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Abstract
Vibratory stimulation of the sternocleidomastoid muscles or the skull may enhance ves-
tibular asymmetry and evoke nystagmus. We report prominent downbeating vibration-
induced nystagmus (VIN) in a patient with paraneoplastic cerebellar degeneration due to
cervical cancer with positive serum anti-Ri antibody. A 47-year-old woman developed
spontaneous upbeat nystagmus present with and without visual fixation. Nystagmus de-
creased during lateral and upward gaze. Downbeat nystagmus emerged during convergence
and after horizontal head shaking for approximately 15 seconds and during vibratory
stimulation of the mastoids and forehead. Additional findings included positional downbeat
nystagmus, impaired smooth pursuit, hypermetric horizontal saccades, and truncal ataxia.
During video-head impulse tests, the gains of the vestibulo-ocular reflex (VOR) were
normal for both horizontal semicircular canals but increased for both anterior canals and
decreased for both posterior canals. Horizontal head impulses produced cross-coupled
downward corrective saccades. Given the asymmetric vertical VOR, downbeat VIN ob-
served in our patient may be ascribed to enhanced upward bias of the VOR due to vesti-
bulocerebellar dysfunction during the vibratory stimuli. Vibration-induced downbeat
nystagmus should be added to the list of central vestibular signs and is likely due to
cerebellar dysfunction.

Pearls
c Vibratory stimulus on the skull may induce nystagmus or augment spontaneous nystagmus

by stimulating the vestibular end organs.
c Vibration-induced downbeat nystagmus should be in the differential diagnosis for central

vestibular signs and is likely due to cerebellar dysfunction.

Oy-sters
c In unilateral peripheral vestibulopathy, skull vibration mostly induces contralesional

nystagmus.
c Vibration-induced downbeat nystagmus may occur in cerebellar dysfunction due to

vestibular asymmetry in the vertical plane.

Case Report
A 47-year-old woman with uterine cervix cancer with peritoneal metastasis and positive serum
anti-Ri antibody had suffered from dizziness and imbalance for several months. On examina-
tion, she was alert and well-oriented. Extraocular evaluation showed spontaneous upbeat
nystagmus with a decreasing slow phase velocity either with or without visual fixation (Video 1,
Figure 1A). The upbeat nystagmus decreased during the lateral and upward gazes and increased
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during downward gaze. Upbeat nystagmus changed into
downbeat nystagmus during convergence (Video 2), after
horizontal head-shaking for about 15 seconds (Video 3,
Figure 1B), and during vibratory stimulation (100 Hz) of the
forehead, mastoid, and sternocleidomastoid (SCM, Video 4,
Figure 1C). Downbeat vibration-induced nystagmus (VIN)
was not suppressed by visual fixation. Paroxysmal downbeat
nystagmus was also induced by lying down, straight head
hanging, and Dix-Hallpike maneuver on either side while
apogeotropic nystagmus was evoked by head turning to ei-
ther side while supine. Additional findings included impaired
smooth pursuit bilaterally and upward, hypermetric hori-
zontal saccades, and truncal ataxia. On video head impulse
tests (HITs), the gains of the vestibulo-ocular reflex (VOR)
were normal for the horizontal semicircular canals on both
sides but increased for both anterior canals and decreased for
both posterior canals (Figure 2). Horizontal head impulses
also produced cross-coupled responses: upward deflection
of the eyes and downward corrective saccades (Video 5).
There was no evidence of ocular tilt reaction or abnormal tilt
of the subjective visual vertical. Brain MRI was normal. The
dizziness and ataxia did not respond to corticosteroid pulse,
intravenous immunoglobulin, and other medications in-
cluding baclofen and gabapentin.

Discussion
Our patient with paraneoplastic cerebellar degeneration
(PCD) and serum anti-Ri antibody in association with uterine
cervix cancer showed a reversal of spontaneous upbeat into

downbeat nystagmus during vibratory stimulation of the mas-
toids, forehead, and SCM.

