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Background and Purpose Although traditionally regarded as spared, a range of oculomo-
tor dysfunction has been recognized in amyotrophic lateral sclerosis (ALS) patients. ALS is
nowadays considered as a neurodegenerative disorder of a third compartment comprising

Kwang-Kuk Kim® widespread areas of extra-motor brain including cerebellum. Our objective was to perform an
*Department of Neurology, observational study to examine for ocular motor dysfunction in patients with ALS and for any
University of Ulsan College of Medicine, differences between bulbar-onset and spinal-onset patients..

Asan Medical Center, Seaul, Korea Methods Thirty two ALS patients (bulbar onset: 10, spinal onset: 22) underwent the stan-

°Department of Neurology,
Dankook University College of Medicine,
Dankook University Hospital, Results Oculomotor dysfunctions such as square wave jerks, saccadic dysmetria, abnormal

Cheonan, Korea cogwheeling smooth pursuits and head shaking and positional nystagmus of central origin
have been observed in the ALS patients at a relatively early stage. Abnormal smooth pursuits
and saccadic dysmetria were increased in the bulbar-onset compared to the spinal-onset
(p<0.05).

Conclusions These oculomotor abnormalities may be a marker of neuro-degeneration be-
yond motor neurons in ALS, especially in bulbar-onset disease. Future longitudinal studies of
eye movement abnormalities have provided insights into the distribution and nature of the
disease process.

dardized systemic evaluations using video-oculography.

Key Words central nystagmus, oculomotor dysfunction, amyotrophic lateral sclerosis,
perverted head-shaking nystagmus, central positional nystagmus, direction-
changing head-shaking nystagmus.

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is classically defined by the degeneration of upper
and lower motor neurons that causes specific symptoms and clinical signs. The central
diagnostic criterion for ALS is the combined degeneration of upper motor neurons of the cor-
ticospinal tract and lower motor neurons in the brainstem nuclei and spinal anterior horns.'
However, postmortem studies have revealed that the pathology spreads beyond the motor
system in some ALS patients.” It is known that ALS is a neurodegenerative disorder involv-
ing other extramotor areas including the cerebellum,’ as well as primary and secondary
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Unlike other motor systems, the ocular motor system was generally believed to be spared

Corresponfience in ALS, with the exception of some complicated patients. However, several abnormal find-
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University of Ulsan College of Medicine,  ophthalmoplegia,'® and nystagmus'” can be seen in assessments of oculomotor function.
Asan Medical Center, 88 Olympic-ro,

Songpa-gu, Seoul 05505, Korea These abnormal eye movements in ALS may provide insight into the pattern and pathogene-
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sis of the disease. Nevertheless, the pattern of oculomotor
dysfunction in ALS has not been established.

In this study we aimed to identify the pattern of abnormal
oculomotor functions in ALS. We also investigated the char-
acteristics of abnormal oculomotor functions in subgroups
of ALS.

METHODS

Subjects

A retrospective analysis of clinical and neurophysiological
data from patients who attended the authors’ clinic for ALS
was conducted at Asan Medical Center from April 2009 to
August 2011. Patients who fulfilled the Awaji criteria for
ALS" and underwent video-oculography were included. The
presence of motor neuron disease was confirmed by detailed
history-taking, clinical examinations, and nerve conduction
and electromyography studies. Subjects were categorized ac-
cording to onset pattern into bulbar onset or spinal onset. Pa-
tients who presented with both patterns were categorized as
bulbar onset.

The present study was reviewed and approved by the Insti-
tutional Review Board of Asan Medical Center, Seoul, Korea
(IRB No. 2014-0482), and adhered to the tenets of the Decla-
ration of Helsinki. Given the retrospective nature of the study
and the use of anonymized patient data, the requirement for
obtaining informed consent from the subjects was waived.

