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Anatomical structure responsible for direction
changing bilateral gaze-evoked nystagmus in
patients with unilateral cerebellar infarction
Hyung Lee, MDa,b, Hyun Ah Kim, MDa,b,∗

Abstract
The direction-changing bilateral gaze-evoked nystagmus (GEN) (BGEN) is a more specific sign for a gaze-holding deficit than
unilateral GEN (UGEN) in a central lesion. We sought to clarify which cerebellar structure is responsible for the generation of BGEN
compared with UGEN.
We studied 47 cases of UGEN or BGEN associated with isolated unilateral cerebellar infarction in the territories of the cerebellar

arteries diagnosed by brain magnetic resonance image (MRI) from June 2007 to April 2014. To identify the structures involved in the
generation of BGEN, the overlapped lesions of the BGEN group were subtracted from those of UGEN group and vice versa.
About half of the patients (25/47, 53%) showed BGEN and others showed UGEN. There was no difference in the interval from

symptom onset to examination between 2 groups (1.3 days vs 2.5 days, P= .24). Thirty-five patients (35/47, 75%) with GEN also
showed spontaneous nystagmus. Lesion subtraction analyses revealed that both of the patients with BGEN and UGEN had damage
around the vermal pyramid, the uvula and the tonsil, parts of the biventer lobule, and the inferior semilunar lobule.
Midline and lower cerebellar structures are related to both BGEN and UGEN in patients with unilateral cerebellar infarction.

Regardless of unilateral or bilateral, GEN may represent damage of the gaze-holding neural integrator control system in human.

Abbreviations: AICA = anterior inferior cerebellar artery, BGEN = direction-changing bilateral GEN, DWI = diffusion-weighted
images, GEN = gaze-evoked nystagmus, PICA = posterior inferior cerebellar artery, SCA = superior cerebellar artery, SN =
spontaneous nystagmus, UGEN = unilateral GEN.
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1. Introduction

Gaze-evoked nystagmus (GEN) is occurred by the attempted
maintenance of an extreme eye position probably due to a
defective neural integrator.[1,2] A failure of gaze-holding function
by neural integrator leads to GEN with exponentially decreased
slow phage velocity pattern during eccentric gaze.[3,4] The

direction-changing bilateral GEN (BGEN) is a more specific sign
for a gaze-holding deficit than unilateral GEN (UGEN) in a
central lesion and we cannot sure the origin of UGEN is neural
integrator failure for some reasons. First, GEN in cerebellar lesion
is from the cerebellar dysfunction as second neural integrator
supplementary to physiologically leaky brainstem neural inte-
grator. The cerebellar GEN is usually bilateral because the
brainstem neural integrators have reciprocal innervation through
vestibular commissure.[5] Second, spontaneous nystagmus due to
central vestibular disturbances usually can be seen when the eyes
are close to the central position.[4] However, during the recovery
period after central or peripheral vestibular imbalance, nystag-
mus when gazing toward the healthy side can be only seen (after
the disappearance of spontaneous nystagmus and nystagmus
when gazing toward the lesion side, i.e., first-degree nystagmus
obeying Alexander law) and this may mimic unilateral GEN.
Moreover, even vestibular nystagmus has linear shaped slow
phase velocity and GEN due to a defective neural integrator
generally is known to show exponentially decreased slow phase
velocity, it is not easy to discriminate GEN from vestibular
nystagmus with slow-phase waveform because the slow-phase
drift of GEN also can have a more constant-velocity (linear)
waveform.[4] Previous study reported that midline and lower
cerebellar structures may be responsible in the generation of GEN
in cerebellar lesion and these structures are part of a gaze-holding
neural integrator control system, but all patients showed
unilateral GEN in this study.[6] Therefore, we sought to clarify
which cerebellar structure is responsible for the generation of
BGEN, which is a more specific sign for gaze holding failure.
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2. Method

Between June 2007 andApril 2014, we identified 47 patients with
GEN from 229 patients associated with an isolated cerebellar
infarction diagnosed byMRI from the acute stroke registry at the
Keimyung University Dongsan Medical Center. In all patients,
MRIs including diffusion-weighted images (DWI) and magnetic
resonance angiography were performed shortly after the onset of
symptoms (mean interval: 1.87 days, range 0–14 days). The
territories of the 3 major cerebellar arteries, posterior inferior
cerebellar artery (PICA), anterior inferior cerebellar artery
(AICA), and superior cerebellar artery (SCA), were determined
according to MR-anatomic templates, previously validated MR-
anatomic templates for the diagnosis of the arterial territories.[7]

