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Abstract
Objective—Ocular motility abnormalities may be a marker of neuro-degeneration beyond motor
neurons in amyotrophic lateral sclerosis (ALS). We formally compared clinical neuro-ophthalmic
abnormalities in ALS patients and a control population.

Methods—Patients attending a multidisciplinary ALS clinic (n = 63, age 60.8 +/− 16.4 years)
and their caregivers serving as controls (n = 37, ages 55.0 +/− 12.7 years) participated in this
cross-sectional study. Visual acuity was assessed. Video recordings of a standardized ocular
motility exam including gaze fixation, voluntary saccades, reflex saccades, smooth pursuit, eyelid
opening and Bell's phenomenon were rated by two senior neuro-ophthalmologists who were
masked to subject group.

Results—Visual acuity was lower in ALS patients versus control subjects (OR 0.81 (0.71–0.93),
p = 0.003, logistic regression). Inter- and intra-rater reliability for ocular motility examination
ratings were good (Cohen's Kappa > 0.6). Findings observed only in ALS subjects included gaze
impersistence (14%, p = 0.01), moderately or severely restricted voluntary upgaze (13%, p =
0.01), and moderate or severe eyelid opening apraxia (27%, p = 0.0002). Accounting for age,
moderately or severely saccadic horizontal smooth pursuits distinguished ALS from control
subjects (OR 3.6 (1.2– 10.9), p = 0.02, logistic regression).

Conclusions—Clinical findings of decreased visual acuity, gaze impersistence, voluntary
upgaze restriction, eyelid opening apraxia, and saccadic horizontal smooth pursuits are more
frequent in patients with ALS than in similar-aged controls. These findings are potential clinical
markers of neurodegeneration beyond upper and lower motor neuron disease in ALS. Further
study is warranted regarding their application to disease categorization and outcomes assessment.
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1. Introduction
Amyotrophic lateral sclerosis (ALS) is classically defined by degeneration of upper and
lower motor neurons causing corresponding symptoms and clinical signs. Post-mortem
studies demonstrate pathological spread beyond the motor system in some ALS patients [1].
The presence of symptoms and signs that do not localize to motor neurons characterizes
ALS-Plus syndromes, which may be the clinical correlate of pathological spread. These
syndromes might represent distinct disease phenotypes with implications for diagnosis and
therapy [2].

Abnormal eye movements are attractive as a potential marker of ALS-plus syndromes [3]
because the ocular lower motor neurons (i.e. cranial nerves 3, 4 and 6) and the actions of the
muscles they innervate are typically spared until late in the disease [4–6]. Therefore the
neuro-ophthalmic examination remains relatively accessible when motor weakness obscures
other portions of the neurological exam [7]. Gaze fixation instability [8,9], saccadic
abnormalities [10–14], supra-nuclear gaze palsy [15], anti-saccade errors [9] smooth pursuit
impairment [12,16–18], reduced Bell's phenomenon [19], eyelid apraxia [10], poor
suppression of vestibular ocular reflex [11] and nystagmoid movements [20–22] have been
described in ALS subjects. Correlations between some of these findings, duration of ALS
symptoms [16] and severity of ALS disease [17,23] suggest that extra-motor neuron
involvement is the consequence of advanced disease. However, associations with bulbar
symptoms [11,14], parkinsonism [24], cognitive deficits [8,9], and onset pattern [8] in
individuals without advanced disease suggest that they may be markers for a distinct disease
phenotype. We examined the ocular motility in an ALS population to determine the
prevalence of clinically apparent findings. Visual acuity was measured to screen for
concurrent afferent visual impairment.

2. Methods
2.1. Study participants

This is a cross-sectional study of a population of individuals with possible, probable or
definite ALS according to the revised El Escorial criteria [25] attending a multidisciplinary
ALS clinic serving the greater Philadelphia region. These clinical criteria were used due to
their good sensitivity for prediction of pathological findings diagnostic of ALS [26]. Control
subjects were recruited from healthy individuals accompanying those receiving care in the
ALS multidisciplinary clinic. Controls were included as a comparison group to account for
cofounding influences on clinical ocular motility characterization. Participants were
excluded if they had a history of neurological disease other than migraine. Recruitment and
data collection occurred during a two and a half month period from October to December,
2009. The number of subjects enrolled during the study period determined the sample size.

