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Abstract: Cerebellar ataxia has been the remit of neurology but increased
awareness of genetic disorders affecting both cerebellar and vestibular
function has led to a rise in their reported prevalence. It is not uncom-
mon for such patients to be seen in otolaryngology clinics. This review
explores the underlying etiologies of patients presenting with vestibular
loss accompanied by signs of cerebellar ataxia and provides a practical
approach to diagnosis. We provide a comprehensive overview of com-
mon conditions that can manifest with both vestibular dysfunction and
cerebellar ataxia, acutely or chronically, including cerebellar strokes,
thiamine deficiency, and neurodegenerative diseases such as spinocer-
ebellar ataxias. The article explores key diagnostic approaches, including
clinical examination, neuroimaging, and specialized vestibular testing, to
aid in distinguishing these conditions. By focusing on practical aspects
of diagnosis, we offer otolaryngology specialists an essential tool for
more accurate identification and management of patients, aiming to
improve patient care. We emphasize the importance of a systematic,
multidisciplinary approach to managing complex vestibular cases.
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INTRODUCTION

Most individuals with complaints of dizziness or balance
issues will be referred to otolaryngology, audiovestibular medi-
cine, or neurology. Otolaryngologists may focus on peripheral
(inner ear) vestibular factors when evaluating a dizzy patient,
while neurologists naturally prioritize the neurological features.
However, many patients present with combined impairments
in multiple balance-related structures, often involving vestibu-
lar and cerebellar systems (Barsottini et al. 2019; Borsche et
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al. 2024). Growing recognition of genetic disorders affecting
cerebellar and vestibular functions has made them less rare
and highlighted the need for otolaryngologists to have greater
awareness of these—traditionally neurological—conditions.
Otolaryngologists should suspect vestibular conditions linked
to cerebellar dysfunction in patients with evidence of vestibular
loss accompanied by ocular motor or gait cerebellar signs. Such
an approach also needs to harness advances in neuroimaging
and audiovestibular assessment tools.

This interplay between vestibular and cerebellar systems is
complex, and their simultaneous dysfunction can lead to unique
diagnostic challenges. From a symptomatic perspective, both
can present with unsteadiness, dizziness, and visual disturbance
(oscillopsia). Here, we first explore the mechanisms underlying
vestibular and cerebellar impairments and their clinical impli-
cations. We specifically focus on the differential diagnosis of
patients with vestibular loss and concurrent signs of cerebellar
ataxia and provide an overview of the common conditions.

Signs of Vestibular and Cerebellar Impairment

The angular vestibular ocular reflex (aVOR) maintains gaze
stability during head rotation by generating eye movements
opposite to the head movement (Riska et al. 2020). When ves-
tibular loss occurs, aVOR gain is reduced, causing the eyes to
move with the head, leading to visual blurring during ipsile-
sional head rotation (Riska et al. 2020). An aVOR deficit can
be identified using the bedside head impulse test (HIT) in
which the individual maintains the gaze on a target while the
head is rapidly rotated; an abnormal response occurs when
the eyes move off target, and a corrective saccade is neces-
sary (Sealy 2014). Various complementary tests with different
stimuli can be used to assess peripheral (inner ear) semicircular
canal vestibular function, including mechanical stimuli (video
HIT [vHIT] and rotatory chair) and thermal stimuli (caloric
test), and acoustic or vibration stimuli for the otolithic organs
(Striteska et al. 2021).

The cerebellum, responsible for coordinating voluntary
movements, maintaining balance, controlling eye movements,
and non-motor functions including cognition and mood, is
impaired in cerebellar ataxia. The motor features are character-
ized by incoordination without muscular weakness or sensory
loss (Radmard et al. 2023). Vertigo, dizziness, and imbalance
are associated with lesions in the vestibulocerebellar, vestibu-
lospinal, or cerebellar ocular motor systems (Bodranghien et
al. 2016). There are three key areas in the cerebellum involved
in eye movement control (Fig. 1): (1) the flocculus/parafloccu-
lus (tonsil) complex, responsible for high-frequency vestibu-
lar responses, pursuit maintenance, and steady gaze holding;
(2) the nodulus/ventral uvula, which handles low-frequency,
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Fig. 1. Anatomical cerebellar structures involved in eye movement control. VOR indicates vestibular ocular reflex; VORS, VOR suppression.

sustained vestibular responses; and (3) the dorsal vermis/pos-
terior fastigial nucleus, primarily involved in the accuracy of
saccades (Shemesh & Zee 2019). Ocular instability, nystagmus,
impaired saccadic (hypermetric [Video_1] or hypometric sac-
cade), disrupted smooth pursuit, ocular misalignment, impaired
VOR and impaired VOR suppression are at the core oculomo-
tor cerebellar deficits (Bodranghien et al. 2016). Note that the
cerebellum can be considered an extension of the vestibular
nuclei due to its shared role in sensorimotor integration, direct
anatomical connections, and functional refinement of vestibular
reflexes. This is why many of the “central vestibular” eye move-
ment abnormalities (i.e., such as those recorded during video-
oculography) are in fact mostly cerebellar in origin.

Furthermore, the cerebellum plays a role in vestibular com-
pensation (Shemesh & Zee 2019). Thus, the presence of cer-
ebellar pathology can both induce a balance deficit but also
exacerbate any imbalance from an existing vestibular pathology.
When either the vestibular or cerebellar function is impaired in
isolation, visually guided stabilizing eye movements, the aVOR
and pursuit (along with the optokinetic reflex), respectively,
compensate for maintaining gaze during low-frequency head
movements. When both systems are impaired, this compensa-
tion is no longer effective, resulting in clinically observable
catch-up saccades during visually enhanced vestibular ocular
reflex (VVOR) (low-frequency head movements test [Video_2])
(Dupré et al. 2021). This can be a useful clinical sign when both
vestibular and cerebellar involvement are suspected.

Vestibular Loss and Cerebellar Ataxia Differential
Diagnoses

There are several disorders that can present with combined
cerebellar and vestibular lesions, such as stroke, cerebellopon-
tine angle (CPA) tumor, thiamine (B1) deficiency, multiple scle-
rosis (MS), and various hereditary cerebellar ataxias (Choi et al.
2016; Chen & Halmagyi 2018; Kattah 2018). We will not exten-
sively discuss some rarer etiologies identified in the literature,
such as Gaucher disease, phenytoin toxicity, superficial siderosis

of the central nervous system, paraneoplastic syndromes, and
bovine spongiform encephalopathy given the practical nature
of this review (but see Kattah 2017; Chen & Halmagyi 2018).
Anterior inferior cerebellar artery (AICA) stroke and CPA
tumors, which account for over 70% of cases, are the primary
causes of disorders involving both peripheral and central ves-
tibular lesions (Choi et al. 2016; Chen & Halmagyi 2018). In
the following paragraph, we present the key aspects of the main
differential diagnoses to consider (Table 1).

Stroke

Ischemic strokes are a common vascular cause of vestibu-
lar loss with cerebellar deficits (Kim et al. 2022). Although the
posterior inferior cerebellar artery (PICA) is the most common
affected territory in posterior circulation strokes, AICA strokes
are the leading cause of sudden audiovestibular loss, but early
brain magnetic resonance imaging (MRI) scans can be normal
(even with diffusion weighted imaging, which is the gold stan-
dard for stroke identification) (Kim et al. 2022; Tarnutzer et al.
2023; Jaganathan et al. 2024). The prominent features of AICA
infarction include acute-onset vertigo, vomiting, ipsilateral
hemiataxia, Horner’s and cerebellar ataxia (Bery et al. 2022).
A new-onset unilateral hearing loss in the context of acute ves-
tibular syndrome indicating a red flag for AICA stroke (Bery et
al. 2022). The AICA supplies the vestibulocochlear nerve, root
entry zone, dorsolateral pons including the vestibular nuclei
and flocculus, accounting for the audiovestibular and cerebellar
signs (Chen & Halmagyi 2018). Dizziness from stroke shares a
clinical phenotype with vestibular neuritis, and neuroimaging
often fails to resolve this differential diagnosis, as non-contrast
head computed tomography (CT) scans have low sensitivity for
acute ischemic strokes in dizziness, with false-negative MRIs
being common (Tarnutzer et al. 2023).

The VHIT presentations likely vary depending on the size
and topography of the affected area, with an ipsilateral VOR
deficit described in both bedside HIT and vHIT (Nham et al.
2022; Bery et al. 2022). AICA stroke on VHIT has also been
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TABLE 1. Key clinical features of the common disorders affecting vestibular and cerebellar structures

Condition

Key Aspects

Acute
B1 deficiency

The triad is encephalopathy, ataxia, and ophthalmoplegia (Chen et al. 2014). An acute vestibular syndrome

can be present with bilateral horizontal canal VOR loss (on vHIT) (Choi et al. 2007). Ocular motor abnormalities
include vertical nystagmus, horizontal gaze-evoked nystagmus, central positional nystagmus, internuclear
ophthalmoplegia, and gaze palsies and may precede ataxia and encephalopathy (Choi et al. 2016). Some cases
respond rapidly to a parenteral thiamine loading dose (Choi et al. 2022).

