
ORIGINAL PAPER

Opsoclonus Following Downbeat Nystagmus in Absence of Visual
Fixation in Multiple System Atrophy: Modulation and Mechanisms

Ju-Young Lee1,2
& Eunjin Kwon1,2

& Hyo-Jung Kim3
& Jeong-Yoon Choi1,2,4 & Hui Jong Oh5

& Ji-Soo Kim1,2,4

# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
We report atypical opsoclonus in a patient with multiple system atrophy and propose a mechanism based on the patterns of
modulation by visual, vestibular, and saccadic and vergence stimulation. Firstly, the 6-Hz opsoclonus mostly in the vertical plane
occurred only after the development of downbeat nystagmus in darkness without visual fixation. Even after a substantial build-
up, visual suppression of the opsoclonus was immediate and complete. Furthermore, the latency for re-emergence of opsoclonus
in darkness was greater when the duration of preceding visual fixation was longer. Secondly, the effect of preceding downbeat
nystagmus on the development of opsoclonus was evaluated by changing the head position. The opsoclonus did not occur in the
supine position when the downbeat nystagmus was absent. After horizontal head shaking, the opsoclonus in the vertical plane
gradually evolved into horizontal plane and resumed its vertical direction again after vertical head shaking. Thirdly, any
opsoclonus was not triggered by imaginary saccades in the supine position. Lastly, combined vergence and saccadic eye
movements during the Müller paradigm did not induce opsoclonus. From these findings of modulation, we suggest that the
opsoclonus observed in our patient was invoked by vestibular signals. When the function of the omnipause neurons and saccadic
system was impaired, the centrally mediated vestibular eye velocity signals may activate the saccadic system to generate
opsoclonus. These atypical patterns of opsoclonus, distinct from the classic opsoclonus frequently observed in para-neoplastic
or para-infectious disorders, may be an unrevealing sign of degenerative brainstem or cerebellar disorders.
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Introduction

Saccadic oscillations without an intersaccadic interval com-
prise ocular flutter and opsoclonus [1, 2]. When these oscilla-
tions are confined to the horizontal plane, they are called oc-
ular flutter. In contrast, opsoclonus refers to the saccadic os-
cillations occurring in multiple planes [1, 2]. The typical
opsoclonus and ocular flutter characterized by irregular short
bursts of saccades and following quiescence usually inform
potentially life-threatening underlying conditions such as
para-infectious and para-neoplastic disorders [3, 4]. These
eye movements may be ascribed to membrane dysfunction
of the burst neurons for saccades and inherently unstable pos-
itive feedback neural circuit [5–8]. According to this explana-
tion, the role of brainstem structures is more important for the
generation of ocular flutter and opsoclonus. Otherwise, the
cerebellar structures, especially the fastigial nuclei that are
responsible for saccadic initiation and accuracy, may be in-
volved in the generation of ocular flutter and opsoclonus [9,
10]. Even though these saccadic oscillations may be seen
without any provocation, milder forms may be observed only
when the activity of the omnipause neurons is suppressed, like
during voluntary saccades. In addition, ocular flutter and
opsoclonus may be provoked by non-saccadic stimuli includ-
ing smooth pursuit [11], vergence [12], eye blinking [13], and
positional change [14, 15].

The formulation of this study was based on our anecdotal
observation of atypical opsoclonus in a patient with multiple
system atrophy, developing only in association with downbeat
nystagmus in darkness and changing its main direction from
vertical into horizontal after horizontal head shaking. In this
study, we evaluated modulation of opsoclonus with regard to
visual, vestibular, and saccadic and vergence stimulation and
propose the mechanism opsoclonus in this patient. In addition,
we addressed the clinical significance of this type of
opsoclonus distinct from the typical form of opsoclonus.

