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Abstract | The neural pathways and brain regions involved in eye movements during ocular fixation and 
gaze control include the cerebrum, brainstem and cerebellum, and abnormal eye movements can indicate 
the presence of neurodegeneration. In some patients, oculomotor signs are key to making a diagnosis. 
Careful clinical examination of eye movements in patients with neurodegenerative disorders is, therefore, an 
invaluable adjunct to neurological and cognitive assessments. Eye movement recordings in the laboratory 
are generally not necessary for diagnostic purposes, but can be a useful addition to the clinical examination. 
Laboratory recordings of eye movements can provide valuable information about disease severity, progression 
or regression in neurodegenerative disease, and hold particular promise for objective evaluation of the efficacy 
of putative neuroprotective and neurorestorative therapies. For example, aspects of saccade performance 
can be tested to probe both motor and cognitive aspects of oculomotor behaviour. This Review describes the 
oculomotor features of the major age-related movement disorders, including Parkinson disease, Huntington 
disease, dementia and other neurodegenerative disorders. Findings in presymptomatic individuals and 
changes associated with disease progression are discussed.
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Introduction
Eye movements generally fall into two classes. One class 
of movements includes rotational and translational 
 vestibulo-ocular reflexes (VORs), fixation, smooth 
pursuit and optokinetic nystagmus, which stabilize the 
fovea in relation to movement of the body or of objects 
in the surrounding environment. Humans use a second 
kind of eye movement (the saccade) to rapidly shift the 
fovea and bring its superior acuity and colour sensi tivity 
to bear on objects of interest. Saccades are an inherent 
part of the constant cycle of perception, action and 
cognition. Several of these movements are made each 
second throughout the waking day, and they are our 
most common form of voluntary behaviour.1 All forms 
of eye movements are subject to disruption in various 
neurological conditions, but saccades are of particular 
interest because the close link between saccades and 
attention2 means that they are likely to be disturbed by 
cognitive impairments associated with neurodegenera-
tive disorders, as well as by dysfunctions related purely 
to oculomotor execution.

In this Review, we focus predominantly on the most 
common age-related cerebral neurodegenerative diseases 
(Table 1), which vary in the degree to which they affect 
motor, cognitive and behavioural processes. For example, 
patients in the early stages of Parkinson disease (PD) 
or multiple system atrophy (MSA) have mostly motor 
abnormalities, whereas patients with early Alzheimer 
disease (AD) tend to have only cognitive manifestations. 

In other neurodegenerative conditions, such as progres-
sive supranuclear palsy (PSP) and Huntington disease 
(HD), patients might have a combination of motor, cog-
nitive and/or behavioural features, even in the earliest 
stages of disease (Figure 1). Neurodegenerative diseases 
also evolve over time, such that in patients with PD, for 
example, cognitive impairment and dementia frequently 
accrue until they are the main symptoms.3 Eye move-
ments that are used for monitoring of disease progres-
sion, therefore, need to be sensitive to both motor and 
cognitive disease processes. 

For diagnosis of a neurological disorder, careful 
clinical oculomotor examination is usually adequate, 
and adjunctive laboratory eye movement measure-
ments do not usually add much relevant information. 
Generally, clinical examination aims to identify oculo-
motor abnormalities that frequently represent, or are an 
amplification of, the underlying somatomotor features 
of the disorder; for example, gaze-evoked nystagmus 
is evidence of cere bellar involvement in patients with 
MSA.4 By contrast, laboratory eye movement recordings 
are most useful for objective and precise identification 
of disease status and monitoring of disease progression. 
The advantage of labora tory recordings, particularly of 
saccades, over clini cal examination is that recordings 
enable cognitive as well as motor impairments associated 
with neuro degeneration to be detected. For example, in 
patients with PSP, excessive square wave jerks and slow 
 saccades—useful diagnostic features—can be detected 
by both clinical and laboratory assessments.5 However, 
increased error rate of antisaccades, which indicates 
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cognitive dysfunction, can only be detected in the labo-
ratory. Although impaired antisaccade performance can 
be detected clinically,6 it is best quantified using record-
ings of eye movements in the laboratory.7 The clinical 
and laboratory oculomotor features of many neuro-
degenerative diseases have been well characterized in 
the past 20 years, and are now being used to monitor 
pre symptomatic individuals—for example, those with 
HD—and disease progression.8–10

In this Review, we provide a brief overview of eye 
movement tasks, and discuss the oculomotor features of 
the main age-related movement disorders, including PD 
and HD, dementia and other important neurodegenera-
tive disorders. Findings of relevance to presymptomatic 
(preclinical) disease are also described. Assessment 
of oculomotor abnormalities can also be useful for 
diagnosis of a range of other diseases associated with 
parkinsonism, movement disorders, or dementia, but 
a detailed discussion of these disorders is outside the 
scope of this Review.

Eye movement tasks
Understanding the oculomotor research literature 
requires some familiarity with the taxonomy of eye 
movement tasks used in the laboratory. The simplest 
saccade assessment uses the reflexive paradigm (also 
known as the visually guided paradigm), in which the 
participant is directed to look at a target as soon as it 
flashes at a new random location on a screen. Subtle 
manipulation of the stimulus (such as inserting either 
a temporal gap or overlap between successive target 
appearances) can be used to test inhibitory processes. 
Such a gap between visual stimuli results in decreased 
activity of neurons in the superior colliculus, which are 
responsible for maintenance of gaze fixation, allowing 
a subsequent saccade to occur sooner.11 This temporal 
gap allows the investigator to systematically influence 
the latency of saccades without the participant needing 
to learn or even be aware of the changed demands of 
the task. 

Other saccade tasks require more cognitive process-
ing. In the memory-guided paradigm, for example, a 
target flashes briefly on a screen and the participant 
must first suppress a reflexive saccade towards it, wait-
ing until a second cue. Only then should a voluntary 
saccade be made to the location of the no-longer-visible 
target, guided by the patient’s memory of its location. 
Although memory-guided saccades might seem to be 
a highly artifi cial (that is, laboratory-only) situation, 
they are probably more the rule than the exception in 
real-world behaviour, in which reflexive saccades are 
likely to be made only rarely.12 As an illustration, we are 
far more likely to look at a clock on the wall because 
we remember that is where to find out the time, than 
because a movement of the clock hands reflexively 
caught our attention. 