Common symptoms are acute-onset vertigo, vomiting, ipsilateral hemiataxia, Horner’s, and cerebellar ataxia
(Clément et al. 2024). HINTS (Head Impulse, Nystagmus, and Test of Skew) describing a normal head impulse,
direction-changing nystagmus, or skew deviation suggests stroke; HINTS+ (which adds a bedside hearing test) with
a new unilateral hearing loss is a red flag for stroke in acute vestibular syndrome. Ipsilateral VOR deficit in bedside
HIT or vHIT has been described (Clément et al. 2024). In floccular stroke, vHIT findings include both ipsilateral
horizontal and vertical VOR deficits (vertical sparing is possible) and contralateral horizontal canal deficit (Burk et al.
1999). Catch-up saccades are of lower velocity compared with those seen in vestibular neuritis (Coarelli et al. 2023).

Autosomal recessive, onset age +50 y/o (Cortese et al. 2019). Slowly progressive gait ataxia, falls, oscillopsia,
dysarthria, sensory symptoms (tingling, numbness), and chronic cough (Bronstein et al. 1991). Sensory
neuronopathy is present in most cases (Cortese et al. 2019). Severe bilateral VOR gain reductions (vHIT) in both
vertical and horizontal canals (Donato et al. 2012; Cortese et al. 2020). Dysmetric saccades and broken pursuit
have been described, together with impairment of the VVOR (Video_2) (Marrie et al. 2013). The vestibular areflexia

Autosomal dominant, late-onset, slowly progressive pan-cerebellar syndrome (Szmulewicz et al. 2014, 2016;
Surmeli et al. 2022). Often accompanied by downbeat nystagmus, and episodic symptoms (gait ataxia, dysarthria,
diplopia, oscillopsia, vertigo or dizziness, and appendicular ataxia). Often borderline abnormal bilateral VOR gain
(vHIT), emerging later, and remaining mild, without progressing to severe vestibular areflexia (Guterman et al. 2016;
Ng et al. 2021). The neuropathy impairment could be absent or mild (Guterman et al. 2016). The milder forms of

Autosomal recessive spinocerebellar ataxia, the disease onset ranging from 5 to 20 y/o (Martin 2012). Progressive
ataxia, absence of tendon reflexes and weakness in the lower limbs, dysarthria, downbeat nystagmus, gaze-
evoked nystagmus, VOR deficits (Ng et al. 2021), and auditory processing impairment (Guterman et al. 2016).
Diabetes and hypertrophic cardiomyopathy are commonly present (Migliaccio et al. 2004). The younger age at
disease onset, presence of auditory impairment, less profound VOR gain loss, and presence of frequent square-

A chronic recurrent inflammation, demyelination, and gliosis occurring anywhere within the central nervous
system, including the auditory (Kattah et al. 2019) and vestibular systems (Keita et al. 2022). An internuclear
ophthalmoplegia, characterized by slowed adduction of the affected eye and abducting nystagmus, is a quite
common eye movement disorder in MS. The most common audiovestibular is unilateral, moderate-profound,
fluctuating, and sudden sensorineural hearing loss (Kattah et al. 2019). A pseudo-vestibular neuritis can result
from an acute demyelinating brainstem lesion (Kim et al. 2023a). The VOR gain reduction can be associated with a

A heterogeneous group of autosomal dominant inherited ataxias, typically late-onset, progressive (Park et al.
2013). The triad of symptoms include gait ataxia (and incoordination), nystagmus (or other visual problems), and
dysarthria (Pellerin et al. 2024). SCA3 (Machado-Joseph Disease) is the commonest subtype, presenting with gait
imbalance, vestibular symptoms (mild to severe VOR gain reduction in vHIT), and hearing and speech difficulties
(Ruano et al. 2014). Other SCAs to consider in patients with combined vestibular and cerebellar dysfunction

Stroke (AICA)
Chronic
CANVAS
is thought to be due to ganglionopathy (Lebre & Brice 2003).
SCA27B/FGF14
gene
both vestibular loss and neuropathy can help differentiate this condition from CANVAS.
FRDA
wave jerks can help to differentiate it from CANVAS.
MS
greater MS-related disability (Kim et al. 2023a).
SCA
include SCA1, SCA2, SCAG, and SCAY (associated with retinal degeneration) (Park et al. 2013).
EA

It is a rare autosomal dominant channelopathies characterized by discrete attacks of ataxia of variable duration and
frequency, also accompanied by interictal symptoms (Tu & Young 2004). It starts to manifest under 20 y/o (Pellerin
et al. 2024). There are different subtypes; EA1 and EA2 are the most common (Tu & Young 2004). Interictal findings
help distinguish it from vestibular migraine (Tu & Young 2004). There is some evidence of VOR impairment in EA2,
even during interictal periods (Zeigelboim et al. 2017).

AICA, anterior inferior cerebellar artery; CANVAS, Cerebellar Ataxia with Neuropathy and Bilateral Vestibular Areflexia Syndrome; EA, episodic ataxia; FRDA, Friedreich’s ataxia; MS, multiple
sclerosis; SCA, spinocerebellar ataxia; vHIT, video Head Impulse Test; VOR, vestibular ocular reflex; VVOR, visually enhanced vestibular ocular reflex.

observed as having two distinct presentations: (1) ipsilateral
horizontal and verticals canals deficits, with contralateral hori-
zontal canal deficit, and (2) bilateral horizontal canal deficit
with vertical canal sparing (Chen & Halmagyi 2018). AICA
stroke appear to produce a more symmetric bilateral gain reduc-
tion with smaller saccades on VHIT compared with vestibular

neuritis (Chen et al. 2014). A case report described an isolated
unilateral floccular stroke in the territory of the AICA, which
caused bilateral horizontal low VOR gain during vHIT (high-
frequency stimuli), with normal gain in vertical canals. In
contrast, bithermal caloric tests (low-frequency stimuli) were
normal, and the rotatory chair test (low-frequency stimuli)
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revealed discordant results with increased horizontal VOR gain
(Park et al. 2013).

It is hypothesized that the flocculus modulates the VOR by
inhibiting the horizontal VOR during low-frequency stimula-
tion and facilitating it during high-frequency stimulation, but
the sparing of vertical canals function is still unclear (Park et
al. 2013; Chen & Halmagyi 2018). In addition, the smaller
saccades observed on VHIT in AICA stroke compared with
vestibular neuritis could be attributed to flocculus involve-
ment, as it plays a role in modulating saccades (Chen et al.
2014).

An isolated heminodular stroke, affecting the nodulus with
or without involvement of associated cerebellar structures
supplied by the medial PICA, is rare but can mimic vestibu-
lar neuritis (Lee et al. 2023) A recent systematic review sug-
gested that vHIT in PICA stroke is characterized by preserved
VOR gain, no asymmetry, and reduced corrective saccade
amplitude in the ipsilesional horizontal canals (Jaganathan et
al. 2024).

Thiamine (B1) Deficiency: Wernicke Encephalopathy

Vitamin B1 (thiamine) deficiency can cause acute cerebellar
ataxia or subacute ataxia (Pedroso et al. 2019). Among patients
with nutritional deficiency, thiamine (B1) deficiency is prob-
ably the leading cause and could be related to intractable vomit-
ing and diarrhea from any etiology, such as chronic alcoholism,
gastric bypass procedures, anorexia nervosa, fad diets, unbal-
anced parenteral hyper alimentation, cancer and chemotherapy,
magnesium depletion, thyrotoxicosis, and renal disease (Kattah
2017).

The classic triad of Wernicke Encephalopathy are encepha-
lopathy, ataxia, and ophthalmoplegia (Kattah 2018). Some
patients present with an acute vestibular syndrome with selec-
tive, symmetrical impairment of horizontal VOR on vHIT, with
sparing of vertical canals (Lee et al. 2018), without encepha-
lopathy or ophthalmoplegia, which can occur in the early pre-
encephalopathy stage of thiamine deficiency (Akdal et al. 2016;
Lee et al. 2018).

Ocular motor abnormalities observed in Wernicke
Encephalopathy include gaze-evoked nystagmus (Video_3),
central positional nystagmus, abduction impairment, inter-
nuclear ophthalmoplegia, gaze palsies ranging from horizontal
or vertical limitations to complete ophthalmoplegia (Choi et al.
2007). An up-beating nystagmus in primary gaze may transition
to downbeat nystagmus within a few weeks and can persist over
time (Kattah et al. 2019). This condition when associated with
truncal ataxia could be related to paramedian tract neurons that
project to the flocculus, suggesting a chronic cerebellar impair-
ment (Kattah 2017). While some cases respond rapidly to a par-
enteral thiamine loading dose, normalization may take longer in
others; particularly in late stages, like Korsakoff’s syndrome, the
vestibular abnormalities often show only partial improvement
(Kattah 2017).

