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a b s t r a c t

Purpose: Asymmetric nystagmus can be an important presenting sign of optic pathway gliomas in young
children. We investigated the causes of asymmetric nystagmus in children with chiasmal or suprasellar
optic pathway gliomas compared with children with similar optic pathway gliomas and stable gaze.
Methods: Longitudinal magnetic resonance imaging before and after treatment, age-corrected visual
acuity, ocular examinations, video-oculography, visual evoked potentials, and retinal nerve fiber layer
thickness were retrospectively reviewed.
Results: Twenty-two children were included (eight with asymmetric nystagmus and 14 with stable
gaze). Subjects with asymmetric nystagmus presented at a younger age than those with stable gaze (2.0
vs 5.6 years; P < 0.001). None had neurofibromatosis type 1. Visual acuity, visual evoked potentials, nerve
fiber layer, severity of optic atrophy, hydrocephalus, tumor volume, and tumor locations did not differ
between those with asymmetric nystagmus and stable gaze. Asymmetric nystagmus resolved shortly
after treatment, even though the average visual acuity did not improve. Changes in visual acuity or tumor
volume were not different between those with asymmetric nystagmus and stable gaze after treatment.
Eye movement recording from two subjects with asymmetric nystagmus revealed an asymmetric
pendular-oscillation with vertical components. One subject with stable gaze developed asymmetric
nystagmus with tumor growth into the rostral midbrain and associated unilateral vision loss. Another
subject with tumor growth into the rostral midbrain acquired vertical saccade dysmetria.
Conclusion: We hypothesize that asymmetric nystagmus associated with optic pathway gliomas is
caused by subclinical abnormalities to retinal axons that connect to gaze holding centers in the rostral
midbrain. Direct compression of the rostral midbrain was a possible factor to asymmetric nystagmus in
some subjects. However, many subjects with stable gaze also show midbrain compression.

© 2019 Elsevier Inc. All rights reserved.
Introduction

Acquired monocular, or asymmetric, nystagmus may be the
presenting sign of a range of ocular or neurological disorders. The
differential diagnosis of asymmetric nystagmus in young children
onsultant to the University of
cuity Cards, which are used in
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includes spasmus nutans, retinal diseases, optic nerve hypoplasia,
and intracranial masses.1-9 Spasmus nutans is a self-limiting dis-
order in which young children present with asymmetric
nystagmus, head bobbing, and torticollis. Documentation of normal
visual acuity and a normal ocular examination distinguishes spas-
mus nutans from underlying retinal disease, neurological disor-
ders,2-7 or optic pathway gliomas (OPG).3-5,9 Failure to document a
normal ocular and neurological examination can prompt an
extensive evaluation. In this study, we identified clinical factors and
neural mechanisms in children who present with asymmetric
nystagmus associated with suprasellar or chiasmal OPG. To better
characterize the unique association of asymmetric nystagmus with
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gliomas, we compared findings in children with OPG and asym-
metric nystagmus with those in children with OPG and stable gaze.

Methods

A retrospective review of patient records was approved by the
Institutional Review Board of Seattle Children's Hospital and con-
formed to the requirements of the United States Health Insurance
Portability and Privacy Act. Inclusion criteria consisted of (1) chil-
drenwith asymmetric nystagmus and an OPG on brain imaging, (2)
children with OPG and stable gaze who had neuroimaging
approximating dates to subjects with asymmetric nystagmus to
compensate for advancements in neuroimaging, and (3) children
having a complete ocular examination including visual acuity, ex-
amination of the fovea and optic nerve by direct or indirect
ophthalmoscopy, ocular motility, and pattern visual evoked po-
tentials (VEPs). Children with OPG presenting with bilateral con-
jugate nystagmus were excluded as all identified subjects had
severe bilateral optic nerve atrophy and severe bilateral vision loss
or blindness as the primary finding. Because no subject with
asymmetric nystagmus had neurofibromatosis type I (NF1), chil-
dren with NF1 were excluded from the stable gaze group.