Other eye movement tasks, such as suppressing a 
saccade towards a target and instead looking in the oppo-
site direction (the antisaccade), or following targets that 
alternate regularly between two locations at a fixed rate 
(predictive saccades), are not likely to be experienced 
outside the laboratory. These relatively simple tasks, 
how ever, enable researchers to probe various cogni-
tive processes, which can be assessed by behavioural 
 measures (such as saccade accuracy and latency) or 
function al brain imaging.

The stimuli used in neurological studies of eye 
 movements—namely, small jumping-point targets that 
enable precise measurement of the latency and accu-
racy of the movements—are typically impoverished 
compared with those in real-world situations. Whether 
the deficits observed in individuals in response to these 
controlled stimuli can be measured in more naturalistic 
eye movement tasks, and how such deficits influence 
patients’ functioning in real-world situations, is being 
investigated in patients with PD, as discussed below.

The parkinsonian disorders
Parkinson disease
Neurophysiological studies in monkeys have confirmed 
that the substantia nigra pars reticulata is involved more 
in voluntary saccade tasks than in visually guided eye 
movements, and that output of this region has an inhibi-
tory effect on saccade amplitude.13 The inhibitory output 
from the substantia nigra pars reticulata (which acts on 
the saccade-triggering structure, the superior colliculus) 
is overactive in patients with PD. This increased inhibi-
tion might, therefore, be expected to cause characteris-
tic impairment of saccades even early in the course of 
the disease. 

Quantitative measurement of saccades in patients with 
PD began in the 1960s, but until 201114,15 the majority 
of published studies of this technique have had low 
numbers of participants. The resulting lack of statistical 
power, and the well-known heterogeneity of presentation 
of this disease, has led to inconsistency in the findings of 
these studies. For example, the latency of saccades to pre-
dictably alternating targets in patients with PD has been 
characterized as abnormally prolonged,16,17 normal,18 or 
reduced19 versus that in controls. Conflicting results have 

Key points

 ■ Careful clinical examination of eye movements is a useful adjunct in the 
diagnosis of many neurodegenerative disorders; laboratory eye movement 
recordings do not usually provide diagnostic clues

 ■ Different saccadic paradigms and laboratory recordings precisely reflect 
cognitive and motor characteristics of neurodegenerative disorders and 
may be useful biomarkers of disease severity and progression, especially 
in dementia 

 ■ Clinical oculomotor examination in Parkinson disease indicates subtle saccadic 
hypometria and mildly impaired smooth pursuit, whereas laboratory recordings 
show voluntary saccadic abnormalities that correlate with cognitive status

 ■ Atypical parkinsonian disorders are associated with distinctive features:  
slowed saccades in progressive supranuclear palsy, positional and head-
shaking downbeat nystagmus in multiple system atrophy, and saccadic apraxia 
in corticobasal syndrome

 ■ Specific oculomotor hallmarks that aid diagnosis in spinocerebellar ataxia 
(SCA) are very slowed saccades in SCA2 and SCA7, positional downbeat 
nystagmus in SCA6, and hypoactive vestibulo-ocular reflex in Friedreich ataxia

 ■ Future work is needed to explore the robustness and repeatability of laboratory 
eye movement recordings in healthy controls and disease states
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also been found for saccade testing using simple visu-
ally guided paradigms, although a meta-analysis of 47 
studies revealed an overall trend towards slightly pro-
longed saccade latency in patients with PD compared 
with controls.20 By contrast, impaired initiation of sac-
cades in cognitively demanding experimental tasks, such 
as memory-guided saccades and antisaccades, has been 
found fairly consistently in this setting. Researchers gen-
erally agree, however, that saccade amplitude is decreased 
in patients with PD—subtly in tests using simple visu-
ally guided paradigms, but substantially in cognitively 
demanding visual tasks (Figure 2).

Decreased saccade amplitude can be detected even in 
clinical examinations of patients with PD by observing 
the amplitude of saccades that are made in response to 
irregular verbal commands to look repeatedly between 
two of the examiner’s fingers. The amplitude of sac-
cades is visibly reduced when the patient is then asked 
to execute the same movements repetitively at their 
own volition (R. J. Leigh, personal communication). 
Laboratory recordings (Figure 2) enable the degree of 
this task-specific hypometria to be quantified. In patients 
with PD, reduced saccade amplitude is detectable early 
in the disease course, presumably reflecting degeneration  

in the basal ganglia, given that higher-level eye move-
ment related areas are yet to be affected. By contrast, 
increased saccade latency occurs later in the disease 
course14 and is associated with cognitive impairment.15,21 
Increased saccade latency might, therefore, be driven by 
the widespread nondopaminergic neural dysfunction 
that occurs later in the disease.

Some researchers have made recordings from patients 
with PD while the patients inspected line drawings of 
varying complexity.22 Their spontaneous visual scan-
ning patterns showed characteristic deficits associated 
with PD: reduced-amplitude saccades and prolonged 
fixation intervals, which resulted in a smaller region of 
each image being inspected by patients than by controls. 
Moreover, other studies showed that altered eye move-
ment scanning strategies might contribute to impaired 
judgement of facial emotions in patients with PD.23 

Of perhaps greater clinical relevance than these 
laboratory studies, the role of eye movements in guid-
ance and initiation of body turns has been investigated 
in patients with PD.24–26 The risk of falling is elevated 
during turns, particularly for patients with PD who have 
freezing of gait. In healthy individuals, turning is charac-
terized by an orderly sequence of rotations, beginning 

Table 1 | Eye movement abnormalities in neurodegenerative disorders

Neurodegenerative disorder Eye movement characteristics found  
in the clinic

Eye movements recorded in the laboratory

Lewy body parkinsonian diseases 

Parkinson disease Mild hypometria of upwards voluntary saccades
Mildly impaired smooth pursuit

 Gain (hypometria) of voluntary saccades

Parkinson disease dementia Not reported  Latency and  gain of reflexive and 
(particularly) voluntary saccades
 Antisaccade errors

Dementia with Lewy bodies Supranuclear gaze palsy in some patients  
(case reports)

 Latency of reflexive and voluntary saccades
 Saccade prediction
 Antisaccade errors
 Express saccades (in the gap task)