CPA Tumor

CPA tumors expand progressively and cause compression
of the brainstem and cerebellum, resulting in variable lesion of
anatomical substrates that are similarly affected by AICA stroke
(Chen & Halmagyi 2018). The most common CPA lesion is
vestibular schwannoma, with audiovestibular loss being slowly

progressive, either bilateral or unilateral; the cerebellar signs
vary widely and may include central positional nystagmus,
gaze-evoked nystagmus, and Brun’s nystagmus (horizontal
nystagmus with large and low frequency as the patient looks
toward the side of the lesion [flocculus impairment], but a small
and high-frequency primary position nystagmus that increases
as the patient looks to the side opposite the lesion [vestibular
lesion]) (Choi et al. 2016; Biswas et al. 2018).

Multiple Sclerosis

MS is characterized by chronic inflammation, demyelin-
ation, and gliosis that are scattered and recurrent, with multiple
plaques in the optic nerve, periventricular white matter, brain
stem, and spinal cord; manifested as visual blurring, diplo-
pia, sensory disturbance, ataxia, and weakness in one or more
limbs (Tu & Young 2004). The reported prevalence of hearing
loss in MS varies across the literature, ranging from 1 to 23.3%
(MacMahon & El Refaie 2022), while dizziness is reported in
49 to 59% and vertigo occurs in 5% of patients (Marrie et al.
2013). The most common audiovestibular manifestation in MS
patients was unilateral, moderate-profound, fluctuating, and
sudden sensorineural hearing loss across all frequencies (250 to
8000 Hz) (MacMahon & El Refaie 2022). Vestibular symptoms
may occur as an initial sign of the disease or develop during its
progression (Surmeli et al. 2022). A pseudovestibular neuritis
can result from an acute demyelinating lesion in the vestibular
nucleus, presenting with unilateral vestibular loss on VHIT and
accompanied by ataxia (Surmeli et al. 2022).

VvHIT was performed on 37 MS patients with vertigo and/
or imbalance symptoms, and the results were correlated with
the level of MS-related disability (Grove et al. 2022). The data
suggest that worse VOR function is associated with a greater
MS-related disability (Grove et al. 2022). It has been proposed
that in addition to MRI, audiovestibular tests (auditory brain-
stem response, vestibular-evoked myogenic potentials, caloric
test, VHIT) are useful in monitoring MS patients who presented
any neurotology symptoms (Tu & Young 2004; Surmeli et al.
2022).

Hereditary Cerebellar Ataxias

Adult-onset hereditary cerebellar ataxias are progressive
neurological disorders inherited in autosomal dominant, autoso-
mal recessive, X-linked, or mitochondrial patterns. These con-
ditions represent 10% of genetic diseases that affect the nervous
system (Rudaks et al. 2024). The large number of causative
genes and the clinical overlap between different genetic forms
make diagnosis challenging (Rudaks et al. 2024.) In the fol-
lowing paragraph, we describe the hereditary cerebellar ataxias
known to present with additional vestibular involvement.

Cerebellar Ataxia With Neuropathy and Bilateral Vestibular
Areflexia Syndrome ¢ Bronstein et al. (1991) were the first
to describe vestibular loss associated with cerebellar ataxia,
reporting two cases of multisystem atrophy affecting both the
vestibular system and the cerebellum (Bronstein et al. 1991).
It was noted that “the clinical pattern of those cases did not fit
any single presently accepted entity,” as the patients lacked an
acquired cause of cerebellar ataxia, and their vestibular deficits
differed from those seen in hereditary cerebellar ataxias. Given
the slow progression, absence of extrapyramidal signs, and lack
of autonomic disorders, they proposed a novel syndrome termed
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cerebellar ataxia with bilateral vestibulopathy (Migliaccio et al.
2004). In 2011, retrospective data on 23 patients revealed that
an axonal sensory neuropathy deficit is also a characteristic of
this syndrome, which was termed “cerebellar ataxia with neu-
ropathy and bilateral vestibular areflexia syndrome” (CANVAS)
(Szmulewicz et al. 2011, 2016).

CANVAS is a neurodegenerative progressive late-onset
ataxic condition, with an average onset age of 52 years old
(Cortese et al. 2020). Although 16% of clinical cases suggest
autosomal recessive inheritance, 55% of genetic cases are iden-
tified as sporadic (Szmulewicz et al. 2014; Cortese et al. 2020;
Dupré et al. 2021). Biallelic intronic AAGGG repeat expansions
in the replication factor C subunit 1 gene encoding a subunit of
a DNA polymerase accessory protein have been identified as the
cause of CANVAS (Cortese et al. 2019). A series of genetically
confirmed cases showed that the syndrome involves cerebellar
dysfunction, proprioceptive loss, and/or vestibular deficits, with
the timing of onset of the different components varying, and a
reported 10-yr delay in developing the full triad (Cortese et al.
2020). The full triad was present in 69% of cases, isolated neu-
ronopathy in 15%, a combination of cerebellar ataxia and neu-
ronopathy in 16%, and a combination of vestibular areflexia and
neuronopathy in 6% (Cortese et al. 2020). There were no cases
of vestibular areflexia and cerebellar ataxia occurring without
neuronopathy, nor were there any cases of isolated cerebellar
ataxia or vestibular areflexia (Cortese et al. 2020).

The neurological symptoms include postural imbalance
(worse in darkness), dizziness, falls, sensory issues, or oscil-
lopsia (see Supplemental Digital Content, http://links.lww.com/
EANDH/B719, for case example and associated videos of the
mild gait ataxia [Video 4], gaze-evoked and downbeat nystag-
mus [Video 5], bilaterally abnormal HIT [Video 6]). Oscillopsia
during head movements is associated with bilaterally impaired
VOR and can be easily observed in the HIT. Over time, dys-
arthria, dysphagia, and autonomic dysfunction may develop,
with chronic cough often preceding neurological symptoms by
decades (Dupré et al. 2021). Hearing remains unaffected (Dupré
et al. 2021). Brain MRI shows cerebellar atrophy mainly affect-
ing the anterior and dorsal vermis and the lateral cerebellum
(Coarelli et al. 2023).

Clinical signs of cerebellar dysfunction in CANVAS include
a combination of cerebellar dysarthria, appendicular ataxia,
truncal ataxia, and cerebellar-related ocular motor deficits
(dysmetric saccades with a normal velocity, smooth pursuit
impaired showing square waves and broken pursuit) (Dupré et
al. 2021). VOR gain reductions (VHIT) are typically observed
in both vertical and horizontal canals and are often described as
severe, although this depends on the disease stage (Borsche et
al. 2024; Pellerin et al. 2024b). In addition, the combined defi-
cit in vestibular and cerebellar ocular motor functions results
in impairment of the VVOR (Video_2) (Petersen et al. 2013).
The visually suppressed VOR (VORS) is “falsely normal” in
CANVAS patients, due to absence of VOR (there being no VOR
to suppress) (Dupré et al. 2021).

The disease progresses slowly, with 55% of patients requir-
ing a walking stick after an average of 10 yr, and 25% need-
ing a wheelchair after 15 yr of disease duration (Cortese et al.
2020). A post-mortem study showed significant loss of Purkinje
cells (mainly in the vermis and lateral cerebellum), as well as
Scarpa’s, trigeminal, and facial ganglion cells, but not spiral
ganglion cells. The auditory nerve was unaffected, suggesting

that vestibular areflexia is due to a ganglionopathy (Szmulewicz
etal. 2011).

Friedreich Ataxia ¢ Friedreich ataxia (FRDA) is an autosomal
recessive spinocerebellar ataxia (SCA) caused by homozygous
inheritance of FXN alleles with a trinucleotidle GAA repeat
expansion in intron 1 (Keita et al. 2022). It is the most common
inherited ataxia in Europe and a slowly progressive neurodegen-
erative disease, with a progression rate that is neither constant
nor linear (Fahey et al. 2008). Typically, onset of FRDA occurs
between the ages of 5 and 20 yr of age, but it can present out-
side this range with some patients presenting as late as their 60s,
depending on the number of repeat expansions (Keita et al. 2022).

FRDA can affect multiple areas of the central and peripheral
nervous system, and as the disease progresses, individuals may
become increasingly dependent on assistance with activities of
daily living (Fahey et al. 2008). Progressive ataxia that initially
affects the lower limbs and then the upper limbs, absence of ten-
don reflexes and weakness in the lower limbs, dysarthria, loss
of distal deep sensitivity, and bilateral Babinski sign result from
the disease’s progression in the brain, spinal cord, and periph-
eral nerves (Zeigelboim et al. 2017). Other common features
include nystagmus (downbeat nystagmus, gaze-evoked nystag-
mus), optic atrophy, hearing difficulties particularly in the pres-
ence of background noise, atrophy in hands and distal lower
limbs, scoliosis, pes cavus, and claw toes (Zeigelboim et al.
2017; Sohns et al. 2024). Diabetes and hypertrophic cardiomy-
opathy are frequently present (Fahey et al. 2008).

