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Ocular Involvement Occurs Frequently at All Stages
of Amyotrophic Lateral Sclerosis: Preliminary Experience
in a Large Italian Cohort
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Background and Purpose The study aimed to obtain optometric findings of amyotrophic
lateral sclerosis (ALS) patients in different stages of the disease, and to determine the relation
between ocular data and ALS-related features; that is, functional and cognitive impairment and

Stefania Bona® staging.
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Silvia Tavazzi® gence (NPC), error refraction, best-corrected visual acuity, and binocular visual alignment,

and an ocular symptoms questionnaire. The functional measures included the Amyotrophic
Lateral Sclerosis Functional Rating Scale-revised (ALSFRS-r) and Milano-Torino staging (Mi-
ToS), and cognitive impairment was assessed using the Edinburgh Cognitive and Behavioural
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retinal tissue.>” As far as ocular motility is concerned, there
have been a few reports on saccade and pursuit impairments
in ALS patients using orthoptic examination techniques and
electrooculography in vivo®*® Increased antisaccade and de-
layed-saccade errors, gaze palsy, and nystagmus have also
been found in ALS patients.”'> Moreover, a longitudinal
study of saccadic and cognitive tasks revealed that ALS pa-
tients exhibited impaired performance in executive and vi-
sual search tasks despite having normal basic saccadic func-
tion.” A postmortem study of ALS patients found the
remarkable preservation of extraocular muscles in compari-
son with the limb muscles."

Regarding in vivo analyses of the retina, Simonett et al."”
found some abnormalities in ALS patients using fundus pho-
tography and optical coherence tomography (OCT), and in
another study they showed that the macular retinal nerve fi-
ber layer was significantly thinner in ALS patients than healthy
controls.'® These results were confirmed by Ringelstein et al.,"”
who used high-resolution spectral-domain OCT with reti-
nal segmentation to reveal subtle thinning of the macula and
retinal nerve fiber layer as well as marked thinning of the in-
ner nuclear layer. In contrast with these studies, Roth et al."®
found no significant differences between ALS patients and
healthy controls in any of the examined OCT measures, and
no correlation with clinical measures of disease severity. Post-
mortem histopathologic and structural studies performed on
donor retinal tissues revealed intraretinal inclusions.'**

Few studies have been conducted to assess the anterior
segment of the eye. Ferrari et al.*’ demonstrated a corneal
small-fiber sensory neuropathy in sporadic ALS patients us-
ing confocal microscopy, and found that bulbar function
disability scores were significantly related to measures of an-
atomical damage to corneal nerve fibers. Recent visual acu-
ity measurements by Moss et al.** did not confirm previous
observations of impaired visual acuity in ALS patients, and
did not support the use of this particular measure of visual
function in broad-scale assessments of visual pathway in-
volvement in ALS.”

There have been few reports on the use of comprehensive
functional vision assessments to clarify ocular involvement
in ALS and how changes occur over time, according to the
natural history of the disease. Therefore, this study applied
comprehensive optometric screening to ALS patients with
the overall aim of determining whether there are cross-sec-
tional relationships between ocular findings and disease clin-
ical features, namely functional and cognitive impairment
and disease staging.
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METHODS

This retrospective study formed part of the “augmented En-
vironment for COntrol in Amyotrophic Lateral Sclerosis pa-
tients (ECO-ALS)” project funded by AriSLA (the Italian Re-
search Foundation for ALS) on the use of an ETCD based
on ocular functions in ALS.** During this project we per-
formed an extensive evaluation of ocular functions in ALS
patients. We evaluated 240 Italian patients at the Neuromus-
cular Omnicentre from April 2016 to October 2019. Patients
with a diagnosis of definite, probable, or laboratory-support-
ed probable ALS according to the Revised El-Escorial Crite-
ria® were included.

Since the aim of the study was to collect optometric data
in a large and heterogeneous cohort, we decided to include
as many patients as possible aged at least 18 years with dif-
ferent clinical features. We excluded 21 people with a clini-
cal condition that was considered too severe by the referring
clinician, potentially interfering with the patient’s compliance
with the visual examination. We also excluded nine patients
with severe cognitive dysfunction, behavioral disorders, or
significant psychiatric disorders that could result in inade-
quate compliance with the evaluation. We excluded a further
four patients with visual impairment caused by glaucoma and
six patients affected by various types of retinopathies (one of
them due to diabetes mellitus). Therefore, the final analysis
was performed in 200 patients.