The vascular territory was determined by consensus between 2
neurologists (HL, HAK) who independently reviewed the MRIs.
Patients with additional acute brainstem lesion (except middle
cerebellar peduncle) or edema compressing brainstem were
excluded.
Three-dimensional VOG (SMI, Teltow, Germany, resolution

of 0.1°, a sampling rate of 60Hz) was used to record spontaneous
nystagmus (SN), GEN, smooth pursuit eye movement, and
caloric responses. Asymmetry of vestibular function was
calculated using the Jongkees formula, and caloric paresis was
defined by a response difference of ≥25% between the ears.
All patients underwent a detailed neurologic and neuro-

ophthalmologic examination performed by an experienced
neuro-otologist (HL) within 3hours after a patient’s arrival at
the hospital. Patients with spontaneous and direction-fixed
nystagmus (i.e., the direction of nystagmus during both
horizontal gaze is same with that of spontaneous nystagmus)
(Fig. 1E) were excluded. BGEN defined when right-beating
nystagmus initiated during gaze to the right side, and left-beating
nystagmus produced during gaze to the left side with (Fig. 1A) or
without (Fig. 1B) spontaneous nystagmus. UGEN defined when
the only gaze to either side produced nystagmus and the other
side did not initiate any nystagmus with (Fig. 1C) or without
(Fig. 1D) spontaneous nystagmus.

To identify the structures involved in the generation of BGEN,
the overlapped lesions of the BGEN group were subtracted from
those of the comparison (i.e., UGEN) group and vice versa,
revealing a percentage overlay plot. We used DWIs obtained
within the first 48hours after stroke onset and fluid-attenuated
inversion recovery sequences obtained when imaging was
conducted 48hours or later for overlay technique and volume
measurement. We combined the MRI images of the BGEN group
and UGEN group by flipping the image of the lesions of the left
brain-damaged subjects from the left to the right side. Thus all
MRI images were viewed anatomically from the right side of the
figure, which corresponded to the right side of the brain. Using
MRIcro software (http://www.mricro.com), the lesions were
mapped on slices of a T1-weighted template MRI scan from the
Montreal Neurological Institute (http://www.bic.mni.mcgill.ca/
cgi/icbm_view).[8,9] Statistical analysis was conducted using SPSS
V.21.0 (SPSS Inc, Chicago, IL) for Windows.
This study received an approval of the institutional review

board of Keimyung University Dongsan Hospital.

3. Results

Forty-seven patients with BGEN or UGEN enrolled in the study.
All were alert and oriented on admission. In most patients (38/47,
80%), acute spontaneous prolonged vertigo (>24hours) or
dizziness with nausea/vomiting was the presenting or main
symptom. Mean age was 63.3 years (standard deviation [SD],
13.6). Sixty-eight percent of patients (32/47) were men. Fifty-one
percent of the patients (24/47) had a lesion on the left side. Ten
patients had SCA territory cerebellar infarction, 7 patients had
AICA territory cerebellar infarction, and 28 patients had PICA
territory cerebellar infarction. Two patients had a combined
lesion in AICA and PICA territory cerebellum. The mean interval
between infarction and DWI MRI examination was 1.87 days
(SD, 3.27 days).
Thirty-five patients (35/47, 75%) with GEN also showed

spontaneous nystagmus and they were predominantly horizontal

Figure 1. Nystagmus patterns from vestibular imbalance and/or gaze holding failure. (A) BGEN with SN, (B) BGEN without SN, (C) UGEN with SN, (D) UGEN
without SN, (E) SN with direction-fixed nystagmus (vestibular nystagmus following Alexander law).BGEN=direction-changing bidirectional gaze-evoked
nystagmus; N=nystagmus; SN=spontaneous nystagmus; UGEN=unidirectional gaze-evoked nystagmus. Note: The direction of arrows means the direction of
fast eye movements.
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(33/35, 94%). Horizontal spontaneous nystagmus beats away
from (13/35, 37%) or toward (22/35, 63%) the side of the lesion.
Eighty percent of patients (8/10) with SCA territory cerebellar
infarction had spontaneous nystagmus and all but one (7/8) was
ipsilesional nystagmus. All but one patients with isolated AICA
territory, or AICA and PICA territories lesions (8/9, 89%)
showed contralesional spontaneous nystagmus and they all had
canal paresis on the side of the lesion on brain MRI. By contrast,
68% (19/28) patients with PICA cerebellar infarction had
spontaneous nystagmus and 63% of them (12/19) showed
ipsilesional spontaneous nystagmus. The others had downbeat
(n=2) or contralesional spontaneous nystagmus (n=5).
Twenty-five (25/47, 53%) patients showed BGEN and others

(22/47, 47%) showed UGEN. There was no difference in the
interval from symptom onset to examination between 2 groups
(1.5 days vs 2.6 days, P= .18). Of 25 patients with BGEN, 14
patients (56%) had cerebellar infarctions in the PICA territory, 5
(20%) in SCA territory, and 4 (16%) in AICA territory. The other

2 had a combined lesion in AICA and PICA territories
cerebellum. Twenty (20/47, 43%) patients had BGEN with
spontaneous nystagmus and 15 (15/47, 32%) patients showed
UGENwith spontaneous nystagmus. Seven (7/47, 15%) and 5 (5/
47, 11%) patients showed only UGEN and BGEN without
spontaneous nystagmus, respectively. All but one with UGEN
showed spontaneous nystagmus beating toward the direction
identical to that of UGEN. Lesion subtraction analyses of patients
with unilateral cerebellar infarction revealed that there is no
difference between lesions in patients with BGEN and UGEN
(Fig. 2). Both of the patients with BGEN and UGEN had damage
around the vermal pyramid, the uvula, and the tonsil, parts of the
biventer lobule and the inferior semilunar lobule.