Method

Patient

A 63-year-old man presented with dizziness, dysarthria, and
unsteadiness that had worsened over the preceding 2 years.
The patient had a diagnosis of rapid eye movement sleep dis-
order and orthostatic hypotension 4 months before.
Examination showed no spontaneous or gaze-evoked nystag-
mus during visual fixation. In darkness without visual fixation,
the patient showed spontaneous downbeat nystagmus that in-
creased while lying down and straight head hanging. He also
showed paroxysmal vertical oscillation of the eyes without vi-
sual fixation, which will be detailed further in the following
section. Nevertheless, the patient denied worsening of dizziness

with development of paroxysmal vertical oscillation. Smooth
pursuit was impaired in both horizontal directions, and saccades
were bilaterally hypermetric, but more to the right. Bedsides,
horizontal head impulse test was normal in both directions.
Visual suppression of the vestibulo-ocular reflex (VOR) was
also impaired during en bloc eye-head motion. There was no
palatal tremor. The deep tendon reflexes were increased, and
coordination was impaired in both the upper and lower extrem-
ities. He could maintain balance while standing, but the gait
was unstable andwide-based, especially initially, with a gradual
improvement during continued gait. Brain MRIs 2 years before
showed only mild atrophy of the superior and middle cerebellar
peduncles, but follow-upMRIs disclosed prominent and diffuse
atrophy in the whole brainstem and cerebellum with a pontine
hot cross bun appearance (Fig. 1a, b). Evaluation for cerebellar
dysfunction due to para-neoplastic, para-infectious, or other
metabolic disorders was unremarkable. The patient was diag-
nosed with multiple system atrophy (MSA).

Atypical Opsoclonus

The patient showed paroxysmal involuntary vertical ocular
oscillation that always followed spontaneous downbeat nys-
tagmus in darkness (Video 1). These oscillations were also
accompanied by minor but synchronized horizontal oscilla-
tions at 6 Hz with an intermittent pause of 500 ms (Fig. 1c).
In each cluster of ocular oscillations, the amplitude of eye
motion gradually increased from about 5° to 25° with the
maximal peak velocity of oscillations at 360°/s. These eye
movements immediately disappeared with visual fixation.
The relationship between the amplitude and velocity of ocular
oscillation well fit into that of normal saccades (the main
sequence, Fig. 1d). Thus, the ocular oscillations were most
consistent with opsoclonus (refer to the “Discussion” section
for additional explanation). Repeated examinations 1 and
3months later showed a persistence of the opsoclonus without
an interval change. Single or combined administration of bac-
lofen, betahistidine, clonazepam, and 3,4-diaminopyridine did
not improve the symptoms or ocular motor signs.

Quantified Ocular Motor Paradigms

We noted two interesting features of ocular flutter in this pa-
tient. One was that it developed only in darkness and ceased
with visual fixation. The other was that it mostly occurred in
the vertical plane and only after downbeat nystagmus. Ocular
flutter and opsoclonus may occur spontaneously but may also
be triggered when the omnipause neurons are suppressed,
likewise during voluntary saccades, eye blinking, saccadic-
vergence responses in response to the Müller paradigm, or
positional changes. However, the effects of visual fixation
and preceding nystagmus on the development of opsoclonus
have not been investigated. Therefore, we evaluated
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modulation of opsoclonus during visual fixation and preced-
ing nystagmus using the following protocol. First, we deter-
mined the effect of visual fixation on opsoclonus by applying
a visual target (paradigm 1). For this, we measured the latency
for emergence of opsoclonus after elimination of the visual
target. Because the initial saccadic oscillations were weak and
coarse, we defined the latency as the time required for the eye
velocity to reach 200°/s. The patient fixated a visual target for
3 min with the head upright while sitting. The target was then
eliminated and the latency for development of ocular flutter
was measured. In addition, we evaluated the post-suppression
effect of visual fixation on opsoclonus as follows. After the
development of substantial opsoclonus in darkness, the target
for visual fixation was presented for three different durations
(5, 10, and 15 s). Then, we measured the latency for re-
emergence of opsoclonus according to the duration of visual
fixation. Second, we determined the effect of preceding down-
beat nystagmus on the development of opsoclonus. For this,
we measured opsoclonus in supine and head-bending position
(paradigm 2). As suggested in a previous study [16], the
downbeat nystagmus was absent in the supine (− 90° in pitch
axis) but present in the head bending (30° in pitch axis) posi-
tion in our patient. In each position, we observed the develop-
ment of opsoclonus with recording of eye motion for more
than three times the latency measured in darkness while sit-
ting. Third, we further investigated the effects of mastoid vi-
bration, head impulses, and horizontal and vertical head shak-
ing (paradigm 3), visually mediated and imaginary saccades,
and saccade-vergence responses using the Müller paradigm
(paradigm 4). As described elsewhere [17, 18], the horizontal
and vertical head shakings were delivered for 15 s with an
approximate amplitude of 15° and frequency at 2 Hz. For
visually mediated saccades, the target jumped horizontally
and vertically at the amplitudes of 15° and 30° with a 2-s
fixation period. For imaginary saccades, the patient was asked
to generate saccades to the imaginary target at the positions
adopted in the previous visually mediated saccade trials. In the
Müller experiments [19], the far and near targets were aligned
to the patient’s right eye with distances of 1.2 m and 30 cm.
During the gaze shifts between the far and near targets, the
change in vergence angle was measured at about 10°. Eye
movements were recorded using three-dimensional video-
oculography with a sampling rate of 120 Hz (Easy-Eye,
SLMED, Korea). The study protocols were approved by the
Institutional Review Board of Seoul National University
Bundang Hospital (B-1109/135-106), and written informed
consent was obtained from the patient.

