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Abstract
We investigated the clinical features and mode of disease progression in 142
patients with probable multiple system atrophy (MSA) according to the Consensus
Criteria. The subjects included 84 men and 58 women with a mean age at onset of 58.2
± 7.1 years (range: 38-79 years). Cerebellar signs were detected in 87.3% of these
patients at the time of initial examination, and were found in 95.1% of them at latest
follow-up. MSA-C was diagnosed in 83.8% of the patients at their first examination.
Parkinsonism was initially detected in 28.9% of the patients, increasing to 51.4% at the
latest follow-up. Among all of the subjects, only 16.2% were classified as having
MSA-P on initial examination.

At the latest follow-up, parkinsonian features had

become predominant over cerebellar features in 24.6% of the 65 patients with MSA-C
who were followed for more than 3 years. Although parkinsonism usually masked the
signs of cerebellar involvement in MSA-C patients, none of the patients with MSA-P at
an early stage showed predominance of cerebellar features at the latest follow-up.
Parkinsonism is the predominant feature of MSA among Western patients, even at an
early stage, but this study showed that cerebellar deficits are the main feature in
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Japanese patients.

This difference of disease manifestations between ethnic groups

suggests that genetic factors may influence the clinical phenotype of MSA.

1. Introduction
Multiple system atrophy (MSA) is an adult-onset sporadic neurodegenerative
disease that is clinically characterized by various combinations of poorly
levodopa-responsive parkinsonism, cerebellar dysfunction, autonomic failure, and
pyramidal tract involvement [1]. Neuropathologically, MSA is characterized by variable
neuronal loss and gliosis in the putamen, substantia nigra, pontine nuclei, cerebellar
cortex, inferior olive, and intermediolateral column of the spinal cord. The characteristic
neuropathologic feature of MSA is the presence of glial cytoplasmic inclusions (GCIs)
containing α-synuclein in the oligodendrocytes

[2, 3]. Therefore, MSA is classified

as an “α-synucleinopathy” together with Lewy body disease and Parkinson’s disease
[4]. Recently, neural cytoplasmic inclusions (NCIs) were also reported to be a
neuropathological feature of MSA. Sporadic olivopontocerebellar atrophy (OPCA),
striatonigral degeneration (SND), and Shy-Drager syndrome were once classified as
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different conditions on the basis of their predominant clinicopathological features, but
Graham and Oppenheimer demonstrated that the main features of these three disorders
are similar and first proposed the concept of “MSA” as a new disease entity in 1969 [5].
Quinn stated that autonomic dysfunction was the most important diagnostic feature of
MSA, which was classified as the OPCA type when cerebellar deficits were
predominant along with autonomic dysfunction, or as the SND type when parkinsonism
was predominant together with autonomic dysfunction [6].

These diagnostic criteria

later developed into the Consensus Criteria [1], which presently act as the basis for the
clinical diagnosis of MSA. Patients with predominantly parkinsonian features are
referred to as “MSA-P”, while those with predominantly cerebellar features are
designated as “MSA-C”. However, the clinical features of MSA are variable and
heterogenous. In addition, MSA patients often show only one of the defining features
mentioned above at an early stage. Therefore, MSA is often misdiagnosed as one of
the other disorders that present with parkinsonism or cerebellar ataxia [7, 8, 9, 10, 11,
12]. However, the prognosis of MSA is much worse than that of either idiopathic
Parkinson’s disease or hereditary ataxia and the median survival time of MSA patients is
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less than 10 years [13,14]. Accordingly, to make an accurate clinical diagnosis and
provide appropriate advice and management, it is important to analyze the clinical
features, course, and prognosis of this disorder. There is also a reported difference in the
clinical manifestations of MSA between Japanese and Caucasian patients. MSA-P is
generally the predominant type in Caucasians, while MSA-C is the more common type
in Japanese patients [3,7, 15, 16, 17], but the basis of this ethnic difference is not well
understood. In order to confirm the existence of this ethnic difference and clarify the
clinical features of MSA, we investigated the initial symptoms, phenotype, MRI
findings, and disease progression in Japanese patients with probable MSA.