4. Discussion

Our data indicate that midline and lower cerebellar structures are
related to both BGEN and UGEN in patients with unilateral

Figure 2. Overlapping MRI lesions in patients BGEN (A) or UGEN (B). Left-sided lesions are flipped to the right side. The number of overlapping lesions is illustrated
by different colors that code for increasing frequencies, which range from violet (n=1) to red (n=25 in the BGEN group and n=22 in UGEN group). Overlay plot of
the subtracted superimposed lesions of patients with BGEN minus the comparison (UGEN) group. (C) The percentage of overlapping lesions of the group with
BGEN after subtraction of the comparison group is illustrated by 5 different colors, where dark red represents a difference of 1% to 20% and white–yellow
represents a difference of 81% to 100%. Each color represents increments of 20%. The Talairach z-coordinates of each transverse slice are given. This figure
illustrates that there are no differences between the 2 groups. BGEN=direction-changing bidirectional gaze-evoked nystagmus; UGEN=unidirectional gaze-
evoked nystagmus.
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cerebellar infarction. Regardless of unilateral or bilateral, GEN
may represent damage of the gaze holding system in human.
Disease affecting the neural integrator causes an inadequately

sustained eye position signal. This is manifest by a drift of the eyes
back from an eccentric position to the central position and
corrective quick phases that produce GEN. Crucial structures for
horizontal gaze holding are the nucleus prepositus hypoglossi and
medial vestibular nucleus; for vertical gaze holding, the interstitial
nucleus of Cajal plays an important role.[4] It has been suggested
that a function of the cerebellum is to improve the performance of
an inherently leaky neural integrator in the brainstem.[2,10]

Bilateral flocculus and paraflocculus were responsible for the
gaze-holding deficit in the experimental studies.[11–13] Unilateral
flocculus lesionwasmore related to the vestibuloocular reflex than
the gaze holding in a recent case report.[14] An increment of the
strong spontaneous nystagmus during gaze to the lesion side,
however, suggests some involvement of the neural gaze-holding
networks. Unilateral isolated tonsil lesion, which corresponds to
dorsal paraflocculus in an animal, showed BGEN and this also
suggests that unilateral cerebellar lesion can cause an impairment
of gaze-holding system in human.[15] According to lesion over-
lapping technique, midline cerebellar structures such as the
pyramid, the uvula, tonsil, biventer lobule, and the inferior
semilunar lobule contribute to the gaze-holding function in
human.[6] Like a previous study focused onpatientswithUGEN,[6]

our data also indicates that direction-changing BGEN, which
definitely represents a deficit gaze-holding system, is associated
with midline cerebellar structures.
Three-quarters of the patients with GEN combined spontane-

ous nystagmus in the present study. Gaze-holding mechanism
itself could not be related with spontaneous nystagmus but
vestibular dysfunction due to damage of adjacent vestibular
structure may be responsible for spontaneous nystagmus.
According to a previous study, ipsilateral spontaneous nystagmus
was found more frequently with lesions in lobules of the caudal
vermis, including the pyramis, uvula, and tonsil.[16] It is plausible
that the dysfunction of the vestibuloocular reflex caused by
disruption of the cerebellovestibular connection is responsible for
this ipsilesional nystagmus.[17] There is a significant overlapping
of responsible structures for gaze-holding and vestibuloocular
reflex in midline cerebellum and this may explain frequent co-
occurrence of spontaneous nystagmus and GEN in our patients.
The“leaky”neural integrator combinedwith vestibular damage

may produce UGEN with or without spontaneous nystagmus
(Fig. 1C and D),[18] because centripetal ocular drift that results
from the gaze-holding failure can act to oppose the vestibular tone
imbalance.[19] If a patient generates a slow eyemovement to the left
side due to vestibular imbalance, gaze to the right side results in an
enhanced slow eyemovement to the left side (GEN to the right side)
due to centripetaldrift of eyedue togaze-holding failure,while gaze
to the left side results in a cancellation of the slow eye movement
due to centripetal drift (no GEN to the left side).
Our study has some limitations. First, our study is a

retrospective study with a small number of patients from medical
records. We need to investigate a prospective study with a large
number of populations. Second, because structural MRI cannot

fully evaluate the functional extent of a lesion, we could not be
certain that the cerebellar areas seeing intact on brain MRI were
functionally intact. Third, we need a further investigation for
analysis of the slow phase of the GEN using the magnetic search
coil to confirm our result. Finally, because our study focused on
nystagmus, further studies, including a detailed analysis of
oculomotor dysfunction, are required to assess the pattern of
abnormalities in saccade and smooth pursuit.
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