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Abstract
Objective: To characterise the distinctive eye movement disorder and the sleep-related dyskinesia in
Adenylate cyclase 5 (ADCY5) related disease.

Methods: Case series with formal eye movement examination and video-polysomnography.

Results: All three patients had an eye movement disorder characterised by oculomotor apraxia with
gaze limitation most prominently in the vertical plane. All patients had disrupted sleep architecture
with reduced sleep efficiency due to frequent and prolonged arousals and awakenings in the context
of dyskinesia, which could arise from any sleep stage. The nocturnal movements could last up to 30
minutes and surpassed in their severity those seen during day-time.

Conclusion: The characteristic, apraxic eye movement disorder may help to distinguish ADCY5related disease from other childhood-onset hyperkinetic movement disorders. Similarly, the
nocturnal exacerbations of dyskinesia (“ballistic bouts”) seem to be a characteristic feature of the
disease, affect the quality of life of patient and therefore require awareness and symptomatic
treatment approaches.

Adenylate cyclase 5 (ADCY5) gene mutations have been recently recognised as the cause of a
pleiomorphic childhood-onset hyperkinetic movement disorder, consisting mainly of chorea.1-3
The increasing number of reports indicate that the disease is not uncommon, and that the clinical
spectrum expands to axial hypotonia, dystonia, myoclonus, and episodic worsening of dyskinesia.2, 4
Hence, depending on the predominant movement disorder phenotype, this disorder can come into
the differential diagnosis of early-onset chorea, such as that related to that due to TITF gene
mutations, or myoclonus-dystonia due to epsilon sarcoglycan gene mutations, amongst others.
We have noticed that a distinct eye movement disorder as well as nocturnal exacerbations of
movements may be useful clues in the differential diagnosis, and here present the results of formal
eye movement examinations and the distinct video-polysomnographic features of our patients with
genetically proven ADCY5-related disease.
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Methods:
The three patients underwent clinical examination, formal eye movement examination carried out by
an eye movement expert (AB) and an overnight polysomnography (PSG) with standard montage,
including conventional EEG, bilateral EOG, submentalis and anterior tibialis EMG, respiratory
parameters, electrocardiogram and concomitant PSG-synchronized infrared video. Sleep stages were
scored according to the current criteria (American Academy of Sleep Medicine 2014) by a registered
and expert technician.5 Stages containing abnormal movements were marked and reviewed by
clinicians with expertise in sleep medicine (SE, AE, MW).
The study was approved by the local ethics committee, and all patients gave written informed
consent.

Results:
Clinical and genetic details of these cases have been reported previously1 and are summarised
together with clinical course and the current examination findings in the table.
Predominantly vertical saccadic initiation failure and hypometria suggest oculomotor apraxia in
ADCY5-related disease
The details of the individual eye movement examinations are listed in the table. All three patients had
difficulties initiating and executing full-range saccades, more pronounced in the vertical plane. This
improved with head thrust or by using an audiovisual target, suggesting an apraxic type of eye
movement disorder. Two of three patients displayed also gaze impersistance. None of the patients
had spontaneous, gaze-evoked or positional nystagmus, or any other other cerebellar eye signs.
Poor sleep efficiency, disrupted sleep architecture and nocturnal ballistic bouts in ADCY5-related
disease
The details of the individual PSG findings are listed in the table. In all patients, nocturnal PSG
revealed disrupted sleep architecture (see hypnogramm of patient #1, Fig. 1A) with severely affected
sleep efficiency (SE), due to increased wake after sleep onset. Awakenings were usually associated
with, or preceded by, snoring, hypopnea (Fig. 1B) or jerks involving the head or the limbs. They were
then followed by attacks of severe and generalized chorea lasting from few minutes up to 30 minutes
with discrete on- and off-set, in absence of clear epileptic discharges. The severity of the movements
was worse at night compared to those observed during the daytime (see video). All patients showed
sporadic periodic limb movements, while physiological atonia was present during REM sleep.