Optometric tests and clinical features
The optometric tests together with their corresponding in-
vestigated visual abilities are listed below:

o Ocular motility was evaluated using the broad-H test. The
positions of gaze in which misalignment of the patient’s eyes
was observed or for which the patient reported doubling of
the target were determined. Abnormal eye movements were
recorded.”

o Saccades and pursuits were assessed using the North-
eastern State University College of Optometry (NSUCO) oc-
ulomotor test, based on a 5-point scale.””** Ability, accuracy
and head movement were evaluated for both saccades and
pursuits. Since there are some limits related to the disease,
particularly regarding lower limb motor impairment, we de-
cided to perform the test while the patient was sitting. There-
fore, the fourth NSUCO test item (“body movement”) was
not evaluated. Moreover, the “head movement” score was re-
corded only for patients who could move their head. Scores
were divided into two groups for the statistical analysis: 1)
scores up to 3 were considered unacceptable, corresponding
to abnormal movements, and 2) other scores were consid-
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ered acceptable.

« Binocular visual alignment was assessed using the cover
test in free space, with the presence of eventual near hetero-
tropia (N-TR) or far heterotropia (F-TR) was recorded.?®

« A Wolft Wand was used to measure the near point of con-
vergence (NPC), which is the point where the visual axes in-
tersect under the maximum effort of the convergence.?® Since
our study involved a presbyopic population, an objective
break point greater than 15 cm was considered unacceptable.””

» Monocular and binocular refractive errors (i.e., myopia,
hyperopia, and astigmatism) were detected, with the right-
eye and left-eye spherical equivalent refractive errors (RSE
and LSE refractive errors, respectively) considered in the
analysis.

« The binocular best-corrected visual acuity (BCVA) was
measured, and expressed as the logarithm of the minimum
angle of resolution (logMAR).*

A questionnaire was administered that focused on the
ocular history and related symptoms. All the patients were
asked whether any of the following listed ocular symptoms
was significantly present in their daily life: distance or near
blurred vision, diplopia, eye strain, burning-eye sensation,
watering eyes, ocular dryness, or photophobia. The patients
were divided into three groups: asymptomatic (no symptoms
reported), mildly symptomatic (only one symptom report-
ed), and severely symptomatic (multiple symptoms reported).

Both the Amyotrophic Lateral Sclerosis Functional Rating
Scale-revised (ALSFRS-r) and Milano-Torino staging (Mi-
ToS) were used to assess disease severity. The ALSFRS-r is a
validated questionnaire-based scale that measures the physi-
cal function of ALS patients when they are carrying out the
activities of daily living. It consists of 12 items that are divid-
ed into 3 main domains (bulbar, spinal and respiratory), and
the total score ranges from 0 to 48.>"** MiToS comprises six
stages, with stage 0 being normal function and stage 5 being
death.*

The relation between cognitive impairment and ocular
function was evaluated by applying the Italian version of the
Edinburgh Cognitive and Behavioural ALS Screen (ECAS)*
to a subgroup of 71 patients. The ECAS assesses both ALS-
specific cognitive functions (language, verbal fluency, and ex-
ecutive functioning) and non-ALS-specific functions (mem-
ory and visuospatial perception). The maximum total ECAS
score is 136, and lower scores indicate worse cognitive per-
formance. For the present analysis, we considered only the
ECAS total score as a global summary index.

Regarding support received from ocular devices, informa-
tion on the daily use of an ETCD was also collected, with an
ETCD user considered to be a patient who used such a device
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for more than 4 hours/day.

Finally, a set of specific demographic and clinical variables
was collected, including the patient’s age at the evaluation,
the disease duration expressed as the time from onset to the
evaluation, the diagnostic delay, the disease progression rate
calculated as [(48 minus ALSFRS-r total score at the evalua-
tion)/disease duration], and the site of onset (limb or bulbar).

The study design was approved by the institutional ethics
committee of Milano Area 3 (No. 353-072017), and all of the
subjects included in this study signed an informed-consent
form in accordance with the ethical standards in the 1964
Declaration of Helsinki and its later amendments.

