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Optometric assessment in amyotrophic lateral sclerosis patients:
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Summary. — Background and Purpose To assess the visual function in a large
cohort of Amyotrophic Lateral Sclerosis (ALS) patients in different stages of the
disease through optometric assessment, and to evaluate the relation between ocular
motility and cognitive data in a subgroup of patients. Methods The optometric pro-
tocol included ocular motility tests (broad H test and Northeastern State University
College of Optometry - NSUCO test), near point of convergence (NPC), refractive
error, best corrected visual acuity, binocular visual alignment assessment, and ocular
symptoms questionnaire. The functional measure was expressed by ALS Functional
Rating Scale-revised (ALSFRS-r) and the cognitive impairment was assessed by the
Edinburgh Cognitive and Behavioural ALS Screen (ECAS). Demographic and clini-
cal features were also collected. Results Two-hundred consecutive ALS patients (me-
dian age: 64; M/F: 118/82) in different stages of disease were recruited. Regarding
ocular motility tests, patients with acceptable NSUCO values in both saccades and
pursuits performance, obtained a significantly higher ECAS total score and most
of the domains. Conclusions This study highlights the importance of optometric
evaluations in multidisciplinary assessment to take care of ocular impairment early
in the disease process. Our results seem to confirm the association between ocular
motility disturbances and cognitive dysfunction, consistently with the literature.
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1. – Introduction

In the last decades, considerable knowledge has been obtained about the different
features of Amyotrophic Lateral Sclerosis (ALS), highlighting the concept that it is a
multisystem disease which culminates in dysfunction of the motor system as its hall-
mark manifestation [1,2]. In this context, cognitive and behavioral changes suggestive of
frontal dysfunction are accepted as part of the disease, as well as some signs of oculomo-
tor abnormalities [3, 4]. As far as ocular motility is concerned, several studies reported
saccades and pursuits impairments in ALS patients [5-12]. To the best of our knowledge,
there have been few reports on the use of comprehensive functional optometric assess-
ments to clarify ocular involvement in ALS [13, 14]. For this reason, the overall aim of
this study was to perform a comprehensive optometric exam on a large cohort of ALS
patients and to focus on the possible cross-sectional relations between ocular motility
disturbances detected by optometric tests and cognitive data.

2. – Methods

A thorough assessment of ocular functions was performed in ALS patients at Neu-
romuscular Omnicentre (Fondazione Serena Onlus, Milan, Italy) from 2016 to 2019.
Patients with a diagnosis of definite, probable, or laboratory-supported probable ALS
according to the Revised El-Escorial Criteria [15] were involved. Patients with severe
cognitive dysfunctions and/or behavioural disorders and/or significant psychiatric disor-
ders were excluded, together with patients with diagnosis of any ocular disease. Specific
demographic and clinical variables were collected. The optometric tests are listed below:

• Ocular motility evaluation by broad H test: abnormal eye movements were
recorded.

• Saccades and pursuits assessment using the Northeastern State University College
of Optometry (NSUCO) oculomotor test. Scores were divided into two groups
(acceptable scores – unacceptable scores) for the statistical analysis: scores less
than or equal to three were not considered acceptable values, corresponding to
abnormal movements.

• Binocular visual alignment was assessed by cover test in free space.

• Near point of convergence (NPC) was measured by a Wolff wand; objective break
point greater than 15 centimeters was considered unacceptable.

• Monocular and binocular refractive errors were detected.

• Best corrected binocular visual acuity was measured.

• Questionnaire on ocular history and symptoms was administered.

The Amyotrophic Lateral Sclerosis Functional Rating Scale—revised (ALSFRS-r) [16]
was used to assess disease severity. To evaluate the relation between the cognitive im-
pairment and the ocular function, the Italian version of the Edinburgh Cognitive and
Behavioral ALS Screen (ECAS) [17] was performed. The maximum total score of this
scale is 136 and decreasing scores indicate lower cognitive performance. The study design
was approved by the institutional ethics committee of Milano Area 3 (No. 353-072017)
and all the subjects involved signed the informed consent in accordance with the ethical
standards in the 1964 Declaration of Helsinki and its later amendments.
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2
.
1. Statistical analysis . – Data were described using a median and interquartile

range or frequency and percentage, as appropriate. The associations between ocular
assessments and cognitive evaluations were assessed at univariate level using the Mann-
Whitney U test. Furthermore, multivariable logistic regression models were used to con-
firm the significant associations adjusting the analysis for the effect of age at evaluation,
sex, site of onset, disease progression rate and disease duration. 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, Inc, Cary, NC).