2. Methods
2.1. Patient selection and evaluation
We retrospectively examined the medical records of 414 Japanese patients who
were clinically suspected to have MSA and were referred to the Neurology Clinics of
Hokkaido University Hospital, Hokuyukai Neurology Hospital, Sapporo Minami
National Hospital, or Ebetsu City Hospital between 1982 and 2004. We evaluated these
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patients according to the Consensus Criteria [1], and found that 142 patients fulfilled the
criteria for probable MSA, while the other patients fitted the category of possible MSA.
Unfortunately, a final diagnosis could not be made in the patients with possible MSA
because we were not able to perform follow-up.

The 142 patients with probable

MSA underwent periodical review at our neurology outpatient clinics.

We analyzed

the clinical features, clinical phenotype, brain magnetic resonance imaging (MRI)
findings, and natural history of these 142 probable cases. The Hokkaido University
Ethics Committee approved this study. The clinical phenotype was decided according
to the classification assigned at the first visit or at an early stage of the illness. Initial
symptoms were defined as the first awareness of autonomic, motor, or respiratory
symptoms by each patient. Respiratory symptoms included stridor, snoring, and dyspnea.
While respiratory symptoms are actually included among motor symptoms, we assessed
these symptoms independently because of the possibility of such symptoms causing
sudden death. Autonomic symptoms consisted of urinary frequency, incontinence, and
retention, postural light-headedness, syncope associated with orthostatic hypotension,
and impotence. A symptom was defined as being present when the chief physician
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mentioned it in a patient's medical record or when the physician detected it by asking
the patient, spouse, or children questions about the presence of certain symptoms
( neurogenic bladder, snoring, stridor, dyspnea and impotence ). Motor symptoms
included either parkinsonism or cerebellar ataxia, and consisted of gait disturbance,
clumsiness of the upper extremities, dysarthria, and tremor. In patients who reached the
advanced stage, we classified the clinical phenotype by considering whether
parkinsonism or cerebellar ataxia provided a greater obstacle to daily activities. We
examined each patient at least every six months and we evaluated the parameters
mentioned above, including the activities of daily life (ADL), from information in each
patient's medical record. In 109 patients (76.8%), brain MRI was performed to acquire
T1- and T2-weighted axial images [2,300-4,000 ms repetition time ( TR), 80-120 ms
echo time (TE), 5-8 mm slice thickness and 1-2.5 mm interslice gap].
2.2. Statistical analysis
The Mann-Whitney U test was used to compare continuous variables between two
subgroups. Contingency tables were analyzed by Fisher’s exact test when the smallest
expected value was < 5 or the chi-square test when the smallest expected value was > 5.
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All tests were two-sided, and significance was set at p < 0.05. We used the StatView
version 4.5 statistical software package for these calculations.

3. Results
3.1. Profile of the MSA Patients
There were 84 men and 58 women. The mean age at onset of the first reported
symptom was 58.2 ± 7.1 years (range; 38-79 years) and the mean follow-up period was
2.5 ± 1.7 years (range; 1-13 years). A total of 119 patients (83.8%) were initially
classified as having MSA-C and 23 patients (16.2%) were classified as having MSA-P.
The overall gender distribution (male : female) was 1.4 : 1, while it was 1.5 : 1 in
MSA-C and 1.1 : 1 in MSA-P. There were no significant differences between the two
types of MSA with regard to the age at onset and the follow-up period.

3.2. Clinical features
3.2.1. Initial symptoms
One hundred and seven patients (75.4%) complained of motor dysfunction as the
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initial symptom (Table 1), while only 22.5% of the patients had autonomic problems.
Gait disturbance was the most common symptom (62.2%), while 12.0% of the patients
complained of neurogenic bladder and 9.9% had orthostatic hypotension.

Interestingly,

three patients (2.1%) initially presented with respiratory impairment and tracheotomy
was performed.

3.2.2. Autonomic failure
Symptoms of autonomic failure were present in 85.2% of the patients at initial
examination (Table 2), and were detected in all of the patients at the time of latest
follow-up (Table 3). Among these symptoms, urinary dysfunction was the most
common (90.1%).

Orthostatic hypotension was found in 88.0% of the MSA patients,

while dyshidrosis was present in 22.5% and constipation was found in 16.2%.