Huntington disease

Symptomatic patients Apraxia of saccades (difficulty with initiation) 
with or without head thrusting
Slow saccades, especially in patients with 
young age at onset
Gaze distractibility and impersistence

 Saccade latency
 Variability of saccade latency
 Saccade velocity
 Directional and timing errors of antisaccades 

and memory-guided saccades
Distractibility during smooth pursuit

Presymptomatic patients Normal  Saccade latency
 Variability of saccade latency
 Antisaccade and memory-guided  

saccade errors

Dementia

FTD Not reported, but patients who progress to PSP 
or corticobasal syndrome exhibit eye movement 
abnormalities characteristic of those disorders

Normal reflexive saccades
 Antisaccade errors (in patients with 

behavioural variant FTD and PNFA) that are 
corrected normally
Normal antisaccades (in patients with 
semantic dementia)

Alzheimer disease Impaired visual grasp reflex on clinical 
antisaccade test

 Fixation instability
 Latency of reflexive and voluntary saccades
 Antisaccade errors
 Correction of antisaccade errors

Abbreviations: FTD, frontotemporal dementia; PNFA, progressive nonfluent aphasia; PSP, progressive supranuclear palsy.
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with saccades and followed in turn by the head, the 
trunk, and finally the feet, whereas in patients with PD, 
this sequence is compressed to produce an en bloc turn.25 
Saccades in patients with PD are decreased in ampli-
tude, so that larger numbers of saccades are needed in 
preparation for turning, which correlates with increased 
duration for the entire body turn.26 Patients with PD 
also showed an increase in the interval between the 
first saccade and the initiation of body movement, 
although they also showed evidence of compensatory 
saccade strategies. For example, the initial saccade was 
made earlier in patients with PD than in healthy con-
trols, perhaps to compensate for the subsequent axial 
delays.26 The proportion of gaze shifting contributed 
by eye movements (rather than head and trunk move-
ments) was higher in patients with PD than in controls, 
perhaps in compensation for the increased impairment 
of head and trunk movement.24

In summary, findings on clinical examination of 
eye movements in patients with PD are only subtly 
abnor mal. Some mild hypometria of voluntary, and 

particularly upward, saccades is consistent with a diag-
nosis of PD, but any other clinically evident eye move-
ment abnormality should raise suspicion of an atypi cal 
parkinsonian dis order. In clinical practice, minor impair-
ments in other oculomotor modalities (Figure 3), such 
as smooth pursuit, VOR suppression and optokinetic 
nystagmus are difficult to distinguish from the effects 
of normal ageing. In the laboratory, the consistent dis-
tinguishing feature of PD is hypo metria of voluntary 
eye movements, such as predictive and  memory-guided 
saccades, and of antisaccades. In patients with PD and 
cognitive impairment, increased latency of reflexive 
and—especially— voluntary saccades is addition ally 
encountered in laboratory examinations, and the extent 
of latency increase correlates with disease severity.  
None of the studies discussed in this section, how ever, 
include data from patients with autopsy-proven PD, so 
the results should be viewed with caution. 

Parkinson disease with dementia
Most patients with PD develop mild cognitive impair-
ment that eventually progresses to dementia.27 However, 
clinical studies of eye movement abnormalities, have not 
been conducted in such patients. The only two published 
reports of eye movement assessments in the labora-
tory showed increased latency and diminished gain of 
re flexive saccades in patients with Parkinson disease with 
dementia (PDD), compared to both controls and patients 
with PD who do not have cognitive impairment.15,21 In 
voluntary eye movement tasks, patients with PDD made 
fewer predictive saccades and had impaired saccade sup-
pression (inhibition).21 Our research group has shown 
that patients with PD and mild cognitive impairment 
(PD–MCI) have similar saccade abnormalities to those 
of patients with PDD, although to a lesser extent, and 
that saccade abnormalities in patients with PD-MCI are 
correlated with global motor and cognitive ratings, as 
they are in patients with PDD.15

Early studies on the influence of cognitive status on 
saccade performance in parkinsonian diseases showed 
that impairments in reflexive saccade execution and 
complex saccade performance were greater in patients 
with PDD or dementia with Lewy bodies (DLB) than in 
patients with cortical forms of dementia (such as AD) 
alone, or PD without cognitive impairment.21 Perhaps 
as a result of these findings, researchers increasingly use 
neuropsychological assessment to quantify the effect 
of cognitive function on saccade performance.15,28,29 
For example, relationships have been found between 
the speed of saccade initiation and verbal fluency tasks 
involving identification of letters or animals.30

Dementia with Lewy bodies 
No systematic clinical oculomotor investigations have 
been undertaken in patients with DLB, but a small 
number of case reports describe patients who present 
with vertical (with or without horizontal) gaze palsies 
and greater impairment in upward gaze than in down-
ward gaze.31 Laboratory investigations of eye move-
ments in patients with DLB show  similar abnormalities 

Eye movement recordings most useful
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Figure 1 | Variation in the extent of motor and cognitive 
impairment and the role of eye movement assessments in 
age-related neurodegenerative disorders. Clinical 
oculomotor examination is most useful as an aid to 
diagnosis of disorders with primarily motor symptoms and 
little cognitive impairment (for example, MSA). Laboratory-
based assessment of eye movements, particularly testing 
of saccade characteristics, is most useful to monitor 
disease stage in patients with disorders dominated by 
dementia and little motor impairment (for example, AD). 
For conditions in which cognitive and motor features are 
both prominent (for example, HD and PSP), clinical 
oculomotor examination is useful for diagnosis, whereas 
laboratory recordings might be more appropriate in 
tracking disease status and progression. Abbreviations: 
AD, Alzheimer disease; CBS, corticobasal syndrome; DLB, 
dementia with Lewy bodies; FTD, frontotemporal dementia; 
HD, Huntington disease; MND, motor neuron disease; 
MSA, multiple system atrophy; PD, Parkinson disease; 
PD-MCI, Pakinson disease with mild cognitive impairment; 
PDD, Parkinson disease dementia; PSP, progressive 
supranuclear palsy; SCA, spinocerebellar ataxia.
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to those of patients with PDD, with prolonged latency 
of all types of horizontal saccade, impaired predictive 
saccades and impaired saccade suppression.21,32 Detailed 
examination of horizontal and vertical saccades in 
10 patients with DLB revealed reduced tendency for 
these patients to make express (that is, short-latency of 
80–130 ms) saccades in the gap task—a version of the 
visually guided paradigm, in which the gaze-fixation 
target is removed shortly before the saccade target 
appears. The patients also showed reduced velocity and 
accuracy, and increased variability, of both horizontal 
and vertical saccades.32 As in patients with PD-MCI and 
PDD, indivi duals with DLB show increased latency of 
both reflexive and— especially— voluntary saccades, the 
extent of which correlates with disease severity. In some 
patients with DLB, vertical supranuclear gaze palsy is 
evident (Table 1).

