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VIEW AND REVIEW

Abnormal eye movements in three types
of chorea

Anormalidades dos movimentos oculares em trés tipos de coreia

Tiago Attoni', Rogério Beato?, Serge Pinto®, Francisco Cardoso?

ABSTRACT

Choreais an abnormal movement characterized by a continuous flow of random muscle contractions. This phenomenon has several causes,
such as infectious and degenerative processes. Chorea results from basal ganglia dysfunction. As the control of the eye movements is
related to the basal ganglia, it is expected, therefore, that is altered in diseases related to chorea. Sydenham’s chorea, Huntington’s disease
and neuroacanthocytosis are described in this review as basal ganglia illnesses that can present with abnormal eye movements. Ocular
changes resulting from dysfunction of the basal ganglia are apparent in saccade tasks, slow pursuit, setting a target and anti-saccade
tasks. The purpose of this article is to review the main characteristics of eye motion in these three forms of chorea.
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RESUMO

Coreia € um movimento anormal caracterizado pelo fluxo continuo de contracées musculares ao acaso. Este fenédmeno possui variadas
causas, como processos infecciosos e degenerativos. A coreia resulta de disfuncao dos nucleos da base, os quais estao envolvidos no
controle da motricidade ocular. E esperado, entdo, que esta esteja alterada em doencas com coreia. A coreia de Sydenham, a doenca de
Huntington e a neuroacantocitose séo apresentadas como modelos que tém por caracteristica este distirbio do movimento, por ocorréncia
de processos que acometem os nlcleos da base. As alteracoes oculares decorrentes de disfuncdo dos nicleos da base se manifestam
em tarefas de sacadas, perseguicao lenta, fixacao de um alvo e em tarefas de antissacadas. O objetivo deste artigo é revisar as principais

caracteristicas dos movimentos oculares nestas trés formas de coreias.

Palavras-chave: coreia; movimentos oculares; doenca de Huntington; neuroacantocitose.

Chorea is an abnormal movement characterized by a contin-
uous flow of random involuntary muscle contractions. This phe-
nomenon has several causes, such as infectious and degenerative
conditions. Chorea results from dysfunction of the basal ganglia,
which are involved in the control of eye movements. It is, there-
fore, expected that the control of eye movements is changed in
diseases with chorea. Frontal areas are often abnormal in chore-
atic diseases due to the connections between the basal ganglia
and frontal lobe. The causes of chorea are varied, but its presen-
tation does not change, even in different pathologies. There are
non-genetic and genetic causes for chorea'. Among the former
is Sydenham’s chorea (SC), the most common cause of chorea in
children, while Huntington’s disease (HD) and neuroacanthocy-
tosis (NA) chorea are of genetic origin'?.

Sydenhamss chorea is the neurologic manifestation of rheu-
matic fever (RF), presumably caused by antibodies against group

A beta-hemolytic streptococci, which cross-react with the epi-
topes of the basal ganglia®. There has been an overall decline in
the incidence of SC, even in developing countries, where it used
to be endemic. However, it remains the most common cause of
chorea in children, worldwide’. The SC patients show a combi-
nation of motor disorders (chorea, decreased muscle tone, tics
and others) and cognitive and behavioral changes. Among the
latter are obsessions, hyperactivity and executive dysfunction®.
Huntingtons disease is a neurodegenerative disorder
inherited in an autosomal dominant pattern, whose gene was
mapped in the region of the gene IT-15 on chromosome 4p16.3.
Although the underlying mechanism responsible for cell death
has not been determined, there is an unstable expansion of the
trinucleotide CAG that leads to the production of an abnor-
mally large protein, huntingtin®. The onset of the disease can
occur at any age; however, in most cases, patients develop early
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symptoms around 35 years of age. Typically, patients present
with a triad of movement disorders (chorea, dystonia and oth-
ers), cognitive decline and behavioral changes™ .

