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Hyperintensity of the Middle Cerebellar
Peduncles on Fluid-Attenuated Inversion
Recovery Imaging: Variation with Age and
Implications for the Diagnosis of Multiple System
Atrophy

S. Ngai
Y.M. Tang

L. Du
S. Stuckey

BACKGROUND AND PURPOSE: T2 hyperintensity of the middle cerebellar peduncle (MCP) is described
in a number of diseases, including multiple system atrophy (MSA). We hypothesize that mild MCP
hyperintensity on fluid-attenuated inversion recovery (FLAIR) imaging can be a normal finding. To our
knowledge, a detailed study of the prevalence of this finding in various age groups with the FLAIR
sequence has not been described.

METHODS: One hundred twenty-two patients underwent an axial FLAIR examination of the brain as
part of either a hearing loss or tinnitus work-up (ie, to exclude an acoustic neuroma or a retrocochlear
cause). Subjects aged 15–78 years were included to reflect an even spread through the decades and
were divided into 6 age groups. A radiologist and an MR imaging fellow graded the examinations
subjectively, blinded to age: 0 for normal or 1 for the presence of MCP hyperintensity if the increased
signal intensity was greater than that of adjacent pons and cerebellar white matter. Spearman rank
correlation test of MCP hyperintensity with age and analysis of variance (ANOVA) were performed.

RESULTS: Of 122 patients, we identified 17 with MCP FLAIR hyperintensity. None of these patients
had a clinical condition that could cause MCP hyperintensity. MCP hyperintensity did not show a
statistically significant correlation with age (r � 0.05, P � .62). Patients were divided into 6 age groups,
and ANOVA showed no statistically significant difference in the incidence of MCP hyperintensity
between different age groups (P � .95). However, results were highly reproducible with excellent
interobserver correlation (r � 0.97, P � .001).

CONCLUSIONS: Mild MCP FLAIR hyperintensity can occur normally, and this finding shows no
relationship with age.

Multiple system atrophy (MSA) is a sporadic progressive
adult-onset neurodegenerative disorder associated with

varying degrees of parkinsonism and autonomic, pyramidal,
and cerebellar dysfunction.1 Hyperintensity of the middle cer-
ebellar peduncle (MCP) on T2-weighted images has been sug-
gested to be more frequent in patients with MSA,1,2 especially
the cerebellar dominant type of multiple system atrophy
(MSA-c).3-6 It is reported to be a useful radiologic sign to
differentiate between subtypes of MSA5,7,8 and between MSA
and Parkinson disease (PD) or other atypical parkinsonian
disorders,2-4,6 which often have overlapping clinical features.

The control groups in the previous literature assessing T2 hy-
perintensity of the MCP in MSA have often been relatively
small.2,3 We hypothesized that mild fluid-attenuated inversion
recovery (FLAIR) MCP hyperintensity can be a normal finding in
all age groups. The aim of this study was to estimate the preva-
lence of this finding in various age groups on FLAIR imaging.

Methods

Subjects
All patients who underwent an axial FLAIR examination of the brain

as part of either a hearing loss or tinnitus work-up (ie, to exclude an

acoustic neuroma or a retrocochlear cause) from April 2000 to No-

vember 2004 were selected, following hospital ethics committee ap-

proval. All patients were reviewed for any evidence of concomitant

neurologic disease, and such patients were excluded. Patients were

divided into 6 age groups: younger than 30, 31– 40, 41–50, 51– 60,

61–70, and 71– 80 years of age. There were significantly more patients

in the over 50 age groups than in the younger than 30 group, which

had only 20 patients. Therefore, a similar number of patients were

randomly selected from each age group to reflect an even spread

through the decades from 15 to 78 years of age. A total of 122 patients

with no provided clinical evidence of MSA were included in this

study.