Multiple system atrophy 
MSA is an α-synucleinopathy that comprises two pheno-
types: MSA with predominant parkinsonism (MSA-P) 
and MSA with predominant cerebellar ataxia (MSA-C).  
Eye movement abnormalities in patients with MSA 
reflect the underlying pathology of cell loss and gliosis 
in the striatonigral and olivopontocerebellar systems, 
which is common to both phenotypes. Patients with 
MSA-C usually present with symptoms that suggest a 
late-onset cerebellar syndrome associated with typical 
cerebellar eye signs such as gaze-evoked, downbeat and 
rebound nystagmus, and impaired smooth pursuit.33 By 
contrast, MSA-P can be difficult to distinguish from PD 
and other parkinsonian disorders. Most patients with 
MSA-P, however, have increased square wave jerks,4,34,35 
mild or moderate saccade hypometria4,35–37 and impair-
ment of VOR suppression and smooth pursuit on clini-
cal oculomotor examination.4,35,38,39 This combination of 
eye movement abnormalities is not found in patients 
with PD. 

Saccade velocities are normal in patient with MSA-P 
and only a minority of such patients have mild verti-
cal supranuclear gaze palsy on clinical examination.4 
Specific tests can unmask cerebellar oculomotor involve-
ment in patients with MSA-P who do not have clinical 
cerebellar disease manifestations. Positional downbeat 
nystagmus, which may show habituation, is present in 
~30% of patients with MSA, including some without 
cerebellar signs of disease.4,40 Similarly, perverted 
head-shaking nystagmus (vertical nystagmus on hori-
zontal head oscillation) is present in ~35% of patients 
with MSA-P.40 The above studies contained few or no 
autopsy-proven cases of MSA-P, however, calling for 
caution in interpretation of results.

In summary, clinical examination of patients with 
suspected MSA should focus on detection of exces-
sive square wave jerks, moderate saccade hypometria, 
moderate impairment of smooth pursuit and VOR sup-
pression, as well as cerebellar oculomotor features such 
as nystagmus (gaze-evoked, positional downbeat or 
head-shaking forms). The presence of slow saccades or 
prominent supranuclear gaze palsy suggests a diagnosis 

other than MSA.4 Laboratory recordings of eye move-
ments in patients with MSA-P do not usually provide 
additional diagnostic information, but can reinforce the 
clinical findings.

Progressive supranuclear palsy 
PSP is a tauopathy that has three principal syndromic 
presentations: the classic Richardson syndrome, PSP 
with parkinsonism (PSP-P),41 and the rare PSP with pure 
akinesia and gait freezing (PSP-PAGF).42 Some clinicians 
also include two other syndromes: PSP with corticobasal 
syndrome and PSP with progressive nonfluent aphasia 
(PSP-PNFA), which are discussed in other sections of 
this article.43

The earliest—and, therefore, most diagnostically 
important—oculomotor feature in patients with 
Richardson syndrome is slowing of vertical saccades, 
although horizontal saccadic slowing also develops later 
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Figure 2 | Task-specific saccade hypometria in a patient with Parkinson disease. 
The visual stimulus, shown as a red line, was initially located at the centre of the 
screen (0º), and then moved at irregular intervals to the left (downwards) and to the 
right (upwards). After a constant interval, the stimulus returned to the point of 
central fixation. The patient’s eye movements (blue line) show slight hypometria 
(but still within the normal range) in response to the unpredictable outward 
movements of the stimulus. The return inward movements of the stimulus were 
predictable, as indicated by the initiation of saccades before the target had moved. 
The patient’s predictive saccades are severely hypometric and have a multistep 
pattern characteristic of voluntary saccades in patients with Parkinson disease. 

+++ Saccadic hypometria 
Slow saccades
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  OKN

   or       SP
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Figure 3 | Patterns of eye movement abnormalities in 
parkinsonian disorders. Some features are shared, 
whereas others are specific to particular disorders. 
Abbreviations: , mildly impaired; , moderately impaired;  

, severely impaired; +, mild; ++, moderate; +++, severe; 
CBS, corticobasal syndrome; MSA, multiple system 
atrophy; OKN, optokinetic nystagmus; PD, Parkinson 
disease; pDBN, positional downbeat nystagmus; pHSN, 
perverted head-shaking nystagmus; PSP, progressive 
supranuclear palsy; SP, smooth pursuit; SWJs, square wave 
jerks; VORs, vestibulo-ocular reflex suppression. 
Permission obtained from John Wiley and Sons © 
Anderson, T. J. et al. Mov. Disord. 23, 977–984 (2008).
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in the disease course.5,35,37,44–48 Slowing of downward sac-
cades is considered the hallmark of this condition, and 
is included in the diagnostic criteria,49 but the veloc-
ity of upward saccades is reduced by at least as much, 
and in some patients more so.5 Most patients eventu-
ally lose the ability to perform saccades and smooth 
pursuit, although this failure is largely overcome by the 
VOR—a compensation that indicates a supra nuclear 
gaze palsy. In fact, upward gaze palsy occurs more 
frequently than downward gaze palsy in patients with 
Richardson syndrome.5 

During clinical optokinetic nystagmus testing in 
Richardson syndrome, the patient’s eyes might tonic-
ally drift in response to the visual cue in the direction of  
the slow phase of the nystagmus indicating the loss  
of reflexive saccades .37,50 Patients with advanced dis-
ease can have complete ophthalmo plegia.51 Vertical and 
hori zontal saccades become markedly hypometric, and 
smooth pursuit is at least moderately impaired.44 Fixation 
instability with small-amplitude horizontal square wave 
jerks is more prominent than in other parkinsonian dis-
orders.34,52 Moreover, markedly diminished blink rate, 
and eye-opening and eye-closing apraxia are frequently 
present. In the laboratory, slowing of vertical saccades to 
a greater extent than slowing of horizontal saccades is the 
key distinguishing feature of Richardson syndrome,5 and 
the extent of slowing of vertical saccades correlates with 
dorsal midbrain volume.48 Other findings are increased 
latency of vertical reflexive saccades,7,48 accompanied 
by saccade hypometria, a high percentage of errors on 
antisaccade tasks,48,53,54 and markedly impaired smooth 
pursuit.35 As for other syndromes discussed in this 
article, these observations are derived primarily by 
studies in patients with a clinical diagnosis of PSP, rather 
than autopsy-proven PSP.