The term NA encompasses a heterogeneous group of rare
genetic diseases. The most common diseases in this group are
chorea, acanthocytosis, McLeod syndrome, Huntington’s dis-
ease-like 2 and pantothenate kinase-associated neurodegen-
eration. Most NA cases are inherited in an autosomal reces-
sive manner, but some of the diseases are transmitted as a
dominant trait linked to X chromosomes or are even autoso-
mal dominant. Clinically, patients often have the triad found
in HD, but other symptoms, such as orofacial self-mutilating
dyskinesia, seizures and peripheral neuropathy are also occa-
sionally found in these patients’.

Despite the heterogeneous clinical features of these con-
ditions, the basal ganglia are the site of dysfunction in all of
them. This anatomical area is involved not only with motor
control but also in other functions, such as cognition, behav-
ior and eye motion. Therefore, it is no surprise that patients
with basal ganglia disorders often display a multitude of clini-
cal characteristics in all these domains. Although the cogni-
tive and behavioral disturbances associated with chorea have
been thoroughly investigated, there are few data on disorders
of ocular motility in chorea'®!%2,

The structures involved in eye motion are able to pro-
vide important information about the disease, but it is also
necessary to investigate the function of these areas and their
connections. It is known that the vertical and horizontal sac-
cades are impaired in HD". The superior colliculus plays an
important role in the final execution of these movements,
maintaining connections with the basal ganglia and corti-
cal structures that exert a regulatory role on voluntary and
reflexive saccades. The frontal cortex and the parietal cor-
tex work together, allowing voluntary movement'. There is
no involvement of the frontal cortex for the reflexive action,
and its control is exerted solely by subcortical structures'.
The frontal cortex has projections directed to the caudate
nucleus, sending this information to the superior collicu-
lus. Atrophy in these circuits explains part of the eye motion
dysfunction present in HD'*". The caudate seems to partici-
pate in the initiation and inhibition of saccadic movement in
the horizontal and vertical planes. Imaging studies indicate
involvement of the eye field cortex, the inferior parietal cor-
tex and caudate nucleus'.

The study of eye motions in a progressive disease may
reveal more insight into the structural dysfunction and pro-
vide information about the effectiveness of new treatments'**.

The purpose of this article is to review ocular motility in
SC, HD and NA, with emphasis on clinical and pathophys-
iological aspects. Before we start describing the results of
studies related to each of these conditions, there are terms
that need to be defined: rapid eye movements are called
saccadic or saccades. Eye movements to detect a target
in motion can be tested through the task of slow pursuit,
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which is to look for a moving point; and an antisaccade
task, which consists of deletion or inhibition of a stimulus.
With the appearance of the target, the subject has to look to
the opposite side. Such tasks require a more refined cogni-
tive performance as they involve a preparatory phase, inhi-
bition and decision phase™. Munoz and Coe?*, produced a
model of the neural control of eye movements that can be
seen in the Figure.

SYDENHAM'’S CHOREA

There are very few studies of ocular movements in SC.
We highlight two studies that identified abnormalities in
tasks requiring eye movement in patients with SC.

Cardoso et al.® examined 50 children with a confirmed
diagnosis of RF, including 13 who developed SC. The aver-
age age of the 50 patients with RF was 8.4 years. Using clini-
cal evaluation, the authors found the presence of hypomet-
ric saccade in 80% of patients with chorea, 13% in patients
without chorea, 25% in patients with chorea in remission
and in 13.5% of patients without RF chorea. Based on these
results, the authors suggest that abnormalities of the ocu-
lar motility found in their study may reflect dysfunction of
the connections between the basal ganglia and the superior
colliculi. Considering the results in patients in remission,
it is thought that this dysfunction may be transient, disap-
pearing in most patients with chorea who go into remis-
sion. However, the presence of saccadic abnormalities in
patients in SC remission supports the notion that the ocu-
lomotor system damage may be persistent in some individ-
uals. Furthermore, hypometric saccades found in patients
with RF without chorea, suggests that dysfunction of eye
movement may occur independently of the movement
disorder. Furthermore, the authors found an association
between SC, carditis and alterations in eye movements.