Eye-movement recordings

Eye movements were recorded monocularly using infrared
video-oculography (SLMED, Seoul, Korea), which records
up to £30° in the horizontal and vertical planes. All patients
underwent a standardized evaluation by a single skilled ex-
aminer. The equipment was calibrated before the test with the
subject wearing the video-oculography goggles in a seated
position. Spontaneous nystagmus and primary gaze fixa-
tion were recorded both with and without fixation for 30 sec-
onds. Gaze-evoked nystagmus (GEN) and eccentric gaze fixa-
tion was induced with horizontal (+15°) target displacements.
Smooth pursuit was studied using a red laser spot that moved
horizontally with a constant-velocity waveform (+15°).
These tests were performed at frequencies of 0.1, 0.2, and
0.4 Hz in increasing order. Reflexive saccades were evaluat-
ed when subjects were requested to follow the red laser spot
that was moved between nine positions along a horizontal
line between *+15° at random times and positions. Head-
shaking nystagmus (HSN) was assessed using a passive
head-shaking maneuver. The examiner pitched the patient’s
head forward by approximately 30° to bring the horizontal
semicircular canals into the plane of stimulation. The patients
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head was then grasped firmly with both hands and shaken
horizontally in a sinusoidal fashion at a rate of 2-3 Hz with an
approximate amplitude of 10° for 10-15 seconds. To induce
positional nystagmus, the patients turned their heads to both
sides while supine (head turning test), and the Dix-Hallpike
maneuver was performed bilaterally.

Interpretation of the ocular motor functions and
nystagmus

Abnormal oculomotor functions were confirmed by two neu-
rologists (BH.K. and JI.K.) who reviewed the video record-
ings and oculography findings via visual analysis. Abnor-
malities were considered to be present in smooth pursuits and
saccades only when consistent patterns were observed during
the examination. Saccadic hypometria was diagnosed when
the subjects experienced at least three corrective saccades
consistently during the saccade test. HSN and positional nys-
tagmus were considered to be present when the mean slow-
phase velocity of the nystagmus was >3°/s and when the nys-
tagmus lasted >5 s."

Statistical analysis

The Mann-Whitney U test and Fisher’s exact test of nonpara-
metric statistics were applied to continuous and categorical
variables, respectively. The statistical analysis was performed
using SPSS (version 18.0, SPSS Inc., Chicago, IL, USA), with
p<0.05 considered to be statistically significant.

RESULTS

Demographics and clinical features of the subjects

Five of the 37 consecutive patients with motor neuron dis-
ease were excluded due to 3 exhibiting only lower motor
neuron signs and being suspicious for progressive muscular
atrophy or spinal muscular atrophy, while the other 2 exhib-
ited only upper motor neuron signs and were considered as
having primary lateral sclerosis. The remaining 32 patients
(13 female and 19 male) fulfilled the Awaji criteria for ALS:
24 were clinically definite, 4 were clinically probable, and 4
were clinically possible.”® One of the clinically definite ALS
patients had accompanying parkinsonism. There were 22
spinal-onset and 10 bulbar-onset patients. The subjects in the
present study included individuals in the third (n=2), fourth
(n=6), fifth (n=8), seventh (n=13), and eighth (n=3) decades
of life. Their median age was 59 years (interquartile range=
16 years) at the time of the video-oculography examination.
The median disease duration was 13.5 months (interquartile
range=12.25 months). The mean age was lower in the spinal-
onset group than in the bulbar-onset group (p=0.035). A sum-
mary of the clinical data and abnormal oculomotor findings
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Table 1. Clinical data and types of oculomotor dysfunction of the amyotrophic lateral sclerosis subjects

Pts Sexfage (_Y)/ Onse.t. pa.t-ter.n/ Smooth pursuit Saccadic accuracy HSN Positional i
disease duration (m) Awaji criteria nystagmus

B1 M/72/21 B/definite - 0.2 and 0.4 Hz abnormal Hypometria + -

B2 F/66/32 B/probable - 0.1,0.2, and 0.4 Hz abnormal Hypometria = n.c.