Vibratory stimulation of the SCM or skull may enhance the
vestibular asymmetry and evoke nystagmus.1 This VIN
mostly beats toward the healthy or less affected ear in uni-
lateral or asymmetric peripheral vestibulopathy.1,2 In guinea
pigs, skull vibration evoked phase-locked responses in
82.8% of the irregular otolithic afferents, 14.1% of the reg-
ular otolithic afferents, and 4.7% of the canal neurons.3

Bone-conducted skull vibration at 500 Hz is known to
stimulate the otolithic receptor cells selectively, while the
vibration at 100 Hz can activate both the otolith and
semicircular canal afferents.4,5 Therefore, skull vibration
especially at 100 Hz can effectively trigger nystagmus by
activating the irregular vestibular receptors.4,5 Vibration
applied to the skull or SCM is an effective way of stimulating
the vestibular receptors and leads to phase-locked activation
of the irregular vestibular afferents from both ears.4 In
unilateral or asymmetric vestibular deficit, vibration of the
skull or SCM generally induces contralesional horizontal or
horizontal-torsional nystagmus or augments spontaneous
contralesional nystagmus.4,6 VIN is positive in 93–100% of
patients with severe to total unilateral vestibular loss and in
58–60% of patients with a partial deficit.4,6 By contrast,
horizontal VIN has rarely been observed in central lesions,
only in 13% of patients with vestibular migraine and 12.5%
of patients with central vertigo of various etiologies.6 Pre-
dominant downbeat VIN is extremely rare. It has been de-
scribed in a patient with Wernicke encephalopathy.7 Our
patient showed reversal of spontaneous upbeat into

Figure 1 Recording of Nystagmus Using Video-Oculography

Video-oculography (SLVNG, SLMED, Seoul Korea) shows spontaneous upbeat nystagmus with a decreasing slow phase velocity either with or without visual
fixation (A), which changes into downbeat after horizontal head-shaking for about 15 seconds (B) and during vibratory stimuli (100 Hz) on either mastoid (C).
H: horizontal, V: vertical.
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downbeat nystagmus. Previously, reversal of spontaneous
horizontal nystagmus was reported during vibratory stimuli
only in lateral medullary infarction.8

What is the mechanism of vibration-induced downbeat nys-
tagmus in our patient? The hypermetric saccade, central posi-
tional nystagmus (downbeat and apogeotropic nystagmus),
perverted head-shaking nystagmus, increased VOR gain for the
anterior semicircular canals during HITs, and perverted re-
sponse during horizontal HITs are abnormal eye movements
coexisted in our patient. These eyemovements are characteristic
of those observed in cerebellar dysfunction, including PCD.9,10

Several mechanisms have been advanced for vertical nystag-
mus and include asymmetry in the vertical VOR, imbalance of
inputs from the otoliths, dysfunction of the neural integrator
involved in vertical gaze holding, and impaired upward
smooth pursuit.7,11 Our patient showed spontaneous upbeat
nystagmus with a decreasing slow phase velocity, which sug-
gests that there may have been impaired neural integrator
function as the mechanism of upbeat nystagmus.12,13 By
contrast, the vibration-induced downbeat nystagmus had a
linear slow phase, which indicates a mechanism different from
that for spontaneous upbeat nystagmus. Given the increased
gain of the VOR for the anterior canals and decreased gain of

the VOR for the posterior canals during the vertical HITs, the
vibration-induced downbeat nystagmus can be reasonably
explained by enhanced upward bias of the VOR due to ves-
tibulocerebellar dysfunction during the vibratory stimuli.4,14

Vibration-induced downbeat nystagmus should be added to
the list of central vestibular signs, probably due to cerebellar
dysfunction.
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Figure 2 Video-Head Impulse Tests

During video-HITs, the gains of the vestibulo-ocular reflex were normal for the horizontal semicircular canals (HC) on both sides (0.85 ≤ normal range for HC ≤
1.03) but increased for both anterior canals (AC, 0.94 ≤ normal range for AC ≤ 1.06) and decreased for both posterior canals (PC, 0.89 ≤ normal range for PC ≤
1.05). Red lines: eye velocity, black lines: head velocity.
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