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Abstract

The differential diagnosis of vertigo or dizziness as a result of cerebellar disorders can be difficult as many patients with a
cerebellar pathology do not present with the full spectrum of cerebellar signs. The main goal of this study was to describe the
typical clinical features of these patients with vertigo or dizziness of a cerebellar origin. We reviewed the medical records of 5400
patients with vertigo and dizziness from our tertiary outpatient clinic for vertigo and balance disorders. In 459 the diagnosis of
“cerebellar vertigo or dizziness” was made; 90 patients were excluded from further analysis due to evident structural changes in
MRI. Of the remaining 369 patients (67.0 = 15.1, 54% female, symptom duration until diagnosis 5.5 + 6.9 years), 81% suffered
from persistent vertigo or dizziness, 31% from attacks of vertigo and dizziness and 21% from both. Neuro-ophthalmologically,
95% had saccadic smooth pursuit, 80% gaze-holding deficits, 64% a pathological fixation suppression of the VOR, 24% central
fixation nystagmus (in 64% of these cases downbeat nystagmus (DBN)), 23% rebound nystagmus, and an ocular misalignment in
84% in near view and 50% in distance view. Eleven percent had isolated mild to moderate cerebellar ocular motor disturbances
without any other typical cerebellar signs. The most common diagnoses were sporadic adult-onset degenerative ataxia in 26%;
idiopathic DBN syndrome in 20%; cerebellar ataxia, neuropathy, and vestibular areflexia syndrome in 10%; episodic ataxia type
2 in 7%; and multiple system atrophy cerebellar type in 6%. In posturography, a typical cerebellar 3-Hz sway was found in 16%.
The diagnostic key to patients with cerebellar vertigo or dizziness is a careful examination of eye movements since practically all
of them have cerebellar ocular disturbances.
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Introduction

Vertigo and dizziness as a multisensory syndrome of var-
ious etiologies and pathogeneses is one of the most com-
mon clinical chief complaints in medicine with an annual
prevalence of around 11% [1] and a lifetime prevalence of
around 20-30% [2]. This syndrome can also be caused by
lesions of the vestibulo-cerebellar, vestibulo-spinal, or
cerebellar ocular motor systems [2—4]. The cerebellum is
known to be involved in sensorimotor operations, cogni-
tive tasks, and affective processes [5, 6]. Thus, the conse-
quences of cerebellar vertigo and dizziness can be very
complex. Cerebellar vertigo and dizziness can be catego-
rized into (1) acute onset of cerebellar vertigo and/or diz-
ziness (e.g., in cerebellar strokes), (2) recurrent attacks of
cerebellar vertigo and/or dizziness (e.g., in episodic
ataxias), and (3) persisting symptoms [6].

In those patients with clear cerebellar signs and symp-
toms, such as patients with spinocerebellar ataxia (SCA)
or downbeat nystagmus (DBN) syndrome, diagnosis is
easy [7]. However, in patients with only subtle cerebellar
signs, such as isolated cerebellar ocular motor distur-
bances or isolated gait ataxia, diagnosis can be challeng-
ing and a careful examination is indispensable. Clinical
experience, however, shows that cerebellar vertigo or diz-
ziness can often be overlooked because the ocular motor
system is not, or not properly, examined. Typical cerebel-
lar ocular motor disturbances are gaze-holding deficits,
downbeat, rebound, central positional, periodic alternating
nystagmus, hypermetria’hypometria of saccades, saccadic
smooth pursuit, skew deviation (ocular misalignment), or
impairment of the vestibulo-ocular reflex (VOR) [5].
Topographic anatomically cerebellar ocular motor distur-
bances can be assigned to specific areas of the cerebellum
such as the flocculus and paraflocculus, the oculomotor
vermis (lobules VI, VII, crus I-II of ansiform lobule), the
nodulus and uvula, the caudal part of the fastigial nucleus,
the lateral part of the interpositus nucleus, and the caudal
part of the dentate nucleus [5, 7]. There are three principal
cerebellar ocular motor syndromes: (1) the syndrome of
the flocculus and paraflocculus, (2) the syndrome of the
nodulus and ventral uvula, and (3) the syndrome of the
dorsal vermis and the underlying caudal fastigial nuclei
(fastigial ocular motor region) [7]. Besides characteristic
ocular motor disturbances, ataxia of stance and gait is
another clinical main symptom of cerebellar disorders
with a typical postural 3-Hz sway being pathognomonic
for cerebellar disease, especially described in patients
with anterior lobe atrophy [8]. Other clinical features
are, for example, a vestibular hyperreactivity [9, 10].

Based on this knowledge the major aim of this study
was as follows: (1) a detailed description of the types of
cerebellar vertigo and dizziness, (2) a detailed workup of

cerebellar ocular motor disturbances in patients with cer-
ebellar vertigo and dizziness in general and more specif-
ically an analysis of whether distinct cerebellar ocular
motor disturbances are a sensitive clinical marker for
an underlying etiology of the cerebellar disease, and
(3) a description of the relative frequency of other char-
acteristic cerebellar signs such as postural 3-Hz sway.
Moreover, the co-occurrence of different cerebellar
symptoms, ocular motor deficits, and other clinical enti-
ties was evaluated.

Methods
Standardized History

We retrospectively analyzed the files of 5400 consecutive
patients from 2011 to 2015 who presented with vertigo
and dizziness in our outpatient clinic of the German
Center for Vertigo and Balance Disorders (DSGZ) at the
University Hospital Munich. We selected those patients
with an underlying cerebellar syndrome according to clin-
ical standards as well diagnostic criteria for sporadic
adult-onset degenerative ataxia (SAOA) [11], multiple
system atrophy cerebellar type (MSA-C) [12], and cere-
bellar ataxia, neuropathy, vestibular areflexia syndrome
(CANVAS) [13]. Patients with cerebellar disease due to
acquired focal lesions (i.e., because of infarction, tumor,
or demyelinization) were excluded from the further anal-
ysis because of the different pathogenesis in these dis-
eases. A detailed standardized history was taken for the
patients. The following parameters were assessed:

1. Vertigo and dizziness as well as unsteadiness of gait and
stance with onset, duration, time course, frequency, and
associated symptoms, such as visual and ocular motor
symptoms including oscillopsia, double vision, blurred
vision, associated otological symptoms (including tinni-
tus, hearing loss, fullness of ear), associated cerebellar
symptoms (ataxia, dysarthria), and other symptoms such
as headache, phonophobia, photophobia, nausea, and
vomiting.