A recent systematic literature review on ocular motor and
vestibular measurements in FRDA demonstrated presence of
square-wave jerks (90/109), ocular flutter (21/43), impaired
eccentric gaze holding (40/104), abnormal pursuit (81/93),
increases in saccade latency (27/38), dysmetric saccades
(71/93), and VOR deficits (39/48) (Sohns et al. 2024). Twenty-
seven FRDA patients underwent audiological assessments,
including pure-tone audiometry, otoacoustic emissions, and
auditory brainstem response testing, revealing an association
between genotype and the severity of auditory temporal and
spatial processing deficits, which contributed to poorer speech
perception (Koohi et al. 2021).

Spinocerebellar Ataxias ¢ SCAs are autosomal dominant
inherited ataxias, which constitute a heterogeneous group
of typically late-onset, progressive, and often fatal neurode-
generative disorders, characterized by progressive cerebellar
dysfunction, variably associated with other symptoms of the
central and peripheral nervous systems (Bettencourt & Lima
2011). A recent systematic review found that the global preva-
lence of SCA is 3 per 100,000 individuals (Ruano et al. 2014).
Almost 50 subtypes of SCAs have been identified; many SCAs
are caused by CAG nucleotide repeat expansions that encode
polyglutamine, and therefore, involve the toxic polyglutamine
protein (Soong & Paulson 2007; Sullivan et al. 2019). SCA3 is
the commonest subtype around the globe (Sullivan et al. 2019).
The core triad of symptoms of SCAs includes gait ataxia and
incoordination, nystagmus, other visual problems, and dys-
arthria, with patients also presenting additional features such
as pyramidal and extrapyramidal signs, ophthalmoplegia, and
cognitive impairment in specific SCAs (Sullivan et al. 2019).
Neuroimaging studies in SCAs found atrophy of infratentorial
structures, especially pons, medulla, and spinal cord to be a
common feature (Barsottini et al. 2019).
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Spinocerebellar ataxia type 1. Spinocerebellar ataxia type
1 (SCA1) was the first progressive autosomal dominant cer-
ebellar ataxia to be genetically characterized; it is caused by
an expanded CAG repeat in the coding region of the human
ATXNI gene (Donato et al. 2012). The age at onset of the dis-
ease can be extremely variable, ranging from 4 to 74 yr (Donato
et al. 2012). The first symptoms of the disease are usually rep-
resented by loss of motor coordination, imbalance, and gait
unsteadiness, which become evident in the fourth decade of life
in most patients (Donato et al. 2012). The extracerebellar clini-
cal presentation vary across pyramidal signs, dysphagia, ocu-
lomotor abnormalities (hypermetric saccades and nystagmus).
As it progresses, nystagmus may disappear, saccades become
slow, and an upward gaze palsy may develop; in advanced dis-
ease stages, horizontal gaze palsy impairs eye movements with
the appearance of compensatory head movements (Donato et
al. 2012). Peripheral nervous system involvement is found in at
least half of the patients with SCA1 (Linnemann et al. 2016).
In most SCA1 patients, MR imaging reveals global atrophy of
the structures of the posterior fossa, consistent with the neuro-
pathological finding of olivopontocerebellar atrophy (Donato et
al. 2012; Linnemann et al. 2016). In a small study (n = 4), three
patients manifest a reduced VOR gain (<0.77—vHIT) (Luis et
al. 2016). Another study with 12 SCA1 patients found that 70%
had a VOR gain (rotatory chair) below the normal limit, and
55.6% showed a reduced caloric response (Burk et al. 1999).

SCA type 3. SCA type 3, also known as Machado-Joseph
disease, is an autosomal dominant neurodegenerative disease
caused by an expansion of CAG trinucleotide repeats in the
ATXN3 gene; it causes an aberrant protein that easily aggre-
gates and deposits in the neurons of the cerebellum and brain-
stem (Elyoseph et al. 2024). The mutation causes the expression
of aberrant protein with expanded polyglutamine stretch that
casily aggregates and deposits in the neurons of the cerebellum
and brainstem.

The age of onset is highly variable with a median of 40 yr
(range 4 to 70 yr), and a mean survival time of 21 yr (Elyoseph
et al. 2024). SCA3 primarily features a progressive cerebel-
lar ataxia that also affects the brainstem, oculomotor system,
and motor pathways; also including extrapyramidal syndromes
(basal ganglia involvement), amyotrophy (brainstem and spinal
cord involvement), and neuropathy (peripheral nervous system
involvement) (Paulson 2012). It typically presents with gait
imbalance, vestibular symptoms, and speech difficulties. As the
disease advances, patients may experience nystagmus, slowed
saccades, and ophthalmoplegia. In later stages, individuals may
become wheelchair-bound and suffer from severe dysarthria
and dysphagia. Other clinical presentations can include auto-
nomic symptoms, facial and temporal atrophy, with dementia
being uncommon but possible (Paulson 2012). Magnetic reso-
nance imaging of the brain reveals atrophy of the brainstem and
cerebellum (Paulson 2012). An audiological assessment was
conducted on 12 SCA3 patients, with 33.3% showing abnormal
audiometric test results and 58.3% exhibiting abnormal audi-
tory brainstem responses (Zeigelboim et al. 2015).

VOR deficits are often present on SCA3, ranging from mild
to severe (Luis et al. 2016; Kim et al. 2023). It has been pro-
posed that the deficit in the horizontal VOR gain may serve as
a neurophysiological biomarker for detecting the clinical onset,
severity, and progression of SCA3; horizontal VOR gain mea-
sured by the VHIT was significantly low in almost all patients

and inversely correlated with disease severity (Elyoseph et al.
2024). It has been assumed that VOR deficit gain on SCA3 is of
central and not vestibular peripheral origin; the degeneration of
the medial vestibular nucleus and nucleus prepositus hypoglossi
could account for both central vestibular loss and gaze-evoked
nystagmus (Gordon et al. 2014). Using vestibular-evoked myo-
genic potentials, researchers described that peripheral pathways
emerging from the otoliths are also damaged in SCA3, with
abnormal results found in 93% of 14 patients tested (Ribeiro et
al. 2015; Barsottini et al. 2019).

Spinocerebellar ataxia type 6. Spinocerebellar ataxia type
6 (SCAO6) is one of three allelic autosomal dominant disorders
due to mutations of the CACNA1A gene, located on chromo-
some 19p13; the other two being episodic ataxia type 2 (EA2)
and familial hemiplegic migraine (Tarnutzer et al. 2024). It is
considered a late-onset disorder, with a mean age of onset in the
fifth decade (Solodkin & Gomez 2012). Initial symptoms are
gait unsteadiness, stumbling, and imbalance in about 90% of
cases, rarely preceded for several years by symptoms of diplo-
pia or episodic vertigo and vibratory, with proprioceptive sen-
sory loss (Solodkin & Gomez 2012). Incoordination progress
slowly, and eventually all patients have gait ataxia, upper limb
incoordination, intention tremor, and dysarthria; lifespan is not
shortened (Solodkin & Gomez 2012). MRI brain scans in SCA6
show essentially pure cerebellar atrophy (Solodkin & Gomez
2012). A systematic literature review in SCA6 patients of quan-
titative ocular motor and vestibular measurements, reported that
the most frequently identified impairments included smooth
pursuit, saccade metrics, gaze holding (gaze-evoked nystagmus
and downbeat nystagmus), and high-frequency VOR deficit
(Tarnutzer et al. 2024).

Spinocerebellar ataxia type 7. Spinocerebellar ataxia type
7 (SCAT7) is a progressive autosomal dominant neurodegenera-
tive disorder, caused by expansion of an unstable trinucleotide
CAG repeat encoding a polyglutamine tract in the correspond-
ing protein, ataxin-7 (Martin 2012). The clinical condition can
develop during childhood up to the age of 60, with the disease
progressing more rapidly in younger individuals (Lebre & Brice
2003). It affects primarily the cerebellum and the retina (pig-
mentary macular degeneration with color vision and visual acu-
ity abnormalities), but also many other structures as the disease
progresses (Lebre & Brice 2003). The association of cerebellar
ataxia and dysarthria with pyramidal signs (increased reflexes
and/or extensor plantar reflexes and/or lower limb spasticity),
supranuclear ophthalmoplegia, slow saccades and decreased
visual acuity is highly suggestive of SCA7 (Lebre & Brice
2003). Brain imaging shows marked atrophy in the cerebellum,
particularly in the superior part of the vermis and the brainstem
(Lebre & Brice 2003). Vestibular performance in SCA7 has
rarely been studied; a recent study in 9 SCA7 patients impaired
VOR gain on VHIT, particularly in the vertical canals (77.8%),
greater for the anterior than the posterior canal (Kim et al.
2023). Although it has been suggested that visual acuity may
not influence VHIT outcomes, it is not possible to rule out the
impact of retinal degeneration on VOR impairments in SCA7
patients, requiring further investigation (Kim et al. 2023).