3.2.3. Cerebellar dysfunction
Cerebellar signs were detected in 87.3% of the patients at the time of initial
examination (Table 2), and this increased to 95.1% at the latest follow-up (Table 3).
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Cerebellar signs were present in 16 (69.6%) of the 23 MSA-P patients at latest
follow-up. One of these patients only had ataxic dysarthria, while the other 15 had
various forms of cerebellar ataxia. Among the latter 15 patients, gait ataxia combined
with limb ataxia was present in 12 and the other 3 only demonstrated limb ataxia. In
contrast, both gait ataxia and limb ataxia were present at latest follow-up in all of the
MSA-C patients. Ataxic dysarthria was found in 96.6% of the MSA-C patients versus
47.8% of the MSA-P patients. Gaze nystagmus was detected in 35.2% of the patients
overall, including 38.7% of MSA-C patients and 17.4% of MSA-P patients.

3.2.4. Parkinsonism
Parkinsonism was detected in 28.9% of the patients at initial examination
(Table 2), but was present in 51.4% at the latest follow-up (Table 3). Although
parkinsonism was detected in 50 MSA-C patients (42.0%) at the latest follow-up,
bradykinesia with rigidity was seen in only 27 of them (22.7%). Tremor was
documented in 19.0% of all patients and 43.5% of MSA-P patients, but resting tremor
was only observed in 6 out of 142 MSA patients (4.2%) and 3 out of 23 MSA-P (13.0%).
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In most of the patients, levodopa therapy did not alleviate these symptoms. Among the
37 patients who were prescribed levodopa, only 8 (21.6%) responded well during the
early phase of therapy, but three of them subsequently became poor responders. One of
these 3 patients had MSA-C and the other two had MSA-P.

3.2.5. Respiratory dysfunction
Respiratory dysfunction was evident in 33.8% of the MSA patients. Laryngoscopy
revealed vocal cord paralysis in most of them and tracheotomy had to be performed in
7.0% (Table 3).

3.2.6. Other clinical features
Pyramidal tract signs, such as an extensor planter response and hyperreflexia,
were detected in 67.6% and 33.1% of the MSA patients, respectively (Table 3).
Abnormal ocular movements ( in addition to nystagmus ) were seen in response to
saccadic pursuits in 19.7% of the patients. Vibration sensation was decreased in the
lower extremities of 21.8% of the patients.
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3.3. MRI evaluation
Fifty-three patients were evaluated with a 1.5 T MRI scanner, while 63 patients
were assessed with a 0.5 T scanner. Atrophy of the cerebellum and brainstem were
observed in most of the patients. Abnormal putaminal signals, including a hyperintense
( T2WI ) rim at the outer margin of the putamen, were evident in 16.7% of MSA-C
patients and 68.4% of MSA-P patients (p< 0.001). Abnormal pontine signals, including
a ‘hot cross bun’ sign, were found in 54.4% of MSA-C patients and 31.6% of MSA-P
patients (p= 0.067) (Table 4). There were no significant differences in the frequency of
signal abnormalities between the images obtained with the 1.5 T and 0.5 T MRI
scanners ( data not shown ). Signal abnormalities became more frequent as the duration
of disease increased (Table 5).

3.4. Changes of clinical features
We followed 65 patients with MSA-C for at least 3 years. At the initial
examination, parkinsonism was only detected in 15.4% of these patients, but it was
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found in 53.8% of them at the latest follow-up. In 24.6% of these patients, parkinsonian
features became dominant over cerebellar features during follow-up (Figure 1). Some of
the patients who were initially classified as “MSA-C” were reclassified as “MSA-P” by
the time of the latest follow-up. In contrast, no patient initially classified as MSA-P
showed dominance of cerebellar features at the latest follow-up.

3.5. Survial
Nineteen patients ( 14 men and 5 women ) died during the data collection period,
but autopsies was not performed on any of them. Their mean age at onset was 58.2 ± 6.5
years (range; 45-74 years) and their mean duration of disease was 7.2 ± 3.9 years
(range; 1-27 years). Sudden death occurred in 4 of these patients, and the mean time
from onset to death was 4.5 ± 2.0 years (range; 2-7 years). All patients were initially
classified as having MSA-C, with initial parkinsonism being detected in only 5 of them
(26.3%). At the latest follow-up, however, parkinsonism was present in 12 of these
patients (63.2%) and parkinsonian features had become dominant in 5 of them (26.3%).
On the other hand, parkinsonism was never detected in the other 7 patients (36.8%).
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4. Discussion
One hundred and nineteen (83.8%) of our 142 patients with probable MSA were
initially classified as having MSA-C, which was a much more frequent manifestation of
MSA than MSA-P (16.2%). In another series, 155 (67%) out of 230 Japanese MSA
patients were classified as having MSA-C [17]. Therefore, MSA-C is considered to be
the most common initial manifestation of MSA in the Japanese population. In contrast,
parkinsonism is predominant from the onset among Caucasian MSA patients [3, 7, 13,
15].