2. Past medical history with exposure to toxins, ethanol,
lithium, amiodarone, antiepileptic medications, cardio-
vascular risk factors, other diseases, and family history.

Neurological, Neuro-Otological,

and Neuro-Ophthalmological Examination

All patients underwent a standardized neurological,
neuro-otological, and neuro-ophthalmological examina-

tion at the DSGZ as described previously (for example,
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see [14]). The neuro-ophthalmological examination in-
cluded the clinical head-impulse test (cHIT), evaluation
of ocular alignment when looking at a near target and into
the distance as well as during lateral gaze in the distance
(i.e., orthophoria/esophoria/exophoria, vertical deviation,
congenital strabismus), spontaneous nystagmus with
Frenzel’s goggles in primary position and during gaze
deviations, gaze-evoked nystagmus, smooth pursuit, sac-
cades, optokinetic nystagmus, visual fixation suppression
of the VOR, rebound nystagmus, head-shaking nystag-
mus, and determination of the subjective visual vertical
(SVV). Deviations above 2.5° were set as pathological.
Further neuro-otological and neuro-ophthalmological di-
agnostic examinations included videooculography
(VOG) with bithermal caloric irrigation, two-dimensional
VOG (EyeSeeCam®) to assess ocular motor function, and
the video-assisted head-impulse test (VHIT) as described
elsewhere (for further information, see [15, 16]). Bilateral
vestibulopathy in caloric examination was defined as the
sum of the maximal peak velocities of the slow phase
caloric-induced nystagmus for stimulation with warm
and cold water on each side <6°/s [17]. As there is no
standard definition of caloric hyperactivity, we operation-
ally defined caloric hyperactivity as responses showing >
70°/s.

Posturography

Posturographic measurements were carried out in the up-
right position using the standard protocol with 10 differ-
ent conditions with increasing difficulty [18]. The total
body sway during 30 s of the posturographic measure-
ment provided the sway path values (m/min).
Furthermore, root mean square (RMS) (mm) and fre-
quency spectrum between 2.4 and 3.5 Hz as well as
between 5 and 8 Hz (FFT) of the z axis (kgf/Hz) of
the measurements were obtained. The conditions in
posturography relevant for cerebellar patients are condi-
tion 1 (standing on firm ground with eyes open), condi-
tion 2 (standing on firm ground with closed eyes), con-
dition 5 (standing on foam ground with eyes open), and
condition 6 (standing on foam ground with closed eyes).

Additional Diagnostic Procedures

Polyneuropathy (PNP) was diagnosed either clinically
(reduced or absent ankle reflexes, distal hypaesthesia
for sensation, and/or a reduced sense of vibration of less
than 4/8 in both feeds) and confirmed by nerve conduc-
tion studies and electromyography in selected patients.
Cerebellar function was evaluated in detail by ataxia rat-
ing scales, namely, the Scale for the Assessment and
Rating of Ataxia (SARA) [19]. Selected patients received
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specific genetic examinations, lumbar puncture including
autoimmune and infectiological examinations, and labo-
ratory examinations.

Ethical Standards

The study was approved by the ethics committee of the
Ludwig-Maximilians University Munich and was performed
in accordance with the ethical standards according to the 1964
Declaration of Helsinki and its later amendments.

Statistics

Posturography data were collected and evaluated in
MATLAB (MathWorks Inc., Natick, MA); other data
were evaluated using Excel (Microsoft, Redmond, WA)
spreadsheet software. Statistical analysis was performed
using R version 3.3 [20]. Figures were designed with
GraphPad Prism (v5; GraphPad Software Inc., La Jolla,
CA, USA). We report mean and standard deviation for
continuous variables and frequencies for categorical data.
We tested for difference between the groups using ¢ test
for continuous data and chi-squared test for categorical
data. To express the correlation we used nonparametric
testing with Spearman R. Differences were considered
significant if p <0.05. As this study is exploratory, we
did not adjust for multiple testing.

Results

Cerebellar Vertigo and Dizziness—Frequency
and Underlying Etiology

Of a total of 5400 consecutive patients between 2011 and
2015, 459 patients (mean age at diagnosis: 65.8 + 15.6 years,
53% female) were diagnosed with a cerebellar disease.
Patients with acquired focal lesions due to infarction, tumor,
or demyelinization (n =90, 61.1£16.8 years, 50% female)
were not included in the further more detailed analysis. In
total, 369 patients (67.0+ 15.1 years, 54% female) with un-
derlying cerebellar disease and no evidence of focal lesions
were analyzed.

The most common clinical diagnoses among those patients
were as follows: SAOA (26%, 66.3 +14.2 years, 55% fe-
male), DBN syndrome (20%, 73.5 +10.7 years, 59% female),
isolated mild to moderate cerebellar ocular motor disturbances
(11%, 71.6 £13.5 years, 63% female), patients with
CANVAS (10%, 76.4+7.2, 53% female), patients with
MSA-C (6%, 74.7 + 6.8 years, 46% female) followed by pa-
tients with spinocerebellar ataxia (SCA) (8%, 55.3
17.1 years, 60.7% female), and episodic ataxia type 2 (EA2)
(7%, 46.3 £ 14.9 years, 16% female). The remaining 13% of
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patients (61.2 = 13.7 years, 55% female) were diagnosed with
either toxic, autoimmune, or paraneoplastic cerebellar disease
(for further details, see Fig. 1).

All diagnoses were classified into three groups de-
pending on the etiology: (1) patients with degenerative
forms of ataxia (n =267, 67.0£15.1 years, 57% female)
including SAOA, DBN syndrome, CANVAS, pure mild
to moderate cerebellar ocular motor disturbances, MSA-
C, and other degenerative diseases; (2) patients with
hereditary forms of ataxia (n =50, 50.5+16.9 years,
36% female) including SCA of different types and
EA2; and (3) patients with acquired non-degenerative
forms of ataxia (n =52, 71.0+£12.4 years, 52% female)
including paraneoplastic, immunologic/autoimmune, al-
cohol, and toxic induced ataxia. Mean time until diag-
nosis was 5.5+6.9 years; the delay was longest in pa-
tients with hereditary diseases (10.4+9.9 years) com-
pared to degenerative (5.0+6.1 years) and acquired
non-degenerative forms of cerebellar ataxia (3.1+
5.1 years) (p <0.001). For further details, see Table 1.