This study was carried out in compliance with the guidelines set forth by and with the
approval of the University of Pennsylvania Office for Regulatory Affairs. Informed consent
was obtained from all participants.

Impairment in ALS subjects was assessed using the revised ALS functional rating scale
including respiration (FRS-R), a validated measure of symptom severity and functional
limitation (range 0–48, 48 is normal) [27] and forced vital capacity (FVC), a measure of
pulmonary strength that is normalized to predicted values for age and gender. Both were
assessed on the date of study participation. Rate of functional decline was calculated as the
quotient of FRS-R and duration of disease symptoms. Bulbar impairment in ALS subjects
was characterized using the FRS-R bulbar sub-score (range 0–12, 12 is normal). The
presence of pseudobulbar affect associated with bulbar upper motor neuron dysfunction was
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assessed using the Center for Neurologic Study Lability Scale (CNS-LS), a validated
measure of affective lability (range 7–35, normal less than 14) [28]. Executive language
function was assessed with phonemic fluency (number of words starting with ‘F’ generated
in 60 s, normal greater than 12) [29]. These are collected at regular intervals as part of on-
going clinical care. The worst recorded score for each patient was obtained from the medical
record.

2.2. Neuro-ophthalmic examination
Binocular high and low (2.5%, 1.25%) contrast visual acuity at 2 m was measured by Sloan
charts using the subject's own corrective lenses in the examination room. A single examiner
assessed pupillary constriction to light, eyelid symmetry, corneal reflex and blink reflex.
Horizontal and vertical ocular alignment was measured using Maddox rod and hand held
prisms with a light source at 24 in.

A standardized ocular motility examination of primary and eccentric gaze fixation, smooth
pursuit, visually guided saccades, anti-saccades, eyelid opening and closing, ocular
deviation during attempted eyelid closure (i.e. Bell's phenomenon) and vestibular ocular
reflex (Table 2) was recorded using a video camera positioned directly in front of the subject
at 1 m. Subjects' gaze was directed by the examiner's fingers, which were presented at
measured positions on a plane 1 m in front of the subject. The subject was instructed to hold
his/her head position constant during each task. Videos were limited to subjects' eyes and
cropped to prevent identification of subject and group.

Two senior neuro-ophthalmologists who were masked to subject group independently
reviewed each video once and ten randomly selected videos a second time. They rated all
findings except anticipatory saccades, saccade errors and saccade absence according to their
own clinical judgment using ordered categories (normal, mildly abnormal, moderately
abnormal, severely abnormal). These were dichotomized to normal/mildly abnormal and
moderately/severely abnormal. Intra-rater agreement was assessed for each rater based on
the ten videos reviewed on two occasions. Inter-rater reliability was assessed between raters
for each finding across all subjects using Cohen's Kappa (K), a chance corrected reliability
measure. K greater than 0.6 was used as the standard for good reliability based on reliability
studies of clinical rating scales in the movement disorders field [30]. Findings were
classified as moderately/severely abnormal for analysis only if both raters classified them as
such. A single reviewer classified anticipatory movements and saccadic errors during reflex
and anti-saccade tasks.

2.3. Statistical analysis
Analysis was performed using Stata 11 (Statacorp LP, College Station, TX). Low- and high-
contrast acuity scores were compared between ALS and control groups using Wilcoxon
rank-sum and t-tests. Acuity was compared between ALS subgroups using linear regression,
accounting for age. Ocular motility tasks were compared between ALS and control groups
using Fisher's exact test. Significant differences were further evaluated with logistic
regression of subject groups, accounting for age. Subgroup analysis was performed using
logistic regression. Alpha of 0.05 was used for between group comparisons and 0.01 was
used for subgroup comparisons.

