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INTRODUCTION

Ocular oscillations mainly comprise nystagmus and saccadic intrusions/oscillations.'** Nys-
tagmus refers to repetitive and involuntary to-and-fro eye movements that are initiated by
a slow drift of the eyes away from the object of interest.® Nystagmus should be distinguished
from other oscillatory eye movements, especially saccadic intrusions and oscillations.>® Un-
like in nystagmus, the initial abnormal eye movement is a saccade in saccadic intrusions/
oscillations.>**

Eye movements are generated by signals transmitted from the eyes and inner ears to struc-
tures located in the brainstem and cerebellum, where they are closely monitored and mod-
ulated.® Human eye movements include saccades, smooth pursuit, the vestibulo-ocular re-
flex (VOR), optokinetic eye movements, vergence, and fixation, and each such subclass of
eye movements is generated and modulated by its own neural network.® The eye-velocity
signals generated for each eye movement are integrated in the neural structures (neural in-
tegrators) in order to hold the gaze steady in the required position." Dysfunction of these
structures and the resultant imbalance or instability in each subclass of eye movements may
generate involuntary eye movements. Nystagmus may occur when the subsystems involved
in slow eye movements (smooth pursuit, the VOR, optokinetic eye movements, and ver-
gence) or the gaze-holding mechanisms are impaired. In contrast, saccadic intrusions/os-
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GENERAL FINDINGS

Peripheral disorders

The presentation of significant spontaneous nystagmus is as-
sociated with hospitalization for =5 days and nystagmus per-
sisting at 1 month after discharge (with a cutoft of 12.1°/s)
in patients with vestibular neuritis (VN)." Two of three pa-
tients with delayed endolymphatic hydrops showed a typical
horizontal-torsional nystagmus beating to the healthy side,
whereas the third showed initial upbeat nystagmus with a
slight torsional component that evolved into horizontal-tor-
sional nystagmus beating to the healthy side. Initial upbeat
nystagmus might reflect inhibition of the superior semicir-
cular canal in the involved ear."*

Central disorders

In Wernicke’s encephalopathy, spontaneous upbeat nystag-
mus often changes into downbeat nystagmus (DBN) during
eccentric gazes and convergence, or after vestibular stimula-
tion."” Furthermore, initial upbeat nystagmus may evolve into
permanent DBN." Hypothetical explanations for these tran-
sitions and their evolution include directional vulnerability to
thiamine deficiency of the vertical gaze-holding networks in
the dorsomedial medulla, and impaired processing of otolith
information.">'® Differentiating neuromyelitis optica spectrum
disorder (NMOSD) from multiple sclerosis (MS) is impor-
tant for both ensuring appropriate treatments and minimiz-
ing irreversible neural damage.'” When the brainstem is in-
volved, the presence of horizontal gaze-holding nystagmus
with bilateral lesions involving the medial vestibular nucleus
and nucleus prepositus hypoglossi favor a diagnosis of NMOSD
over MS."® Recording eye movements revealed gaze-holding
nystagmus and superimposed pendular nystagmus in five of
seven patients with MS and ocular oscillations."” The gaze-
holding nystagmus showed all the features of a leaky integrator,
while the pendular nystagmus presented with all the features
of an unstable integrator.'** Simulations using a computation-
al model aided in conceptualizing the underlying pathophysi-
ology of these abnormal eye movements in a common disor-
der.”” Quantitative evaluation of eye movements using video-
oculography revealed pendular nystagmus and ocular bobbing
in a comatose patient with a pontine hemorrhage,* with the
authors proposing three hypothetical models to explain these
eye movements that involved the inferior olive, neural inte-
grator, and omnipause neurons.