Family history was positive in 11% (n =39) of pa-
tients, commonly in hereditary forms of ataxia (52% pos-
itive family history, p <0.0001). Age of manifestation
was younger in patients with hereditary forms of ataxia
(40.1£20.7 years) compared to patients with degenera-
tive (66.0+13.5 years) and acquired forms of ataxia
(58.9+£15.6 years) (p <0.0001). Fifty-three percent

(n =197) of patients reported a subjective progression
of their symptoms over time (for further details, see
supplemental Table 1).

Cerebellar Vertigo and Dizziness—Symptoms

Eighty percent (n =295) of patients suffered from persistent
vertigo and dizziness, with postural imbalance in 77% (n =
227), light-headedness in 16% (n = 50), and rotatory vertigo in
2% (n = 6). Persistent vertigo and dizziness in cerebellar pa-
tients was motion-dependent in n =227 patients. Triggers
were reported in n =207 (56%) of patients: darkness (n =
105), ground dependency (n = 84), situations (n =27), emo-
tions (n = 35), and alcohol (n =19).

Attacks of vertigo and dizziness were reported in 28% (n =
104) of patients (rotatory vertigo n = 55, postural imbalance in
n =48, light-headedness in n =1). The typical durations of
attacks (seconds: n =46, minutes n =25, hours n =25, days
n =7) and frequency of attacks (several times daily n =27,
daily n =31, weekly n = 15, monthly n =4) showed a broad
spectrum. Seventy-two percent of patients described triggers,
most commonly positional changes in 83% of these patients.
Eighteen percent of patients had persistent vertigo and persis-
tent attacks (n = 67).

Other reported symptoms of cerebellar patients were
vegetative symptoms (n =63) like nausea (n =33),
vomiting (n = 16), urinary incontinence (n =20), erectile
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Fig. 1 Etiology of different cerebellar disease in 459 patients in the
German Center for Vertigo and Balance Disorders in Munich between

2011 and 2015. MSA-C multiple system atrophy of cerebellar type;

episodic ataxia

spinocerebellar ataxia

toxic (others than alcohol)

alcohol

immunological/ autoimmun

paraneoplastic

focal lesions (infarction, tumor, demyelinisation)
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CANVAS cerebellar ataxia, neuropathy, vestibular areflexia syndrome;
DBN downbeat nystagmus; SAOA sporadic adult-onset degenerative
ataxia. Absolute numbers are given
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Table 1 Cohort characteristics

Variable All (n =369) Degenerative (n =267) Hereditary (n =50) Acquired non-degenerative (n = 52) p value
Age at manifestation 61.5+173 66.0+13.5 40.1£20.7 58.9+15.6 <0.001
Age at diagnosis 67.0+£15.1 71.0+12.4 50.5+16.9 62.0+£14.2 <0.001
Female 198 (54%) 153 (57%) 18 (36%) 27 (52%) 0.0207
Years till diagnosis 55+6.9 5.0+6.1 104+9.9 3.1+5.1 <0.001
Positive family history 39 (11%) 11 (4%) 26 (52%) 2 (4%) <0.001
SARA 14.1+6.6 13.2+5.8 13.1+5.3 28.8+4.6 <0.001

dysfunction (n = 3), recurrent attacks of sweating (n =2),
and anxiety (n =71). Typical “cerebellar” symptoms like
gait disturbances (n =268), falls (n =149), fine motor
disturbances (n = 72), or dysarthria (n = 83) were reported
in 73%, 40%, 20%, and 22% of the patients, respectively.
Approximately 20% of the patients had ocular symptoms
such as oscillopsia (n =81, 22%), double vision (n =67,
18%), or blurred vision (n =63, 17%). For further details,
see Supplemental Table 2.

Oculomotor Findings

Saccadic smooth pursuit was the most common, but unspecif-
ic finding in patients with cerebellar disorders (n =312, 85%
saccadic smooth pursuit in all directions; n =27, 7% saccadic
smooth pursuit only in vertical direction; n = 12, 3% saccadic
smooth pursuit only in horizontal directions) (p < 0.001).

Overall, saccadic smooth pursuit occurred in 95% of pa-
tients with degenerative cerebellar disorders and in 88% of
patients with hereditary and 90% of patients with acquired
non-degenerative forms of cerebellar disorders. Central fixa-
tion nystagmus occurred in 24% (n = 88) of cases (degenera-
tive n =68, 25%; hereditary n =8, 16%; acquired non-
degenerative n =12, 23%; p =0.006) with DBN the most
common in 64% (n =50), causing oscillopsia as well as ver-
tigo and dizziness. Gaze-holding function deficits were docu-
mented in 80% of the patients (n =297). Horizontal gaze-
evoked nystagmus was more common in degenerative forms
(n =147, 55%) than in patients with hereditary (n =21, 42%)
or acquired non-degenerative cerebellar diseases (n =17,
33%) (p =0.006). Rebound nystagmus as a typical cerebellar
ocular dysfunction was found in » =86 (23%) of patients,
whereas 57% (n = 218) patients had head-shaking nystagmus
(in horizontal direction n = 81, 22%; in vertical direction 7 =
143, 39%). Disturbances of vertical saccades (n =125)
(slowed n =51/40%, hypometric n =46/37%, hypermetric
n =45/36%) and of horizontal saccades in (n = 126) (slowed
n =46, 37%; hypometric n =40, 32%; hypermetric n =52,
41%) were each found in 34%.

Forty-nine percent of the patients clinically had a bilateral
pathological head-impulse test, more frequently in patients
with degenerative (54%) and hereditary (44%) than acquired
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non-degenerative (27%) forms of ataxia (p = 0.0021), whereas
a unilateral pathological head-impulse test was found in 8% of
the patients with no significant differences in the different
forms of ataxia.