The antisaccades task has also been explored in SC in
another article by Cairney et al.*%. This study explored the
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possibility of residual neurological dysfunction in two SC
patients in remission. They had a history of childhood SC,
with the most recent episodes of chorea having occurred five
and 17 years, respectively, before the test. They were com-
pared to the performance of 33 control subjects matched
for age. The subjects underwent neuropsychological assess-
ment and an assessment of antisaccades. The eye move-
ments were evaluated with the aid of a computer, which
recorded the action, and a light emitting diode bar that
produced the visual stimuli. Control individuals showed no
signs of dysmetria or anticipatory saccades and had normal
performance for the saccade duration, peak velocity in the
normal saccade without antisaccade errors, and good rec-
ognition memory. However, in the antisaccade task, the two
SC patients showed normal rates of errors, but high latency
values in accomplishing the antisaccade task. These results
confirm the hypothesis of Cardoso et al’, of the presence
of residual dysfunction of the oculomotor system in some
patients with SC in remission.

HUNTINGTON’S DISEASE

Oculomotor abnormalities in HD were clinically identi-
fied in 1945 by Derceux® and Andre-Thomas et al.*. During
the clinical evaluation of patients with HD, the existence of
severe impairment in eye movements, particularly in the ver-
tical direction, were, observed. Since then there have been
several studies of ocular motility in these patients that we
summarize in this section.

Huntington’s disease patients have difficulties initiating
voluntary eye movements, tending to use compensatory
movements with the head (“head impulse”). This was ini-
tially considered an oculomotor apraxia®?27$2 However,
Becker et al.”® evaluated horizontal head movements and
eye-head coordination in 29 early stage HD patients and
24 age-matched controls. Subjects were seated at the cen-
tre of a hemicylindrical screen with a radius of 1.60 m car-
rying a horizontal array of light emitting diodes at eye
level that served as visual targets. Recordings of eye and
head movements were made. Horizontal eye movements
were recorded by electrooculography (EOG) using a pair
of bitemporal electrodes. To record horizontal head move-
ment, the subject wore a lightweight helmet coupled to a
precision potentiometer above their head, allowing inclina-
tions of the axis of head rotation. The test battery was cre-
ated for saccadic movement and antisaccades. Although
the subjects with HD made small involuntary head move-
ments, these movements were not essential in generating
saccades since they only occurred late after the saccade
onset. Thus, the head movements of patients must be con-
sidered an adaptive behaviour.

The vertical and horizontal saccades are often impaired in
HD patients®. Avanzini et al.” examined 18 patients with HD

using EOG, recording with pairs of silver chloride electrodes
placed in the horizontal and vertical plane, coupled to an
amplifier. The recordings were usually binocular for horizon-
tal and monocular for vertical movements. Saccadic move-
ments, fixation, smooth pursuit, optokinetic and vestibular
responses were examined. When present, vertical saccades
showed long latency, low amplitude, low velocity, and distur-
bances related to blinking. Voluntary saccades were slowed
in patients with HD and were more disturbed in the vertical
than the horizontal direction®?**%2

In HD thereis an increased latency, which is identified as a
time delay at the onset of the movement, associated with the
presence of hypometric ocular movements'**"*%3 _The loss
of connections between the frontal eye field and the caudate
nucleus of HD is hypothesized as being responsible for the
increase in the latency of eye movements'***7%%, Alj et al.'s,
evaluated the saccadic movements of 24 patients with HD,
and compared the results with 20 patients in a control group
using binocular infrared stimulation. This device is attached
to the patient’s head and all eye movements are recorded by
an auto-resolution camera. To measure the motor severity
of patients with HD, the Unified Huntington Disease Rating
Scale (UHDRS) was applied. The results showed an increase
in latency of saccadic movement, and a correlation between
the engine index obtained in the HD scale and the value
found in the analysis of eye latency. This result confirms the
involvement of the fronto-striatal circuit in the initiation pro-
cess of the saccades.