Patients showing positivity for serum anti-GQ1b antibody
may present with an acute or fluctuating vestibular syndrome
(vertigo, nystagmus, and ataxia) without ophthalmoplegia.”
They may show various patterns of nystagmus, including
spontaneous, gaze-holding, and central positional nystagmus
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(CPN).”* Patients with lateral medullary infarction may show
persistent nystagmus with dizziness/imbalance.** Transcranial
magnetic stimulation of the cerebellum may improve dizziness
that remained during the chronic phase of lateral medullary
infarction along with the disappearance of ipsilesional nystag-
mus and a decrease in the horizontal VOR gain bilaterally.”

In Charles Bonnet syndrome (CBS), visual hallucinations
occur after visual impairments, and they might be caused by
spontaneous activities in the extrastriate visual cortex. Two
patients with CBS and periodic alternating nystagmus report-
edly experienced visual motion hallucinations synchronous
with the nystagmus.”® This may be explained by ocular pro-
prioceptive inputs from the extraocular muscles projecting
to either the extrastriate areas processing visual scenes, or the
higher-order visual cortical areas involved in analyzing mo-
tion signals across the entire visual fields.*

Evaluation

Genetic testing for infantile nystagmus® and DBN*** may im-
prove diagnoses. Implementing home-based vestibular event
monitoring by patient-initiated capture of ictal nystagmus
could help in detecting nystagmus during vertiginous attacks
and in the differential diagnosis of three of the most common-
ly encountered causes of episodic vertigo: vestibular migraine
(VM), Meniere’s disease, and benign paroxysmal positional
vertigo (BPPV).**"!

SPONTANEOUS NYSTAGMUS

Infantile nystagmus

Oscillopsia refers to the illusory motion of the visual environ-
ment, and is rare in infantile nystagmus syndrome (INS).***
However, new-onset oscillopsia in a patient with early-onset
eye oscillations is not uncommon in routine clinical practice.
It is often associated with other changes in the central nervous
system, the eye, or the ocular motor system, such as decom-
pensated strabismus, medication alterations, stroke, age-re-
lated cerebrovascular disease, and dementia.”* In a 74-year-
old male with INS, the presence of an epiretinal membrane
(ERM) produced an unexpected focal area of torsional/vertical
oscillopsia in the portion of the visual field that correspond-
ed to distortions from the ERM.** The oscillopsia improved
after removing the ERM, which suggests that suppression of
the oscillopsia in INS requires undistorted vision across the
visual fields.

Predicting future visual function is important in children
with infantile nystagmus. A recent longitudinal cohort study
found that handheld optical coherence tomography was use-
ful for predicting future visual acuity in infantile nystagmus.®
Future visual acuity was predicted better by structural grad-



ing than by quantitative segmentation and preferential look-
ing. Individuals with infantile nystagmus can read at normal
or near-normal speeds. It is recommended that patients with
infantile nystagmus should read horizontally oriented text in
order to obtain the best reading performance.*

Downbeat nystagmus

DBN is a common form of acquired central fixation nystag-
mus that is often associated with other cerebellar signs. De-
spite its distinctive clinical features, the mechanisms of DBN
remain to be elucidated.”® A recent genome-wide association
study found a significant association between DBN and vari-
ation in the fibroblast growth factor 14 (FGF14) gene locat-
ed on chromosome 13. FGF14 is expressed in Purkinje cells
(PCs), and its reduction leads to decreases in the spontane-
ous firing rate and excitability of PCs, which are compatible
with the pathophysiology of DBN.” In addition, mutations
in the FGF14 gene cause episodic ataxia type 9% and spino-
cerebellar ataxia type 27 (SCA27).?® FGF14-associated phe-
notypes also highlight the overlap between progressive and
episodic ataxias, similar to those observed in mutations in-
volving CACNA1A.”” SCA27 is a typical childhood-onset dis-
order that presents with tremor, gait ataxia, parkinsonism, de-
pression, and anger outbursts. Given the genetic relationship
between SCA27 and DBN, idiopathic DBN could be a late-
onset and milder manifestation of SCA27.*® While DBN is
typically observed in dysfunction of the lower cerebellum, the
association of DBN with motor neuron diseases indicates the
need to look for neuromuscular disorders in patients with this
type of nystagmus.*®*° SCA38 is characterized by DBN, inter-
mittent strabismus, and hearing loss in addition to gait ataxia,
and is associated with lower total scores on the Scale for the
Assessment and Rating of Ataxia (SARA) and higher levels
of docosahexaenoic acid, which should also be validated for
DBN.* There are rare cases of DBN being observed during
attacks of Menieré’s disease, which are probably due to asym-
metry in the vertical VOR or saccular dysfunction.* Thus,
Meniere’s disease should be considered in recurrent audio-
vestibulopathy and ictal DBN.