Conjugate eye movement abnormalities were observed in
29% (n =106), while misalignments in distant view were
evident in 50% (n = 183) and in near view in 84% (n =309)
of the patients. Impaired fixation suppression was document-
ed in 64% of all patients (n = 187 in all directions, n =17 in
horizontal direction, and n» =34 in vertical direction). The
clinical head-impulse test was pathologic in 56% of patients
(n = 180 pathologies both sides, n =27 one side). For further
details, see Fig. 2 and Table 2.

Additional Symptoms and Findings

The most common findings in the neurological examination
of'the cerebellar patients were problems with coordination and
fine motor skills with dysmetria in the finger-to-finger test
(46%, n =134), in the finger-to-nose test (41%, n = 108), in
the heel-to-shin test (35%, n = 77), dysdiadochokinesia (34%,
n = 125), intention tremor (12%, n =43), and fine motor dis-
turbances (15%, n = 53). Furthermore, patients suffered from
dysarthria (20%, n = 58) as well as postural instability (17%,
n =55). In positioning maneuvers, 15% of patients (n =57)
showed a central positional or positioning nystagmus while
4% (n =15) showed peripheral nystagmus implying the oc-
currence of benign paroxysmal positional vertigo (BPPV) co-
incidentally. Mean SARA was 14.1+6.6 in all patients; pa-
tients with acquired non-degenerative forms of cerebellar dis-
ease seemed to be more affected (28.8 +4.6) than patients
with degenerative (13.2+5.8) and hereditary cerebellar dis-
ease (13.2+5.8, p<0.001). A total of 105 patients (28%) had
limb ataxia. Twenty-eight percent (n =102) had
polyneuropathy with no differences between the groups (de-
generative vs. hereditary vs. acquired non-degenerative: 29%
vs. 22% vs. 27%; p = 0.6006).

Diagnostic Procedures/Other Findings

Of all cerebellar patients, 35% (n =115) had caloric irrigation
pathologies with 16% of all patients (n = 53) showing a bilateral
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Fig. 2 Frequencies of various findings in the neuro-orthoptic/oculomotor
examination (a) and other clinical findings (b) in selected cerebellar
diseases. Higher frequencies are of more intense color. SAOA sporadic
adult-onset degenerative ataxia; DBN downbeat nystagmus; CANVAS

vestibulopathy, 8% of patients (n = 27) unilateral vestibulopathy,
and another 8% of all patients (n =25) caloric hyperactivity.
Caloric hyperactivity was most common in patients with
paraneoplastic etiologies of cerebellar ataxia (29%), DBN syn-
drome (13%), and episodic ataxia (9%, p =0.0234). Square
wave jerks (documented by videooculography) were found in
n =103 (n =36%) of patients. An experienced neuroradiologist
detected cerebellar atrophy in 27% of patients (n =78) (the
etiology of these was degenerative in 29%, hereditary in 32%,
and acquired non-degenerative in 12%; p =0.07).
Posturography was obtained in 238 patients; in 8% of patients,
posturography in artificial-network-based posturographic analy-
sis was rated normal (n = 19). A typical cerebellar 3-Hz sway
was evident in 13% (n = 37) of patients, whereas 16% (n =37)
had a typical pattern of cerebellar ataxia but without the 3-Hz
sway. Another common diagnosis in artificial-network-based
posturographic analysis was a vestibular deficit in 18% (n =
43) as well as phobic postural vertigo (PPV) in 32% (n =76)
(see Table 3).

In terms of posturography, the patients were able to perform
8.4+ 1.8 conditions, patients with hereditary forms of ataxia
only 7.9+2.1 (p =0.040) (see supplement Fig. 1). For detailed
information on results in posturography, see supplemental
Table 3. For a graphic illustration of the frequencies of certain
oculomotor findings as well as other clinical findings, see Fig. 2.

cerebellar ataxia, neuropathy, vestibular areflexia syndrome; MSA-C
multiple system atrophy of cerebellar type; SCA spinocerebellar ataxia;
VOR vestibular ocular reflex

Correlations of Selected Oculomotor Deficits
and Other Specific Findings Associated With
Cerebellar Disease

Ocular Alignment

“Eso-Pathologies” in Distant Gaze More than one third of
patients (36.9%) had eso-pathologies (esophoria and
esotropia); these patients had a positive family history in
16% compared to 7% of patients without eso-pathologies
(p =0.022). On neurological examination, eso-pathologies in
distant gaze straight ahead were only associated with gait
ataxia (p =0.018, 46% vs. 33%).

Eso-pathologies showed a strong association with motility
pathologies (p <0.0001), especially with abduction deficits
(p =0.0446). Furthermore, eso-pathologies were associated
with gaze-evoked nystagmus (87% vs. 77%, p = 0.0286), re-
bound nystagmus (30% vs. 19%, p = 0.0246), saccade pathol-
ogies in the vertical direction (42% vs. 29%, p =0.017), im-
paired fixation suppression (p =0.001), and optokinetic nys-
tagmus pathologies (p = 0.037).

Clinically, the presence of a pathological head impulse test
was associated with eso-pathologies in distant gaze (p =
0.033) as well as the finding of cerebellar atrophy in imaging
(p =0.008).
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Table 2  Neuro-ophthalmological findings of patients