B3 Fl76/14 B/definite - 0.1,0.2, and 0.4 Hz abnormal Hypometria - -

B4 F/49/48 BC/probable - 0.1,0.2, and 0.4 Hz abnormal Hypometria + - +

B5 M/63/12 BC/definite - 0.2 and 0.4 Hz abnormal Hypometria + -

B6 F/66/7 B/definite - 0.1,02,and 0.4 Hz abnormal Hypometria + -

B7 Fl67/14 B/definite - Normal Normal - -

B8 M/62/11 B/definite - 0.1,0.2, and 0.4 Hz abnormal Hypometria + +

B9 F/38/6 B/possible - 0.1,0.2, and 0.4 Hz abnormal Normal +

B10 M/63/15 B/definite + 0.1,0.2,and 0.4 Hz abnormal Normal

S1t M/60/15 Cldefinite - 0.1,02,and 0.4 Hz abnormal Hypometria - n.c. +

S2 M/52/19 C/definite - 0.2and 0.4 Hz abnormal Normal - - +

S3 M/31/42 C/definite + 0.1,0.2,and 0.4 Hz abnormal Hypermetria + - +

S4 M/49/8 C/definite - Normal Normal + n.c. +

S5 M/61/9 C/definite - Normal Normal + n.c.

S6 F/53/17 C/possible - 0.1,0.2, and 0.4 Hz abnormal Hypometria - n.c.

S7 M/65/6 C/definite - 0.1,0.2,and 0.4 Hz abnormal Normal - n.c.

S8 Fl47/9 L/definite - Normal Normal - n.c.

S9 Fl40/8 L/definite - Normal Normal - -

S10 M/60/25 CL/definite - Normal Normal +

ST M/55/14 C/possible - Normal Normal - + +

S12 F/48/9 C/definite - Normal Normal

S13 Fl62/8 CL/definite + 0.1,02,and 0.4 Hz abnormal Rt hypometria + -

S14 M/54/5 L/definite - Normal Normal - -

S15 M/[72/25 C/definite +  Normal Rt hypermetria + -

S16 M/58/40 L/definite - 0.2 and 0.4 Hz abnormal Normal - -

S17 Fl67/37 C/probable + 0.1,0.2,and 0.4 Hz abnormal Hypometria - - +

S18 M/53/13 L/definite - Normal Normal - +

S19 M/55/13 C/definite + 0.1,0.2,and 0.4 Hz abnormal Normal - -

S20 M/46/10 C/definite - Normal Normal + +

S21 Fl67/6 L/probable - Normal Normal + -

S22 M/58/17 C/possible +  Normal Normal + -

*Small doses of benzodiazepine and/or baclofen, "With parkinsonism.
B: bulbar, B1-B10: bulbar-onset group, C: cervical, HSN: head-shaking nystagmus, L: lumbosacral, m: months, n.c.: not checked, Pts: patients, Rt: right,
S1-522: spinal-onset group, SWJ: square-wave jerks, y: years.

of the subjects is presented in Table 1.

None of the subjects had a medical history of acute verti-
go, visual disturbance, or ear problems. All of the patients
were alert and responsive during testing, and none of them
exhibited clinical evidence of respiratory failure that required
artificial ventilation. In addition, none of the patients had
either ophthalmoplegia or spontaneous nystagmus/GEN.
They did not have specific structural abnormalities on their
brain or cervical spine magnetic resonance imaging. One pa-
tient had normal brain computed tomography findings, and
MRIs of three patients were not confirmed directly due to
deficiencies in the medical records. Fifteen subjects were tak-
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ing small doses of benzodiazepine and/or baclofen. There
were no medical records documenting side effects of these
drugs, and the drug use did not differ significantly between
the two groups.