The dates of neuroimaging extended from 1991 to 2013. All but
two baseline scans were acquired at the Seattle Children's Hospital.
Magnetic resonance images were acquired on a Siemens scanner
(either 1.5 or 3.0 T). Although sequences and slice thickness varied
across subjects owing to technological advancements, our analysis
always included T1-weighted with and without contrast, T2-
weighted, and T2 fluid-attenuated inversion recovery (FLAIR) im-
aging. Newer scan sequences included T1-magnetization prepared
rapid acquisition gradient echo, contrast-enhanced T2 FLAIR, and
constructive interference in steady state. Volumetric measure-
ments and longitudinal comparison of 3D volumes were analyzed
with 3Dslicer.10 Each subject's magnetic resonance imaging was
registered across their follow-up imaging (affine transform using
BRAINS algorithm). Volumetric measurements always included T1-
weighted sequences with contrast. After treatment, volumetric
measurements utilized T2 FLAIR imaging if there was no residual
contrast enhancement and no history of radiation treatment. The
location of the mass (including cystic components) was manually
segmented in 3Dslicer. The midbrain and brainstem were
segmented from the inferior pulvinar to approximately cranial
nerve XII. Compression of the midbrain could be evaluated by
superimposing a normative midbrain11 onto the subject's imaging
in 3Dslicer. Compression of the proximal bilateral oculomotor
nerves was assessed at the nerve root entry zones within the
interpeduncular cistern (using high-resolution volumetric magne-
tization prepared rapid acquisition gradient echo or constructive
interference in steady state imaging when available).

When available, peripapillary retinal nerve fiber layer (RNFL)
thickness was measured by spectral domain optical coherence to-
mography with confocal scanning laser ophthalmoscope (OCT/SLO;
Spectralis; Heidelberg Engineering, Germany). To compensate for
eye movement artifacts, we report global RNFL thickness. SLO
movies were acquired at 768 � 768 pixels (30 � 30� field) at 5.1 Hz
and analyzed by ImageJ (http://imagej.nih.gov/ij).

Methods for assessing visual acuity and recording pattern VEPs
have been described elsewhere.12,13 Visual acuity was tested in the
subject's preferred head or gaze position. To account for age effects,
recognition and grating visual acuities were converted to log
minimum angle of resolution (logMAR) and corrected for age.13

VEPs were obtained from the midline occiput electrode (Oz in
standard 10-20 coordinates). Two VEP systemswere used andwere
carefully calibrated to ensure stability in signal amplitude, phase,
and stimulus intensity between machines.12 VEPs from 1991 to
2000 were recorded by a VENUS system (Neuroscientific Corp., NY;
no longer manufactured). From the year 2000 onward, VEPs were
recorded on a NeuroScan system (Compumedics USA, Charlotte,
NC). We examined the responses to brief onset of horizontal grat-
ings (0.5 cycles/degree; 150 ms on/500-ms blank screen), which
reduce artifacts due to nystagmus.13 VEP amplitude, latency, and
signal-to-noise ratio (SNR) were analyzed by J.P.K., who was un-
aware of the subject's identity. Amplitude was quantified as the
voltage difference between the dominant peak (greater than 80ms)
and the preceding negative peak. Latency was the time from
stimulus onset to the dominant peak. SNR was calculated by an
automated algorithm that analyzed phase and amplitude consis-
tency of electroencephalography signals in the Fourier domain.12

When available, interhemispheric asymmetry was noted if the ra-
tio of left to right amplitude or left to right SNR differed by more
than a factor of 2.0.14

When available, eye movements were obtained by binocular
video-oculography (VOG; SensoMotoric Instruments; model 2D
VOG; SMI, Berlin, Germany; ±0.5� resolution; 60 Hz sampling rate).
Recording procedures have been described elsewhere.15 Subjects
binocularly viewed a 0.7� fixation target that was embedded onto a
5� visual stimulus. In this study we report gaze holding to a sta-
tionary target presented at primary gaze, saccades to horizontally
or vertically stepped targets, and optokinetic nystagmus to drifting
gratings (15, 30�/s). Eye movements were analyzed off-line with
software (http://faculty.washington.edu/jokelly/voganalysis) that
allowed for rejection of artifacts and subsequent filtering. The
vestibulo-ocular reflex was not assessed in these young subjects.