For independent variable data points (i.e. those characterizing ALS) not available for the
precise examination date, one from another date was used if clinical status was similar.
Subjects without an appropriate substitute data point were excluded from portions of the
analysis involving that independent variable. Subjects with missing dependent variable data
points were excluded from analyses requiring that data point.
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3. Results
Sixty-three consecutive ALS subjects (mean age 60.8, range 28–90 years, 52% female) were
enrolled (Table 1). An additional 15 agreed to enroll, but were excluded for neurological co-
morbidities (n = 5) and not meeting the ALS definition (n = 10). 66 subjects declined to
participate due to fatigue, emotional stress and not having time. For a small number of
patients, FRS-R (n = 6) and FVC (n = 3) were obtained on a different day than the neuro-
ophthalmic examination. For ventilated subjects (n = 2), in whom FVC measurements were
not obtained, a value of 20% predicted was used. CNS-LS data and phonemic fluency were
not available for three and nine subjects respectively.

Thirty-seven control subjects were recruited (mean age 54.9, range 20–82 years, 62%
female). An additional 2 agreed to enroll, but were excluded due to neurological co-
morbidities. Subject groups did not differ by age (p = 0.09 by Mann Whitney) or gender (p =
0.34 by chi square).

High and low contrast visual acuity, accounting for age, were lower in ALS (n = 54) than
control (n = 35) subjects (Table 3). Subjects with co-morbid conditions including glaucoma
(n = 6), macular degeneration (n = 3), no knowledge of Roman alphabet (n = 1) and wearing
sunglasses (n = 1) were excluded from this analysis. Regression analysis did not identify
differences in ALS subject visual acuity based on familial disease pattern, forced vital
capacity, level of functional disability, rate of functional decline, duration of symptoms,
bulbar symptoms, phonemic fluency or affect lability.

All subjects had intact corneal reflex, blink reflex and pupillary response to light. There was
no significant difference between ALS and control groups in terms of ocular alignment.

Cervical rigidity prevented effective vestibular ocular reflex assessment in many ALS
subjects and therefore this finding was not analyzed. Intra-rater agreement exceeded 80% for
all remaining tasks except vertical smooth pursuit. Inter-rater reliability was poor for square
wave jerks, nystagmus, down gaze limitation, horizontal gaze limitations, and saccadic
dysmetria. All except the latter had a prevalence of less than 5% for both reviewers. Inter-
rater reliability for gaze impersistence (K = 0.68), upgaze limitation (K = 0.66), saccadic
intrusion into horizontal smooth pursuit (K = 0.64), delayed eyelid opening (K = 0.65) and
limited ocular deviation during attempted eye closure (K = 0.74) was good. These findings
were included in subsequent analysis. Missing data for ocular motility findings was ≤5%
and reflects inability to interpret it from video or poor subject comprehension of the task.
Smooth pursuit at 15 degrees/s data was not available for 33/100 subjects because it was
incorporated into the protocol after these subjects had been recruited.

Gaze impersistence (Video 1 in the Supplementary material), upgaze limitation, saccadic
intrusion into high and medium speed horizontal smooth pursuits (Video 2 in the
Supplementary material) and eyelid opening apraxia were more common in the ALS
population, accounting for age (Table 4). The difference persisted after accounting for visual
acuity. For subjects with upgaze limitation, more complete upgaze was demonstrated in
other parts of the examination, suggesting that the disorder was supranuclear in origin (Fig.
1). Absence of visually guided saccades (i.e. no response to peripherally presented visual
stimuli) was observed only in ALS subjects (Video 3 in the Supplementary material). This
abnormality did not reach statistical significance. Each of these subjects demonstrated
conjugate gaze deviation during other tasks, suggesting that the visually guided saccade
limitation was a gaze apraxia.

In ALS subjects presence of eyelid opening apraxia correlated inversely with forced vital
capacity (OR 15, 95% CI 2.7–82.5, p = 0.002 logistic regression accounting for age).
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Further analysis of ALS subpopulations using logistic regression accounting for age did not
identify correlations between ocular motility abnormalities and visual acuity, family history
of ALS, duration of ALS symptoms, functional disability, rate of functional decline, bulbar
symptoms, phonemic fluency or affect lability.

4. Discussion
This comprehensive clinical assessment of ocular motor function in ALS subjects has
identified specific clinical supranuclear ocular motility findings that are more common in
ALS than control subjects. The results provide evidence of pathology outside of upper and
lower motor neurons and strengthen the candidacy of these clinical ocular motor findings as
biomarkers of disease spread in ALS.