Eye movements in patients with PSP-P and PSP-PAGF 
have not been studied specifically, and information about 
eye movement abnormalities in such patients generally 
comes from postmortem retrospective reports. Visual 
problems, are less common in patients with PSP-P than 
with Richardson syndrome, and supranuclear gaze palsy 
is usually absent during early PSP-P, but develops late in 
the disease course in 70% of patients.41 In patients with 
PSP-PAGF, by definition supranuclear gaze palsy is not 
seen in the first 5 years after disease onset—and might 
never develop in some patients—but can occur as a late 
disease feature, together with blepharospasm.42

To summarize, on clinical examination, slowing of 
vertical saccades can suggest a diagnosis of PSP (and 
help to rule out PD, MSA or corticobasal syndrome). 
A marked excess of small-amplitude square wave jerks, 
hypo metria of vertical and horizontal saccades and mod-
erately impaired smooth pursuit also suggest this diagno-
sis. Laboratory recordings of eye movements can confirm 
the clinical findings, especially those of saccade slowing 
and increased small-amplitude square wave jerks, and 
typically also reveal increased antisaccade errors—a 
feature that is not seen in PD or MSA. Antisaccade errors 
are, however, also found in patients with other types of 
dementia and corticobasal syndrome, as discussed below.

Corticobasal syndrome 
Various pathologies can underlie a clinical presenta-
tion of corticobasal syndrome, including not only 
cortico basal degeneration, but the associated pathology 
of PSP, Pick disease, AD, DLB and Creutzfeld–Jakob 
disease.42,55,56 The oculomotor hallmark of clinically 
diagnosed corticobasal syndrome is saccade apraxia,37 
which is clinically observed as difficulty and delay in the 
initiation of saccades towards a target, and in the labo-
ratory as a substantial increase in saccade latency.47,57,58 
Other findings on eye examination in the laboratory 
are antisaccade errors similar to those seen in patients 
with PSP.7,48,53,54,57 Smooth pursuit can also be moderately 
impaired in patients with corticobasal syndrome, but 
usually not as severely as in patients with PSP. In contrast 
to PSP, saccade velocities in patients with corticobasal 
syndrome are normal.7,48

In a prospective study of a series of patients, increase 
in saccade latency was present in only one of four 
patients with autopsy-confirmed corticobasal degen-
eration.48 In a retrospective study, gaze palsy was seen  
in only 20% of patients early in the disease course, and in 
one-third of patients at later stages of disease, although 
increased latency or saccade apraxia was not specifically 
mentioned.59 In a separate study, the investigators sug-
gested that patients with presumed early-onset cortico-
basal syndrome (not autopsy-proven) and prolonged 
saccade latencies or saccade apraxia might have under-
lying AD pathology.48 Clarification  of the prevalence 
and pathophysiological substrate of saccade apraxia in 
patients with corticobasal syndrome requires prospec-
tive studies of eye movement records from patients with 
subsequent autopsy-proven diagnosis is needed.

In summary, saccade apraxia is the key abnormality 
detected in clinical examination of eye movements in 
patients with corticobasal syndrome. Laboratory record-
ings of eye movements are useful to confirm increased 
latency of saccades (especially voluntary saccades) and 
to confirm the normal velocity of saccades in patients 
with corticobasal syndrome, which contrasts with 
the slow saccades observed in patients with PSP. Such 
recordings also tend to show an increase in antisaccade 
errors, which are also common in patients with PSP and 
the dementias, but are not observed in patients with PD 
or MSA.

Huntington disease
Symptomatic individuals
Overt HD is characterized by saccade apraxia, especially 
in response to a verbal instruction rather than a visual 
cue. Saccade apraxia can be accompanied by head-
thrusting movements, distractibility and impersistence 
of gaze, and reduced velocity of saccades.60,61 Vertical 
saccades are usually affected more than horizontal sac-
cades, although in our clinical experience, some patients 
with HD have more slowing of horizontal saccades than 
of vertical saccades. Additional clinical findings include 
saccade hypometria—again, affecting vertical saccades 
more than horizontal ones—and mild or moderate 
impairment of smooth pursuit. Slowing of saccades is 

REVIEWS

© 2013 Macmillan Publishers Limited. All rights reserved



NATURE REVIEWS | NEUROLOGY  ADVANCE ONLINE PUBLICATION | 7

prominent in patients with early-onset HD—the so-
called Westphal variant, in which bradykinesia and 
rigidity predominate.60,61 Laboratory recordings of eye 
movements typically show increased saccade latency,62–65 
marked variability in saccade latency,62,64 and saccade 
slowing, which affects vertical saccades to a greater 
extent than horizontal ones.60–63,66 Increased directional 
errors and timing errors affecting anti saccades and 
memory-guided saccades8,62,67,68 are also more evident 
for vertical than horizontal saccades.64 Patients also have 
increased distractibility of gaze during smooth pursuit.69 
The extent of the reduction in the velocity of sac-
cades,63 variability in latency,62,65 and saccade errors8,62,68 
correlate s with disease severity.

In summary, the key oculomotor features that are 
clini cally detectable in patients with symptomatic HD are 
saccade apraxia (sometimes associated with head thrust-
ing) and slowing of saccades; such slowing is particu-
larly prominent in patients with a young age at onset of 
symptoms. Laboratory recordings of eye movements can 
confirm prolonged saccade latency and saccade slowing 
in these patients, and in addition can detect increased 
antisaccade errors and memory-guided saccade errors, 
reflecting cognitive impairment.