MR Imaging
MR examinations were performed on a 1.5T whole-body unit (Signa

LX platform, GE Healthcare, Milwaukee, Wis) by using a quadrature

head coil. Axial fast FLAIR MR imaging was performed as follows:

TR � 9000 ms, TE � 140 ms, TI � 2200 ms, FOV � 240 mm,

matrix � 256 � 192, NEX � 1, section thickness � 5 mm, intersec-

tion gap � 2 mm, scan time � 3 minutes 36 seconds with 20 sections

covering the whole brain. T2-weighted spin-echo or fast spin-echo

sequences were not part of the protocol.

Data Collection
The MR images were independently reviewed by 2 readers, a radiol-

ogist with 10 years of MR imaging reporting experience (reader A)

and a MR fellow (reader B). Both were blinded to the patients’ ages

and sex. The signal intensity of the MCP was graded subjectively as
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either normal (designated 0) or increased (designated 1) (Figs 1 and

2). Each study was considered positive if the signal intensity extending

across the width of MCP was greater than that of adjacent pons and

cerebellar white matter. The data were recorded according to the age

groups in a Microsoft Excel spreadsheet.

Scans with positive MCP hyperintensity were reviewed, and we

ensured that this was not the result of CSF pulsation artifacts. All

patients with MCP hyperintensity were screened by medical record

review and/or phone interview to ensure that they did not have any

disease that produced MCP T2 hyperintensity. A wide range of dis-

eases were considered in the screening process, including neurode-

generative, metabolic, cerebrovascular, inflammatory, and demyeli-

nating diseases and neoplasms.

Statistical Analysis
The data were analyzed independently for each reader. Correlation of

prevalence of hyperintensity of the MCPs on FLAIR images with in-

creasing age was assessed by computing the Spearman correlation

coefficient and analysis of variance (ANOVA). P values below 0.05

were considered to be significant. Interobserver variability was as-

sessed by computing the Pearson correlation coefficient.

Results
Of the 122 patients, we identified 17 with MCP hyperintensity.
None of these patients had clinical conditions that caused
MCP hyperintensity. Its prevalence is estimated to be 14%.
The frequency of this sign is similar across all age groups with
no statistically significant correlation of MCP hyperintensity
with age (r � 0.05, P � .62), and ANOVA showed no statisti-
cally significant difference in incidence of MCP hyperintensity
between age groups (P � .95). However, the Pearson correla-
tion coefficient showed that the detection of MCP hyperinten-
sity was highly reproducible with excellent interobserver
agreement (r � 0.97, P � .001).

Discussion
MSA is a sporadic progressive adult-onset neurodegenerative
disorder associated with varying degrees of parkinsonism and
autonomic, pyramidal, and cerebellar dysfunction.1 The true
worldwide prevalence of this disease is not known, given the
difficulty in differentiating MSA from other disorders. The
prevalence is approximately 4.4 per 100,000 persons in the

United Kingdom9 and approximately 2.3 per 100,000 and 4.9
per 100,000 in the Faroe Islands and Italy, respectively.10,11 A
prevalence as high as 252 per 100,000 has been reported in a
German door-to-door study of people aged 65 years or
older.12

Two major motor presentations can be distinguished clin-
ically. Parkinsonian features predominate in 80% of patients
(MSA-p subtype), whereas cerebellar ataxia predominates in
the remaining 20% of patients (MSA-c subtype).13 A definite
diagnosis requires pathologic confirmation that demonstrates
cell loss and gliosis as well as glial cytoplasmic inclusions in the
affected structures.2 The diagnosis is often difficult, especially
in the early stages. Distinguishing MSA from idiopathic PD
and other atypical parkinsonian syndromes clinically carries a
high rate of misdiagnosis because they share overlapping clin-
ical features.14