Results

The latency of opsoclonus in darkness was about 24.7 s
(Fig. 2a). After the opsoclonus built up substantially, a

visual target was presented at 1.2 m for the duration of
5, 10, and 15 s. For each condition, the opsoclonus was
suppressed completely and re-emerged with a latency of
0.5, 1.7, and 4.7 s after the removal of the visual target
(paradigm 1, Fig. 2b).

When the supine position was assumed slowly so that no
downbeat nystagmus was present, opsoclonus did not develop
for an observation period of 80 s. In contrast, when the head
was bended to reach 30° pitch position and downbeat nystag-
mus appeared, the opsoclonus developed with a latency of
50 s (paradigm 2, Fig. 2c).

Opsoclonus did not change the direction after mastoid vi-
bration or single head impulses. After horizontal head shak-
ing, the main direction of opsoclonus slowly changed from
vertical to oblique, and then to horizontal (Video 2, Fig. 3a).
After the direction of opsoclonus was mostly aligned horizon-
tally, vertical head shaking reversed the main direction of
opsoclonus from horizontal into oblique and then to vertical
(paradigm 3, Video 3, Fig. 3b).

Finally, either the visually mediated or imaginary saccades
did not induce opsoclonus. Müller experiments did not induce
opsoclonus either (paradigm 4, Fig. 3c, d).

Discussion

Opsoclonus and ocular flutter have been considered signs of
dysfunction of the brainstem and cerebellum [1, 2] where the
saccadic neural connections create positive and negative feed-
back loops among the ocular motor nuclei, excitatory and
inhibitory premotor burst neurons, and fastigial nuclei [5–8].
The typical opsoclonus and ocular flutter occur primarily in
para-infectious or para-neoplastic disorders, but may be rarely
observed in drug toxicity, metabolic disorders [1–4] and de-
generative disorders including Friedreich’s ataxia and
Krabbe’s disease, and MSA [14, 20, 21]. Given that the
opsoclonus in our patient was observed only after downbeat
nystagmus in darkness with a substantial latency, ocular flutter
and opsoclonus might have been underrecognized in patients
with cerebellar degeneration.

With regard to opsoclonus of this patient, there are several
key observations to be discussed. First is the effect of visual
fixation on the opsoclonus. In our patient, the opsoclonus was
only seen in darkness without visual fixation. There was no
ocular flutter during visual fixation and during visually medi-
ated saccades and smooth pursuit. As is well known, the re-
lease of omnipause suppression is essential for the develop-
ment of ocular flutter and opsoclonus [1, 2]. The omnipause
neurons are involved in visual fixation by receiving crossed
projections from the rostral pole of superior colliculus, and
their steady firing rate decreases in darkness [22, 23]. It ap-
pears that hypoactive omnipause neuron in darkness would
lead to vulnerable condition for developing saccadic
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intrusions as shown for square wave jerks in healthy subjects,
which increased their frequency and amplitude in darkness
without fixation [24, 25]. Therefore, we may assume that the

omnipause neurons, when partially damaged, manage to sup-
press ocular oscillations during visual fixation but not in dark-
ness. It should be noted that, in our study, the visual suppres-
sion of ocular flutter was immediate and strong, but the laten-
cy for re-emergence of opsoclonus in darkness depended on
the duration of preceding visual fixation. Thus, it seemed to
take more time for the opsoclonus to emerge when the dura-
tion of preceding visual fixation was longer. The conductance-
based model of burst neurons for ocular flutter and opsoclonus
stated that glycinergic inhibition by the omnipause neurons
induce hyperpolarization and resultantly increase in the

Fig. 2 Effect of visual fixation and downbeat nystagmus on ocular flutter.
The latency defined as the time required for the peak velocity of saccades
first reaches at 200°/s is 24.7 s after an elimination of visual fixation (a).
The flutter ceased immediately with visual fixation, and the effect of post-
visual suppression is proportional to the duration of visual fixation (b).