Limitations of the current study are primarily related to the qualitative clinical methodology
employed. While extensive efforts were made to mask the reviewers to subject group, video
clues may have made this incomplete. The lack of quantitative characterization likely
introduced variability into the data, in turn decreasing statistical power. Our methodology
did not capture saccade latency, saccade speed or square wave jerks that quantitative studies
have found to be prolonged in the ALS population. Internal validity was implied using a
gold standard of clinical expertise. While this may be reasonable in this study, in which the
reviewers were constant across all subjects, external validity would need to be addressed for
any future study in which not all reviewers rate all of the subjects.

Reduced visual acuity in ALS subjects was a surprising result. Though afferent visual
pathway pathology is well described in other neurological diseases including multiple
sclerosis [31], Alzheimer's disease [32] and Parkinson's disease [33] there is no published
literature regarding such a finding in ALS. It is feasible that pathological spread beyond
motor neurons could negatively impact afferent visual function at various anatomical
locations. Monocular acuity measurements using best refractive correction and controlled
lighting are necessary to confirm this finding. The functional importance also remains to be
determined as the mean high contrast difference between ALS and control subjects was less
than 5 letters (i.e. one line), which is not typically clinically significant.

We found saccadic abnormalities that have not been previously described in ALS patients.
Subjects with gaze impersistence could not maintain eccentric gaze despite good attention to
the task, with the gaze returning to midline without corrective saccade back to eccentric
gaze. Serial examinations would be required to determine if this is an isolated finding or a
precursor to the gaze apraxia seen in three ALS subjects in this study and described in the
literature [15]. We confirm eye lid apraxia, previously reported in a case series [10], to
bemore common in ALS subjects. We found Bell's phenomenon abnormalities, also
previously reported in a case series [19], to not have increased prevalence in the ALS group.

Incidence of ocular motility abnormalities did not correlate with markers of disease severity
or duration and therefore our results do not suggest that ocular motor abnormalities are
simply population markers of advanced disease [23]. Serial examinations of ocular motility
in individuals would be necessary to determine if they are markers of disease progression in
individuals as has been reported by Palmowski et al. [7].

These observations provide clinical support for the histopathologic observation that TDP-43
pathology, the predominant pathologic finding to accompany upper and lower motor neuron
cell loss in sporadic ALS, extends beyond upper and lower motor neurons [1] and provide
support for a multi-system disorder in TDP-43 proteinopathy. Structure–function correlation
with imaging and pathological studies has the potential to investigate the relationship
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between molecular pathology, neuro-anatomical involvement and ocular motility
abnormalities as it relates to phenotypic variation in ALS.

There is overlap between ocular motility findings seen in our ALS subjects with those
described in other neurodegenerative diseases with distinct pathological substrates.
Supranuclear upgaze limitation of the kind seen in our subjects has previously been
described as a distinguishing feature of progressive supranuclear palsy [34] and has been
proposed as a marker of tau pathology. Saccadic intrusion into smooth pursuits is well
described in parkinsonism as the ocular equivalent to cogwheel rigidity. In contrast with
Gizzi et al., who found eye movement abnormalities exclusively in ALS patients with
extrapyramidal signs [24], none of our subjects had extrapyramidal signs. This supports the
notion of a continuum of clinical overlap between pathological disease entities [35].

We identified the clinical findings of gaze impersistence, supranuclear upgaze limitation,
eyelid opening apraxia, and saccadic intrusion into horizontal smooth pursuit to be more
common in ALS subjects. These findings have potentially important applications to clinical
descriptions of ALS phenotypes and will help to generate hypotheses regarding underlying
pathology and disease mechanisms. The clinical nature of the abnormalities makes them
candidates for use in bedside categorization of ALS phenotypes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Supranuclear upgaze limitation in an ALS patient. During voluntary upgaze ocular
supraduction is limited (middle panel). During attempted eye closure, reflexive ocular
supraduction is full (upper panel).
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Table 1

ALS subject characteristics (n=63 unless otherwise noted).