SCA27B/FGF14 gene. SCA27B is an autosomal dominant
disorder caused by a GAA repeat expansion in intron 1 of the
fibroblast growth factor 14 (FGF14) gene, that has recently been
recognized (2023) as one of the most common genetic forms
of late-onset ataxia (Wilke et al. 2023; Clément et al. 2024;
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Pellerin et al. 2024b). It is a slowly progressive pan-cerebellar
syndrome often accompanied by cerebellar oculomotor signs,
such as downbeat nystagmus, and episodic symptoms.

The diagnosis of SCA27B is made by clinical evidence
and the identification of a GAA expansion in intron 1 of
FGF14 (Clément et al. 2024). The phenotypic profile was
described as: “A recognizable constellation of symptoms,
which are recurrent, intermittent and discrete with clear
onset and offset from the patient’s established baseline, and
can appear unprovoked or be induced, for example, by alco-
hol or physical activity; characterized primarily by episodic
cerebellar symptoms (gait ataxia, dysarthria, diplopia, oscil-
lopsia, vertigo and/or dizziness or appendicular ataxia)”
(Ashton et al. 2023). The majority of patients subsequently
develop permanent ataxia after an average of 3 to 4 yr of
disease (Clément et al. 2024).

The cerebellar sign on the examination comprises, gait
impairment, broken-up smooth pursuit, saccadic dysmetria,
and downbeat nystagmus (Wilke et al. 2023). These symptoms
likely indicate involvement of the cerebellar flocculus and
paraflocculus, with MRI revealing brain atrophy that primarily
affects the cerebellar vermis and, to a lesser extent, the hemi-
spheres (Clément et al. 2024). SCA27B ataxia have recently
been shown to account for almost 50% of yet idiopathic down-
beat nystagmus cases (Pellerin et al. 2024b), it is observed
in up to 70% of 50 SCA patients (Ashton et al. 2023) and,
as such, appears to be a particularly specific clinical manifes-
tation of that specific ataxia. Regarding vestibular function,
bilateral vestibulopathy (VHIT) is observed in 10 to 75% of
individuals with SCA27B, emerging later in the disease and
generally remaining mild, without progressing to severe ves-
tibular areflexia (Borsche et al. 2024; Pellerin et al. 2024a).
The later finding has clinical utility, as in CANVAS the loss
of the VOR is more severe compared with SCA27B (Borsche
et al. 2024).

Regarding the neuropathy impairment, while early studies
suggested that polyneuropathy is not a core feature of SCA27B,
subsequent research has shown that some patients may develop
mild axonal sensory or sensorimotor polyneuropathy, and it dif-
fers from CANVAS, where the neuropathy is a hallmark of the
disease (Ashton et al. 2023; Pellerin et al. 2024a). In addition, it
was suggested that dysautonomia increased with duration while
cognitive impairment remained infrequent, even in advanced
stages (Wilke et al. 2023). Functional impairment progressed
slowly, with 50% of patients using unilateral mobility aids after
8 yr (Wilke et al. 2023) and nystagmus and gait can improve
with 3,4-diaminopyridine.

Mitochondrial Disease ¢ Since mitochondria are essential
organelles in all human cells, mitochondrial disease (MD)
can affect all organs, involvement of the nervous system often
occurs (Ng et al. 2021). Ataxia may be the dominant manifesta-
tion of MD, which includes pure cerebellar, sensory, or SCA
(Hougaard et al. 2019). Vestibular dysfunction has been identi-
fied as an important manifestation of MD in adults (Hougaard
et al. 2019). Many MDs were defined by a cluster of clinical
features, such as mitochondrial myopathy, encephalopathy, lac-
tic acidosis, stroke-like episode syndrome, and Kearns-Sayre
syndrome (Ng et al. 2021). Although vestibular dysfunction has
been rarely studied in mitochondrial myopathy, encephalopathy,
lactic acidosis, and stroke-like episodes, some research using

VHIT has shown bilateral abnormalities in the horizontal and
posterior canals (Hougaard et al. 2019). Hearing impairment is
an additional feature of MD, involving both the peripheral and
central auditory systems (Koohi et al. 2024).

Episodic Ataxia ¢ The term “episodic ataxia” (EA) refers
to a small group of rare autosomal dominant channelopathies
inherited disorders characterized by discrete attacks of ataxia
of variable duration and frequency, often accompanied by other
clinical symptoms, including in the interictal phase (Hassan
2023). EA is not typically associated with chronic deficits
such as vestibular loss. However, we included it in this article
because most EA patients experience both vertigo and ataxia,
and some present with interictal symptoms. Further studies are
needed to determine whether EA patients exhibit chronic ves-
tibular deficits.

EA comprises some different subtypes, with EA1 and EA2
being the most common, caused by mutations in KCNAT1 and
CACNALA, respectively (Hassan 2023). EA mostly manifests
before age 20 yr, and it can be associated with other paroxysmal
neurological disorders such as migraines, epilepsy, and dysto-
nia (Sullivan et al. 2019). The key clinical feature that raises
the diagnosis of EA is discrete attacks of incoordination with
a clear onset and resolution of symptoms, which also distin-
guishes EA with progressive features from progressive ataxia
with intermittent exacerbation; furthermore, the presence of
interictal findings in most patients provides a helpful distinction
with vestibular migraine (Hassan 2023).

TABLE 2. Important clinical considerations when investigating
vestibular loss in patients with cerebellar ataxia

Key Considerations for Investigating Vestibular Loss in Cerebellar
Ataxia

Age at onset

Family history

Acute vs. episodic vs. chronic presentation
Hearing loss

Peripheral sensory neuropathy

Vestibular loss pattern on vHIT

VHIT, video Head Impulse Test.

TABLE 3. Investigations for patients with vestibular loss and
cerebellar ataxia

Tests to Consider for Vestibular Loss Associated With Cerebellar
Ataxia

e Serological tests (blood count, electrolytes, liver and bone
profile, thyroid function, vitamin B1, vitamin B12, vitamin E,
autoimmune profile, paraneoplastic panel)

Genetic tests (SCA panel, RFC1, EA2, FXN, WGS [if available])
MRI brain

Cerebrospinal fluid examination (autoimmune/inflammatory)
Nerve conduction study (hereditary ataxias with neuropathy)
PET scan (for suspected paraneoplastic syndrome)

Hearing assessment (pure-tone audiometry, brainstem
responses)

e Vestibular assessment (VHIT, caloric test, rotatory chair, VEMP)

EA2, episodic ataxia 2; FXN, frataxin FXN gene-Friedreich’s ataxia; MRI, magnetic reso-
nance imaging; PET, positron emission tomography; RFC1, replication factor C subunit
1; SCA, spinocerebellar ataxia; VEMP, vestibular-evoked myogenic potentials; vHIT, video
head impulse test; WGS, whole genome sequencing.
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EA1 typically begins in childhood, with an average onset
at 7.8 yr of age. It is characterized by persistent myokymia in
the face or limb muscles, detectable clinically or via electro-
myography. Attack lasts minutes and triggers include stress,
startle, caffeine, alcohol, or sudden movement (Hassan 2023).
The attacks consist of episodes of vertigo lasting minutes
associated with diplopia, headache, stiffness of the body,
and dysarthric speech (Hassan 2023). During an attack, gait
impairment can range from mild dysfunction to complete
inability to walk; furthermore, there may be comorbid cogni-
tive disability or deafness (Hassan 2023). Most patients have
normal cerebellar function between attacks and normal MRI
brain imaging; however, longer disease duration is corre-
lated with permanent cerebellar signs and cerebellar atrophy
(Hassan 2023). Many patients do not seek treatment because
attacks are brief and improve with age; a variety of antiseizure
medications can diminish attacks, including carbamazepine,
phenytoin, lamotrigine, and acetazolamine (Hassan 2023).

EA2 is the most frequent subtype of EA, usually begins
in early childhood, most often before the age of 20, though
symptoms may rarely first manifest in patients older than 50 yr
(Gazquez & Lopez-Escamez 2011). It presents with attacks,
lasting for several hours to days, of imbalance, vertigo, and
ataxia which are provoked by physical exertion, emotional
stress, or alcohol (Guterman et al. 2016). Ataxia and nystag-
mus may be present during the interictal phase (Gazquez &
Lopez-Escamez 2011). The spells may be characterized by
isolated ataxia or, as seen in our patient, a broader range of
symptoms, often localizing to the brainstem; associated fea-
tures include generalized and hemiplegic weakness, migraine,
intellectual disability, dystonia, and seizures (Guterman et
al. 2016). Therapeutically, acetazolamide responsiveness is a
hallmark of the disease, with 50 to 75% of patients report-
ing improvement in episode severity and frequency, although
some may not experience symptomatic benefit. Few studies
have evaluated vestibular function during the interictal periods
of EA (Guterman et al. 2016). A recent study assessed vestib-
ular function (bithermal caloric tests, rotatory chair test, vHIT,
and otolith function tests) in 17 EA2 patients. The results
showed abnormal VOR responses in at least one semicircu-
lar canal with high acceleration and frequency head impulses
(14/16, 88%), normal responses to low acceleration and fre-
quency stimuli, and impairments in at least one otolith func-
tion test (13/16, 81%) in most patients. These findings suggest
that vestibular impairments are common in EA2, even during
interictal periods, which may indicate degeneration of the ves-
tibulocerebellum or vestibular nuclei (Choi et al. 2022).