Results

Subject data at baseline examination are summarized in Table 1.
All subjects had an OPG involving the chiasmal or suprasellar re-
gion. Eight subjects had asymmetric nystagmus, and 14 subjects
had stable gaze. Mean age at baseline was significantly less for
those with asymmetric nystagmus compared with those with sta-
ble gaze (2.0 versus 5.6 years; P < 0.001). For those with asym-
metric nystagmus, six subjects presented to medical attentionwith
acquired asymmetric nystagmus, whereas the remaining two pa-
tients presented with failure to thrive and then subsequently were
diagnosed with asymmetric nystagmus by a pediatric ophthal-
mologist. For the stable gaze group, presenting signs were pro-
gressive headaches with vomiting or strabismus (n ¼ 7), failure to
thrive (n ¼ 2), precocious puberty (n ¼ 2), progressing complex
neurological deficits (hemiplegia, ataxia, and strabismus; n ¼ 2), or
incidental finding of a glioma on a computed tomographic scan for
head trauma (n ¼ 1). Biopsies in 15 subjects were consistent with
either a pilocytic astrocytoma (n ¼ 14) or a ganglioglioma (n ¼ 1),
all being World Health Organization grade 1. Duration of follow-up
averaged 8.6 years (S.D. ¼ 7.7) in the asymmetric nystagmus group
and 9.3 years (S.D. ¼ 5.4) in the stable gaze group.

Eye movements

On clinical examination, all subjects had normal ocular versions
and all were able to generate saccades to eccentric targets. Except
for four subjects with stable gaze, all subjects were orthotropic in
primary gaze. The remaining four subjects had intermittent hori-
zontal strabismus. No subject had clinical evidence of head
nodding; anomalous head tilt; cranial nerve III, IV, or VI palsy;
Duane syndrome; or internuclear ophthalmoplegia. By clinical ex-
amination, all but one subject with asymmetric nystagmus had a
vertical component (Table 1). Binocular VOG recordings from sub-
ject #6 with asymmetric nystagmus are shown in Fig 1. The left eye
shows a rotary pendular nystagmus of approximately 3.5 Hz

http://imagej.nih.gov/ij
http://faculty.washington.edu/jokelly/voganalysis


TABLE 1.
Subject Data at Baseline

# Age/Sex logMAR Optic Atrophy APD Nystagmus Tumor location

OD OS OD OS

Subjects with asymmetric nystagmus
1 0.6/F 1.23 0.50 þþ � � Rotary, OD C, BG, L Thal
2 0.7/F 0.65 0.10 þþ þþ � Horizontal, OD > OS C, T
3 0.8/M 0.24 0.41 � þ � Jerk, OS C
4 1.8/F 0.20 0.02 þþ þþ � Rotary, OD C
5 2.4/F 1.71 0.16 þþþþ þþ þ Vertical and torsional, OD C
6 2.5/F �0.30 2.20 þþ þþþ þ Rotatory, OS C, L ON
7 3.0/M OU 0.22 þþ þþ � Vertical, OD C, T
8 4.0/F �0.04 0.96 þþ þþþþ þ Rotary pendular, OS > OD C

Subjects with stable gaze
9* 1.2/M 0.08 0.08 þþ þ � Stable C
10 1.3/M 0.15 2.50 þþþ þþþþ þ Stable C, T
11 2.8/M 0.79 0.31 þþþ þþþ þ Stable C
12 4.0/M 3.10 0.14 þþþþ þþþ þ Stable C
13 5.0/F 0.10 0.18 þþþ þþþ þ Stable C
14 5.3/F 1.30 1.30 þ þþþ � Stable, VGEN C, T, B Thal.
15 5.7/F 0.30 0.30 þ þ � Stable C
16* 6.3/F 0.30 0.18 � � � Stable C, T
17 6.9/F 1.60 3.10 þþ þþþþ þ Stable C, T
18 7.1/M 0.00 0.54 þþ þþþ þ Stable C, B ON, T
19 7.1/M 0.18 0.30 � � � Stable C, R Thal
20 7.6/M 0.10 0.10 � � � Stable C, T, L Thal
21 8.6/F �0.12 0.00 þþ þþ þ Stable C
22 10.0/F 0.00 0.00 � � � Stable C