Statistical analysis

The Shapiro-Wilk and Levene tests were used to assess the
normality of the distribution and the homogeneity of the
variance separately for each variable. Data were described
using median and interquartile-range values or frequency
and percentage values, as appropriate.

The associations between the ocular assessments, demo-
graphic and clinical features, functional status, and cognitive
evaluations were first assessed at the univariate level using
1) the Mann-Whitney U test when the ocular features were
dichotomous and the independent variables were continu-
ous, 2) the chi-square test when both the ocular symptoms
and the independent variables were categorical, and 3) Spear-
man's rho correlation coefficient when both the ocular symp-
toms and the independent variables were continuous.

Multivariable logistic regression models were finally used
to confirm the significant associations between ocular assess-
ments and both functional and cognitive features, while ad-
justing the analyses for the effects of sex, disease progression
rate, disease duration, and diagnostic delay (these were the
demographic and clinical features significantly related to the
ocular assessments in the univariate analysis).

All tests were two-tailed and the statistical significance was
set at p<0.05. All analyses were performed using SAS (version
9.3, SAS Institute, Cary, NC, USA).

RESULTS

The results of the descriptive analysis of the cohort are pre-
sented in Table 1.

Ocular symptoms in ALS

Sixty-six patients (33%) were asymptomatic, 61 (31%) were
mildly symptomatic, and 73 (36%) were severely symptom-
atic. Fig. 1 shows the prevalence of each symptom considered
reported as a percentage relative to the overall population.
More than one-third of patients reported blurred vision and



Table 1. Description of the study cohort

Demographic and clinical characteristics Values

Age at evaluation, years
Disease duration, months
Diagnostic delay, months

63.99 [55.26-70.71]
42,90 [21.93-82.73]
12.17 [7.07-21.37]
Disease progression rate,

0.50 [0.26-0.89
ALSFRS-r score unit/months [ ]

Sex, male 118 (59)
C90RF72 expansion 5(3)
Site of onset, bulbar 38 (19)
EEC, definite 34 (17)
NIV at evaluation 92 (46)
IV at evaluation 9(5)
PEG at evaluation 31(16)
Ocular device used
ETCD user 23(12)
Functional features
MiToS
0 50 (34)
1 34 (23)
2 32 (21)
3 15 (10)
4 18 (12)
Missing 51
ALSFRS-r
Total score 29 [18-36]
Bulbar-subscale score 10 [6-12]
Spinal-subscale score 11 [4-15]
Respiratory-subscale score 10 [3-12]

Cognitive assessment
ECAS total score 105.00 [92.00-115.00]

Data are n (%) or median [interquartile range] values.

ALSFRS-r: Amyotrophic Lateral Sclerosis Functional Rating Scale-re-
vised, ECAS: Edinburgh Cognitive and Behavioural ALS Screen, EEC: El-
Escorial Criteria, ETCD: eye-tracking communication device, IV: invasive
ventilation, MiToS: Milano-Torino staging, NIV: noninvasive ventilation,
PEG: percutaneous endoscopic gastrostomy.
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burning-eye sensation. Only symptoms reported by at least
10% of patients were considered in the analysis, and so dip-
lopia and ocular dryness were excluded.

Table 2. Results of optometric tests

Optometric tests Values
NSUCO oculomotor test
Saccades accuracy
Unacceptable values, 1-3 90 (46)
Acceptable values, 4 or 5 105 (54)
Pursuit accuracy
Unacceptable values, 1-3 121 (61)
Acceptable values, 4 or 5 76 (39)
Saccade head movements
Unacceptable values, 1-3 79 (42)
Acceptable values, 4 or 5 107 (58)
Pursuit head movements
Unacceptable values, 1-3 69 (37)
Acceptable values, 4 or 5 119 (63)
Broad-H test
Abnormal eye movements 29 (15)
NPC
Unacceptable values, break point =15 cm 57 (29)
Acceptable values, break point <15 cm 142 (71)
Cover test
Far heterotropia 12 (6)
Near heterotropia 16 (8)

Refractive condition
Right-eye spherical equivalent, diopters
Left-eye spherical equivalent, diopters
Best-corrected visual acuity, logMAR