Seesaw nystagmus

While the pathogenesis of pendular seesaw nystagmus re-
mains elusive, dysfunction of the visuovestibular mechanisms
that control eye movements may play a pivotal role.”’ Pendu-
lar seesaw nystagmus has been described most frequently in
large parasellar tumors, and has been attributed to either the
effects of commonly associated visual field defects or second-
ary midbrain compression.* Based on a patient with parane-
oplastic seesaw nystagmus and opsoclonus due to breast can-
cer and antineuronal nuclear autoantibody type 2, increased

—

excitability of the excitatory burst neurons in the interstitial
nucleus of Cajal and resultant reverberations of the recipro-
cally excitatory circuit was proposed as the mechanism un-
derlying pendular seesaw nystagmus.**

Windmill nystagmus

Windmill nystagmus is characterized by a clocklike rotation
in the direction of nystagmus.® Like in other abnormal eye
movements observed in the blind, windmill nystagmus is ex-
plained by a lack of visual feedback from the image motion
on the retina that stabilizes the velocity-storage mechanism or
gaze-holding network. Given that windmill nystagmus was
observed in association with subacute progressive vision loss
for 3 months, the time span required for the development of
impaired gaze-holding or velocity-storage mechanism may
be shorter than thought previously.*” Furthermore, windmill
nystagmus has been observed in a patient with paraneoplas-
tic cerebellar dysfunction but normal vision, which suggests
that this form of nystagmus can occur in the absence of any
vision loss.*

Divergence nystagmus

There are rare cases of divergence nystagmus being observed
in patients with lesions involving the dorsal pons and midline
cerebellum, while convergence or convergence-retraction most-
ly indicates an upper midbrain lesion.” Divergence nystagmus
supports that divergence is generated by active neural inner-
vation rather than by passive relaxation after convergence.

TRIGGERED NYSTAGMUS

Rebound nystagmus

Rebound nystagmus is a common cerebellar sign that is ob-
served when the eyes return to the primary position following
a period of prolonged eccentric gaze-holding. Even in healthy
subjects, rebound nystagmus may be evoked after extreme
(£40°) eccentric gaze, which is modulated by the presence
of vision.* The slow phase of rebound nystagmus is directed
toward the former eccentric gaze position and the rapid phas-
es away from it.** Since the initial velocity of rebound nystag-
mus is correlated with the velocity decay of gaze-holding nys-
tagmus, rebound nystagmus may be explained as gaze-holding
nystagmus relative to a new set point with the lowest eye drift.”
Thus, it might be easier to detect rebound nystagmus when the
patient is instructed to look at a target at an eccentric position
(e.g., 10°) opposite to the prior eccentric gaze.