One study performed in Germany showed that the frequency of MSA-C was

higher than that of MSA-P [16], but there may have been some bias in this
epidemiological study because it was mainly based on neuroimaging data.
In addition to the differences in the initial presentation of MSA patients, further
differences emerged as the disease progressed. By the time of latest follow-up,
parkinsonian features had become dominant over the cerebellar features in 24.6% of 65
patients with MSA-C who were followed for more than 3 years. Only a few authors
have previously described this clinical transition of MSA [18,19].

A change of clinical
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manifestations was observed in some of our MSA-C patients, but none of the patients
with MSA-P at an early stage showed dominance of cerebellar features by the time of
latest follow-up, although this might have been due to the small number of MSA-P
cases and the short follow-up period of our study. It might also be an indication that
progression of parkinsonism is much faster than that of cerebellar ataxia in some MSA
patients. Ozawa et al. performed a semi-quantitative analysis of pathological changes in
the striatonigral and olivopontocerebellar regions of 100 MSA patients with
well-characterized clinical phenotypes, and reported that MSA-P was predominantly
associated with striatonigral changes, while olivopontocerebellar pathology was
prominent in MSA-C [4]. They also suggested that the pathological threshold for the
clinical onset of parkinsonism was lower than that for ataxia [4]. This may explain why
parkinsonian features become dominant over cerebellar features in some MSA-C
patients. However, parkinsonism was not detected in 7 of our 19 patients with MSA-C
who died during the data collection period. Progression of parkinsonism and/or
cerebellar ataxia varies considerably between individual MSA patients, and it is difficult
to predict the course of either symptom complex. The predominant manifestation of
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MSA also varies among different ethnic populations [3, 7, 15, 17], suggesting that
differences of the genetic background or environmental factors can influence the
phenotype, clinical features, and progression of MSA. Although no association has been
found between MSA and polymorphism of the α-synuclein, synphilin, tau, APOE,
Fragile X, and brain-derived neurotrophic factor genes [20, 21, 22, 23], polymorphism
of the interleukin-1A, interleukin-1B, interleukin-8, intercellular adhesion molecule-1,
tumor necrosis factor, and alpha-1-antichymotrypsin genes has been reported to increase
the risk of MSA [24, 25, 26, 27, 28]. In addition, a few familial cases of MSA have
recently been reported [29, 30].

Although further genetic studies are needed, it seems

possible that genetic factors may influence the clinical manifestations and course of
MSA. Therefore, the clinical features revealed by our data may be useful in molecular
genetic studies such as association studies. On the other hand, Vanacore et al. recently
reported that smoking and farming might independently influence the risk of MSA [31].
Moreover, some authors have reported that patients with MSA have significantly more
potential exposure to environmental toxins than a control population [32, 33]. Although
we could not investigate the lifestyle and occupations of the MSA patients in our series,
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it is possible that environmental factors also influenced their clinical features.
In this series, the frequency of neruogenic bladder at an early stage and impotence
was relatively low compared with several previous reports [12, 14].

However, this

result may have been biased because it was determined by asking questions and by
retrospective review of each patient's medical record.
According to the current criteria [1], probable MSA is diagnosed clinically in patients
who have parkinsonism with a poor response to levodopa plus autonomic dysfunction
or cerebellar ataxia plus autonomic dysfunction.

Physicians who specialize in ataxia

tend to diagnose patients with sporadic cerebellar ataxia as having MSA-C because
some patients with sporadic olivopontocerebellar atrophy eventually develop MSA [34].
However, our data were not skewed by a special interest in cerebellar disorders, because
none of our patients were seen at cerebellar units, and instead were assessed at the
general neurology ward or outpatient clinic.

Other disorders associated with

parkinsonism, such as Parkinson’s disease with autonomic failure, progressive
supranuclear palsy (PSP), and diffuse Lewy body disease (DLBD), may often be
misdiagnosed as MSA-P [7, 8, 9, 10, 11, 12].

A neuropathological study showed that
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the false-positive diagnoses of MSA included Parkinson’s disease, PSP, and
cerebrovascular disease [10].

Since MSA patients usually show little cognitive

impairment, PSP and DLBD can be distinguished from MSA on this basis [35].