Abbreviations:
APD ¼ Afferent pupillary defect present (þ) or absent (�)
BG ¼ Basal ganglia
C ¼ Chiasm/suprasellar
F ¼ Female
L ¼ Left
M ¼ Male
OD ¼ Right eye
ON ¼ Optic nerve
OS ¼ Left eye
OU ¼ Both eyes
R ¼ Right
T ¼ Optic tracts
Thal ¼ Thalamus
VGEN ¼ Vertical gaze evoked nystagmus on upward gaze
LogMAR conversions (count fingers ¼ 2.2, hand motion ¼ 2.5, light perception ¼ 2.8, no light perception ¼ 3.1).
Optic atrophy: � ¼ normal, þ ¼ mild temporal pallor, þþ mild atrophy, þþþ ¼ moderate atrophy, þþþþ ¼ severe atrophy.

* Developed abnormal eye movements on follow-up.
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(amplitude of 5� vertical and 2.5� horizontal). The right eye also
shows an intermittent pendular oscillation of 1 to 2 Hz. Asymmetric
components in the vertical direction were superimposed upon
random gaze shifts. Saccades and optokinetic nystagmus could not
be recorded in this young child.

Two subjects in the stable gaze group acquired eye movement
disorders after treatment. Subject #16 initially presented with
stable gaze and was treated with chemotherapy. Her vision sub-
sequently deteriorated, and she developed an asymmetric vertical
pendular nystagmus of 2.1 Hz and 3� in the right eye (Fig 2). SLO/
OCT video revealed a vertical nystagmus (approximately 3� to 5�) in
the right eye and a small pendular torsional nystagmus
(approximately � 5�) in the left eye. Neuroimaging revealed sub-
sequent enlargement of the mass with infiltration and compression
of the right rostral midbrain. Before the appearance of asymmetric
nystagmus, visual acuity was 20/100 right eye and 20/50 left eye
without an afferent pupillary defect. Global RNFL thickness was 49
mm right eye and 55 mm left eye. Three months later when asym-
metric nystagmus appeared, visual acuity declined to 20/800 in the
right eye and 20/60 in the left eye. Furthermore, a mild right
afferent pupillary defect was present, and there was mild pro-
gressive thinning of RFNL (global thickness 41 mm right eye and 51
mm left eye). The subject was then treated with focal beam radia-
tion. When examined 15 months later, the asymmetric nystagmus
resolved and visual acuity improved (20/60 right eye and 20/40 left
eye). However, the afferent pupillary defect remained in the right
eye and there was continued mild thinning of RFNL (global thick-
ness 37 mm right eye and 46 mm left eye).

Subject #9 initially presented with stable gaze but then had
complaints of reading difficulties and motion sickness following
growth of his tumor. Although the subject had stable gaze holding,
he had vertical saccade dysmetria with prolongation duration
(Fig 3). Ocular versions were normal. Neuroimaging revealed
enlargement of the mass from baseline and compression of the
rostral midbrain on both sides. At the time of the acquired dys-
metria of vertical saccades, there were no changes in visual acuity,
RNFL thickness, or pupillary responses. He also had normal
vestibular testing (chair rotation and step velocity testing in dark-
ness) and normal optokinetic nystagmus gain. In addition, his
obstructive hydrocephalus (previously requiring ventriculoper-
itoneal shunt) was stable.

Neuroimaging

All patients showed some level of contrast enhancement of their
OPG. Hydrocephalus requiring a shunt was more common in the
stable gaze group (nine of 14) versus the asymmetric nystagmus
group (one of eight). Neuroimaging was available in six of eight