Conventional MR imaging may often disclose characteris-
tic abnormality in the striatum, brain stem, and cerebellum in
patients with MSA,1,4,7,15 and it has been suggested that these
findings may help to differentiate between subtypes of
MSA,5,7,8 and between MSA and PD and other atypical par-
kinsonian disorders.2-4,6 Putaminal atrophy, T2 hypointen-
sity, and a T2 hyperintense rim in the outer margin of the
putamen have been reported in patients with MSA.1 Putami-
nal atrophy and the T2 hyperintense rim were shown to be
more prominent in MSA-p than in PD and were highly spe-
cific for MSA-p.5 Infratentorial signs, including atrophy and
T2 hyperintensity of the pons, MCP, and the cerebellum, have
been observed in both subtypes of MSA.5 The pontine cruci-
form hyperintensity, the “hot cross bun” sign, and MCP hy-
perintensity are thought to represent degeneration and corre-
spond to the lack of histologic staining of myelin of the
transverse pontocerebellar fibers.4,5 In particular, T2 hyperin-
tensity of the pons and MCP have been reported to be more
frequent in patients with MSA,1,2 especially the cerebellar vari-
ant (MSA-c),3-6 and are believed to have significant correla-
tion with cerebellar dysfunction.2,5,6

Lee et al5 described a 100% specificity of the MCP hyper-
intensity on T2-weighted spin-echo images for favoring MSA
over PD for both MSA-c and MSA-p, but the sensitivity for
MSA-p was poor (22%), whereas the sensitivity for MSA-c was
fair (88%). However, MCP hyperintensity is not specific for
MSA because bilateral MCP hyperintensity has been observed
in a number of conditions, including metabolic diseases such
as Wilson disease and alcoholic liver cirrhosis, neoplasms, ce-
rebrovascular diseases, and inflammatory and demyelinating
diseases such as multiple sclerosis and acute disseminated en-
cephalomyelitis.16 The diagnostic utility of MCP T2 hyperin-
tensity for MSA increases when considered in combination
with other infratentorial abnormalities, including atrophy2,7

and pontine cruciform hyperintensity.1,4,5 T2-weighted
FLAIR imaging may also be a useful diagnostic tool for MSA,17

because it is shown to be more sensitive for the detection of
MCP hyperintensity.5 However, the prevalence of MCP T2
hyperintensity among healthy patients on the T2-weighted
FLAIR sequence has not been further studied in a large cohort.

With the number of our control patients larger than that in
any previous study,2,3 our data suggest the prevalence of mild
FLAIR MCP hyperintensity is approximately 14% in individ-
uals referred for MR imaging to exclude a retrocochlear cause

Fig 1. 72-year-old patient with MCP hyperintensity (arrows).

Fig 2. 21-year-old patient with MCP hyperintensity (arrows).
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for tinnitus or hearing loss. The prevalence of this sign re-
mained similar for all age groups, with no statistically signifi-
cant correlation of the MCP hyperintensity with age. There-
fore, we propose that mild MCP hyperintensity on FLAIR
images, as demonstrated in the accompanying figures, can be a
normal finding in all age groups and should not be interpreted
in isolation as being pathologic. Perhaps this reflects a relative
variation of myelin attenuation within the normal population.
Such findings should be interpreted in combination with
other MR imaging abnormalities and the clinical symptoms
before suggesting a diagnosis of MSA.

Our study has limitations. In particular, we relied on the
provided clinical details, medical records, and phone inter-
views to exclude any patients with MSA or other diseases po-
tentially resulting in this finding from our study. Therefore,
the accuracy of our findings depends on the accuracy of the
provided data. However, the low prevalence of this disease9-12

suggests that these limitations are unlikely to significantly alter
the results.

Conclusion
According to the previous literature, mild MCP T2 hyperin-
tensity is a potentially specific and useful sign for diagnosing
MSA, especially the cerebellar variant. However, the signifi-
cance of mild MCP hyperintensity on FLAIR images should be
interpreted with caution because it appears to be a relatively
frequent finding with a similar incidence in all age groups. The
presence of such T2-weighted FLAIR mild MCP hyperinten-
sity, therefore, warrants appropriate review of other MR im-
aging and clinical findings to support the diagnosis of MSA-c
and should not necessarily be considered abnormal.
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