While supine (− 90° pitch head position) when downbeat nystagmus was
absent, vertical flutter did not develop. When the head was bended for-
ward (30° pitch head position), the ocular flutter followed downbeat
nystagmus (c). VV, vertical velocity; RV/LV, right/left eye vertical;
VHV, vertical head velocity

�Fig. 1 MRIs and saccadic oscillations of the patient. The initial (a) and
follow-up MRIs (b) with a 2-year interval show progressive atrophy
involving the brainstem and cerebellum with an interval development
of the hot cross bun appearance. Vertical ocular oscillations (c) follow
the downbeat nystagmus only in darkness. The amplitude and velocity
profile of the ocular oscillations (d) fit into the amplitude-velocity rela-
tionship (main sequence) of normal saccades. RH/LH, right/left eye hor-
izontal; RV/LV, right/left eye vertical
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depolarizing threshold of the burst neuron membrane [8, 26].
Therefore, the immediate visual suppression of opsoclonus in
our patient may reflect the instantaneous effect of glycinergic
inhibition by increasing the depolarization threshold. On the
other hand, the post-suppression effect suggests a gradual re-
covery of the hyperpolarization shift in the resting potential,
which depends on the duration of glycinergic suppression.

Second is the relationship between the vestibular eye mo-
tion and opsoclonus. This relationship was initially inferred
from downbeat nystagmus always preceding the opsoclonus
in darkness. In addition, the opsoclonus did not occur in the
static head position when downbeat nystagmus was not pres-
ent. Furthermore, the direction of opsoclonus was changed
into horizontal after horizontal head shaking and returned to
vertical after vertical head shaking. Based on these findings,
we assumed that the opsoclonus may have been evoked by
vestibular eye motion. Since nystagmus contains both slow
vestibular and fast saccadic components, then we further de-
fined the trigger of opsoclonus by inducing saccades. Because
opsoclonus was not induced during imaginary horizontal and
vertical saccades in the supine position when downbeat nys-
tagmus was absent, we could get to the conclusion that the
slow components of vestibular eye motion were involved in
the generation of opsoclonus in this patient.

Then, how could the vestibular signals induce opsoclonus in
this patient. In a previous report, the opsoclonus induced during
positioning was explained by a lesion-induced ephaptic trans-
mission between the vestibular pathways and saccadic burst
neurons [15]. However, given the strict alignment in the direc-
tion of opsoclonus and vestibular stimulation in our patient, we
may propose another explanation (Fig. 4). The vestibular and
saccadic systems are interconnected within the brainstem to
function for the eye-head movements and quick phases of ves-
tibular or optokinetic nystagmus [27]. Though it still remains
uncertain in humans, anatomical and physiological evidence
explains the mechanism of quick phases of vestibular nystag-
mus as follows [28]: during vestibular stimulation, the
vestibular-only neurons in the ipsilateral vestibular nucleus pro-
ject to the burst driver neurons in the region of contralateral
nucleus prepositus hypoglossi [29]. The burst driver neurons
then send excitatory projections to several neurons including
the contralateral long lead burst neurons which turn off the
omnipause neurons and the contralateral excitatory and inhibi-
tory burst neurons that generate ipsilateral saccades and prevent
contralateral eye motion [29]. In addition to this multi-synaptic
pathway, vestibular nucleus neurons are known to project

directly to the nucleus raphe interpositus where omnipause neu-
rons lie [30]. Through these direct and indirect neural connec-
tions, the slow and quick phases of vestibular nystagmus can
occur harmoniously during vestibular stimulation. In our pa-
tient, the continuous velocity bias from downbeat nystagmus
may have led to inhibition of the omnipause neurons and exci-
tation of the burst neurons in the rostral interstitial nucleus of
medial longitudinal fasciculus via the multi-synaptic pathway.
The velocity bias in the vestibular nucleus may also have re-
duced the neuronal activity of omnipause neurons directly. If
the omnipause neurons are damaged partially as we postulated,
the excited burst neurons can oscillate within their unstable
neural circuit and finally generate opsoclonus in darkness
where the activity of damaged omnipause neurons diminishes
further. This can also explain the modulation of opsoclonus
direction after horizontal and vertical head shaking.

Another observation to note is the continuation of rhythmic
opsoclonus at 6 Hz. These characteristics are distinct from
those of typical opsoclonus showing irregular alteration of
burst and pause and relatively higher frequency of 10 to
25 Hz [1, 2]. Accordingly, the ocular oscillations in our patient
may be misinterpreted as a form of acquired pendular nystag-
mus that mimics opsoclonus. However, the peak velocity of
the oscillations more than 200°/s (up to 360°/s) seems incon-
sistent with pendular nystagmus. The relationship between the
amplitude and velocity of ocular oscillation fits with that of
normal saccades. Thus, it is reasonable to diagnose
opsoclonus. Additionally, the proposed conductance-based
model of burst neurons may explain the sustained rhythmicity
[2, 8]. The neuronal excitability of burst neurons is determined
by mixed cation currents (Ih) activated by hyperpolarization
and low-threshold calcium currents (It) [7]. The burst neurons
show rhythmic and sustained oscillatory activity due to these
cation currents when the membrane resting potential is below
the certain level (i.e., − 58 mV). In contrast, they show tonic
firing responses above that level [31]. These characteristics are
important for post-inhibitory rebound activity of saccadic
premotor burst neurons [5, 7, 8]. If the damage to omnipause
neurons is partial but stable, the premotor burst neurons may
oscillate by themselves and generate continuous and rhythmic
saccadic oscillation, like those observed in the Müller para-
digm [12, 19]. In contrast, typical opsoclonus may be attribut-
ed to lesions involving both the burst and omnipause neurons
with an immune-mediated phasic irritation [32, 33]. In terms of
frequency, opsoclonus of higher amplitude (up to 25°) may
show a lower frequency. Indeed, higher frequency oscillations
weremostly observed in ocular flutter or opsoclonus of smaller
amplitude (usually less than 2°) [5–8]. In addition, the pro-
posed mechanisms of ocular flutter and opsoclonus can also
account for the low frequency opsoclonus in our patient. The
brainstemmechanism of ocular flutter and opsoclonus assumes
two conditions. One is the inherently unstable positive feed-
back loop that comprises the excitatory and inhibitory burst

�Fig. 3 Effects of head shaking and imaginary saccades on ocular flutter.
After horizontal head shaking, the vertical flutter evolves into horizontal
flutter (a). After vertical head shaking, the flutter resumes its vertical
direction (b). No flutter was induced by imaginary horizontal (c) and
vertical saccades (d) while supine (− 90° pitch position) without visual
fixation when downbeat nystagmus was absent. VV, vertical velocity;
RV/LV, right/left eye vertical; VHV, vertical head velocity
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neurons within the brainstem. The other is the pathologically
increased membrane excitability of the burst neurons [5–8]. A
previous model simulation weighing on the brainstem mecha-
nism indeed succeeded in generating eye oscillation (low-fre-
quency and high-velocity) similar to that observed in our pa-
tient by changing the parameters related to the characteristics
of burst neuron membrane [5]. Alternatively, the cerebellar
mechanism may more easily explain the relatively lower fre-
quency oscillation due to multi-synaptic connections. Our pa-
tient had saccadic hypermetria more to the right, suggesting
asymmetric dysfunction of the fastigial nuclei. The fastigial
nucleus is known to control the onset and termination of sac-
cades [1, 2], and the cerebellar mechanism of opsoclonus in-
volves a negative feedback loop that may contain the efference
copy of eye position signals passing through the fastigial nu-
cleus [9, 10]. Therefore, in our patient, asymmetric dysfunction
of the fastigial nuclei and impaired omnipause neurons may
have contributed to the generation of ocular flutter and
opsoclonus at various frequencies along with unstable cerebel-
lar feedback loop [9, 10].

The low frequency, sustained rhythmicity, developments
only in darkness and modulation by the vestibular signals
are the features distinct from those of classic opsoclonus.
This saccadic abnormality may be an occult sign of degener-
ative brainstem and cerebellar dysfunction and needs to be
evaluated further in more patients.
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