FIGURE 1. Top panel: sagittal contrast-enhanced T1-weighted images of the brain in subject #6 with asymmetric nystagmus. Imaging was performed at baseline when nystagmus
was present (left side). Imaging is compared with posttreatment when asymmetric nystagmus resolved (right side). Middle panel: view from below of a three-dimensional
reconstruction of the midbrain and brainstem (yellow) compared with the tumor (green). Bottom panel shows binocular video-oculography at baseline. The child is fixating a
central target. Left and right eye positions are arbitrarily offset to aid comparison. For horizontal eye movements, upward and downward deflections represent rightward and
leftward eye movements, respectively. For vertical eye movements, upward and downward deflections represent upward and downward eye movements, respectively. The color
version of this figure is available in the online edition.
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FIGURE 2. Top panel: sagittal contrast-enhanced T1-weighted images of the brain in subject #16 with acquired asymmetric nystagmus. Imaging was performed when gaze was
stable before the appearance of nystagmus (left side). Imaging is compared with the time point when nystagmus was present (right side). Middle panel: view from below at a three-
dimensional reconstruction of the midbrain and brainstem (yellow) compared with the tumor (green). Bottom panel: video-oculography of both eyes when nystagmus was present.
For horizontal eye movements, upward and downward deflections represent rightward and leftward eye movements, respectively. For vertical eye movements, upward and
downward deflections represent upward and downward eye movements, respectively. The color version of this figure is available in the online edition.
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FIGURE 3. Top panel: sagittal contrast-enhanced T1-weighted images of the brain in subject #9 with acquired vertical saccade dysmetria. Imaging was performed when gaze was
stable before the appearance of nystagmus (left side). Imaging is compared with the time point when nystagmus was present (right side). Middle panel: three-dimensional
reconstruction of the midbrain and brainstem (yellow) compared with the tumor (green). Bottom panel: video-oculography of both eyes during horizontal or vertical saccades.
For horizontal eye movements, upward and downward deflections represent rightward and leftward eye movements, respectively. For vertical eye movements, upward and
downward deflections represent upward and downward eye movements, respectively. The color version of this figure is available in the online edition.
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subjects in the asymmetric nystagmus group and 13 of 14 subjects
in the stable gaze group. For the three subjects with missing neu-
roimaging, the dictated radiology report was used for analysis of
general clinical variables only (i.e., the data were excluded from
volumetric analysis). None of the subjects had dilation of the ce-
rebral aqueduct or the fourth ventricle. Compression of the rostral
midbrain at the level of the interpeduncular cistern was more
common in the stable gaze group (eight of 13 scans) than the
asymmetric nystagmus group (two of six scans). Deformation of the
cranial nerve III (near the root) was similarly present in the
asymmetric nystagmus group (two of six scans) and stable gaze
group (five of 13 scans).
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Afferent pathway

For both subject groups, the appearance of the optic nerve of the
more affected eye varied from mild temporal pallor to severe at-
rophy (Table 1). For those with stable gaze, the optic nerves varied
from normal to severely atrophic. Despite the presence of ven-
triculomegaly in a subset of subjects, none had papilledema and
only one subject showed mild optic disk elevation. A relative
afferent defect was noted in three of 10 subjects with asymmetric
nystagmus and in six of 10 subjects with stable gaze. OCT of RNFL
thickness was not always performed at baseline owing to age or
unavailability. RNFL during follow-up was available in eight of 10
subjects with asymmetric nystagmus and nine of 14 subjects with
stable gaze. For the more affected eye, there was no significant
difference between groups with respect to global RNFL thickness
(mean asymmetric nystagmus group ¼ 41.3 mm; S.D. ¼ 11.2, mean
stable gaze group ¼ 55.9 mm; S.D. ¼ 17.8). In addition, averaged
interocular difference in global RNFLwas similar across asymmetric
nystagmus and stable gaze groups (16.0 vs 8.3 mm, respectively;
P ¼ 0.104).