Presymptomatic individuals
Presymptomatic carriers of HD-causing mutations 
have increased saccade latency70 and latency vari ability, 
as well as impaired saccade suppression, shown by 
increased number of antisaccade errors and memory-
guided errors. These impairments in saccade suppres-
sion can be demon strated in the antisaccade paradigm 
in which saccades are made to a peripheral target 
instead of the target’s opposite (mirror) location, or in 
the memory-guided paradigm, in which saccades are 
initiated prematurely to the target.63,67,71 Antisaccade 
errors are most frequent in presymptomatic individuals 
who are closest to the onset of overt disease,8 and the 
number of anti saccade errors correlates with the esti-
mated time to onset of clinical symptoms,71 although 
prosaccade latency might also correlate with the esti-
mated time to symptom onset.70 Increased variability 
of memory-guided saccade latency and the number of 
premature saccades (that is, timing errors) also corre-
late with a decreased time to onset of clinical symp-
toms.72 Functional MRI scans suggest that impaired 
performance on antisaccade tasks in pre symptomatic 
indivi duals with HD-causing mutations might be due to 
perverted activity in the pre supplementary motor cortex 
and dorsal anterior cingulate cortex, both of which are 
involved in error detection.73

In summary, eye movements seem to be normal in 
clinical examination of presymptomatic individuals, 
but laboratory recordings can nonetheless reveal pro-
longed saccade latency, as well as errors in antisaccade 
and memory-guided saccade eye movements (Table 1).

Disease progression 
In a large longitudinal study8 involving 123 patients 
with early HD and 123 presymptomatic carriers of HD 

mutations, patients with manifest disease showed a 
decline in prosaccade (that is, reflexive saccade) latency 
precision over 12 months, whereas presymtomatic muta-
tion carriers did not.10 After 2 years, the amplitude of 
the primary prosaccade became increasingly variable 
in the symptomatic patients, but no significant change  
in amplitude was reported in presymptomatic indivi-
duals, irrespective of how close they were thought to 
be to clinical onset of symptoms.9 However, the results 
of a smaller study suggested reflexive saccade latencies 
increased over 3 years in both presymptomatic indivi-
duals and patients with HD.74 Although antisaccade 
and memory-guided saccades are abnormal in both 
presymptomatic indivi duals and patients with overt HD, 
the robust nature of the changes observed in reflexive 
saccades make this feature the most reliable oculo motor 
marker of progression to overt disease in individuals 
with presymptomatic HD. Longitudinal studies in large 
cohorts are needed to confirm whether measures of 
saccade characteristics are suitable markers of the onset 
of overt HD in presymptomatic individuals and of the 
progression of HD after onset of symptoms.

The dementias 
Frontotemporal dementia 
The three phenotypes of frontotemporal dementia (FTD) 
are behavioural variant, semantic dementia and pro-
gressive nonfluent aphasia (PNFA). Patients with PSP, 
cortico basal degeneration or FTD with motor neuron 
disease (FTD-MND), however, can also present with an 
FTD phenotype.75 One study showed that all patients 
with a clinical diagnosis of one of the three FTD pheno-
types had normal reflexive saccades, in contrast to 
patients with AD or corticobasal syndrome (in whom 
saccade latency was prolonged), and patients with PSP 
(in whom reflexive saccades were hypometric and of 
slow velocity).7 Another study, however, demonstrated 
increased reflexive saccade latency in patients with 
behavioural variant FTD, as well as a tendency for these 
patients to make early saccades.76 Patients with FTD 
and PNFA, but not those with semantic dementia, have 
increased errors on antisaccade tasks,7,76 which are also 
observed in patients with AD, corticobasal syndrome or 
PSP. All patients with FTD phenotypes—but not those 
with AD, corticobasal syndrome or PSP—usually have 
normal self-correction of errors.7 Reflexive saccades 
seem to be normal in patients with autopsy-proven FTD 
and TDP-43 neuropathology, whereas those with tau 
pathology have reduced horizontal saccade velocity and 
gain. These differences enable differentiation of patients 
with TDP-43 FTD from those with non-tau FTD or AD.48

In general, eye movement abnormalities in patients 
with FTD phenotypes depend on the brain regions 
affected by the disease rather than the instrinsic neuro-
pathology. Thus, when the degenerative processes 
underlying dementia encompass the frontal and parietal 
lobes, as in patients with AD, saccades are delayed and 
saccade suppression errors are increased. When pari-
etal regions are spared, as in patients with FTD, reflexive 
saccades are normal and saccade suppression errors are 
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increased but appropriately corrected. When parietal 
and frontal lobes are both spared, as in patients with 
semantic dementia, no increase in saccade suppression 
errors occurs (Table 1).

Alzheimer disease 
Clinical oculomotor assessment in patients with AD may 
identify abnormalities in eye movements, but these are 
neither universally present nor specific to patients with 
AD. For example, confrontational oculomotor testing 
of patients with AD may show evidence of visual grasp 
reflex abnormalities on the antisaccade test,77 but this 
is not a consistent finding and can occur in non-AD 
dementia. As for dementia in general, however, labora-
tory tests for oculomotor abnormalities in patients with 
AD using saccade tasks that probe cognitive impairment 
are more revealing than is clinical assessment (Table 1).