Ocular motor dysfunction

Seven (22%) patients exhibited square-wave jerks (one with
bulbar onset and six with spinal onset) (Fig. 1A). Fourteen
(44%) patients exhibited abnormal smooth pursuit at 0.1
Hz (7 with bulbar onset and 7 with spinal onset), 17 (53%)
at 0.2 Hz (9 with bulbar onset and 8 with spinal onset), and
18 (56%) at 0.4 Hz (9 with bulbar onset and 9 with spinal on-
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Fig. 1. Examples of abnormal oculomotor functions in our patients with amyotrophic lateral sclerosis. A: Square-wave jerks, B: Abnormal smooth
pursuits, and C: Saccadic hypometria and hypermetria.
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Table 2. Comparison of oculomotor dysfunction between the bulbar-onset and spinal-onset amyotrophic lateral sclerosis patients

Bulbar onset (n=10) Spinal onset (n=22) p-value

Age, years* 62.2£11.1 55.1£9.5 <0.05
Disease duration, months® 18.0£11.1 16.1£11.1

Square-wave jerks, %" 1(10) 6 (27)

Abnormal 0.1 Hz smooth pursuit, %" 7 (70) 7 (32) <0.05
Abnormal 0.2 Hz smooth pursuit, %° 9 (90) 8(36) <0.05
Abnormal 0.4 Hz smooth pursuit, %* 9 (90) 9 (41) <0.05
Saccadic dysmetria, %" 7 (70) 6 (27) <0.05

(7 hypometria)

(4 hypometria, 2 hypermetria)

Data are n (%) or mean®SD values.
*Mann-Whitney U test, ‘Fisher's exact test.

set). The pursuit defects were present in both directions and
similar in appearance with cogwheeling (Fig. 1B), and they
were observed in the third (n=2), fourth (n=1), fifth (n=4),
seventh (n=9), and eighth (n=2) decades of life. There were
11 (34%) patients with hypometria (7 with bulbar onset
and 4 with spinal onset), and 2 patients with hypermetria in
the spinal-onset group (1 in each of the fourth and eighth de-
cades of life). Two patients with saccadic dysmetria had uni-
lateral abnormalities, while the others had bilateral abnor-
malities (Fig. 1C). Saccadic dysmetria was identified in the
third (n=1), fourth (n=1), fifth (n=1), seventh (n=7), and
eighth (n=3) decades of life. The disease duration did not dif-
fer significantly between the bulbar- and spinal-onset groups.
Abnormal smooth pursuit and saccadic dysmetria were in-
creased in the bulbar-onset group compared with the spinal-
onset group (p<0.05) (Table 2).

Nystagmus

Spontaneous nystagmus with fixation was not identified in
the video-oculography results, similarly to the findings of
the bedside ocular examinations. Spontaneous nystagmus
without fixation revealed left-beating nystagmus with a mean
slow-phase velocity of 1°/s in two (6%) patients, and GEN
was not found. Seventeen (53%) patients exhibited HSN, in-
cluding perverted downbeat nystagmus (Supplementary
Video 1 in the online-only Data Supplement) and direction-
changing nystagmus (Supplementary Video 2 in the online-
only Data Supplement). The patterns of HSN are specifically
described in Table 3 and 4. Twenty-five patients underwent
the head-turning and Dix-Hallpike tests. Positional nystag-
mus was present in five (16%) patients. The nystagmus pat-
terns are delineated in detail in Table 4.

DISCUSSION

This study found various types of oculomotor dysfunction
such as square-wave jerks, saccadic dysmetria, abnormal cog-
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Table 3. Occurrence of nystagmus in the amyotrophic lateral sclerosis
patients

Nystagmus Occurrence (%)
Spontaneous nystagmus 2 (6)
With fixation 0(0)
Without fixation 2 (6)
Gaze-evoked nystagmus 0(0)
Head-shaking nystagmus 17 (53)
Perverted and direction changing 4(9)
Direction changing 1(6)
Perverted 3(9)
Horizontal 9(28)
Positional or positioning nystagmus 5(16)

Data are n (%) values.

wheeling smooth pursuit, and head shaking, and positional
nystagmus in ALS patients at a relatively early disease stage.
A particularly interesting finding was that spontaneous nys-
tagmus with fixation and GEN were not recorded in all of
the ALS patients. If maneuvers that induce nystagmus (e.g.,
head shaking and positional changes) were not performed on
purpose, the nystagmus would have gone unnoticed. Because
some oculomotor functions are often not tested in routine
bedside examinations, these might not have been recognized.