In

addition, when cerebellar ataxia exists throughout the clinical course, MSA can be
accurately distinguished from other forms of parkinsonism, but discrimination is often
difficult at an early stage.

Accordingly, some patients with MSA-P may be

misdiagnosed as having Parkinson's disease in Japan.

For more accurate diagnosis, it

is important to carefully observe the clinical course.
Although the diagnostic criteria for MSA do not include spaecific imaging findings,
our data suggest that brain MRI may be useful for making a correct diagnosis.

Most

MSA patients have some abnormalities on brain MRI, and follow-up MRI showed that
signal abnormalities in the pons and putamen became more frequent with a longer
duration of disease. In addition, Oba et al. have reported that measurement of the area of
the midbrain on mid-sagittal MRI can be used to differentiate PSP from MSA [36].
Besides MRI, myocardial iodine-123 meta-iodobenzylguanidine (MIBG) scintigraphy is
also useful for distinguishing between Parkinson’s disease, DLBD, and MSA, since
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myocardial MIBG uptake is significantly lower in Parkinson’s disease and DLBD than
in MSA [37, 38]. Moreover, single photon emission computed tomography (SPECT)
and positron emission tomography (PET) have also been reported to be helpful for
differentiating between MSA and other forms of parkinsonism.

SPECT imaging of

patients with DLBD and Parkinson’s disease shows that cerebral blood flow is reduced
in the occipital lobe [39], while a [18F]flluorodeoxyglucose (FDG)-PET study showed
that glucose hypometabolism was most prominent in the cerebellum, the brain stem, the
striatum, and the frontal and motor regions of the cerebral cortex in MSA [40].
In

summary,

our

findings

suggest

that

co-existence

of

both

poorly

levodopa-responsive parkinsonism and cerebellar ataxia at some point in the clinical
course is necessary for an accurate clinical diagnosis of probable MSA, and that the
results of imaging studies like brain MRI, myocardial MIBG scintigraphy, and
SPECT/PET should also be added to the diagnostic criteria.
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Table 1. Initial symptoms
Table 2. Neurological findings at the first examination
Table 3. Clinical features at the latest follow-up
Table 4. Characteristic MRI findings
Table 5. Disease duration and frequency of MRI signal abnormalities
Figure 1. Sixty-five MSA-C patients followed for more than 3 years. At the initial
examination, parkinsonism was only detected in 10 patients, but it was found in 35
patients at the latest follow-up. Furthermore, parkinsonian features were dominant over
cerebellar features in 16 of the patients.
P (-); MSA-C patients without parkinsonian features,
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P (+); MSA-C patients with parkinsonian features,
P predominance; patients in
cerebellar features.

whom parkinsonian features became predominant over

Table 1. Initial symptoms
MSA

MSA-C

MSA-P

142

119

23

32(22.5)*

28 (23.5)

4 (17.4)

17 (12.0)

14 (11.8)

3 (13.0)

Impotence

1 (0.7)

1 (0.8)

0

Orthostatic hypotension

14 (9.9)

13 (10.9)

1 (4.4)

107 (75.4)

88 (74.0)

19 (82.6)

Dysarthria

10 (7.0)

10 (8.4)

0

Clumsiness of upper extremities

8 (5.6)

4 (3.4)

4 (17.4)

88 (62.0)

74 (62.2)

14 (60.7)

3 (2.1)

3 (2.5)

0

Number of patients
Autonomic symptoms;
Neurogenic bladder

Motor symptoms;

Gait disturbance
Respiratory symptoms
* number of patients ( % of all subjects)

Table 2. Neurological findings at the first examination
MSA-C

MSA-P

MSA

Number of patients

119

23

142

Autonomic failure

102 (85.7)*

19 (82.6)

121 (85.2)

Neurogenic bladder

83 (69.7)

19 (82.6)

102 (71.8)

Orthostatic hypotension

85 (71.4)

12 (52.2)

97 (68.3)

Cerebellar ataxia

112 (94.1)

12 (52.2)

124 (87.3)

Parkinsonism

18 (15.1)

23 (100)

41 (28.9)

Pyramidal signs

22 (18.5)

2 (8.7)

24 (16.9)

Respiratory failure

13 (10.9)

7 (30.4)

20 (14.1)

* number of patients ( % of all subjects)

Table 3. Clinical features at the latest follow-up
MSA

MSA-C

MSA-P

142

119

23

128 (90.1)*

108 (90.8)