0.25[-1.00 to 1.25)]
0.12 [-0.75 to 1.12]
0.00 [0.00 to 0.00]

Data are n (%) or median [interquartile range] values.

logMAR: logarithm of the minimum angle of resolution, NPC: near
point of convergence, NSUCO: Northeastern State University College of
Optometry.
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Fig. 1. Distribution of ocular symptoms. *Symptomatic patients include both mildly and severely symptomatic groups.
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Optometric findings in ALS

Table 2 presents the results of the descriptive analysis of the
optometric tests. A large percentage of patients obtained low
scores on all items of the NSUCO test. Low saccade accura-
cies and abnormal head movements were found in 46% and
42% of the patients, respectively. Pursuits showed similarly
poor results, with 61% and 37% of the patients having low
scores for accuracy and head movements, respectively. In
contrast, slowed eye movements in the broad-H test were
recorded in only 15% of the cohort. In the NPC test, almost
30% of patients had a break point of convergence greater than
15 cm.

The cover test revealed that F-TR and N-TR were present
in 6% and 8% of patients, respectively. Considering the re-
fractive condition of the cohort, the median RSE and LSE val-
ues were positive numbers close to zero. The median value
of BCVA was 0 logMAR, corresponding to good visual acu-
ity function when the refractive error is corrected using the
appropriate lens.

Optometric findings and their correlations with
ETCD use

The number of ETCD users differed significantly between
the asymptomatic and symptomatic groups, being signifi-
cantly higher in severely symptomatic patients than in both
the mildly symptomatic and asymptomatic groups. More-
over, specific symptoms were reported significantly more by
ETCD users. All of these significant relations were also con-
firmed when considering sex, disease progression rate, dis-
ease duration, and diagnostic delay as confounding effects
(Table 3).

No associations were found between ETCD use and the
findings for ocular motility tests, binocular alignment, and
the refractive condition of the patients (i.e., RSE, LSE, and
BCVA) (Supplementary Table 1 in the online-only Data Sup-
plement).

Optometric findings and their correlations with
functional status and staging

The median ALSFRS-r total and subscale scores were signif-
icantly lower in severely symptomatic patients than in the
mildly symptomatic and asymptomatic groups. The ALS-
FRS-r total score and the scores on most ALSFRS-r subscales
were also significantly lower in patients who reported specif-
ic symptoms. Similarly, significant intergroup differences were
found in functional staging as assessed using MiToS: patients
in the severely symptomatic group and who reported specific
symptoms (except for blurred vision) were in more-advanced
stages of disease. All of the significant relations were also con-
firmed in the multivariable model adjusted for the confound-
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Table 3. Significant associations between optometric findings and
ETCD use

Optometric Number v
. of ETCD Univariate Multivariable
findings k i
user, n (%)  analysis analysis*
Symptoms <0.0001 0.0006
Asymptomatic 3(5)
Mildly symptomatic 1(2)
Severely symptomatic 19 (26)
Blurred vision 0.0035 0.0029
No 8 (6)
Yes 15 (20)
Burning eye sensation <0.0001 0.0005
No 4(3)
Yes 19 (26)
Eye strain <0.0001 <0.0001
No 6 (4)
Yes 17 (33)
Watering eyes <0.0001 0.0005
No 7 (5)
Yes 12 (27)
Photophobia <0.0001 0.0021
No 1(6)
Yes 13 (32)

Data are n (%) values.

*p value adjusted for sex, disease progression rate, disease duration, and
diagnostic delay.

ETCD: eye-tracking communication device.

ing effects of demographic and clinical variables. Table 4 sum-
marizes all of the significant associations between symptoms
and functional status and staging. Supplementary Fig. 1 (in the
online-only Data Supplement) highlights that the percentage
of severely symptomatic patients increased with the disease
stage.

No associations were found between NSUCO data and
the functional status as measured using either the ALSFRS-r
total and subscale scores or the MiToS system, with the ex-
ception that the ALSFRS-r bulbar-subscale score was signif-
icantly lower in patients with unacceptable values for items
related to head movements associated with saccades and pur-
suits, although this relationship was significant only at the
univariate level. Similar results were found in patients with
slowed eye movements in the broad-H test, who reported a
significantly lower ALSFRS-r bulbar-subscale scores only in
the univariate analysis.