For the more affected eye, logMAR ranged from 0.2 to greater
than 2.0 in the asymmetric nystagmus group and from 0.1 to no
light perception in the stable gaze group (Mann-Whitney U-test;
P ¼ 0.408). VEPs (available in all subjects) were not significantly
different between asymmetric nystagmus and stable gaze groups in
the more affected eye with respect to amplitude, latency, or SNR
(P ¼ 0.348, 0.752, and 0.971, respectively). Both groups had sub-
normal VEP amplitudes, subnormal SNR ratios, and abnormally
prolonged latencies compared with controls reported from this
institution.12 VEP interhemispheric asymmetry was similar be-
tween the asymmetric nystagmus group (three of six subjects) and
stable gaze group (seven of 12 subjects).
Treatment effects and tumor volumes

All subjects with asymmetric nystagmus were initially treated
with chemotherapy (carboplatin or vincristine). Treatment in those
with stable gaze was by chemotherapy (n ¼ 10), radiotherapy
(n ¼ 7), subtotal resection (n ¼ 4), or observation only (n ¼ 2).
Nystagmus in the asymmetric nystagmus group either resolved
(n ¼ 7) or greatly improved (n ¼ 1) after treatment with chemo-
therapy. Despite an improvement in nystagmus, there was no sig-
nificant difference in changes in logMAR between the asymmetric
nystagmus and stable gaze groups after treatment (P ¼ 0.26). For
the asymmetric nystagmus group, mean visual acuity in the more
affected eye decreased 0.1 logMAR after treatment (range ¼ �0.40
to þ0.20; data available in six subjects). For the stable gaze group,
mean visual acuity in themore affected eye decreased�0.3 logMAR
after treatment (range �2.6 to 0.12; n ¼ 14). Seven of the eight
subjects in the asymmetric nystagmus group showed a response to
treatment (tumor volume decreased more than 25%). Follow-up in
the stable gaze group was available in 11 of 14 subjects, of which
seven showed a response to treatment. At baseline, tumor volumes
were similar between asymmetric nystagmus and stable gaze
groups (mean 19.6 versus 27.0 cm3, respectively; P ¼ 0.417). Tumor
volumes after treatment (when asymmetric nystagmus was
resolved or improved) were also not different between the asym-
metric nystagmus and stable gaze groups (9.8 versus 17.3 cm3,
respectively; P ¼ 0.182). Figure 1 shows neuroimaging results in
subject #6 with asymmetric nystagmus. At baseline, when asym-
metric nystagmus was present, the mass did not contact the rostral
midbrain. After treatment, asymmetric nystagmus had resolved
despite enlargement of the mass into the left aspect of the sella and
there was no change in visual acuity.
Discussion

This study investigated the role of multiplemetrics that describe
gaze holding in children who have OPG and help to elucidate the
mechanisms of asymmetric nystagmus. Previous studies of asym-
metric nystagmus have included subjects with a wide range of
diseases. This study is unique in that subjects with asymmetric
nystagmuswerematched to thosewith stable gazewhen both have
with similar OPG. Visual acuity, VEP latency, VEP hemisphere
symmetry, gross tumor location, hydrocephalus or ven-
triculomegaly, and clinical findings did not reliably discriminate
children with asymmetric nystagmus from those with stable gaze.
We propose two possible mechanisms that can account for asym-
metric nystagmus in children with OPG involving the chiasm. One
mechanism is subclinical damage to ganglion cell axons that course
through the chiasm to midbrain centers that control gaze holding.
The second mechanism involves compressive damage of visuo-
motor centers in the midbrain that control gaze holding. Each
proposed mechanism is discussed in detail below.

Efferent mechanism

Most of the tumors in this study occupied the region near the
oculomotor nerve root (at the interpeduncular cistern) or showed
direct compression of the rostral midbrain. It is possible that spe-
cific compression of this region was a contributing factor to
asymmetric nystagmus that was observed in some subjects. How-
ever, many subjects had both compression and stable gaze. No
subject had clinical signs of cranial nerve palsy or showed dilation
of the cerebral aqueduct or fourth ventricle, and there was no
consistent evidence that hydrocephalus caused asymmetric
nystagmus. In contrast, there was evidence of compression of the
rostral midbrain in subjects who acquired asymmetric nystagmus
(or saccade dysmetria) during follow-up. The rostral midbrain
contains visuomotor centers that are implicated in optokinetic
nystagmus, fine tuning of gaze control, and vertical and torsional
eye movements.16 Specifically, these tumors appear near visuo-
motor nuclei that include the supraoculomotor area, nucleus of the
optic tract, the dorsal terminal nucleus, the rostral interstitial nu-
cleus of the medial longitudinal fasciculus, and the interstitial nu-
cleus of Cajal. The supraoculomotor area is involved in vergence,
and its dysfunction can be associated with the difference in hori-
zontal position between the two eyes.17 Compressive lesions of the
nucleus of the optic tract and dorsal terminal nucleus can cause a
transient nystagmus because they provide direct inputs into the
optokinetic nystagmus pathway.18 Lesions of the interstitial nucleus
of Cajal cause unstable vertical and torsional gaze holding, and
asymmetric vertical torsional nystagmus.19,20 Although the inter-
stitial nucleus of Cajal plays a role in vestibular function, there was
no clinical evidence of vestibular deficits or overt head tilts in this
young population. Therefore one mechanism for asymmetric
nystagmus might arise from abnormalities of internal feedback
circuits between brainstem nuclei and cerebellum as postulated in
acquired nystagmus.21