Anotherimportant point is the reduction of speed of these
2626282830323 T a research study by Aron et al.*
that evaluated saccade velocity by video nystagmography
in 21 patients with genetically confirmed HD and a control
group of 15 subjects, the HD group exhibited decreased sac-
cade velocity when compared with that of the control group.
The study also included a baseline analysis and a second
evaluation after 18.8 +/- 7.1 months. The HD patients showed
decreased saccade velocity with the passage of time.

Repeated errors have also been observed for the same
task as well as excessive distraction with great instability

movements

in maintaining a fixed target'**%%%0%, Trajectories of sac-
cadic eye movements can be modulated by the presence of
a competing visual distractor. It is likely that the superior
colliculus controls the initial deviation through competi-
tive lateral interactions. This modulation would be differ-
entially affected in those with HD, given the ramifications
of connections between basal ganglia thalamo-cortical
circuitry and the superior colliculus™®.

When HD patients are evaluated with tasks of eye
movement, they have a better outcome with visual than
with verbal stimuli. However, the disease affects inhibition
of the movements. This is shown in the difficulty of limit-
ing eye movement when the subject is asked not to look
at a given target'**"3234041%2 Thig result suggests that the
structures responsible for eye movements, namely basal
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ganglia and the frontal eye fields, are no longer able to reg-
ulate inhibitory functions.

The saccadic movements in HD have a long time course,
especially when they appear in sequential tasks. This diffi-
culty in organizing and sequencing saccadic movement is a
reflection of changes in the supplementary eye field. The cor-
rective saccades seem to be the responsibility of the brain-
stem and cerebellum. Abnormalities of velocity and latency
originate in the frontal-striatal circuit'.

Antisaccadic movements have more complex functions®.
In general, HD patients are often unable to perform this task,
because they are always attracted to the stimuli, resulting in
great difficulty in controlling saccades'”*. Patients who can
produce this type of movement have a greater latency**. One
important consideration is whether these results are influ-
enced by antipsychotic agents that are known to inhibit cortical
activity*5%. To tackle this issue, Arona et al. assessed sixteen
patients, eight of whom were drug free and eight on medications.
The results indicated no difference between the two groups who
both showed abnormalities in the antisaccade task®.

Overall, there is a direct relationship between the length
of the CAG repeats and the severity of motor, non-motor find-
ings and ocular movement”. Interestingly, these results show
an association between the number of CAG repeats and the
rate of errors on saccadic movement tasks. Ruiz et al.*, using
video nystagmography, studied reflexive and visually guided
horizontal saccades in 32 patients with genetically confirmed
HD; nine female and 23 male patients, including six with juve-
nile onset HD, 19 with adult onset HD, and seven with late
onset HD. The results showed a significant difference between
the genetic data (length of CAG-repeats) and saccadic abnor-
malities, with higher repeat numbers corresponding to shorter
latency and decreased velocity, as in juvenile HD onset.

Robert et al.* assessed the performance of 12 patients with
symptomatic HD, 17 presymptomatic HD and 12 normal con-
trols on saccade tasks In addition to confirming previously-
described abnormalities in HD subjects, the authors found
changes of optokinetic nystagmus, and errors and negligence
of horizontal and vertical saccades. These data suggest that
oculomotor abnormalities are a very early manifestation of the
HD gene**3152%, Furthermore, this is evidence of eye move-
ment abnormalities in individuals with so-called presymptom-
atic or premanifested HD, ie, those who carry the gene muta-
tion, but have not met diagnostic criteria for HD.