Positional nystagmus
Even though CPN is much less common than BPPV, it is im-
portant to distinguish these two conditions.”” The Bow and
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Lean Test (BLT) was first introduced to examine the affected
ear in patients with horizontal semicircular canal BPPV (HC-
BPPV) by observing the direction of horizontal nystagmus
induced during the test.”> A recent study of 225 patients with
vertical nystagmus observed during the BLT found that DBN
in the bowing position and no nystagmus in the leaning po-
sition was the most common type (190/225, 84.4%), and that
163 (72.4%) of the patients had posterior semicircular canal
BPPV* The nystagmus induced during positional maneuvers
may be atypical for the involved canal in about 8% of patients
with BPPV.*

Successful canalith repositioning for each type of BPPV
requires accurate identification of the involved canal, which
is mostly based on comparison of the intensity of nystagmus
induced during the supine head-roll test in HC-BPPV.** The
accuracy of bedside lateralization of the affected side is ac-
ceptable in HC-BPPV when the nystagmus asymmetry ex-
ceeds 30%;> otherwise the latency for nystagmus inversion
is shorter when the head is turned to the affected side in geo-
tropic HC-BPPV and longer in apogeotropic HC-BPPV.”

The occurrence of orthotropic nystagmus—with the nys-
tagmus beats upward with the torsional component toward
the involved ear—in the second position of the Epley maneu-
ver may indicate successful repositioning.” A recent study
found that orthotropic nystagmus in the third position of the
Epley maneuver was more sensitive than orthotropic nystag-
mus in the second position in predicting treatment efficacy
(88.9% vs. 50.9%),” whereas there was no significant differ-
ence in their specificity.” Observing orthostatic nystagmus
during the Epley maneuver is thus helpful in predicting the
result of canalith repositioning maneuvers.

Apogeotropic CPN may occur in lesions mostly involving
the vestibulocerebellum (nodulus, uvula, and tonsil), and is
explained by dysfunction of the tilt-estimator circuit incorpo-
rated in the velocity-storage mechanism.* Persistent geotro-
pic positional nystagmus may be observed in patients with
unilateral cerebellar lesions involving the tonsil along with
other central oculomotor signs such as impaired horizontal
smooth pursuit and positional DBN.®' In contrast, persistent
geotropic direction-changing positional nystagmus may be an
isolated finding of a variant form of HC-BPPV; and is explained
by a change in the specific gravity of the cupula relative to the
surrounding endolymph (also called a light cupula).” How-
ever, the pathogenesis underlying light cupula is not known,
and no effective treatments are currently available.®*

Episodic positional vertigo, which is typical of BPPV, may
also be a manifestation of VM. One such patient with mi-
graine developed left-bearing nystagmus while upright with-
out visual fixation, as well as persistent geotropic horizontal
nystagmus without latency or fatigability during the supine
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head-roll test.”” The associated symptoms were successfully
controlled with topiramate and eletriptan. However, between
the attacks the patient exhibited apogeotropic horizontal nys-
tagmus without responding to repetitive repositioning maneu-
vers.” Patient-initiated monitoring of eye movements revealed
spontaneous vertical nystagmus and persistent positional nys-
tagmus, which are highly specific for VM during the attacks.”
Positional alcohol nystagmus (PAN) has also been explained
by a buoyancy mechanism.**¥” A recent study proposed a rapid
change in the serum osmolarity and resultant dyshomeosta-
sis of the inner ear fluid as the mechanism underlying PAN.*
There are rare reports of vertical nystagmus resulting from
metabolic disturbances due to electrolyte imbalances, espe-
cially hypomagnesemia,” hydroxyzine,” and ranitidine.”

Optokinetic nystagmus

The right frontal eye field (rFEF) is involved in visual percep-
tion and eye movements.”>”* Along with many subcortical
regions, the rFEF is activated during optokinetic stimulation.
The function of these cortical activations remains unclear, in
particular regarding whether these regions are responsible for
perceptual and/or oculomotor roles during optokinetic stim-
ulation and for the resultant optokinetic nystagmus (OKN).
Combined transcranial magnetic stimulation and electroen-
cephalography and an optokinetic-stimulation motion-dis-
crimination task revealed multiple related yet dissociable roles
within the FEE which included perceptual processing during
optokinetic simulation, generation of OKN, and maintenance
of alpha oscillations.”