Most instances of nystagmus in our subjects were regard-
ed as being central in origin, such as perverted HSN, direc-
tion-changing nystagmus, and atypical positional nystagmus.
To our knowledge this is the first systematic study of nystag-
mus in ALS patients. Nystagmus occurs when there is a dis-
turbance within any of the mechanisms that have evolved to
hold gaze steady, such as the vestibulo-ocular reflex (VOR).
Although the nystagmus patterns of central disorders vary
and the mechanisms remain to be elucidated, perverted HSN
is explained by abnormal cross-coupling of the velocity stor-
age system or a buildup of vertical vestibular asymmetry fa-
voring upward bias due to disinhibition of the flocculus over
the anterior-canal VOR pathway in brainstem and cerebellar
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Table 4. Nystagmus patterns in the amyotrophic lateral sclerosis patients

Pts SN HSN Lying down Rt HT Lt HT Rt DH Lt DH
B1 DB9.2 LB5.4 — RB3.8

B4 RB12

B5 RB4 Not examined

B8 DB10.9 RB2.5 UB4.7 UB3.6 LB3 UB4 [B3.9 UB3
B9 [B6 DB5.5— RB2 UB1.9 UB8.5 UB4.8 UB4.3 UB6.4
B10 RB6.5 RB10.2 RB12.7 RB6.7

S3 [B5.8 — RB3.1

S4 LB8.2 Not examined

S5 LB4.5 Not examined

S10 LB5.7 RB3 Sitting: LB3 Sitting: LB3
S12 LB1 DB9.1 [B2.7 LB2.8 Sitting: LB3 LB3.3 UB1.9, Sitting: LB2.3
S14 LB1

S15 RB12.7 DB5 — LB5

S20 B9.8 UB1.1 — RB3.7

S21 DB

S22 DB4.1

DB: down-beating nystagmus, DH: Dix-Hallpike test, HT: head-turning test, LB1: left-beating nystagmus with mean slow-phase velocity=1°s, Lt: left,
Pts: patients, RB: right-beating nystagmus, Rt: right, SN: spontaneous nystagmus without fixation, UB: up-beating nystagmus.

lesions.'** Perverted HSN has been reported previously in
diffuse cerebellar degeneration and focal medullary" or cer-
ebellar lesions.” Although direction-changing nystagmus in
the head-shaking test can be due to severe unilateral periph-
eral vestibulopathy, it is generally considered to reflect cen-
tral vestibular dysfunction. Our patients had no histories of
acute vertigo or ear symptoms, which makes it less likely that
they had peripheral vestibulopathy.

Five of the patients in this study had positional nystagmus.
The clinical findings and the patterns of positional nystag-
mus were not compatible with those of benign paroxysmal
positional vertigo (BPPV). For example, positional up-beat-
ing nystagmus during the supine roll test (head-turning test)
without vertigo in patients B8 and B9 is typical of nystagmus
of central origin. These two patients also exhibited perverted
and direction-changing nystagmus in the head-shaking test
(Table 4), and so their nystagmus may have been caused by
central vestibulopathy. The concrete aspects for differentiat-
ing from peripheral positional nystagmus are that these cas-
es were not associated with vertigo clinically and the various
nystagmus patterns were unexplainable by BPPV (i.e., the di-
rection of nystagmus for the stimulated canal was atypical).”!
Although the pathomechanism and clinical characteristics of
central positional vertigo/nystagmus remain unclear, it can
be caused by a cerebellar dorsal vermis lesion, tumors or hem-
orrhage in the dorsolateral region of the fourth ventricle, de-
generative disorders involving the cerebellum, and sometimes
migraine.”” It has been postulated from previous case series
and animal studies that the mechanism of central position-

al nystagmus involves the interruption of cerebellar modula-
tion of gravitational pathways by lesions in the dorsal vermis
or near the vestibular nucleus.”"*

If spontaneous nystagmus is observed without fixation
and disappears after fixation, it is commonly associated with
the subacute or chronic course of peripheral nystagmus.
This situation was observed in two patients in the present
study (Table 4). However, considering that the clinical histo-
ry was less likely to be due to peripheral vestibulopathy and
patient S12 had perverted (down-beating) HSN, central ves-
tibulopathy was initially considered. The other patient (pa-
tient S14) had only spontaneous nystagmus without fixation.
It was therefore difficult to identify the cause, and there is
also the possibility of it having been normal.