EA3 is a rare disorder characterized by recurrent attacks
(lasting minutes to hours) of vestibular ataxia, vertigo, tinnitus,
and headache, with interictal myokymia present in about half of
the patients, and typically respond to acetazolamide (Gazquez
& Lopez-Escamez 2011). EA4, or familial periodic vestibulo-
cerebellar ataxia, is an autosomal dominant disorder marked by
vertigo and ataxia episodes. Patients may have interictal nys-
tagmus and mild ataxia, similar to EA2. Inability to suppress
the VOR is the most consistent symptom (Gazquez & Lopez-
Escamez 2011).

Finally, we present key considerations for investigating
vestibular loss in cerebellar ataxia (Table 2) and recommend
relevant tests for assessing vestibular loss associated with cer-
ebellar ataxia (Table 3).

CONCLUSION

The recognition of hereditary cerebellar ataxias is increas-
ing and becoming frequent presentations to otolaryngology
clinics. We have reviewed the common conditions that cause
cerebellar ataxia and vestibular involvement. In the context of
an acute presentation, it is worth considering AICA stroke and
Wernicke’s encephalopathy. In patients with slowly progressive
syndromes, it is worth considering hereditary ataxias, in partic-
ular SCA27B and CANVAS, with other SCAs and mitochon-
drial disorders also part of the differential diagnosis. Future
studies using vestibular tests are crucial for better understand-
ing the pathophysiology of vestibular involvement in cerebellar
ataxia.

ACKNOWLEDGMENTS

The authors acknowledge Sofia Mermelstein and Isaac Bocai for their kind-
ness in providing some of the videos.

The authors have no conflicts of interest to disclose.

Address for correspondence: Diego Kaski, Department of Clinical and
Movement Neurosciences, University College London, Queen Square
Institute of Neurology, London, United Kingdom. E-mail: d.kaski@ucl.
ac.uk

Received March 16, 2025; accepted June 23, 2025

REFERENCES

Akdal, G., MacDougall, H. G., Chen, L., Tanriverdizade, T., Yigitaslan, O.,
Halmagyi, G. M. (2016). Selective impairment of horizontal vestibulo-
ocular reflexes in acute Wernicke’s encephalopathy. J Neurol Sci, 365,
167-168.

Ashton, C., Indelicato, E., Pellerin, D., Clément, G., Danzi, M. C., Dicaire,
M. J.,, Bonnet, C., Houlden, H., Ziichner, S., Synofzik, M., Lamont, P. J.,
Renaud, M., Boesch, S., Brais, B. (2023). Spinocerebellar ataxia 27B:
Episodic symptoms and acetazolamide response in 34 patients. Brain
Commun, 5, fcad239.

Barsottini, O. G., Pedroso, J. L., Martins, C. R., Franga, M. C., Albernaz, P.
M. (2019). Deafness and vestibulopathy in cerebellar diseases: A practi-
cal approach. Cerebellum, 18, 1011-1016.

Bery, A. K., & Chang, T. P. (2022). Positive horizontal-canal head impulse
test is not a benign sign for acute vestibular syndrome with hearing loss.
Front Neurol, 13, 941909.

Bettencourt, C., & Lima, M. (2011). Machado-Joseph disease: From first
descriptions to new perspectives. Orphanet J Rare Dis, 6, 35-12.

Biswas, S. N., Ray, S., Ball, S., Chakraborty, P. P. (2018). Bruns nystag-
mus: An important clinical clue for cerebellopontine angle tumours. BM.J
Case Rep, 2018, ber—2017.

Bodranghien, F., Bastian, A., Casali, C., Hallett, M., Louis, E. D., Manto,
M., Marién, P., Nowak, D. A., Schmahmann, J. D., Serrao, M., Steiner,
K. M., Strupp, M., Tilikete, C., Timmann, D., van Dun, K. (2016).
Consensus paper: Revisiting the symptoms and signs of cerebellar syn-
drome. Cerebellum, 15,369-391.

Borsche, M., Thomsen, M., Szmulewicz, D. J., Liibbers, B., Hinrichs, F.,
Lockhart, P. J., Lohmann, K., Helmchen, C., Briiggemann, N. (2024).
Bilateral vestibulopathy in RFC1-positive CANVAS is distinctly differ-
ent compared to FGF14-linked spinocerebellar ataxia 27B. J Neurol,
271,1023-1027.

Bronstein, A. M., Mossman, S., Luxon, L. M. (1991). The neck-eye reflex in
patients with reduced vestibular and optokinetic function. Brain, 114 (Pt
14), 1-11.

Burk, K., Fetter, M., Abele, M., Laccone, F., Brice, A., Dichgans, J.,
Klockgether, T. (1999). Autosomal dominant cerebellar ataxia type I:
Oculomotor abnormalities in families with SCA1, SCA2, and SCA3. J
Neurol, 246, 789-797.

Chen, L., & Halmagyi, G. M. (2018). Central lesions with selective semi-
circular canal involvement mimicking bilateral vestibulopathy. Front
Neurol, 9, 264. 10.3389/fneur.2018.00264.



JOFFILY ET AL./EAR & HEARING, VOL. XX, NO. XX, 00-00 9

Chen, L., Todd, M., Halmagyi, G. M., Aw, S. (2014). Head impulse gain
and saccade analysis in pontine-cerebellar stroke and vestibular neuritis.
Neurology, 83, 1513-1522.

Choi, K., Kim, H., Kim, S. (2007). The vestibulo-ocular reflexes dur-
ing head impulse in Wernicke’s encephalopathy. J Neurol Neurosurg
Psychiatry, 78, 1160-1161.

Choi, S.Y., Kim, H. J., Kim, J. S. (2016). Chasing dizzy chimera: Diagnosis
of combined peripheral and central vestibulopathy. J Neurol Sci, 371,
69-78.

Choi, J. H., Oh, E. H., Choi, S. Y., Kim, H. J., Lee, S. K., Choi, J. Y., Kim, J.
S., Choi, K. D. (2022). Vestibular impairments in episodic ataxia type 2.
J Neurol, 269, 2687-2695.

Clément, G., Puisieux, S., Pellerin, D., Brais, B., Bonnet, C., Renaud, M.
(2024). Spinocerebellar ataxia 27B (SCA27B), a frequent late-onset
cerebellar ataxia. Rev Neurol (Paris), 180, 410-416.

Coarelli, G., Wirth, T., Tranchant, C., Koenig, M., Durr, A., Anheim, M.
(2023). The inherited cerebellar ataxias: An update. J Neurol, 270,
208-222.

Cortese, A., Simone, R., Sullivan, R., Vandrovcova, J., Tariq, H., Yan, Y.
W., Humphrey, J., Jaunmuktane, Z., Sivakumar, P., Polke, J., Ilyas, M.,
Tribollet, E., Tomaselli, P. J., Devigili, G., Callegari, 1., Versino, M.,
Salpietro, V., Efthymiou, S., Kaski, D., Houlden, H. (2019). Biallelic
expansion of an intronic repeat in RFC1 is a common cause of late-onset
ataxia. Nat Genet, 51, 649-658.

Cortese, A., Tozza, S., Yau, W. Y., Rossi, S., Beecroft, S.J., Jaunmuktane,
Z., Dyer, Z., Ravenscroft, G., Lamont, PJ., Mossman, S., Chancellor,
A., Maisonobe, T., Pereon, Y., Cauquil, C., Colnaghi, S., Mallucci, G.,
Curro, R., Tomaselli, P.J., Thomas-Black, G., Sullivan, R., Efthymiou,
S., Rossor, A.M., Laura, M., Pipis, M., Horga, A., Polke, J., Kaski,
D., Horvath, R., Chinnery, PF., Marques, W., Tassorelli, C., Devigili,
G., Leonardis, L., Wood, N.W., Bronstein, A., Giunti, P, Ziichner, S.,
Stojkovic, T., Laing, N., Roxburgh, R.H., Houlden, H., Reilly, M. M.
(2020). Cerebellar ataxia, neuropathy, vestibular areflexia syndrome due
to RFCI repeat expansion. Brain, 143, 480-490.

Donato, S., Di, Mariotti, C., Taroni, F. (2012). Spinocerebellar ataxia type 1.
Handb Clin Neurol, 103,399-421.