Variable All Degenerative Hereditary Acquired non-degenerative  p value
(n=369) (n=267) (n =50) (n=52)
Visus right side 0.7+03 0.6+0.3 0.8+0.3 0.6+0.3 0.084
Visus left side 07+03 0.7+£0.3 0.8+0.3 0.7+0.3 0.083
Convergence Positive 227 (62%) 159 (60%) 39 (78%) 29 (56%) 0.069
Positive with DBN 106 (29%) 82 (31%) 7 (14%) 17 (33%)
Positive with SPN 6 2%) 3 (1%) 0 (0%) 3 (6%)
Positive with SWJ 29 8%) 22 (8%) 4 (8%) 3 (6%)
Negative 1 (0%) 1 (0%) 0 (0%) 0 (0%)
Pathologies in pupillomotorics Yes 14 (4%) 11 (4%) 2 (4%) 1 (2%) 0.762
Pathologies in motility Yes 106 (29%) 68 (25%) 20 (40%) 18 (35%) 0.068
Abduction deficit 30 (28%) 22 (32%) 4 (20%) 4 (22%) 0.459
“V phenomenon” 13 (12%) 6 (9%) 5 (25%) 2 (11%) 0.151
“X phenomenon” 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Adduction deficit 9 (8%) 6 (9%) 1 (5%) 2 (11%) 0.786
Disabled to all sides 14 (13%) 10 (15%) 4 (20%) 0 (0%) 0.159
Disabled upward side 13 (12%) 11 (16%) 1 (5%) 1 (6%) 0.259
Disabled downward side 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Strabismus 15 (14%) 7 (10%) 4 (20%) 4 (22%) 0.307
sursoadductorius
Strabismus 14 (13%) 10 (15%) 2 (10%) 2 (11%) 0.826
deorsoadductorius
Ocular misalignment in Yes 183 (50%) 130 (49%) 28 (56%) 25 (48%) 0.620
distant gaze straight ahead
Exophoria 19 (10%) 16 (12%) 1 (4%) 2 (8%) 0.356
Exotropia 2 (1%) 2 (2%) 0 (0%) 0 (0%) 0.662
Esophoria 93 (51%) 71 (55%) 14 (50%) 8 (32%) 0.117
Esotropia 43 (23%) 23 (18%) 10 (36%) 10 (40%) 0.014
Vertical deviation 45 (25%) 32 (25%) 5 (18%) 8 (32%) 0.491
Ocular misalignment in Yes 309 (84%) 229 (86%) 42 (84%) 38 (73%) 0.076
near gaze straight ahead
Exophoria 249 (81%) 194 (85%) 29 (69%) 26 (68%) 0.008
Exotropia 10 3%) 9 (4%) 0 (0%) 1 (3%) 0.406
Esophoria 18 (6%) 12 (5%) 3 (7%) 3 (8%) 0.751
Esotropia 19 (6%) 8 (3%) 7 (17%) 4 (11%) 0.002
Vertical deviation 22 (7%) 8 (3%) 5 (12%) 9 (24%) <0.001
Saccadic smooth pursuit To all sides 312 (85%) 234 (88%) 39 (78%) 39 (75%) <0.001
Vertical 27 (7%) 18 (7%) 4 (8%) 5 (10%)
Horizontal 12(3%) 8 (3%) 1 2%) 3 (6%)
Primary position nystagmus Yes 88 (24%) 68 (25%) 8 (16%) 12 (23%) 0.350
Downbeat nystagmus 56 (64%) 45 (66%) 4 (50%) 7 (58%)
Horizontal nystagmus 13 (15%) 9 (13%) 1 (12%) 3 (25%)
Periodic alternating 0 (0%) 0 (0%) 0 (0%) 0 (0%)
nystagmus
Square wave jerks 13 (15%) 9 (13%) 3 (38%) 1 (8%)
Gaze-evoked nystagmus Yes 297 (80%) 222 (83%) 39 (78%) 36 (69%) 0.061
Horizontal 185 (50%) 147 (55%) 21 (42%) 17 (33%) 0.006
Downbeat nystagmus 116 (31%) 99 (37%) 6 (12%) 11 21%) <0.001
Others 27 (1%) 15 (6%) 8 (16%) 4 (8%) 0.035
Rebound nystagmus Yes 86 (23%) 68 (25%) 11 (22%) 7 (13%) 0.168
Head-shaking nystagmus Yes 211 (57%) 160 (60%) 20 (40%) 31 (60%) 0.031
81 (22%) 59 (22%) 13 26%) 9 (17%) 0.567
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Table 2 (continued)
Variable All Degenerative Hereditary Acquired non-degenerative  p value
(n=369) (n=267) (n =50) (n=52)
Horizontal
direction
Vertical 143 (39%) 111 (42%) 12 (24%) 20 (38%) 0.065
Upward 3 (2%) 0 (0%) 1 (8%) 2 (10%) 0.005
Downward 140 (98%) 111 (100%) 11 (92%) 18 (90%) 0.547
Saccadic dysmetria 125 (34%) 84 (31%) 25 (50%) 16 (31%) 0.035
vertical direction
Slowed 51 (40%) 36 (42%) 8 (32%) 7 (44%) 0.625
Hypometric 46 (37%) 34 (40%) 9 36%) 3 (19%) 0.255
Hypermetric 45 (36%) 26 (31%) 11 (44%) 8 (50%) 0.225
Ssaccadic dysmetria 126 (34%) 87 (33%) 23 (46%) 16 (31%) 0.159
horizontal direction
Slowed 46 (37%) 33 (38%) 8 (35%) 5(31%) 0.862
Hypometric 40 (32%) 31 (36%) 6 (26%) 3 (19%) 0.334
Hypermetric 52 (41%) 33 (38%) 10 (43%) 9 (56%) 0.381
Visual fixation suppression Intact 131 (36%) 94 (35%) 16 (32%) 21 (40%) 0.621
of VOR
Pathologic in 34 (9%) 21 (8%) 6 (12%) 7 (13%)
vertical direction
Pathologic in 17 (5%) 14 (5%) 1 2%) 2 (4%)
horizontal direction
Pathologic in all 187 (51%) 138 (52%) 27 (54%) 22 (42%)
directions
Optokinetic nystagmus Pathologic 217 (59%) 155 (58%) 32 (64%) 30 (58%) 0.724
SLO Pathologies 163 (44%) 120 (45%) 16 (32%) 27 (52%) 0.114
Cyclorotation 2 (1%) 1 (1%) 0 (0%) 1 (4%) 0.423
Downbeat nystagmus 122 (75%) 95 (79%) 5 (31%) 22 (81%) <0.001
Upbeat nystagmus 11 (7%) 4 (3%) 4 (25%) 3 (11%) 0.003
Nystagmus in 1509%) 7 (6%) 5(31%) 3 (11%) 0.004
horizontal direction
Square wave jerks 18 (11%) 13 (11%) 3 (19%) 2 (7%) 0.513
Deviation of subjective Yes 133 (36%) 97 (36%) 18 (36%) 18 (35%) 0.702
visual vertical
Bilaterally pathological Yes 180 (49%) 144 (54%) 22 (44%) 14 (27%) 0.002
head-impulse test
Unilaterally pathological Yes 27 8%) 12 (6%) 2 (4%) 9 (18%)
head-impulse test
Finding of square wave jerks Yes 103 (36%) 74 (34%) 16 (46%) 13 (34%) 0.405

Eso-pathologies were most often found in SAOA (26%),
followed by idiopathic DBN syndrome (17%) and CANVAS,
cases with isolated cerebellar oculomotor disturbances and
hereditary cerebellar ataxia (each 10%).