Afferent mechanism

The most parsimonious explanation of our data is that asym-
metric nystagmus in our subjects results from an afferent mecha-
nism. All subjects presenting with asymmetric nystagmus in the
context of an OPG showed some level of optic atrophy, reduced
visual acuity, abnormal VEPs, and thinner RNFL. Although these
metrics of visual pathway function did not reliably differ between
those with asymmetric nystagmus and stable gaze, asymmetric
nystagmus was present in some subjects without any evidence of
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compression of the rostral midbrain or interpeduncular cistern.
This subset of subjects may have asymmetric nystagmus resulting
from damage to chiasmal fibers that presumably project to oculo-
motor centers in the rostral midbrain (e.g., rostral interstitial nu-
cleus of the medial longitudinal fasciculus, paramedian pontine
reticular formation, or interstitial nucleus of Cajal).

Previous studies have not consistently shown that asymmetric
visual acuity was a primary factor in asymmetric nystagmus.2,5,7-9

Most studies have failed to report monocular visual acuity or
objective measures of visual function and anatomy. The possibility
of nystagmus-associated sensory deprivation as an etiology for
asymmetric nystagmus is unlikely as there is no definitive proof
that nystagmus limits visual acuity development.13 Still, our data
suggest that visual sensory abnormalities are consistently present
with asymmetric nystagmus in this patient group.

Differential diagnosis

Distinguishing OPG with associated asymmetric nystagmus
from spasmus nutans is important for timely treatment and pre-
vention of morbidity from growth of this intracranial tumor. Pre-
vious studies have failed to generate clinical criteria that reliably
discriminate asymmetric nystagmus associated with OPG from
spasmus nutans.2,4,22 Our subjects with asymmetric nystagmus
could be distinguished from spasmus nutans by the presence of
reduced visual acuity, optic nerve atrophy, and lack of head titu-
bations. Our data are in agreement with previous studies that ac-
quired asymmetric nystagmus can present in a relatively high
percentage of chiasmal OPGs before age two years.9

There is only a single reported example of asymmetric
nystagmus in a child with NF1-related OPG, indicating a poor as-
sociation between asymmetric nystagmus and NF1.8 As we did not
observe any child with NF1-related OPG presenting with asym-
metric nystagmus, we specifically excluded subjects with NF1 so
that both groups could be better matched. Children with NF1-
related OPG can show transient abnormal T2-weighted signals in
the thalamus and brainstem,23 which would (1) potentially
confound the role oculomotor function in these subjects and (2)
unlikely have a similar mechanism as a glioma.24

Conclusions

Although asymmetric nystagmus can be an important present-
ing sign of OPG previous work has not elucidated the underlying
causes of the eye movement abnormality. Our study compared
children with asymmetric nystagmus with those with stable gaze
when both groups have similar OPGs on neuroimaging. Many fac-
tors such as visual acuity, VEP latency, VEP hemisphere symmetry,
gross tumor location, ventriculomegaly, and clinical findings did
not reliably discriminate children with asymmetric nystagmus
from those with stable gaze. The most parsimonious explanation of
our data is that asymmetric nystagmus results from damage to
chiasmal fibers that project to oculomotor centers in the rostral
midbrain. Furthermore, asymmetric nystagmus associated with an
OPG typically resolves or improves after treatment, even if the
vision does not improve.
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