Head-shaking and positional stimuli can induce nystag-
mus in normal subjects that is transient, mostly lasting less
than several seconds. Although the result was not directly
compared with that of normal controls in this study, there
was high probability of definitive findings because of the strict
criteria used to identify nystagmus. Nystagmus observed in
ALS patients may be attributable to lesions in central vestib-
ular pathways including the vestibulocerebellum; however,
the precise localization remains to be determined.

Defective smooth pursuit movements such as reduced ve-
locity gain or abnormal catch-up saccades were commonly
described in ALS in comparison with normal controls,>'*'"'*
Smooth pursuit is controlled by cerebro-ponto-cerebellar path-
ways, and the neural substrate comprises both cortical and
subcortical components. The neural substrate of fixation and
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the conditions of saccadic intrusions are quite similar to those
of smooth pursuit. Several studies have described fixation
abnormalities in ALS patients. For example, the saccadic
intrusion amplitude was found to be higher in ALS patients
than in controls and correlated with neuropsychological
measures sensitive to lesions of the frontal lobes.” Unfortu-
nately we could not evaluate age-matched normal controls
and the gains in smooth pursuit or the latencies and veloci-
ties of saccades quantitatively due to limitations of the em-
ployed video-oculography apparatus. Our ALS patients were
observed to exhibit frequent abnormal smooth pursuit even
in low speeds, and frequent square-wave jerks even at rela-
tively young ages.

Abnormalities of saccadic accuracy (especially hyperme-
tria) are usually considered to indicate cerebellar and brain-
stem dysfunctions. Also saccadic dysmetria has occasionally
been reported in patients with peripheral ocular motor dis-
orders, such as myasthenia gravis, and reflects an adaptive re-
t.” Although our patients
did not exhibit clinically definite ophthalmoplegia, it is un-

sponse to a primary motor defici

clear whether their abnormal saccadic accuracy was due to
cerebellar dysfunction, dysfunction of the ocular motor neu-
rons themselves, or a compensatory central adaptation to a
primary motor deficit.

Abnormal smooth pursuits and saccadic dysmetria were
more common in the bulbar-onset group than the spinal-on-
set group in this study. This finding is cautiously interpreted
as indicating that central pathology is likely to be more ex-
tensive in bulbar-onset patients than in spinal-onset patients,
making damage in the areas known to cause abnormal smooth
pursuit and saccades more likely in the former group. Fu-
ture longitudinal studies with quantitative measurements of
eye-movement abnormalities should be needed to verify it.

This study had several limitations. First, it is possible that
our results were somewhat exaggerated, especially regard-
ing smooth pursuit and square-wave jerks, because these fea-
tures were not compared with normal controls. Second, insuf-
ficient evaluations were applied to the peripheral vestibular
system, such as head impulse and caloric tests. Third, the cen-
tral dysfunctions could have been better explained if visual
fixation test and recordings of torsional eye movement had
been included in this study. Finally, ALS was diagnosed clini-
cally in this study, and several subjects who were in the early
stages of disease were included. Follow-up examinations and
longitudinal studies could help to address these concerns.

Our observational study has demonstrated that oculomo-
tor dysfunction and nystagmus are observed in ALS. Per-
verted HSN and central positional nystagmus in our ALS
patients could be due to dysfunction of vestibulocerebellar
connections. Oculomotor abnormalities may be a marker of
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neurodegeneration beyond motor neurons in ALS, especial-
ly in bulbar-onset disease. Further longitudinal studies and
precise localizations are needed. Our data may provide use-
ful insights into the distribution and nature of the ALS.

Supplementary Video Legend

Video 1. Perverted (downbeating) head-shaking nystagmus.
Video 2. Horizontal direction-changing head-shaking nystag-
mus.
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