“Exo-Pathologies” in Distant Gaze Five percent of patients
(n =21) had exo-pathologies (in distant gaze straight
ahead). Clinically, gait disturbances were associated with
this finding (95% compared to 71%, p =0.032). In terms
of oculomotor dysfunction, the finding of a strabismus
sursoadductorius was associated with exo-pathologies
(p =0.013).

Vertical Deviation in Distant Gaze Twelve percent (n =45) of
patients had vertical deviation in distant gaze. Thirty-one per-
cent of these patients showed a strabismus deorsoadductorius
(p <0.001). Ninety-six percent of these patients had gaze-
evoked nystagmus (p =0.012) compared to 78% of patients
without vertical deviation. Sixty-one percent had hypometric
vertical saccades (p =0.041).

Central Positioning Nystagmus

Central positioning nystagmus was found in 15% (n =57).
These patients more often had attacks of vertigo (n =26/
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Table 3  Findings of diagnostic procedures in cerebellar patients
Variable All Degenerative Hereditary Acquired non-degenerative  p
(n=369) (n=267) (n =50) (n=52) value
Cerebellar atrophy as seen in Yes 78 27%) 61 (29%) 12 (32%) 5 (12%) 0.071
brain MRI
Caloric irrigation (in » =290,  Pathological 11535%) 89 (36%) 13 (34%) 13 (28%)
81%)
Bilateral vestibulopathy 53 (16%) 43 (17%) 7 (18%) 3 (6%) 0.150
Unilateral vestibulopathy 27 8%) 22 (9%) 1 (3%) 4 (9%) 0415
“Hypersensitivity” 25 (8%) 17 (7%) 2 (5%) 6 (13%) 0.323
Posturography Amount of conditions 84+18 83+19 79+2.1 9.1+12 0.040
Normal diagnosis 19 (8%) 11 (6%) 3 (9%) 5 (17%)
Cerebellar ataxia without 32 (13%) 19 (11%) 9 (26%) 4 (13%)
3-Hz sway
Cerebellar ataxia with 3-Hz 37 (16%) 25 (14%) 7 (21%) 5 (17%)
sway
Phobic postural vertigo 76 (32%) 59 (34%) 9 (26%) 8 (27%)
Vestibular deficit 43 (18%) 34 (20%) 3 (9%) 6 (20%)
Others 31 (13%) 26 (15%) 3 (0%) 2 (0%)

45%) compared to n =78 out of 312 (25%) (p <0.001).
Triggers for the attacks were changes of head position
relative to gravity (77 to 48%, p =0.011). Moreover, these
patients more often had nausea (92 to 43%, p =0.007) as
a typical vegetative symptom. Gaze-evoked nystagmus
was more evident in these patients (91% vs. 79%, p =
0.041); this was true for spontaneous nystagmus (18% vs.
7%, p =0.020) as well. Central positioning nystagmus
was more frequent in degenerative etiologies (88% com-
pared to 70%, p =0.008). Eighteen percent of patients
with central positional nystagmus had a spontaneous nys-
tagmus (compared to 7%, p =0.023).

Square Wave Jerks

Square wave jerks were found in 28% of cases (n =103). In
patients with square wave jerks, primary position nystagmus
(35% compared to 20%, p =0.007) was a common sign, in
50% of cases a downbeat nystagmus (n = 18). Furthermore,
square wave jerks were associated with hypometric vertical
saccades (p =0.041). Square wave jerk was most often found
in patients with idiopathic downbeat nystagmus (25%),
followed by SAOA (19%), EA2 (10%), and CANVAS (10%).

Impaired Fixation Suppression

Of all cerebellar patients, 64% (n = 238) showed an impaired
fixation suppression. Patients with an impaired fixation sup-
pression more frequently showed dysarthria (27% compared
to 27%, p =0.009). Furthermore, DBN in convergence was
found in n =81 patients (34%) compared to only n =25 pa-
tients (19%) without impaired fixation suppression (p =
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0.005). Of the patients, 136 (57%) had pathologic ocular
alignment in distance (p <0.001) compared to n =47 (36%)
without impaired fixation suppression. All in all, of these pa-
tients n =14 patients had exo-deficits (exophoria n =13,
exotropia n = 1), n = 104 patients had eso-deficits (exophoria
in n =69, exotropia in n =35), and n =33 (24%) of patients
showed pathological vertical deviation. In contrast, ocular
alignment pathology in near gaze straight ahead was not as-
sociated with impaired visual fixation (pathologic in n =200
patients/84% compared to n =109/83%; p =0.953). Taken
together, 161 patients had exo-pathologies (n =155
exophoria, n = 6 exotropia), n =29 had eso-pathologies (n =
12 esophoria, n = 17 esotropia), and n = 18 had pathological
vertical deviation. Saccadic smooth pursuit showed a high
correlation with impaired fixation suppression (n =214/90%
compared to n =98, 75%; p <0.001).

The finding of rebound nystagmus was associated with
impaired fixation suppression (n = 69, 29% compared to n =
17, 13%; p <0.001) as was the finding of head-shaking nys-
tagmus (n =151, 63% compared to n =60, 46%; p = 0.002),
especially in the horizontal direction (n = 63, 26% compared
to n =18, 14%; p =0.007), whereas the finding of head-
shaking nystagmus in the vertical direction did not show an
association (n =99, 42% compared to n = 44, 34%; p = 0.162).

Slowed vertical saccades (p =0.001; n =27, 31% com-
pared to n =24, 63%) and horizontal saccades (n =25, 28%
compared to n =21, 55%; p = 0.008) were less often seen in
patients with impaired fixation suppression.