Central tendency Range

Age (years) 60.8+/−16.4 (mean+/−SD) 18–90

Gender (female) 52% (n=33)

El Escorial diagnostic classification

    Possible ALS 11% (n=7)

    Probable ALS 32% (n=20)

    Definite ALS 57% (n=36)

Duration of symptoms (years) 3.6+/−3.1 (mean+/−SD) 0.6–17

Bulbar onset 28.6% (n=18)

Family history of ALS 15.9% (n=10)

Forced vital capacity (% predicted) 58+/−27 (mean+/−SD) 8–111

ALS revised functional rating score, current 29 (median) 6–46

Worst bulbar function (FRS-R bulbar) 9 (median)

Rate of functional decline (points/yr) 6.5 (median) 0.3–43.5

Phonemic fluency (F-words), lowest ever (n=54) 10 (median) 4–23

Affective lability (CNS-LS), highest ever (n=60) 10 (median) 7–28
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Table 2

Standardized clinical ocular motility examination.

Instruction given to subject Target presented Abnormal findings assessed by reviewers

Look at camera Camera (3 s) Square wave jerks

Nystagmus

Look and keep looking right, left, up, down (3
s each)

None Nystagmus

Gaze limitation

Gaze impersistence

Visually follow moving target Target moving at Saccadic intrusions into smooth pursuit

30°/s horizontally

15°/s horizontally

30°/s vertically

15°/s vertically

(3 cycles of each)

If you see a target in the periphery, look at it Stationary target at 25° from center on
horizontal (random left and right), 25° from
center on vertical (random left and right) (3 of
each)

Lack of visually guided saccades

Dysmetria

Anticipatory movements (i.e. eye
Movement generated when no target
provided)

If you see a target in the periphery, look in the
opposite direction

Stationary target at 25° from center on
horizontal (random left and right) 25° from
center on vertical (random up and down) (3 of
each)

Anti-saccade error (i.e. eye movement
toward target) or no movement when target
provided

Anticipatory movements (i.e. eye
movement when no target provided)

Close your eyes, open your eyes None Eyelid opening apraxia

Eyelid closure apraxia

Close your eyes while one eye is held open None Impaired Bell's phenomenon (i.e. limited
ocular deviation during attempted eye
closure)

Look at the camera while your head is moved Camera Limited vestibular ocular reflex
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Table 3

Visual acuity in ALS vs. control subjects.

Acuity measure ALS Control OR* (5%–95% CI) p

High contrast 53.1+/−7.4 57.6+/−3.1 0.81 (0.71–0.93) 0.003

2.5% low contrast 29.4+/−12.2 38.3+/−8.6 0.89 (0.83–0.95) 0.001

1.25% low contrast 24.1+/−13.1 32.6+/−9.3 0.91 (0.86–0.97) 0.002

Acuity recorded in letters (mean +/− SD) seen on 2 m Sloan chart,

*
Logistic regression, accounting for age.
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Table 4

Ocular motility abnormalities in ALS vs. control subjects.

ALS Control p*

Gaze impersistence 14.3% (9/63) 0% (0/37) 0.01

Upgaze limitation 12.7% (8/63) 0% (0/37) 0.02

Absent visually guided saccades

    horizontal 3.4% (2/59) 0% (0/36) 0.38

    vertical 5% (3/59) 0% (0/36) 0.23

Anticipatory visually guided saccades

    horizontal 25.4% (16/63) 24.3% (9/37) 0.24

    vertical 20% (12/60) 13.9% (5/36) 0.14

Anti-saccade errors (>33%)

    Horizontal 16.7% (10/60) 5.4% (2/37) 0.054

    Vertical 25.9% (15/58) 19.4% (7/36) 0.19

Reduced Bell's phenomenon 25.9% (15/58) 8.1% (3/37) 0.08

Eyelid opening apraxia 26.7% (16/60) 0% (0/37) 0.0002

ALS Control OR** (5–95% CI)

Saccadic intrusion into horizontal smooth pursuit

    High speed (30°/s) 39.7% (25/63) 13.5% (5/37) 3.6 (1.2–10.9)

    Low speed (15°/s) 42.9% (18/42) 3.8% (1/26) 15.5 (1.9–128.8)

*
Fisher's exact test,

**
logistic regression, accounting for age.
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