Abnormal values in the NPC test were significantly related
to lower ALSFRS-r bulbar-subscale and total scores in both
the univariate and multivariable analyses (Table 5). The bin-
ocular alignment variables (i.e., N-TR and F-TR) and the re-
fractive condition of the patients (i.e., RSE, LSE, and BCVA)
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Table 4. Significant associations between ocular symptoms and functional and staging status

Univariate Multivariable

Functional features Scores by symptoms

analysis analysis’
Asymptomatic Mildly symptomatic Severely symptomatic
patients patients patients P P
ALSFRS-r bulbar-subscale 11 [7-12] 10 [8-11] 8 [3-10] 0.0003 0.0016
ALSFRS-r spinal-subscale 12 [8-17] 12 [8-16] 7[0-12] 0.0001 0.0004
ALSFRS-r respiratory-subscale 1 [5-12] 11 [3-12] 6[2-11] 0.0007 0.0006
ALSFRS-r total 33 [24-38] 31[22-37] 19 [9-31] <0.0001 <0.0001
MiToS>* 16 (33%) 12 (27%) 37 (66%) 0.0054 0.0008
No blurred vision Blurred vision p p
ALSFRS-r bulbar-subscale 10 [7-12] 9[3-11] 0.0124 0.0143
ALSFRS-r total 31 [22-36] 26 [12-36] 0.0351 0.0075
No eye strain Eye strain P p
ALSFRS-r bulbar-subscale 10 [7-12] 8 [2-10] 0.0002 0.0002
ALSFRS-r spinal-subscale 12 [7-16] 8 [0-11] <0.0001 0.0003
ALSFRS-r respiratory-subscale 11 [5-12] 5[2-10] <0.0001 0.0002
ALSFRS-r total score 31[23-38] 18 [9-27] <0.0001 <0.0001
MiToS>1* 36 (33%) 29 (67%) 0.0002 0.0002
No burning-eye sensation Burning-eye sensation p p
ALSFRS-r bulbar-subscale 11 [8-12] 8 [2-10] <0.0001 0.0002
ALSFRS-r spinal-subscale 12 [9-17] 6[0-12] <0.0001 <0.0001
ALSFRS-r respiratory-subscale 11 [5-12] 6[2-11] 0.0012 0.0027
ALSFRS-r total 32 [24-38] 19 [9-31] <0.0001 <0.0001
MiToS>1* 29 (31%) 36 (63%) 0.0002 <0.0001
No watering eyes Watering eyes p p
ALSFRS-r spinal-subscale 12 [8-16] 9[0-15] 0.0038 0.0125
ALSFRS-r respiratory-subscale 11 [3-16] 6[1-11] 0.0021 0.0045
ALSFRS-r total 31 [22-38] 22 [8-32] 0.0015 0.0036
MiToS>1* 35 (33%) 21 (64%) 0.0020 0.0032
No photophobia Photophobia p p
ALSFRS-r bulbar-subscale 10 [7-12] 6 [2-9] <0.0001 0.0003
ALSFRS-r spinal-subscale 12 [7-15] 4[0-12] 0.0026 0.0405
ALSFRS-r respiratory-subscale 10 [4-12] 4[1-10] 0.0043 0.0037
ALSFRS-r total 30 [22-37] 17 [4-29] 0.0001 0.0008
MiToS>1* 45 (37%) 20 (69%) 0.0022 0.0056

Data are n (%) or median [interquartile range] values.

*Comparison between patients who lost up to one function and patients who lost multiple functions, *p value adjusted for sex, disease progression

rate, disease duration, and diagnostic delay.
ALSFRS-r: Amyotrophic Lateral Sclerosis Functional Rating Scale-revised, MiToS: Milano-Torino staging.

were not correlated with either ALSFRS-r scores or MiToS

(Supplementary Table 2 in the online-only Data Supplement).

Optometric findings and their correlations with

cognitive function

No significant associations were found between ocular symp-

toms and cognitive dysfunction as evaluated using the ECAS.
In the ocular motility tests, patients with abnormal saccade

functions, abnormal pursuit functions, and slowed eye move-

ments in the broad-H test obtained significantly lower ECAS

total scores. These associations remained statistically signifi-
cant also adjusting for the effects of sex, disease progression
rate, disease duration, and diagnostic delay. The NPC, bin-
ocular alignment, and refractive condition of the patients
were not significantly correlated with cognitive features (Sup-
plementary Table 3 in the online-only Data Supplement).