Patients with impaired fixation suppression more often
showed a cerebellar atrophy (p =0.037, n =61, 31% com-
pared to n =17; 19%), but had significant fewer caloric irri-
gation pathologies (p =0.011, 30% impaired to 44%).
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Impaired fixation suppression was not associated with ver-
tical hypometric saccades (p = 0.962), horizontal hypometric
(p = 1), or horizontal hypermetric (p =0.2095) but with hy-
permetric vertical saccades (p = 0.040).

Correlation of 3-Hz Sway in Posturography With
Clinical and Oculomotor Findings

Thirty-seven patients (66.1 +15.2 years) out of 238 patients
(16%) had a typical 3-Hz sway in posturography. Patients with
3-Hz sway in posturography more often had gait disturbances
(95% compared to 69% in patients without 3-Hz sway, p =
0.003) fine motor disturbances (49% compared to 17%, p <
0.001) and coordination disturbances in clinical examination
(46% compared to 20%, p =0.001) with a dysmetric finger-
nose test (p =0.021) and heel-to-shin test (p =0.010).
Dysdiadochokinesia was more frequent (p =0.015) and the
Romberg standing test pathologic in 84% of patients (com-
pared to 62%, p =0.045). On neurological examination, gait
disturbances were evident (p = 0.012) with postural instability
(p =0.023). On neuro-ophthalmological examination, the
finding of a 3-Hz sway was associated with vertical saccades
pathologies (p = 0.0031) as well as horizontal saccades pathol-
ogies (p =0.019). The finding of a 3-Hz sway could not help
in diagnosing a specific disease as 3-Hz sway was found in
SAOA (35% of patients) as well as in hereditary cerebellar
ataxia (10%), MSA-C (6%), idiopathic DBN syndrome (5%),
and alcohol-induced cerebellar ataxia (3%).

Hypersensitivity in Caloric Irrigation

Of all patients, n =25 showed a caloric hyperactivity with no
differences regarding sex (female 44% compared to 55%).
Age (67.5+13.5 years) in patients with caloric hyperactivity
was the same as in patients without (67.8 + 14.8 years) (p =
0.925). Patients with caloric hyperactivity had significant less
gait/stance ataxia (p =0.029).

The finding of caloric hyperactivity was associated with a
vertical deviation in distant view (p =0.031) and near view
(p =0.017); there were no other significant associations be-
tween caloric hyperactivity and oculomotor disturbances.
Caloric hyperactivity was found most often (36%) in idiopath-
ic DBN.

Discussion

The major findings of the study are as follows:

First, this study shows that cerebellar dysfunction is a rel-
evant and frequent cause of vertigo and dizziness which may
lead to a major and permanent limitation of daily life and
severe functional impairment in affected patients. All of our
patients showed typical cerebellar oculomotor disturbances,

which highlights the necessity of a thorough examination of
the ocular system in patients with vertigo and dizziness.
Particularly, the detection of distinct cerebellar disease such
as DBN syndrome and EA?2 is of clinical relevance, since
these syndromes can be pharmacologically treated, for in-
stance, with aminopyridines [21-26] or others with acetyl-
DL-leucine [27].

Second, 81% of the patients suffered from persistent dizzi-
ness, 31% from vertigo and dizziness attacks, and 21% from
both. Classical “cerebellar symptoms,” i.e., gait disturbances,
fine motor disturbances, or dysarthria, were reported in 73%,
20%, and 22% of patients, respectively, and were therefore not
that common. Ocular symptoms like double vision, blurred
vision, and oscillopsia were each found in about 20% of cases.
Usually, attacks of vertigo are described in patients with focal
cerebellar lesions, i.e., caused by an infarction in the territory
of the cerebellum. In chronic cerebellar disease, vertigo and
dizziness has been described as part of selected cerebellar
diseases like DBN syndrome, EA2, SCA6, or CANVAS.
Onset of hereditary or degenerative forms of cerebellar ataxia
is difficult to specify due to the insidious and progressive
course of the disease. In a systemic study on disease onset in
SCA, known for varying affection of different parts of the
nervous system and a broad variability of symptoms, gait
ataxia was the initial complaint in only two thirds of patents,
whereas 16% of these patients reported other symptoms like
diplopia or episodic vertigo. Another study cohort of SCA
patients showed that 20% had non-gait ataxia onset without
specifying these symptoms, especially in relation to vertigo or
dizziness. Therefore, a standardized description of vertigo-
and dizziness-related symptoms in cerebellar patients had
not been carried out so far.

Third, the study provides very detailed and quantitative
information on the relative frequency of various oculomotor
disorders in cerebellar vertigo and dizziness: saccadic smooth
pursuit in 87%, gaze-holding deficits in 80%, head-shaking
nystagmus in 57%, ocular misalignments in distant view in
50% and in near view in 84%, impairment of vertical and
horizontal saccades (slowed, hypometric, hypermetric sac-
cades) each in 34%, central fixation nystagmus in 24%, re-
bound nystagmus in 23%, and impaired fixation suppression
of'the VOR in 64%. The association of cerebellar dysfunction
with eso-pathologies described in a previous study on 400
patients, in whom 199 had a known or newly diagnosed cer-
ebellar dysfunction [14], could also be confirmed in our study
with a different cohort of a similar size. As a consequence one
should consider cerebellar disorders in patients with esophoria
or esotropia who complain of double vision.

The most common “cerebellar nystagmus” forms are as
follows: 80% of patients had gaze-evoked nystagmus and
57% of patients had head-shaking nystagmus; of these pa-
tients, 65% had perverted head-shaking nystagmus in the ver-
tical direction. In general, the mechanism for perverted head-

@ Springer SRC



330

Cerebellum (2019) 18:320-332

shaking nystagmus is thought to be either a directional error in
the input circuitry or a directional error in the central velocity
storage mechanisms that perseverated vestibular input [2, 7].
One quarter of the patients had rebound nystagmus and/or
central fixation nystagmus with DBN being the most com-
mon. Different topo-anatomical studies were able to localize
the dysfunctional cerebellar structure [5]. Therefore, with
these studies, a topo-anatomical localization of other cerebel-
lar oculomotor disturbances can be made. Impaired fixation
suppression as a very common finding in cerebellar patients
was statistically significantly associated with DBN, patholo-
gies in ocular alignment in distant view, especially eso-pathol-
ogies, saccadic smooth pursuit, and rebound nystagmus.
These findings point to a possible pathophysiological involve-
ment of the cerebellar flocculus, while the association with
head-shaking nystagmus suggests involvement of the nodulus
and uvula. Central positional or positioning nystagmus may
be due to a lesion of the nodulus-uvula or oculomotor vermis
region [6], but the exact location of the lesions causing central
positional or positioning nystagmus is not well understood.
However, in our study cohort, the association of central posi-
tional or positioning nystagmus with gaze-evoked nystagmus
might demonstrate a pathophysiological involvement of the
flocculus and paraflocculus as well. Eighteen percent of pa-
tients with central positional or positioning nystagmus also
had spontaneous nystagmus. As central positional or position-
ing nystagmus has to be differentiated from benign paroxys-
mal positional vertigo (BPPV), in which the nystagmus cor-
related with the semicircular canal affected, this might be also
helpful in the clinical examination.