20 (87.0)

Catheter

31 (21.8)

26 (24.1)

5 (25.0)

Self-catheter

27 (21.1)

23 (21.3)

4 (20.0)

Medication

11 (8.6)

6 (5.6)

5 (25.0)

None

59 (46.1)

53 (49.1)

6 (30.0)

Impotence (male)

54 (64.3)

46 (63.9)

8 (66.7)

Orthostatic hypotension

125 (88.0)

108 (90.8)

17 (73.9)

16 (11.3)

13 (10.9)

3 (13.0)

109 (76.8)

95 (79.8)

14 (60.1)

Dyshidrosis

32 (22.5)

30 (25.2)

2 (8.7)

Constipation

23 (16.2)

20 (16.8)

3 (13.0)

135 (95.1)

119 (100)

16 (69.6)

Number of patients
Autonomic failure
Neurogenic bladder
< Therapy >

≧ sys. 20 or dia. 10 mmHg
≧ sys. 30 or dia. 15 mmHg

Motor impairment
Cerebellar dysfunction

gait ataxia

131 (92.3)

119 (100)

12 (52.2)

limb ataxia

134 (94.4)

119 (100)

15 (65.2)

ataxic dysarthria

126 (88.7)

115 (96.6)

11 (47.8)

nystagmus

50 (35.2)

46 (38.7)

4 (17.4)

73 (51.4)

50 (42.0)

23 (100)

bradykinesia

61 (43.0)

38 (31.9)

23 (100)

rigidity

62 (43.7)

39 (32.8)

23 (100)

postural instability

45 (31.7)

22 (18.5)

23 (100)

27 (19.0)

17 (14.3)

10 (43.5)

1 (0.8)

1 (4.3)

Parkinsonism

Tremor (total)
Resting tremor

2

(1.4)

Resting & postural tremor

4 (2.8)

2 (1.7)

2 (8.7)

Postural & action tremor

14 (9.9)

12 (10.1)

2 (8.7)

Unspecified tremor

7 (4.9)

2 (1.7)

5 (21.7)

Hyperreflexia

47 (33.1)

42 (35.3)

5 (21.7)

Extensor plantar reflex

96 (67.6)

85 (71.4)

11 (47.8)

48 (33.8)

41 (34.5)

7 (30.4)

10 (7.0)

10 (8.4)

0

Pyramidal signs

Respiratory dysfunction
Tracheotomy
* number of patients ( % of all subjects)

Table 4. Characteristic MRI findings
MSA (total)

MSA-C

MSA-P

109 (63 : 46)

90 (54 : 36)

19 (9 : 10)

4.0 ± 3.2 (1-24) yr

3.9 ± 2.0 (1-12) yr

4.6 ± 5.2 (1-24) yr

0.849

cerebellum

103 (94.5%)*

87 (96.7%)

16 (84.2%)

0.064

brain stem

93 (85.3%)

80 (88.9%)

13 (68.4%)

0.033

55 (50.5%)

49 (54.4%)

6 (31.6%)

0.067

31 (28.4%)

29 (32.2%)

2 (10.5%)

0.056

28 (25.7%)

15 (16.7%)

13 (68.4%)

< 0.001

hypointensity

17 (15.6%)

7 (7.8%)

10 (52.6%)

< 0.001

hyperintense rim

15 (13.8%)

10 (11.1%)

5 (26.3%)

0.1265

2 (1.8%)

2 (2.2%)

0

Number of patients (men : women)
Time from onset (range)

p value (MSA-C vs MSA-P)

Atrophy ;

Abnormal intensity ;
Pons
hot cross bun sign
Putamen

Cerebellar white matter
* number of patients ( % of all subjects)

Table 5

Disease duration and frequency of MRI signal abnormalities
MSA-C

MSA-P

Signal abnormalities
Disease duration
≦ 2 years
≦ 4 years
>

4 years

n (%)

Signal abnormalities

n (%)

n

pons

putamen

n

pons

putamen

74

18 (24.3)

5 (6.8)

9

1 (11.1)

3 (33.3)

46

22 (47.8)

7 (15.2)

9

5 (55.6)

5 (55.6)

32

21 (65.6)

7 (21.9)

6

3 (50.0)

6 (100.0)

Figure 1

First examination

Latest follow-up

P (+)
10
P predomi
-nance 16
P (-)
30
P (-)
55

P (+)
19

n = 65

