space between the putamen and the external cap-
sule. This sign is related to tissue rarefaction with neuronal
loss and gliosis [ 40 ,41 ]. A study by Nicoletti showed that MCP
width < 8 mm on sagittal section had 100% sensitivity and
specificity in differentiating MSA from PD patients [42] . One
study showed that the parkinsonism index MR [ = pontine re-
gion/midbrain region) ∗ (MCP / SCP)] distinguishes MSA-P from
PSP and PD with high sensitivity and specificity [43] . 

On DWI, the putaminal diffusivity is raised in MSA-P com-
pared to PD, even in the early stages of the disease. It is one
of the most hopeful DWI markers for MSA [44] . DWI also con-
tributes to the differential diagnosis of MSA-P and PSP. In MSA-
P, the presence of increased ADC values of MCP and pons had
a sensitivity of 91% and specificity of 84% compared with PSP
[45] . SWI studies have demonstrated iron deposition in the
pallidum and putamen of MSA-P is much higher compared
to PD and PSP [ 46 ,47 ]. Meijer et al. performed a study that di-
vided the putamen into 4 regions and suggested that the lower
inner part is the best marker to differentiate between MSA-P
and PD [48] . In addition, 123I-meta-iodobenzylguanidine car-
diac scintigraphy may assist in differentiating MSA from PD,
DLB, and PAF [ 49 ,50 ]. 

The therapeutic option is mostly symptomatic treatment.
L-dopa is effective in treating parkinsonism symptoms in
nearly one-third of MSA patients, whereas physical therapy is
the best treatment option for MSA-C. Symptom management
in MSA should target factors that impair the patient’s quality
of life, such as impaired self-control, motor impairment, and
depression [51] . The treatment of urinary disorders and OH
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has reached consensus, while strategies for dysarthria, dysto-
nia, or depression have not yet been standardized. Treatment
of MSA with recombinant human growth hormone, autolo-
gous mesenchymal stem cells, and intravenous immunoglob-
ulins should be further investigated in the future [17] . 

Conclusion 

We reported an uncommon case of MSA-C of a 48-year-old fe-
male patient with typical clinical and MRI findings. The case
was classified as probable MSA according to the second con-
sensus on the diagnosis of MSA. MRI is an important tool for
diagnosing MSA with “hot cross bun” sign and hyperintense
lateral putamen ring which are considered typical for MSA. 

The diagnosis is often confused with many diseases, so it
is necessary to closely coordinate clinical, MRI as well as pa-
tient follow-up to achieve an accurate diagnosis. The clinical
difference between MSA-C, especially in the early stages, from
other sporadic ataxia, is still poorly understood. Further stud-
ies in metabolic and morphological biomarkers in MSA can
potentially aid differentiation. 

Patient consent 

Written informed consent was obtained from a legally autho-
rized representative(s) for anonymized patient information to
be published in this article. 
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