Four main types of saccade abnormalities have been 
consistently identified by laboratory tests in patients 
with AD: gaze-fixation instability, prolonged latency of 
reflexive and—especially—voluntary saccades, visual 
grasp reflex disturbances, and uncorrected errors in 
antisaccade performance.50,77–84 Hypometria of reflexive 
and predictive saccades is also frequent.50,79,81,82,85 The 
number of antisaccade errors,7,77–81 especially uncor-
rected anti saccade errors,7,78,80 correlates with the severity 
of dementia. Smooth pursuit gain is impaired in patients 
with AD, but this is a nonspecific feature.50,82 Eye move-
ments in patients with mild cognitive impairment have 
not been studied extensively. Saccades are generally 
normal in such patients,84 although increased latency 
in a reflexive saccade overlap task has been reported 
in patients with mild amnestic cognitive impairment 
compar ed with age-matched healthy controls.83

In summary, clinical examination of eye movements 
in patients with dementia can reveal several key features 
that point to a specific diagnosis (Table 1, Figure 3): slow 
saccades might suggest PSP or HD; marked saccade 
hypometria and increased number of square wave jerks 
in conjunction with slow saccades are highly sugges-
tive of PSP; substantial delay in initiation of saccades 

(saccade apraxia) might suggest corticobasal syndrome 
or HD. Errors in direction on the clinical antisaccade 
test are common to most types of dementia except 
semantic dementia. Laboratory tests of eye movements 
can provide additional useful information to help dis-
tinguish between the various dementia phenotypes. 
Prolonged reflexive saccade latency suggests a possible 
diagnosis of AD or corticobasal syndrome. Increased 
antisaccade errors is indicative of frontal disease, and 
increased uncorrected antisaccade errors suggests addi-
tional parieto-occipital disease, although none of these 
abnormalities is specific enough to be diagnostic in the 
absence of other findings.

Other neurodegenerative diseases
Motor neuron disease 
Eye movements in patients with MND are generally 
considered to be normal. Some patients with MND, 
however, have PSP-type eye movements with slowed ver-
tical saccades and vertical supranuclear gaze palsy.86–89 
These patients are likely to have had bulbar symptoms 
at disease onset86 and/or to develop rapidly progressive 
disease.90 Patients with autopsy-proven FTD-MND and 
TDP-43 neuropathology, but without bulbar symptoms 
at disease onset,  have normal saccade velocity.48 The 
severity of oculomotor abnormalities in patients with 
MND might, therefore, reflect the burden of TDP-43 
pathology.87,91 In the laboratory, testing of saccade per-
formance has revealed increased latency and error rates 
of memory-guided saccades and antisaccades, which 
is indicative of frontal lobe impairment, in patients 
with MND.92 Increased square wave jerks associated  
with frontal lobe dysfunction has also been reported in 
these patients.92,93 Reduced gain of smooth pursuit can 
also be present in patients with MND,87 but this is not a 
disease-specific finding.

Spinocerebellar ataxias 
Most spinocerebellar ataxias (SCAs) are polyglutamine 
disorders (as are HD, dentatorubropallidoluysian atrophy 
and spinobulbar muscular atrophy), in which the size of 

Table 2 | Eye movement characteristics in SCAs 

Abnormality SCA1 SCA2 SCA3 SCA6 SCA7* SCA15 SCA17 Friedreich 
ataxia

Increased square wave jerks – – + (+)‡ – ND – (+++)

Gaze-evoked nystagmus + – ++ (+++) ± ++ ± +

Positional downbeat nystagmus – – – (+++) ND ND ND ND

Impaired smooth pursuit + ± ++ +++ – ++ (++) ++

Decreased saccade velocity (++) (+++) ± – (+++) – – ±

Hypermetric saccades + – ± (++)§ – ± ± +

Hypometric saccades ± – ++ + – ± (++) ±

Supranuclear gaze palsy ± ± ++ – (++) ND ++ –

Hypoactive vestibulo-ocular reflex + – ++ ± – (±) – (+++)

Hyperactive vestibulo-ocular reflex – – – + – – (++) –

Features in brackets are characteristic of the condition. *With pigmentary retinopathy. ‡Square wave jerks are synchronous with downbeat nystagmus. 
§Prominent downwards deviation during horizontal saccades. Abbreviations: –, not present; ±, present in some patients; +, mild; ++, moderate; +++, marked; 
ND, not determined; SCA, spinocerebellar ataxia. 
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the polyglutamine expansion influences the patient’s age 
at onset and severity of disease.94 Eye movement changes 
in patients with SCAs might be expected, therefore, to 
also correlate with the number of poly glutamine repeats.

Eye movement abnormalities are common in patients 
with SCA and reflect the combination of pure cere-
bellar degeneration and involvement of other brain 
regions (Table 2). For example, patients with SCA6 
have classic cerebellar oculomotor abnormalities, such 
as gaze-evoked nystagmus, downbeat nystagmus (espe-
cially positional downbeat nystagmus95), and impaired 
smooth pursuit.95–97 Eye-movement recordings obtained 
in the dark reveal synchronous square wave jerks and 
downbeat nystagmus.98 Similarly, oculomotor changes in 
patients with SCA15, including horizontal gaze-evoked 
nystagmus and impaired smooth pursuit,99 reflect mostly 
cere bellar pathology. The oculomotor hallmark of SCA2 
is slow saccades,100,101 which is indicative of brainstem 
pathology.102 The velocity of saccades correlates with 
poly glutamine repeat size in patients with SCA2.100 
Patients with SCA1, SCA3, SCA17 and Friedreich ataxia 
have a mixture of cerebellar, brainstem and supra-
tentorial eye movement abnormalities that do not neces-
sarily correlate with polyglutamine repeat size.97,103–105 
Detailed examination of oculomotor function revealed 
gaze-evoked nystagmus in five of 15 patients with 
SCA17. Compared to healthy controls, SCA17 patients 
in this study also had marked impairment of smooth 
pursuit, hyperactive VOR, hypometric reflexive saccades 
of normal velocity, and a considerable increase in the 
error rates for memory-guided prosaccades and anti-
saccades.105 The frequency of these oculomotor errors 
correlated with disease duration and severity, but not 
with the number of polyglutamine repeats.

Some SCAs are associated with characteristic oculo-
motor features that are not commonly seen in the other 
SCAs, which can greatly assist diagnosis (Table 2). Thus, 
SCA2 is characterized by remarkably slowed saccades100 
with preserved VOR (Figure 4),97 SCA1 by moderately 
slowed saccades,97,104 Friedreich ataxia by a severely com-
promised VOR plus abundant square wave jerks,103 SCA6 
by positional downbeat nystagmus plus other cerebellar 
oculomotor signs,95,97 and SCA7 by early and slowed sac-
cades, as well as supranuclear gaze palsy in association 
with a pigmentary retinopathy.106–108

Presymptomatic spinocerebellar ataxia
In contrast to HD, few studies of oculomotor abnormali-
ties have been conducted in presymptomatic carriers 
of SCA-causing mutations, even though a majority of 
these disorders have an autosomal dominant mode of 
inheritance. In a study of 54 carriers of SCA2-associated 
mutations, the reduction in the velocity of 60° saccades 
correlated with the length of CAG repeats and estimated 
time to onset of clinical symptoms.109

