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Eye movements include two classes: those that stabilise
the image on the retina such as fixation, smooth pursuit, and
vestibulocular and optokinetic reflexes; and those that shift
the focus of the fovea toward interesting objects, namely
saccades [1, 2].

The first group is generally reflexive or automatic and
includes activation of older central nervous system (CNS)
structures, whereas saccades, especially voluntary saccades,
engage higher parts of the brain and therefore act as a sensitive
marker of brain dysfunction [3]. Saccades abnormalities can
reflect cognitive disabilities because they are easier and more
quickly assessed than psychological tests to assess cognition [4].

Huntington’s Disease (HD) is a movement disorder where
a genetically determined (HTT gene dynamic mutation)
neurodegenerative process leads to involuntary movements,
cognitive deterioration, and behavioural disorders [5]. These
three symptomatic domains related to CNS damage are ac-
companied by peripheral HD symptoms, including metabolic
dysfunction and muscle degradation [6, 7]. Both motor and
cognitive symptoms significantly affect eye movements [8].
This HD manifestationis clearly displayed in juvenile
Huntington’s disease (JHD), especially in Wesphal variant,
where ‘oculomotor apraxia’ with saccade initiation dysfunc-
tion has been observed [9, 10]. Saccades assessment has been
a clinical biomarker in HD for several years (Tab. 1) [9, 11].
Involuntary saccades that disturb ocular pursuit have been
described in premanifest individuals close to onset; therefore,
they are recognised as one of the first HD signs [12]. Saccades
disturbances observed in premanifest HTT gene mutation
carriers consist of a delay in saccades initiation and an increase
in variability of this delay [13-16]. To be specific, observed
saccade abnormalities in premanifest individuals include
significantly altered anti-saccades, delayed memory-guided
saccades, increased saccade variability, and increased saccade
error rates [1, 17-19].

Moreover, saccades disinhibition, namely affected sacca-
de suppression, more anticipatory saccades (timing errors),
higher error rates in memory-guided saccade tasks, delay in
initiating voluntary saccades, and reflexive prosaccades delay
have been reported by several authors [1, 20-22]. Most com-
plicated and demanding tasks evoking saccades are affected
early in HD, and can be used to discriminate HTT mutation
carriers from healthy people [21, 22]. Impairment of fron-
tostriatal inhibitory function in HD is displayed in altered
anti-saccades and partly explains reduced ability for complex
saccadic tasks [23, 24]. It has been reported that fronto-exec-
utive and memory load makes visible alterations in saccadic
tasks in premanifest HD individuals. Inclusion tasks requir-
ing inhibition and memory demands seem to be sensitive in
discriminating between premanifest and healthy individuals
[8]. A higher error rate of anti-saccades, and memory-guided
saccades in a horizontal direction, and delayed horizontal and
vertical anti-saccades, become more prominent before HD
onset [19]. Abnormalities of complex saccadic tasks are highly
evident in early HD [25].

Disturbed saccades in a manifest period of HD are charac-
terised by reduced saccades velocity vertically and horizontally
and reduced amplitude in all directions. Moreover, manifest
HD presents continuously increasing errors in memory-guided
saccades and saccades latency and duration variability [26,
27]. Later, gaze fixation is affected due to an inability to inhibit
saccades toward a stimulus [28]. Slow and hypometric saccades
can even turn into gaze palsy and ophthalmoplegia, especially
in younger patients [10].

Eye movements in HD can be used as sensitive and easily
accessible markers of disease progression and nicely reflect
HD’s motor and cognitive level; therefore, modern tools for
automatic eye movement tracking were developed. An excel-
lent example of such a device is the well-recognised, clinically
validated, and used in many studies ‘Saccadometer Research’
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Table 1. Saccade disturbances related to HD progression (based on literature review)

Saccade Premanifest

Anti-saccades Possible initiation delay, higher latency
variability, erroneous, velocity and

amplitude normal

Memory-guided
saccades

Possible initiation delay, higher latency
variability, erroneous, velocity and
amplitude normal

Predictive/anticipatory  Rather not disturbed

Possible initiation delay, higher onset
variability, possible slow and low

Manifest Advanced stage

Delayed initiation, slow, lower amplitude, Seriously disturbed, possible ‘oculomotor
erroneous, higher latency variability

apraxia’

Delayed initiation, slow, lower amplitude, Seriously disturbed, possible ‘oculomotor
erroneous, higher latency variability

apraxia’

Seriously disturbed, possible ‘oculomotor
apraxia’

amplitude, erroneous

Possible initiation delay, higher onset
variability, possible slow and low

Seriously disturbed, possible ‘oculomotor
apraxia’

amplitude, erroneous

saccades
Prosaccades Rather not disturbed
Reflexive saccades Rather not disturbed

Possible initiation delay, higher onset
variability, possible slow and low

Seriously disturbed, possible ‘oculomotor
apraxia’

amplitude, erroneous

Involuntary saccades  Possible, interfere with pursuit

by Ober Consulting [29, 30]. Saccades in several diseases,
including HD, have been assessed with this or a similar tool
[31-33]. A recently published paper [34] reporting the sup-
portive function of reflexive and voluntary saccades analysis in
HD staging also used ‘Saccadometer Research’ The authors of
this research paper measured saccades in premanifest carriers
of HTT gene mutation and HD-affected individuals in different
stages of this disease, looking for significant differences be-
tween groups. Moreover, they used control participants to build
references for their analyses. Patient groups were relatively
small, and therefore statistical significance was not always
achieved e.g. in comparing reflexive to volitional saccades in
controls and premanifest individuals. The authors found statis-
tical differences in latency, latency variability, and the error rate
of saccades (reflexive, anti-, memory-guided) when comparing
affected participants to controls. Additionally, observed sacca-
des’ alterations progressed with clinical worsening and were
significantly related to assessment scales. The authors noted
however that saccades’ assessment was more difficult in very
advanced stages due to communication problems with patients.
In summary, eye movement disturbances, especially sacca-
de alteration, are valuable clinical markers in HD. They allow
us to assess the time to onset in premanifest, and the stage of
the disease in manifest individuals. Electronic devices support
eye movement assessment, and the development of these
inexpensive and easy-to-use tools is highly recommended.
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