All of the significant associations between optometric find-
ings and cognitive function are reported in Table 6.
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Table 5. Significant associations between optometric findings and functional status

Functional features

Scores by optometric findings

Univariate Multivariable

analysis analysis*

Abnormal saccade head movements Normal saccade head movements p p
ALSFRS-r bulbar-subscale 9 [5-11] 10 [8-12] 0.0026 ns
Abnormal pursuit head movements Normal pursuit head movements p p
ALSFRS-r bulbar-subscale 9 [6-11] 10[8-12] 0.0256 ns
Abnormal eye movements (Broad-H test) Normal eye movements (Broad-H test) p p
ALSFRS-r bulbar-subscale 7 [2-1] 10[7-12] 0.0292 ns
Abnormal NPC Normal NPC P p

ALSFRS-r bulbar-subscale 8 [3-10] 10 [7-12] 0.0003 0.0040

ALSFRS-r total 25 [8-33] 30 [21-37] 0.0123 0.0389

Data are median [interquartile range] values.

*p value adjusted for sex, disease progression rate, disease duration, and diagnostic delay.
ALSFRS-r: Amyotrophic Lateral Sclerosis Functional Rating Scale-revised, NPC: near point of convergence, ns: not significant.

Table 6. Significant associations between optometric findings and cognitive status

Cognitive assessment

Univariate  Multivariable

Scores by optometric findings

analysis analysis*

Abnormal saccade accuracy Normal saccade accuracy p p

ECAS total 95.0 [84.0-108.0] 111.0 [103.0-117.0] <0.0001 0.0010
Abnormal saccade head movements Normal saccade head movements ] p

ECAS total 96.0 [85.0-105.0] 111.0 [102.0-116.0] 0.0006 0.0105
Abnormal pursuit accuracy Normal pursuit accuracy p p

ECAS total 98.0 [85.0-111.0] 111.0 [103.5-116.5] 0.0027 0.0290
Abnormal pursuit head movements Normal pursuit head movements ] p

ECAS total 96.0 [84.0-108.0] 111.0 [102.0-116.0] 0.0019 0.0202
Abnormal eye movements (Broad-H test) Normal eye movements (Broad-H test) p p

ECAS total 84.0 [69.0-99.0] 108.0 [96.0-115.0] 0.0246 0.0210

Data are median [interquartile range] values.

*p value adjusted for sex, disease progression rate, disease duration, and diagnostic delay.

ECAS: Edinburgh Cognitive and Behavioural ALS Screen.

DISCUSSION

To the best of our knowledge, this is the first study to have
performed optometric tests in a large cohort of patients with
ALS, and to have determined how these visual alterations are
correlated with specific features of the disease.

A large proportion of the included patients complained of
various ocular discomforts, emphasizing how they are a com-
mon feature in ALS, especially in patients with severe func-
tional impairment and in the more-advanced stages of the
disease. It may therefore be worthwhile to routinely perform
eye examinations in ALS patients within the context of mul-
tidisciplinary care, so as to address any ocular problems they
may have with the aim of maintaining the quality of life in
these patients and their families. Particular attention should
be paid in the advanced stage of the disease, as highlighted
by the data in Supplementary Fig. 1 (in the online-only Data
Supplement), and since troublesome ocular symptoms are
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more common when functional impairment occurs.

When looking at each symptom, the use of an ETCD plays
an important role in the perception of symptoms. In accor-
dance with the recent optometric review by Olsen amd Den-
ton,” the high visual demands required when using an ETCD
mean that ALS patients tend to exhibit a partial or reduced
blink rate, resulting in ocular discomfort. It is also well known
that the high cognitive demands of a reading task reduce the
spontaneous blink rate,”” which can result in an inadequate
tear distribution as well as tear thinning over the exposed oc-
ular and resulting eye pain. This characteristic is likely to be
combined with the complex clinical impairment that often
occurs in the final stage of the disease, when the patient is
forced to use their eyes to communicate with the outside world.