Emphasizing this statement, Patel et al. evaluated sac-
cades and antisaccades in eleven patients with HD, using the
UHDRS and the Montreal Cognitive Evaluation. The results
indicated that antisaccade motions were altered, as well as
saccades with high latencies being shown. The authors sug-
gest there is a connection between cognitive and ocular
movement indicating that assessment of eye movements can
be used as a biomarker of the disease'".

All the principal abnormalities of eye movement in HD
can be seen in the Table.
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NEUROACANTHOCYTOSIS

To the best of our knowledge, there are only two published
studies of ocular motility in NA. The first study, by Hardie et
al.®, investigated 16 subjects with chorea-acanthocytosis,
two cases of the McLeod phenotype and one case with
X-linked abnormality of expression of Kell blood group anti-
gens, whose mean age of onset was 32 years. Neurological dis-
ease was associated with acanthocytosis in peripheral blood
and normal plasma lipoproteins. Serum creatine kinase
activity was increased in 11 cases. Signal abnormalities from
the caudate or lentiform nuclei were seen with magnetic
resonance imaging in three cases. Cognitive and psychiat-
ric impairment was present in over half of those cases, and
over a third had seizures. Depression or absence of tendon
reflexes was noted in 13 cases. Chorea, dystonia, tics, invol-
untary vocalizations and stiffness were seen in 17 cases. Two
patients had no movement disorder. The ocular motor func-
tion evaluation in this study was only clinical. Ocular motility
abnormalities were identified in five of the 19 patients with
NA. These abnormalities included impaired saccades and
pursuit, limited upgaze, poor convergence, blepharospasm,
and gaze apraxia. Eye movements were considered normal in
two patients and were not reported for the other 12 patients.

The second article, by Gradstein et al.**, reports on latency,
speed and stability of the fixation stimulus of slow pursuit, sac-
cade and antisaccade horizontal and vertical eye movements.
This is the only study of characterized ocular motor function
using eye movement recordings. All patients and control sub-
jects had eye movement recordings made with the magnetic

Table. Oculomotor abnormalities in Huntington’s disease.

Eye movement Patients Studies
affected (%) analyzed
fixation 69 9
latency (saccade) 91 13
vertical plane 85 16
horizontal plane 89 16
speed (saccade) 96 18
vertical plane 91 16
horizontal plane 89 16
head movement 85 5
vertical plane 78 11
horizontal plane 85 11
hypometria 81 7
vertical plane 94 16
horizontal plane 73 16
saccade reflex 34 6
antisaccades 93 3
vestibulo-ocular reflex 0 3




search coil technique. Subjects viewed a red-diode laser spot tar-
get, rear projected onto a tangent screen at 1 m while the hori-
zontal and vertical positions of the right eye were recorded. The
authors included three patients with chorea-acanthocytosis,
aged 26, 30, and 44 years, with a mean duration of illness of ten
years, as well as six age matched normal volunteers. Patient
1 presented with chorea and vocal tics, dysphagia, dystonia,
dysarthria, hypophonia and his parents were distant cousins.
Patient 2 presented with dysphagia, dystonia, memory lapses,
vocal tics, tongue biting, involuntary stereotypic movements,
seizures, cognitive decline and gait difficulties. Patient 3 pre-
sented with echolalia, lip-smacking, teeth grinding, clicking
and grunting noises, micrographia, deterioration of gait, cho-
reatic movements, hypophonia, seizures and parkinsonism. All
patients had horizontal and vertical hypometric and slow sac-
cades. There was also severe difficulty in performing the anti-
saccade task. These results are similar to those found in HD
previously described in this article. The authors speculate that
the severe atrophy of the basal ganglia in NA interferes with the
ability to perform saccades. They also suggest that the problems
with antisaccade tasks are related to frontal lobe dysfunction®.
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In conclusion, the reviewed studies show that despite the
different etiologies and scarcity of information on SC, HD
and NA, these three choreatic disorders present with similar
oculomotor abnormalities. It is speculated that the findings
result from dysfunction of the oculomotor circuitry caused
by either acquired or genetic abnormalities.
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