Fig. 1. – Descriptive analysis of the sample. Values are represented as median (interquartile
range), unless otherwise indicated. Abbreviations: ALSFRSr, Amyotrophic Lateral Sclerosis
Functional Rating Scale revised; NPC, Near Point of Convergence; ECAS, Edinburgh Cognitive
and Behavioural ALS Screen.
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Fig. 2. – Associations between cognitive findings and NSUCO tests. *Adjusted for age at
evaluation, sex, site of onset, disease duration and disease progression rate. Values are repre-
sented as median (interquartile range). The significant p-value is shown in bold. Abbreviations:
NSUCO, Northeastern State University College of Optometry; ECAS, Edinburgh Cognitive and
Behavioural ALS Screen.
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3. – Results

Two-hundred ALS patients were enrolled for the study. Figure 1 includes a descriptive
analysis of the cohort.

3
.
1. Optometric findings in ALS . – Considering the overall cohort and the presence

or not of ocular symptoms, sixty-six patients (33%) were asymptomatic, sixty-one pa-
tients (31%) were mildly symptomatic and seventy-three patients (36%) were severely
symptomatic. Figure 1 showed the descriptive analysis of optometric tests.

3
.
2. Associations between ocular motility and cognitive data. – The statistical rela-

tionship between ocular motility and cognitive data was assessed in a subgroup of 71
patients (analysis cohort) who underwent the ECAS test at the same time as the op-
tometric tests. Demographic and clinical variables of this analysis cohort are reported
in fig. 1. The binocular alignment, the refractive condition and the ocular symptoms
revealed no significant relations with cognitive features (data not shown).

Looking at the ocular motility assessed by NSUCO tests (fig. 2), patients with ab-
normal saccade accuracy obtained a significantly lower ECAS score in all the domains
except for the visuospatial function. Also, abnormal head movement in the saccade test
was strongly associated to lower ECAS score in all the domains, except for verbal flu-
ency and visuospatial areas. All these associations remained statistically significant also
adjusting for the effect of sex, disease progression rate, disease duration and diagnostic
delay. We observed similar results in the pursuit test, where lower executive functions,
ALS nonspecific score, memory and ECAS total score were significantly related to ab-
normal pursuits accuracy and head movement, independently of sex, disease progression
rate, disease duration and diagnostic delay. Moreover, ALS specific score resulted to be
independently associated with the pursuit test for head movement only.

Considering the associations between cognitive data and both NPC and broad H
test, the ECAS ALS specific domain is significantly lower in patients with abnormal
eye movements in both tests. Moreover, a lower language domain score is significantly
associated to abnormal NPC values, as well as the executive functions domain in patients
with abnormal eye movements detected by broad H test. However, all these statistical
relationships loss their significance when adjusting for the considered covariates.

4. – Conclusions

This study described the optometric findings collected in a large cohort of ALS pa-
tients and how they are related to cognitive data. A large number of patients complain of
various ocular discomforts, emphasizing how this is a common feature in ALS. How these
symptoms are related to functional impairment and to disease staging was described by
Cozza et al. [13]: patients with severe functional impairment and in the more advanced
stages of the disease are those more severely symptomatic. For this reason, it may be
worth considering to routinely perform eye examinations to ALS people within the con-
text of multidisciplinary care, attempting to take care of any ocular problem they may
have in order to maintain the best quality of life for the patients and their families. Fur-
thermore, our results suggest that ALS oculomotor functions and cognitive impairment
may worsen in parallel; indeed, the total score and the majority subdomains’ scores of
ECAS were significantly lower in patients with the worst performance in ocular motility
tests, independently of the stage of the disease and its aggressiveness. In our opinion,
this is an interesting result, since it was obtained using feasible optometric tests that
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could be easily performed in clinical practice. In conclusion, our data provide a baseline
assessment performed in a large cohort of consecutive patients. How ocular involve-
ment progresses over time and how it impacts on activities of daily living and patients’
perceptions is currently being explored.

5. – Funding

This retrospective study was included in “Augmented Environment for Control in
amyotrophic lateral sclerosis patients” project funded by AriSLA, the Italian Research
Foundation for ALS.
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