Dupré, M., Hermann, R., Froment Tilikete, C. (2021). Update on cerebel-
lar ataxia with neuropathy and bilateral vestibular areflexia syndrome
(CANVAS). Cerebellum, 20, 687-700.

Elyoseph, Z., Geisinger, D., Zaltzman, R., Mintz, M., Gordon, C. R. (2024).
Horizontal vestibulo-ocular reflex deficit as a biomarker for clinical
disease onset, severity, and progression of Machado-Joseph disease.
Cerebellum, 23, 1273-1279.

Fahey, M. C., Cremer, P. D., Aw, S. T., Millist, L., Todd, M. J., White, O.
B., Halmagyi, M., Corben, L. A., Collins, V., Churchyard, A. J., Tan, K.,
Kowal, L., Delatycki, M. B. (2008). Vestibular, saccadic and fixation
abnormalities in genetically confirmed Friedreich ataxia. Brain, 131,
1035-1045.

Gazquez, 1., & Lopez-Escamez, J. A. (2011). Genetics of recurrent vertigo
and vestibular disorders. Curr Genomics, 12, 443-450.

Gordon, C. R., Zivotofsky, A. Z., Caspi, A. (2014). Impaired vestibulo-
ocular reflex (VOR) in spinocerebellar ataxia type 3 (SCA3): Bedside
and search coil evaluation. J Vestib Res, 24, 351-355.

Grove, C. R., Wagner, A., Yang, V. B., Loyd, B. J., Dibble, L. E., Schubert,
M. C. (2022). Greater disability is associated with worse vestibular and
compensatory oculomotor functions in people living with multiple scle-
rosis. Brain Sci, 12, 1519.

Guterman, E. L., Yurgionas, B., Nelson, A. B. (2016). Pearls & Oy-sters:
Episodic ataxia type 2: Case report and review of the literature.
Neurology, 86, €239—e241.

Hassan, A. (2023). Episodic ataxias: Primary and secondary etiologies,
treatment, and classification approaches. Tremor Other Hyperkinet Mov
(NY), 13,9.10.5334/tohm.747.

Hougaard, D. D., Hestoy, D. H., Petersen, M. B. (2019). Audiological and
vestibular findings in subjects with MELAS syndrome. J Int Adv Otol,
15,296-303.

Jaganathan, N., Mohamed, M. H., Md Pauzi, A. L., Mahayidin, H., Hanapai,
A. F., Wan Sulaiman, W. A., Basri, H., Inche Mat, L. (2024). Video head
impulse test in stroke: A review of published studies. Front Neurol, 15,
1339039.

Kattah, J. C. (2017). The spectrum of vestibular and ocular motor abnor-
malities in thiamine deficiency. Curr Neurol Neurosci Rep, 17, 40.

Kattah, J. C. (2018). Clinical characteristics and etiology of bilateral
vestibular loss in a cohort from central Illinois. Front Neurol, 9, 46.
10.3389/fneur.2018.00046.

Kattah, J. C., McClelland, C., Zee, D. S. (2019). Vertical nystagmus in
Wernicke’s encephalopathy: Pathogenesis and role of central processing
of information from the otoliths. J Neurol, 266, 139-145.

Keita, M., MclIntyre, K., Rodden, L. N., Schadt, K., Lynch, D. R. (2022).
Friedreich ataxia: Clinical features and new developments. Neurodegener
Dis Manag, 12, 267-283.

Kim, J. M., Nam, T. S., Choi, S. M., Kim, B. C., Lee, S. H. (2023). Clinical
value of vestibulo-ocular reflex in the differentiation of spinocerebellar
ataxias. Sci Rep, 13, 14783. 10.1038/s41598-023-41924-6.

Kim, J. S., Newman-Toker, D. E., Kerber, K. A., Jahn, K., Bertholon, P,
Waterston, J., Lee, H., Bisdorff, A., Strupp, M. (2022). Vascular vertigo
and dizziness: Diagnostic criteria. J Vestib Res, 32, 205-222.

Koohi, N., Holmes, S., Male, A., Bamiou, D. E., Dudziec, M. M.,
Ramdharry, G. M., Pizzamiglio, C., Hanna, M. G., Pitceathly, R. D. S.,
Kaski, D. (2024). Beyond the cochlea: Exploring the multifaceted nature
of hearing loss in primary mitochondrial diseases. Brain Commun, 6,
fcae374.

Koohi, N., Thomas-Black, G., Giunti, P, Bamiou, D. E. (2021). Auditory
phenotypic variability in friedreich’s ataxia patients. Cerebellum, 20,
497-508.

Lebre, A. S., & Brice, A. (2003). Spinocerebellar ataxia 7 (SCA7).
Cytogenet Genome Res, 100, 154—163.

Lee, S. H,, Kim, J. M., Kim, J. T., Tarnutzer, A. A. (2023). Video head
impulse testing in patients with isolated (hemi)nodular infarction. Front
Neurol, 14, 1124217.

Lee, S. H., Kim, S. H., Kim, J. M., Tarnutzer, A. A. (2018). Vestibular
dysfunction in Wernicke’s encephalopathy: Predominant impair-
ment of the horizontal semicircular canals. Front Neurol, 9, 141.
10.3389/fneur.2018.00141.

Linnemann, C., Tezenas du Montcel, S., Rakowicz, M., Schmitz-Hiibsch,
T., Szymanski, S., Berciano, J., van de Warrenburg, B. P,, Pedersen, K.,
Depondt, C., Rola, R., Klockgether, T., Garcia, A., Mutlu, G., Schdls, L.
(2016). Peripheral neuropathy in spinocerebellar ataxia type 1, 2, 3, and
6. Cerebellum, 15, 165-173.

Luis, L., Costa, J., Munoz, E., De Carvalho, M., Carmona, S., Schneider,
E., Gordon, C. R., Valls-Sole, J. (2016). Vestibulo-ocular reflex
dynamics with head-impulses discriminates spinocerebellar ataxias
types 1, 2 and 3 and Friedreich ataxia. J Vestib Res Equilib Orientat,
26, 327-334.

MacMahon, H., & El Refaie, A. (2022). The audiovestibular manifestations
as early symptoms of multiple sclerosis: A scoping review of the litera-
ture. Ir J Med Sci, 191, 391-400.

Marrie, R. A., Cutter, G. R., Tyry, T. (2013). Substantial burden of dizziness
in multiple sclerosis. Mult Scler Relat Disord, 2, 21-28.

Martin, J. J. (2012). Spinocerebellar ataxia type 7. Handb Clin Neurol, 103,
475-491.

Migliaccio, A. A., Halmagyi, G. M., McGarvie, L. A., Cremer, P. D. (2004).
Cerebellar ataxia with bilateral vestibulopathy: Description of a syn-
drome and its characteristic clinical sign. Brain, 127, 280-293.

Ng, Y. S., Bindoff, L. A., Gorman, G. S., Klopstock, T., Kornblum, C.,
Mancuso, M., McFarland, R., Sue, C. M., Suomalainen, A., Taylor, R.
W., Thorburn, D. R., Turnbull, D. M. (2021). Mitochondrial disease in
adults: Recent advances and future promise. Rev Lancet Neurol, 20,
573-584.

Nham, B., Reid, N., Bein, K., Bradshaw, A. P., McGarvie, L. A., Argaet,
E. C., Young, A. S., Watson, S. R., Halmagyi, G. M., Black, D. A.,
Welgampola, M. S. (2022). Capturing vertigo in the emergency room:
Three tools to double the rate of diagnosis. J Neurol, 269, 294-306.

Park, H. K., Kim, J. S., Strupp, M., Zee, D. S. (2013). Isolated floccular
infarction: Impaired vestibular responses to horizontal head impulse. J
Neurol, 260, 1576-1582.

Paulson, H. (2012). Machado-Joseph disease/spinocerebellar ataxia type 3.
Handb Clin Neurol, 103, 437-449.

Pedroso, J. L., Vale, T. C., Braga-Neto, P, Dutra, L. A., Franga, M. C., Teive,
H. A. G., Barsottini, O. G. P. (2019). Acute cerebellar ataxia: Differential
diagnosis and clinical approach. Arq Neuropsiquiatr, 77, 184—193.

Pellerin, D., Danzi, M. C., Renaud, M., Houlden, H., Synofzik, M., Zuchner,
S., Brais, B. (2024a). Spinocerebellar ataxia 27B: A novel, frequent and
potentially treatable ataxia. Clin Transl Med, 14, ¢1504.

Pellerin, D., Heindl, F,, Traschiitz, A., Rujescu, D., Hartmann, A. M., Brais,
B., Houlden, H., Dufke, C., Riess, O., Haack, T., Strupp, M., Synofzik,
M. (2024b). RFCI1 repeat expansions in downbeat nystagmus syndromes:
Frequency and phenotypic profile. J Neurol, 271, 2886-2892.

Petersen, J. A., Wichmann, W. W., Weber, K. P. (2013). The pivotal sign of
CANVAS. Neurology, 81, 1642—1643.