Fourth, posturography did also contribute markedly to the
diagnosis. Typically, lesions of the anterior lobe are associated
with a cerebellar 3-Hz sway predominating in the anterior-
posterior direction, whereas vestibulo-cerebellar lesions tend
to produce a low-frequency sway (<1 Hz) in all directions [5,
8]. Only 15.5% of our study cohort with posturographic ex-
amination showed the typical cerebellar 3-Hz sway.
Furthermore, in the clinical examination, fine motor distur-
bances and limb ataxia were associated with the finding of a
3-Hz sway. In the neuro-ophthalmological examination, the
finding of a 3-Hz sway was associated with pathologies of
vertical and horizontal saccades and pointed to a pathophysi-
ological involvement of the dorsal oculomotor vermis and
underlying fastigial oculomotor region as well. However, 3-
Hz sway was not typical and specific for one cerebellar dis-
ease. In contrast, another study with static posturography dem-
onstrated that 97.5% of patients with MSA-C predominantly
showed a typical 3-Hz postural sway compared to 24.1% of
MSA-P patients, and therefore, this finding was discussed as
useful in the differential diagnosis of MSA-C and MSA-P
[28]. In our study cohort, the finding of a 3-Hz sway did not
help to diagnose a specific disease: 3-Hz sway was found in
SAOA (n = 13), idiopathic DBN syndrome (n = 2), hereditary
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cerebellar ataxia (n = 8), and alcohol-induced cerebellar ataxia
(n =3) as well as in MSA-C (n =4).

Fifth, in terms of a dysfunction of the vestibular system,
caloric irrigation pathologies were found in 35%, most com-
monly indicative of an accompanying bilateral vestibulopathy
(16% of cases). Even more patients (49%) showed a bilateral
pathological clinical head-impulse test, more commonly in
degenerative and hereditary forms of ataxia. It is well known
that pseudo-pathological head impulses can be found in cere-
bellar disorders, which do not have to be of peripheral-
vestibular origin [29]. This is similar to findings in a patient
cohort of 31 patients presenting with the combination of gait
and stance ataxia, cerebellar oculomotor signs, and a bilateral
pathological head-impulse test where only 17 out of the 31
patients showed a diminished caloric response in the bithermal
testing [30]. Of the 8% with a unilaterally pathological head-
impulse test, all patients had unilateral vestibulopathy in calo-
ric irrigation. A group of 8% of patients showed a caloric
hyperactivity. Other vestibular abnormalities that were report-
ed in patients with cerebellar disease are a vestibular
hyperresponsiveness with increased VOR gain [10] and in-
creased responsiveness of the cervico-ocular reflex [31].
Vestibular hyperreactivity has been discussed as being caused
by a dysfunction of olivocerebellar projections with physo-
stigmine as a anticholinergic drug reducing this reactivity
[10]. However, in our study caloric hyperactivity was not a
common finding; most often DBN syndrome patients showed
this pathology in caloric irrigation examination. This finding
was associated with pathologic vertical deviation in distant
and near view. As vertical misalignment was discussed to be
caused by otolith influences and their cerebellar processing
[14], there could be a link to vestibular hyperreactivity.
However, this remains speculative due to only small numbers
of patients with vestibular hyperreactivity.

This study has several limitations. First, we examined a
selected patient population in our study cohort, specifically
patients who presented in an outpatient clinic for vertigo, diz-
ziness, balance, and gait disorders. We cannot rule out the
possibility that some diagnoses might change during the
course of the disease as most diagnoses are clinical.
Although great efforts were taken to diagnose patients with
acquired ataxia, we cannot exclude that some of the partici-
pants had, for example, an immune-mediated ataxia.
Furthermore, since not all patients underwent genetic testing
and we do not have longitudinal follow-up, we cannot exclude
the possibility that a substantial portion of the patients classi-
fied either as SAOA or with isolated cerebellar oculor motor
deficits suffered from an SCA form or might develop MCA-C
or CANVAS in their course of disease. Furthermore, the diag-
noses were not confirmed by autopsy; therefore, there remains
an uncertainty about the final neuropathological diagnoses.
For SCAG6 patients, for example, it has been well described
that symptoms of vertigo and dizziness occurred in most
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patients, often pre-dating the development of ataxia and that
almost all patients showed central oculomotor abnormalities
in careful examination [32]. On the other hand, this group of
patients may also represent patients with degenerative cere-
bellar aging, leading to symptoms, but causing only subtle
cerebellar oculomotor disturbances. Therefore, from a clinical
point of view, a careful examination of eye movements and
nystagmus could often be the key to the diagnosis.

Conclusion

This cohort study shows that “cerebellar vertigo and
dizziness” is of clinical relevance because it comprises about
10% of all patients presenting with vertigo and dizziness.
This is the first study cohort that has been documented clin-
ically and diagnostically in a standardized manner and there-
fore provides us with clinical information regarding the
symptoms of vertigo and dizziness in cerebellar patients as
well as the frequency of typical cerebellar clinical, neuro-
opthalmological findings, and other diagnostics.
Furthermore, our study reveals that a thorough examination
of the oculomotor system by an experienced neurologist
might be the key to the correct diagnosis and is indispens-
able, since other cerebellar signs might be missing.
Additional instrumental procedures such as posturographic
measurements with artificial network analysis might help
in the diagnostic process, but have to be interpreted carefully
since particularly a vestibular or phobic pattern can also be
found in cerebellar patients.
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