A prospective observational study of 73 patients with SCA1,
SCA2, and SCA3 found that a higher motor disability subscore
on the International Cooperative Ataxia Rating Scale (ICARS)
was associated with greater oculomotor dysfunction as mea-
sured with OKN-saccadic impairment grading but not with
the ocular disorder subscore on the ICARS.” This suggests that
OKN saccades could be a better and more sensitive bedside
clinical tool for quantifying oculomotor dysfunction in de-
generative ataxias.”

Head-shaking nystagmus

Head shaking in the horizontal plane at 2 to 3 Hz for 10 to 20 s
may induce nystagmus in central as well as peripheral vestib-
ular lesions. Head-shaking nystagmus (HSN) is also frequently
found in patients with HC-BPPV, with the nystagmus mostly
beating to the lesion side in geotropic HC-BPPV and to the
healthy side in apogeotropic HC-BPPV.” HSN in BPPV may
be explained by altered endolymph or cupular dynamics due
to otolithic debris in the semicircular canal.”’

Interictal HSN may be observed in patients with recurrent

spells of spontaneous vertigo without any other evidence of



peripheral or central vestibulopathy, and it may be vigorous.
Given that the time constant of HSN in these patients (=12 s)
is larger than in those with VN, VM, and Meniere’s disease,
this disorder appears to represent a distinct entity. This may
be due to a hyperactive and asymmetric velocity-storage mech-
anism that gives rise to intermittent attacks of spontaneous
vertigo, especially when the marginal compensation of the
underlying pathology is disrupted by endogenous or exoge-
nous factors.”

Vibration-induced nystagmus

Skull vibration stimulates both the otolith and canal structures,
and instantaneously triggers nystagmus by inducing or aug-
menting a preexistent vestibular asymmetry.” Vibration-in-
duced nystagmus may be observed in up to 20% of healthy
controls,*” and may be useful for screening children with hear-
ing loss for vestibular asymmetry when combined with other
tests of vestibular function.”'

Other types of triggered nystagmus

Hyperventilation instantaneously increases the randomness
of the waveforms, but with only a small change in the inten-
sity of nystagmus. The increase in waveform randomness can
have detrimental effects on function.”? Sound- or pressure-in-
duced horizontal nystagmus is a rare finding in bilateral ves-
tibular paresis, but associated elevations of the summation
and action potentials on electrocochleography suggest the pres-
ence of hydrodynamic changes involving the inner ear.* Diz-
ziness and nystagmus were observed in a patient who was
living in a house that had been tilted by an earthquake.* Such
nystagmus may be explained a velocity-storage mechanism
that had been subject to chronic gravitational stimulation of
the otoliths.

OTHER OCULAR OSCILLATIONS

The Heimann-Bielschowsky phenomenon (HBP) describes
a monocular slow pendular oscillation, mostly vertical, that
mostly develops years after severe vision loss. The pathogen-
esis remains unknown, but vertical fusion disruption due to
monocular vision loss has been hypothesized to be the under-
lying mechanism.* Recognition of HBP is important since this
would prevent unnecessary investigations or treatments.***’
There are rare cases of monocular nystagmus being observed
in spasmus nutans (INS characterized by nystagmus, head
nodding or titubation, and anomalous head posture), MS, and
alternating hemiplegia of childhood. Monocular nystagmus,
which decreases with the administration of flunarizine, was
recently described in an infant with an ATP1A3 gene muta-
tion causing alternating hemiplegia of childhood.®

—

In conclusion, careful evaluation of nystagmus and saccadic
intrusions/oscillations would provide valuable information
on the lesion location and the involved pathomechanism. Re-
cent advances in quantitative evaluations of eye movements
using oculography, computational model simulations, genet-
ics, and imaging technologies have markedly improved our un-
derstanding of the pathophysiology of involuntary eye move-
ments, as well as their diagnosis and management. Patient-
initiated capture of eye movements, especially when paroxysmal,
and the online transfer of these data to clinicians would further
enhance the ability to diagnose involuntary eye movements.
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