Eye movements as biomarkers 
The common age-related neurodegenerative disorders 
are accompanied by oculomotor abnormalities, some 
of which are apparent on clinical examination, whereas 

others—especially in those with cognitive impairment 
as the dominant feature—are most readily detected in 
laboratory recordings of eye movements. Eye move-
ments are easily and painlessly recorded, and the result-
ing traces provide precise and objective data. In an era 
in which reliable noninvasive markers of disease are 
being called for, an important question is whether these 
disease-associated oculomotor changes are sufficiently 
sensitive and specific to be used for diagnostic purposes, 
and whether their association with relevant disease fea-
tures is sufficiently robust to enable their use in tracking 
disease progression over time. Surprisingly, few studies 
have addressed these vital questions

To be considered as potential diagnostic markers, 
oculomotor abnormalities must be stable enough 
to enable repeat acquisition in the short term. In an 
 electro-oculographic study of over 40 healthy indivi-
duals, the reliability of test–retest comparisons was 
similar in recordings obtained within the same session, 
and repeated after 1 week and 2 years (averaged r = 0.75 
and 0.55 for smooth pursuit gain and saccade latency, 
respectively). These observations indicated stability 
of eye movement measures over time, despite some 
intra individual variability with recurrent testing.110 In 
healthy individuals, in whom assessment of eye move-
ments during seven different saccade tasks was carried 
out once every 4 weeks—twice in the morning and twice 
in the afternoon—saccade accuracy and the number of 
inappro priate reflexive saccades (prosaccade errors) 
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Figure 4 | Horizontal saccade abnormalities in a patient with spinocerebellar 
ataxia type 2. a | Saccades are slow and of prolonged duration. The top trace 
indicates eye position as the patient followed a target that jumped either left (trace 
moves upwards) or right (trace moves downwards). The peak saccade velocity 
(lower trace) was drastically reduced: normal values are several hundred degrees 
per second for movements of this size. This finding is thought to reflect pathology 
that directly affects excitatory burst neurons in the paramedian pontine reticular 
formation of the brainstem. b | This region is bypassed in the vestibulo-ocular 
reflex, however, as the abducens nucleus is stimulated directly. Reflex eye 
movements in response to rapid impulsive head-turning (upper trace) were 
accordingly of normal velocity in this patient, with peak velocities (lower trace) 
greatly exceeding those of saccades. In each trace, blank sections correspond to 
deletions of blink artefacts due to frequent blepharospasm.
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during the antisaccade task were not consistent over 
time. Other key parameters (smooth pursuit gain, sac-
cadic intrusions during fixation, latency and velocity of 
reflexive and voluntary saccades, accuracy of reflexive 
saccades) were consistent—being both reliable over time 
and repeatable in the short term.111 Antisaccade latency 
and the antisaccade error rate were repeatable in a small 
study of patients with HD and in controls, in traces 
recorded 1 month apart.112

Oculomotor abnormalities with potential as markers 
of disease stage or progression must show changes over 
time that correlate closely with other disease features in 
the medium and long term. The ease and precision of 
measuring saccades suggests that changes in these eye 
movements could be candidates for objective bio markers 
of disease stage, progression and response to therapy. 
After deep brain stimulation of the subthalamic nucleus 
in patients with PD, improvements in eye movement 
abnormalities (reduced saccade latency and gain) have 
been reported across a number of visual tasks.113–116 Only 
one study in patients with PD reported little effect of this 
treatment on oculomotor measures, in contrast to a strik-
ing improvement in somatomotor symptoms.28 Studies 
that examined the effects of dopaminergic medications 
on eye movements in patients with PD have reported 
inconsistent results: such treatment reduced saccade 
latency, prolonged saccades, or had no effect, and had 
similarly varied effects on the amplitude of saccades.117 

A useful biomarker of disease stage should reflect 
underlying brain function. A study of MRI voxel-based 
morphometry showed that prolonged saccade latency 
correlated with atrophy in the frontal eye fields in patients 
with PD.30 In dementia, increased antisaccade errors is 
indicative of frontal lobe disease, and the extent of this 
increase might be useful as a marker of disease progres-
sion. Although eye movement abnormalities in patients 
with dementia are not specific enough for diagnostic 
purposes, they correlate with the severity of disease and 
cognitive impairment, suggesting that saccade abnor-
malities could be markers of dementia status and disease 
progression. Furthermore, saccade abnormalities in pre-
symptomatic carriers of mutations that cause autosomal 
dominant disorders, such as HD and some SCAs, cor-
relate with genetic factors that influence disease severity 
and/or estimated time to clinical onset of disease.

Further studies including large numbers of patients 
with a range of neurodegenerative diseases need to be 

carried out before a cogent argument can be made for 
advocation of oculomotor features as biomarkers of 
neuro degenerative disease.

Conclusions
Clinical examination of eye movements can be a 
 valuable—and sometimes essential—aid to clinicians 
in diagnosis of neurodegenerative disorders, especially 
for diseases with subcortical features, such as, PSP, 
corticobasal syndrome and SCA2. Laboratory record-
ings of oculomotor abnormalities, particularly those 
derived from saccade tasks that involve various cogni-
tive demands, show particular promise for probing both 
motor and cognitive function in patients with neuro-
degenerative diseases. Indeed, saccade characteristics 
could potentially be developed as markers of both disease 
status and progression, particularly in types of dementia 
that have a cortical component. 

Certain saccade tasks have been used in the past 
3 years to track disease status in presymptomatic HD 
mutation carriers and patients with overt HD,8–10 but 
their role as valid biomarkers of disease status in HD 
and other neurodegenerative disorders has yet to be 
convincingly established. Further research is needed 
to provide evidence that eye movement measurements 
are robust, reliable and repeatable in individuals over 
time. Nevertheless, we can be optimistic that oculo-
motor abnormalities will prove to be valuable for more 
purposes than simply to indicate the presence of neuro-
degeneration. In the next few years, eye movement 
recordings are likely to be increasingly used to define 
disease status and monitor the severity of symptoms, 
particularly in clinical trials of new neuroprotective or 
disease-modifying therapies.
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