It is important to consider that the alterations of the tear
film in ALS patients could also be related to the drugs used
to manage different ALS-related symptoms (e.g., drooling
and mood disturbances) that influence secretion from the



tear glands. However, since most of the reported symptoms
are also characteristic of computer vision syndrome, it would
have been interesting to evaluate whether the duration of us-
ing an ETCD is correlated with the frequency of ocular symp-
toms. Unfortunately, the small number of patients using such
a device meant that such stratification was not possible.

Simple tests of ocular motility may reveal relevant infor-
mation about specific clinical features related to ALS, in par-
ticular to bulbar function defined by the ALSFRS-r. Indeed,
patients who had lower ALSFRS-r bulbar-subscale and total
scores showed ocular convergence deficit, as expressed by
the NPC—to the best of our knowledge this is the first report
of such an outcome, and this deserves further investigation.

The relationship between ocular motility (specifically, head
movements associated with saccades and pursuits) and bul-
bar function has been discussed previously,'*** focusing on
the type of onset rather than the level of impairment. Kang
et al.*® found that abnormal smooth pursuits and saccadic
dysmetria were more common in ALS patients with bulbar
onset than in those with spinal onset. Donaghy et al." simi-
larly reported slower saccades in bulbar-onset than spinal-
onset motor neuron disease. They ascribed these findings to
increased brainstem pathology in bulbar-onset disease that
involves burst cell neurons, which are responsible for saccad-
ic movements.”

The present study found that bulbar impairment—as as-
sessed using the ALSFRS-r bulbar-subscale score—was sig-
nificantly related to head-movement compensations in both
saccade and pursuit tests, but only at the univariate level, and
so no causal relationship emerged between the variables. The
same result was found for the relationship between bulbar
impairment and slowed eye movements, in which the rate
of disease progression rate was a significant independent fac-
tor in the multivariable model. The most plausible explana-
tion is that patients with bulbar impairment had a faster dis-
ease progression, which is consistent with the literature.*

Our results suggest that ALS oculomotor functions and
cognitive impairment worsen in parallel. Indeed, the ECAS
total score was significantly lower in patients who performed
worse in the ocular motility tests, independently of the stage
of the disease and its aggressiveness. We consider this to be
a particularly interesting result, since it was obtained using
tests that are easy to implement in clinical practice. This re-
lationship was already discussed by Gorges et al.,"”” who in
assessments of ocular motility using a video-oculography de-
vice showed that the ECAS total score was strongly correlat-
ed with delayed-saccade and antisaccade errors and the num-
ber of voluntary gaze shifts. The refractive condition of the
patients does not seem to add significant clinical information
to ALS disease, which is consistent with the recent findings

CozzaF etal. JCN -

of Moss et al.?

While the present cohort was large and the applied tests
covered a broad spectrum of potential eye problems in ALS,
this study was subject to some limitations. Firstly, the study
lacked an age- and sex-matched control group to determine
whether the findings were specific to ALS or related to aging.
Secondly, the visual examinations that we performed did not
include a fundus oculi examination, which is an important
parameter. Thirdly, the smallness of the group of ETCD us-
ers prevented us from investigating how the level of usage of
such a device influences the worsening of ocular symptoms
over time or whether there is a correlation between the lev-
el of ocular disturbances and specific technical features (e.g.,
screen brightness, white or black background, or use of cor-
rective lenses). Fourthly, we did not perform specific auto-
nomic tests, and although the optometric tests would be lit-
tle influenced by dysautonomia, the questionnaire focused
on the ocular history and symptoms, which can be greatly af-
fected by this factor.

In conclusion, we have performed baseline assessments in
a large cohort of consecutive patients. How ocular involve-
ment progresses over time and how this impacts the activi-
ties of daily living and the perceptions of patients is current-
ly being explored. This approach might make it possible to
identify patients at a higher risk of ocular involvement and
provide more-tailored intervention and monitoring. The find-
ings of this preliminary study support the idea that ALS is a
multisystem disorder and emphasize the importance of ap-
plying optometric evaluations during the multidisciplinary
care of ALS patients. The clinical implications of this study
are in the need to detect possible ocular alterations early dur-
ing the disease process and provide patients and their fami-
lies with ocular care throughout, and especially as the disease
progresses.
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