10 JOFFILY ET AL./ EAR & HEARING, VOL. XX, NO. XX, 00-00

Radmard, S., Zesiewicz, T. A., Kuo, S. H. (2023). Evaluation of cerebellar
ataxic patients. Neurol Clin, 41, 21-44.

Ribeiro, R. S., Pereira, M. M., Pedroso, J. L., Braga-Neto, P., Barsottini,
0. G. P, Manzano, G. M. (2015). Cervical and ocular vestibular evoked
potentials in Machado—Joseph disease: Functional involvement of otolith
pathways. J Neurol Sci, 358, 294-298.

Riska, K. M., Bellucci, J., Garrison, D., Hall, C. (2020). Relationship
between corrective saccades and measures of physical function in unilat-
eral and bilateral vestibular loss. Ear Hear, 41, 1568—-1574.

Ruano, L., Melo, C., Silva, M. C., Coutinho, P. (2014). The global epidemi-
ology of hereditary ataxia and spastic paraplegia: A systematic review of
prevalence studies. Neuroepidemiology, 42, 174-183.

Rudaks, L. 1., Yeow, D., Ng, K., Deveson, I. W., Kennerson, M. L., Kumar,
K. R. (2024). An update on the adult-onset hereditary cerebellar ataxias:
Novel genetic causes and new diagnostic approaches. Cerebellum, 23,
2152-2168.

Sealy, A. (2014). Vestibular assessment: A practical approach. Occup Med
(Lond). 64, 78-86.

Shemesh, A. A., & Zee, D. S. (2019). Eye movement disorders and the cer-
ebellum. J Clin Neurophysiol, 36, 405-414.

Sohns, E., Szmulewicz, D. J., Tarnutzer, A. A. (2024). Oculomotor and
vestibular deficits in Friedreich ataxia—Systematic review and meta-
analysis of quantitative measurements. Cerebellum, 23, 2269-2284.

Solodkin, A., & Gomez, C. M. (2012). Spinocerebellar ataxia type 6. Handb
Clin Neurol, 103, 461-473.

Soong, B. -W., & Paulson, H. L. (2007). Spinocerebellar ataxias: An update.
Curr Opin Neurol, 20, 438-446.

Striteska, M., Skoloudik, L., Valis, M., Mejzlik, J., Trnkova, K., Chovanec,
M., Profant, O., Chrobok, V., Kremlacek, J. (2021). Estimated vestibu-
logram (EVEST) for effective vestibular assessment. Biomed Res Int,
2021, 8845943.

Sullivan, R., Yau, W. Y., O’Connor, E., Houlden, H. (2019). Spinocerebellar
ataxia: An update. J Neurol, 266, 533-544.

Surmeli, R., Surmeli, M., Yalcin, A. D., Yilmaz, A. A. S., Kucuk, F. (2022).
Multiple sclerosis attack case presenting with pseudo-vestibular neuritis.
Int J Neurosci, 132, 601-605.

Szmulewicz, D. J., McLean, C. A., Macdougall, H. G., Roberts, L., Storey,
E., Halmagyi, G. M. (2014). CANVAS an update: Clinical presentation,
investigation and management. J Vestib Res, 24, 465-474.

Szmulewicz, D. J., Roberts, L., Mclean, C. A., Macdougall, H. G.,
Halmagyi, G. M., Storey, E. (2016). Neurology ® Clinical Practice
Proposed diagnostic criteria for cerebellar ataxia with neuropathy
and vestibular areflexia syndrome (CANVAS). Neurol Clin Pract, 6,
61-68.

Szmulewicz, D. J., Waterston, J. A., Macdougall, H. G., Mossman, S.,
Chancellor, A. M., Mclean, C. A., Merchant, S., Patrikios, P., Halmagyi,
G. M., Storey, E. (2011). Cerebellar ataxia, neuropathy, vestibular are-
flexia syndrome (CANVAS): A review of the clinical features and video-
oculographic diagnosis. Ann NY Acad Sci, 1233, 139-147.

Tarnutzer, A. A., Garces, P.,, Antoniades, C. A. (2024). Quantitative oculo-
motor and vestibular profile in spinocerebellar ataxia type 6—Systematic
review and meta-analysis. Cerebellum, 24, 1-12.

Tarnutzer, A. A., Gold, D., Wang, Z., Robinson, K. A., Kattah, J. C.,
Mantokoudis, G., Saber Tehrani, A. S., Zee, D. S., Edlow, J. A., Newman-
Toker, D. E. (2023). Impact of clinician training background and stroke
location on bedside diagnostic test accuracy in the acute vestibular syn-
drome—A meta-analysis. Ann Neurol, 94, 295-308.

Tu, C. E., & Young, Y. H. (2004). Audiovestibular evolution in a patient with
multiple sclerosis. Ann Owl Rhinal Laryngol, 113, 726-729.

Wilke, C., Pellerin, D., Mengel, D., Traschiitz, A., Danzi, M. C., Dicaire,
M. J., Neumann, M., Lerche, H., Bender, B., Houlden, H., Ziichner, S.,
Schols, L., Brais, B., Synofzik, M.; RFC1 study group. (2023). GAA-
FGF14 ataxia (SCA27B): Phenotypic profile, natural history progression
and 4-aminopyridine treatment response. Brain, 146, 4144-4157.

Zeigelboim, B. S., de Carvalho, H. A. S., Teive, H. A. G., Liberalesso, P.
B. N., Jurkiewicz, A. L., da Silva Abdulmassih, E. M., Marques, J. M.,
Cordeiro, M. L. (2015). Central auditory processing in patients with spi-
nocerebellar ataxia. Hear Res, 327, 235-244.

Zeigelboim, B. S., Mesti, J. C., Fonseca, V. R., Faryniuk, J. H., Marques, J.
M., Cardoso, R. C., Teive, H. A. G. (2017). Otoneurological abnormali-
ties in patients with Friedreich’s Ataxia. Int Arch Otorhinolaryngol, 21,
79-85.



	Vestibular Loss and Cerebellar Ataxia: A Practical Approach
	INTRODUCTION
	Signs of Vestibular and Cerebellar Impairment
	Vestibular Loss and Cerebellar Ataxia Differential Diagnoses
	Stroke
	Thiamine (B1) Deficiency: Wernicke Encephalopathy
	CPA Tumor
	Multiple Sclerosis
	Hereditary Cerebellar Ataxias
	Cerebellar Ataxia With Neuropathy and Bilateral Vestibular Areflexia Syndrome • Bronstein et al. (1991) were the first to describe vestibular loss associated with cerebellar ataxia, reporting two cases of multisystem atrophy affecting both the vestibular 
	Friedreich Ataxia • Friedreich ataxia (FRDA) is an autosomal recessive spinocerebellar ataxia (SCA) caused by homozygous inheritance of FXN alleles with a trinucleotide GAA repeat expansion in intron 1 (Keita et al. 2022). It is the most common inherited 
	Spinocerebellar Ataxias • SCAs are autosomal dominant inherited ataxias, which constitute a heterogeneous group of typically late-onset, progressive, and often fatal neurodegenerative disorders, characterized by progressive cerebellar dysfunction, variabl
	Spinocerebellar ataxia type 1. Spinocerebellar ataxia type 1 (SCA1) was the first progressive autosomal dominant cerebellar ataxia to be genetically characterized; it is caused by an expanded CAG repeat in the coding region of the human ATXN1 gene (Donato
	SCA type 3. SCA type 3, also known as Machado-Joseph disease, is an autosomal dominant neurodegenerative disease caused by an expansion of CAG trinucleotide repeats in the ATXN3 gene; it causes an aberrant protein that easily aggregates and deposits in th
	Spinocerebellar ataxia type 6. Spinocerebellar ataxia type 6 (SCA6) is one of three allelic autosomal dominant disorders due to mutations of the CACNA1A gene, located on chromosome 19p13; the other two being episodic ataxia type 2 (EA2) and familial hemip
	Spinocerebellar ataxia type 7. Spinocerebellar ataxia type 7 (SCA7) is a progressive autosomal dominant neurodegenerative disorder, caused by expansion of an unstable trinucleotide CAG repeat encoding a polyglutamine tract in the corresponding protein, at
	SCA27B/FGF14 gene. SCA27B is an autosomal dominant disorder caused by a GAA repeat expansion in intron 1 of the fibroblast growth factor 14 (FGF14) gene, that has recently been recognized (2023) as one of the most common genetic forms of late-onset ataxia

	Mitochondrial Disease • Since mitochondria are essential organelles in all human cells, mitochondrial disease (MD) can affect all organs, involvement of the nervous system often occurs (Ng et al. 2021). Ataxia may be the dominant manifestation of MD, whic
	Episodic Ataxia • The term “episodic ataxia” (EA) refers to a small group of rare autosomal dominant channelopathies inherited disorders characterized by discrete attacks of ataxia of variable duration and frequency, often accompanied by other clinical sy


	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES


