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Background and Purpose: The mechanism of upbeat nystagmus is unknown and clinicoanatomical correlative
studies in series of patients with upbeat nystagmus are limited.

Methods: Fifteen patients with upbeat nystagmus received full neuro-ophthalmological evaluation by the senior
author. Nystagmus was observed using video Frenzel goggles and recorded with video-oculography. Brain lesions
were documented with MRI.

Results: Lesions responsible for nystagmus were found throughout the brainstem, mainly in the paramedian
area: in the medulla (n=8), pons (n=3), pons and midbrain with or without cerebellar lesions (n=3), and midbrain and
thalamus (n=1). Underlying diseases comprised cerebral infarction (n=10), multiple sclerosis (n=2), cerebral
hemorrhage (n=1), Wernicke encephalopathy (n=1), and hydrocephalus (n=1). Upbeat nystagmus was mostly
transient and showed occasional evolution during the acute phase. In one patient with a bilateral medial medullary
infarction, the upbeat nystagmus changed into a hemiseesaw pattern with near complete resolution of the unilateral
lesion. Gaze and positional changes usually affected both the intensity and direction of the nystagmus. A patient
with a cervicomedullary lesion showed a reversal of upbeat into downbeat nystagmus by straight-head hanging and
leftward head turning while in the supine position. Gaze-evoked nystagmus (n=7), ocular tilt reaction (n=7), and
internuclear ophthalmoplegia (n=4) were also commonly associated with upbeat nystagmus.

Conclusions: In view of the responsible lesions and associated neuro-ophthalmological findings, upbeat
nystagmus may be ascribed to damage to the pathways mediating the upward vestibulo-ocular reflex or the neural
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integrators involved in vertical gaze holding.
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INTRODUCTION

Upbeat nystagmus is a type of central vestibular
nystagmus1 that is usually transient and is less common
than downbeat nystagmus. Upbeat nystagmus usually
increases with upward gaze and accompanies an impaired
upward pursuit. Unlike downbeat nystagmus, upbeat

nystagmus is usually not enhanced on lateral gaze and
may evolve into downbeat nystagmus with convergence.

Upbeat nystagmus has been reported in patients with
infarctions, hemorrhages, tumors, multiple sclerosis,
Wernicke encephalopathy, epilepsy, brainstem encephalitis,
Creutzfeldt-Jakob disease, Behcet syndrome, meningitis,
Chiari malformation, and cerebellar degeneration.l'3
Transient or paroxysmal upbeat nystagmus may be
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found in individuals experiencing tobacco, barbiturate,
and organophosphate intoxication, and after discontin-
uation of arr1it1ipty1ine.4’5

Upbeat nystagmus occurs as a result of lesions in
various locations and is often seen associated with
pontomedullary and pontomesencehalic lesions.” It has
also been reported in patients with lesions in the anterior
vermis of the cerebellum.” In contrast to downbeat
nystagmus, lesions of the paramedian brainstem are
frequent in upbeat nys‘[agmus.8

Several mechanisms have been proposed for upbeat
nystagmus: (i) imbalance in the vertical vestibulo-ocular
pathways, (ii) dysfunction of the neural integrator
involved in vertical gaze holding, and (iii) impairment of
the upward smooth pursuit. However, the exact
mechanisms remain to be elucidated.'

There have been anecdotal reports on upbeat
nystagmus. However, clinicoanatomical correlations have
not been sought in series of patients.7’9 We report on the

Table 1. Clinical profiles of the patients

clinical characteristics of 15 patients with upbeat
nystagmus and discuss the possible mechanisms based
on the clinicoanatomical correlations.

SUBJECTS AND METHODS

1. Patients

A total of 15 patients were recruited at the Neuro-
ophthalmology Clinic of Seoul National University
Bundang Hospital from June 2003 to September 2005.
The patients comprised six men and nine women
ranging in age from 29 to 77 years (mean: 50.5 years).
All patients received full neurological and neuro-
ophthalmological evaluations by the senior author
(J.S.K.). Some patients (patients 1 and 8-11) were

reported on previously (Table 1.

Patient Age

Sex  Diagnosis Lesion site

Neuro-ophthalmologic findings

no. (years)

1 29 F Hydrocephalus ~ Pons, midbrain GEN, pretectal syndrome (LND, CRN, upgaze palsy)
2 35 F WE Pons, midbrain, cerebellar vermis  GEN

3 76 F Hemorrhage Rt thalamus, midbrain GEN, upgaze palsy

4 44 M Infarction Lt pons, midbrain, cerebellum Rt OTR, Lt gaze palsy

5 77 F Infarction B pons Lt OTR, Rt one-and-a-half syndrome with Lt exotropia
6 57 M Infarction Rt pons GEN, Lt INO, Lt OTR, convergence insufficiency
7 49 F Infarctionz B pons GEN, Lt INO

8 60 F Infarction Lt lateral medulla Lt OTR, INO

9 69 M Infarction Lt lateral medulla Lt Horner

10 48 M Infarction B medial medulla GEN (Lt > Rt)

11 21 M Infarction B medial medulla Rt OTR, bowtie nystagmus

12 59 F Infarction Rt medial medulla Ocular contrapulsion

13 60 M Infarction Lt medial medulla GEN (Lt > Rt), Rt OTR, ocular contrapulsion

14 45 F MS Lower medulla

15 30 F MS Lower medulla Rt OTR

B, bilateral; CRN, convergence-retraction nystagmus; F, female; GEN, gaze-evoked nystagmus; INO, internuclear ophthalmoplegia; LND,

light-near dissociation; Lt, left; M, male; MS, multiple sclerosis; OTR, ocular tilt reaction; Rt, right; WE; Wernicke encephalopathy
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2. Ocular motor examination

Upbeat nystagmus was defined only when the upbeat
component predominated the horizontal and torsional
ones in both eyes. Upbeat nystagmus that was either
observed only during the vertical gaze or induced by
positional changes was excluded from the analyses.
Nystagmus was observed both with and without fixation
using video Frenzel goggles (SLMED, Seoul, Korea).
The effects of fixation, gaze, and positional changes
were evaluated. In 11 patients, eye movements were
recorded by video-oculography (SMI, Teltow, Germany).

3. Brain imaging

All patients underwent MRI of the brain using a 1.5-T
unit (Intera; Philips Medical Systems, Best, The
Netherlands) with our standard imaging protocol (i.e.,
axial turbo spin-echo T2-weighted imaging, axial
spin-echo T1-weighted imaging, and axial gradient- echo

imaging). The imaging parameters were 4800/100
[repetition time (ms)/echo time (ms)] for T2-weighted
imaging, 500/11 for Tl-weighted imaging, and 700/23
for gradient-echo imaging with a section thickness of 3
mm, a matrix of 256x256 (interpolated to 512x512), and
a field of view of 200-220 mm. Diffusion-weighted
imaging was additionally performed in patients with
acute infarctions with the following parameters: b=1000,
4119/89 (repetition time/echo time), a section thickness
of 3 mm, a matrix of 128x128 (interpolated to 256x
256), and a field of view of 220 mm.

RESULTS

Lesions responsible for nystagmus were found from
the medulla to the thalamus (Table 1). Medullary lesions
were the most common, and were observed in eight
patients: four patients had medial medullary infarctions,
two patients had lateral medullary infarctions, and two

Figure 1. Brain MRIs of patients with upbeat nystagmus reveal various lesions from the lower medulla to the thalamus.
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patients had dorsal lesions in the lower medulla (Fig. 1).
Three patients showed lesions that were restricted to the
pons, two patients had circumscribed lesions in the
unilateral or bilateral pontine tegmentum, and one
patient exhibited a diffuse infarction from the basis
pontis to the tegmentum. One patient with brainstem
infarction (patient 4) and another with Wernicke
encephalopathy (patient 2) showed diffuse lesions
involving both the pontine and midbrain tegmentum. In
one patient with neurocysticercosis (patient 1), the
midbrain and pons were compressed and displaced
forward by hydrocephalus (Fig. 1). Compression of the
midbrain by a hematoma was evident in a patient with
a thalamic hemorrhage. Infarction was the most common
cause of nystagmus, and was observed in 10 patients.
Other causes included multiple sclerosis (n=2), hemor-
rhage (n=1), Wernicke encephalopathy (n=1), and
hydrocephalus from neurocysticercosis (n=1).

Upbeat nystagmus primarily increased during either
an upward or lateral gaze, and decreased during either

A

LH

Figure 2. Video-oculography in patient 14 reveals conjugate
upbeat nystagmus with an initial counterclockwise torsional
component (A), which becomes mainly a torsional component
with near-complete resolution of the vertical component 5
months later (B). Upbeat nystagmus shows a decelerating slow
phase.

a downward gaze or convergence. In two patients
(patients 13 and 14), upbeat nystagmus primarily evolved
into a horizontal one on downward gaze. In six patients,
upbeat nystagmus was accompanied with a torsional
component. In patient 9, who had a bilateral medial
medullary infarction, upbeat nystagmus was associated
with alternating horizontal components that resulted in a
bow-tie pattern.'

In most patients, upbeat nystagmus was observed only
during the acute stage of illness and resolved earlier than
other ocular motor abnormalities. Only the patient
(patient 14) who had multiple sclerosis in the cervi-
comedullary junction showed severe nystagmus that
lasted at least several months (Fig. 2-A). In this patient,
the upbeat nystagmus became a primarily torsional one
with near complete resolution of the vertical component
5 months later (Fig. 2-B). Some patients showed an
evolution of nystagmus during the acute stage. Hori-
zontal nystagmus evolved into upbeat nystagmus in
patient 13 with a lateral medullary infarction, and initial
upbeat nystagmus evolved into downbeat and torsional
nystagmus in patient 7 with bilateral pontine infarctions.
In one patient (patient 9) with a bilateral medial
medullary infarction, the upbeat nystagmus evolved into
hemisee saw nystagmus with a near-complete resolution
of the unilateral lesion."

The positional effects on upbeat nystagmus were
studied thoroughly in patient 14. In this patient, upbeat
nystagmus with a counterclockwise (from the patient’s
viewpoint) torsional component was suppressed by prone
position, tilting the head to either side while sitting, and

SHH

s

Figure 3. Positional modulation of upbeat nystagmus in patient
14. Upbeat nystagmus reverses direction to downbeat on
straight-head hanging.
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rightward head turning in the supine position. The
nystagmus specifically reversed direction to downbeat
and clockwise torsional components during straight-head
hanging and leftward head turning while the patient was
in the supine position (Fig. 3).

Most patients accompanied ocular motor abnormalities
other than upbeat nystagmus that were specific to the
underlying lesions. Gaze-evoked nystagmus (n=7),
ocular tilt reaction (n=5), and internuclear ophthal-
moplegia (n=4) were commonly observed as results of
lesions throughout the brainstem. The pontine lesions
induced various features of horizontal gaze palsy,
including one-and-a-half syndrome, abducens palsy, and
horizontal gaze palsy. Patients with medial medullary
lesions experienced asymmetric gaze-evoked nystagmus,
contralesional ocular tilt reaction, and ocular contrapul-
sion, while patients with lateral medullary lesions
exhibited ipsilesional ocular tilt reaction, ocular ipsipul-
sion, and Horner syndrome. One patient with lower
medullary lesions had ocular tilt reaction. The midbrain
lesions, including thalamic hemorrhage that compressed
the midbrain, gave rise to vertical gaze palsy either in
isolation or with other signs of pretectal syndrome.

DISCUSSION

Our patients showed characteristic findings of upbeat
nystagmus that were consistent with previous reports on
this condition. In most of the patients, the nystagmus
increased with upward gaze and decreased with both
downward gaze and convergence. While lateral gaze
usually increases or induces downbeat nystagmus, the
effects of lateral gaze on upbeat nystagmus were
variable, increasing nystagmus only in a small pro-
portion of patients. Previously, the transition of upbeat
to downbeat nystagmus with convergence was described
in patients with Wernicke encephalopathy.13 However,
none of our patients - including the one with Wernicke
encephalopathy - showed such a transition, even though
the intensity of the nystagmus decreased markedly with
convergence in almost all of the patients.

The upbeat nystagmus in patient 14 was suppressed
by positional changes in the direction of gravity, and
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reversed direction during straight-head hanging and
leftward head turning while the patient was in the supine
position. Positional modulation of upbeat nystagmus
(i.e., upbeat in the supine position and downbeat in the
prone position) was reported previously.”’15 Otolith
function may influence vertical nystagmus, and gravity
also plays an important role in vertical vestibular eye
movements.'® Downbeat nystagmus is often increased in

1,7,17,18
Down-

prone, supine, and upside-down positions.
beat nystagmus also may occur in healthy subjects with
an upside-down head position'” or even when the head
. . 20
is simply no longer erect.” In contrast, upbeat
nystagmus is, at times, improved when the patient’s
head is upside-down, or even when the patient is in
79,21,22

Upbeat

nystagmus also occurs in normal subjects when the

either the supine or the prone position.

gravity load is artificially increased by centrifugation.”

In our patients, upbeat nystagmus was transient,
lasting only several days or resolved within a month in
most of them, while downbeat nystagmus usually
persisted.1 Upbeat nystagmus also showed occasional
evolution during the acute stage. These findings may
reflect the central adaptation of the vestibulo-ocular
system or the characteristics of the underlying diseases
that were confined to the brainstem and tended to
resolve over time. One of our patients who had a lateral
medullary infarction showed evolution of upbeat
nystagmus into downbeat nystagmus over several days
during the acute stage. Cases of vertical nystagmus with
spontaneous directional changes have rarely been
described. Such a transition over several months had
occurred previously in a patient with medial and
posterior medullary hemorrhage.22 Another patient with
Wernicke encephalopathy also showed an evolution of
upbeat into downbeat nystagmus after one year, possibly
due to baclofen treatment.”* Downbeat and upbeat
nystagmus are the directional counterparts of a vestibular
tone imbalance in the pitch plane. The close proximity
of the areas that cause either upbeat or downbeat
nystagmus in the medulla is consistent with occasional
transitions between the two conditions.”*

Our patients had various lesions, ranging from the
lower medulla to the thalamus. Only one patient with
Wernicke encephalopathy had a combined lesion in the
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cerebellar vermis. Previously, upbeat nystagmus has
been known to arise from two separate intra-axial
brainstem lesions in the tegmentum of either the
pontomesencephalic or pontomedullary ju.nction.21’25'27'29

Upbeat nystagmus may occur due to the disruption of
the pathways involved in the upward vestibulo-ocular
reflex (VOR) from the anterior semicircular canals to the
ocular motor nuclei, or due to dysfunction of the neural
integrator that is involved in vertical gaze holding. First
of all, damage to the ascending excitatory projections
from the bilateral anterior semicircular canals may lead
to a downward drift of the eyes, giving rise to corrective
upbeat nystagmus. In humans, signals from the anterior
semicircular canals are mainly sent to the superior
vestibular nucleus, which is connected to the oculomotor
nucleus via the medial longitudinal fasciculus (MLF),
and possibly via the ventral tegmental tract (VTT). In
pontomesencephalic lesions, upbeat nystagmus may be
explained by damage to the bilateral MLF or VTT.
Indeed, internuclear ophthalmoplegia or ocular tilt
reactions observed in most of our patients with
pontomesencephalic lesions suggest MLF involvement.
As the MLF contains both pathways from the contra-
lateral anterior and posterior canals, various patterns of
combined torsional and vertical nystagmus may develop
in unilateral damage to the MLF, depending on the
pathways involved.” However, the induction of upbeat
nystagmus by a MLF lesion requires selective or
predominant damage to the bilateral pathways that are
involved in the upward VOR, sparing the pathways
involved in the downward VOR. This may explain why
upbeat nystagmus is rarely observed in internuclear
ophthalmoplegia.

The VIT may be another anatomical substrate for
upbeat nystagmus. This tract originates in the superior
vestibular nucleus, passes through the ventral pons, and
transmits excitatory upward vestibular signals to the
oculomotor nucleus.”'™* The VTT lies slightly ventral
and lateral to the brachium conjunctivum in the lower
pons, arching medially and decussating slightly above
the level of the midpons, perhaps in the posterior part

8,34 . . .
This decussation in the

of the basis pontis in humans.
midpons may explain why upbeat nystagmus may arise

from a relatively small unilateral paramedian lesion in
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the upper level.® However, in our patients with isolated
pontine infarctions, the lesions primarily involved the
dorsal pontine tegmentum.

In our study, the lesions responsible for nystagmus
were most frequently located in the medulla. These
medullary lesions can be divided into medial, lateral,
and lower groups. In medial medullary infarctions,
upbeat nystagmus was observed in four patients with
either uni- or bilateral lesions. Occasional upbeat nystag-
mus during medial medullary infarction has been thought
to involve the perihypoglossal nuclei, which consist of
the nucleus prepositus hypoglossi, the nucleus of Roller,
and the nucleus intercalatus.’ However, the evolution of
upbeat into hemiseesaw nystagmus with the resolution of
an unilateral lesion, as previously described in one of
our patients with a bilateral infarction, suggests the
involvement of the VOR pathways from both anterior
semicircular canals as a mechanism of upbeat
nystagmus.'® Because the MLF is a midline structure,
the development of upbeat nystagmus in unilateral
lesions may be attributable to damage to the decussating
fibers from both anterior semicircular canals at the
rostral medulla. Lateral medullary infarction, probably
involving the vestibular nuclei, may generate various
types of spontaneous nystagmus.

. 7,21,22,25,35-42
As previously reported,

upbeat nystagmus
resulted from caudal medullary lesions in two of our
patients. As few anatomical structures are known to
control vertical eye motion in this area, the mechanism
of upbeat nystagmus from a caudal medullary lesion
remains to be elucidated. Previously, the nuclei of
intercalatus and Roller, which are caudal components of
the perihypoglossal nuclei, have been proposed as
anatomical substrates of upbeat nystagmus in this region.
The nucleus of Roller receives a strong projection from
the superior vestibular nucleus,” and projects strongly to
the flocculus® via a tract that could be inhibitory.45
Accordingly, damage to the nucleus of Roller itself or to
its afferent and efferent fibers may induce inhibition of
the upward VOR pathway and upbeat nystagmus by
disinhibiting the inhibitory flocculovestibular neurons.
Indeed, the exponential decrease in the slow-phase
velocity in one of our patients with a lower medullary
lesion suggests the dysfunction of the neural integrator.
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The caudal cell groups of the paramedian tract, which
are involved in the processing of vertical eye position
through their projections to the cerebellar flocculus, may
be another neural substrate for upbeat nystagmus in
medial medullary infarction.** Those cells are located
near the nuclei of both Roller and intercalatus, receive
afferent signals from the vestibular structures, and
project to the flocculus.”’

Two patients with midbrain lesions showed upbeat
nystagmus with vertical gaze palsy and one of whom
had typical findings of the pretectal syndrome. The
interstitial nucleus of Cajal (INC) resides in the midbrain
and subserves gaze holding in both the vertical and
torsional planes. In unilateral lesions of the INC,
ipsilesionally beating torsional nystagmus is combined
with upbeat nystagmus in the contralesional eye.*
Bilateral damage to the INC may generate both vertical
gaze palsy and upbeat nystagmus.
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