Discussion:
Here we describe three patients with genetically confirmed ADCY5 mutations, all of whom show an
eye movement disorder and exacerbations of the movement disorder after arousal and/or
awakening from sleep.
Eye movement abnormalities were that of showed mainly the features of oculomotor apraxia, more
pronounced in the vertical plane. Although, apraxic disorders, by definition, are also supranuclear,
the difference with conventional supranuclear gaze palsies as in the Steele-Richardson’s syndrome is
that here the apraxic eye disorder improves with head thrusts or with reinforced sensory stimulation
(as in patient #2) and, critically, that saccadic velocities are well preserved.
Apart from These characteristics suggest an the apraxic type of eye movement disorder, there were
also which would be in line with other clinical features of limb or orofacial apraxia in (cases #2 and
3
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#3, (see table). This suggests Most likely, the neuroanatomical basis would be a fronto-basal ganglia
dysfunction,6 and indeed, this would be consistent with prominent ADCY5 expression in frontal
cortex and the basal ganglia.
Eye movements have not been detailed in the various reports of patients with ADCY5 mutations,
except one report by Chang et al.2 They found that abnormal saccades in 5 of 6 patients. Four had
absent saccadic upgaze, one patient had prolonged vertical saccadic latencies, and one patient was
initiating horizontal saccades with a head thrust.
Putting these cases together with ours would indicate that apraxic eye movement abnormalities,
particularly in the vertical plane, might be a characteristic feature of ADCY5 mutations and help in
the differential diagnosis from other causes of childhood-onset hyperkinetic disorders with
autosomal dominant inheritance, such benign hereditary chorea due to TITF1 mutations.
Oculomotor apraxia can of course be seen in some other disorders that can present with
chorea/dystonia such as ataxia telangiectasia and related disorders, including ataxia with oculomotor
apraxia type 1-4. A vertical supranuclear gaze palsy is also present in Niemann Pick type C, where
patients however exhibit a deficit in voluntary and reflexive vertical saccades with defects usually in
speed and range of movements.7 Lastly, however, all of these are autosomal recessive conditions,
which would still come into the differential diagnosis of de novo ADCY5 mutations.
Sleep-related exacerbation of dyskinesia has lately emerged as a specific feature of ADCY5-related
movement disorder.2 Usually, sleep is a state of motor quiescence and, almost all movement
disorders improve during sleep, the exception being of course sleep-related movement disorders.
Nocturnal occurrence of movements, indeed, leads firstly to the suspicion of a parasomnia or of a
seizure. Video-PSG represents the gold standard to assess such phenomena, but so far, sleep has
been hardly investigated in the reported cohorts of patients affected with this disorder.
Chen et al firstly highlighted a worsening of the dyskinesia in ADCY5-related movement disorder
during night-time.3 So far, there is a single paper reporting on sleep features investigated by means
of PSG in a patient with ADCY5-related disease and documenting affected SE due to the persistence
and exacerbation of dyskinesias, emerging during arousals from light sleep, mainly related to a mild
hypopnea.2
Our study confirms the finding of a disrupted nocturnal sleep due to the exacerbation of movements.
Moreover, our PSG findings goes further documenting the persistence of the dyskinesia even during
slow wave sleep. Interestingly, as reported in the patient by Chang et al.,2 awakenings are associated
with sleep-related jerks (myoclonus involving the head or the body) or with snoring or hypopnea, in
absence of obstructive sleep apnoea. This is of interest, as it seems that disrupted nocturnal sleep is
triggered by the re-emergence of the movement disorder itself and/or by hypopnea, that might
hypothetically relate to dyskinesia involving the respiratory muscles. This latter point therefore needs
to be further investigated in the future, by adding EMG leads over thoracic and abdominal muscles.
Yet, another explanation can be that these patients might have a tendency to an increased arousal
index, related to a dysfunction of sleep regulation itself. Adenylate cyclase 5 indeed in highly
expressed in the nucleus accumbens,8 which is supposed to control the level of cortical arousal
during the sleep-wake cycle, but also to promote motor activity.9
For patients, the episodic exacerbations of dyskinesia and the disrupted sleep can severely affect the
quality of life. Particularly patient #1, also otherwise clinically most severely affected, considered the
nocturnal worsening of dyskinesias and lack of sleep as his main problem, and found Clonazepam
0.5mg nocte beneficial.
In summary, we here report characteristic eye movement abnormalities, characterised by apraxia
with gaze limitation in the vertical plane, which may help to guide the differential diagnosis and
4
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allows distinguishing ADCY5-related disease from other childhood-onset hyperkinetic movement
disorders. Similarly, nocturnal exacerbations of dyskinesia seem to be a specific feature of the
disease and may require symptomatic treatment approaches.
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Figure 1:
Hypnogram (A) and sleep recording (B) of patient #1. (A) The hypnogram shows
markedly disrupted sleep architecture with frequent arousals, periodic limb
movements of sleep, and occasional hypopnea. (B) The sleep recording shows an
episode of hypopnoea followed by marked dyskinesia.
A

B

Supplementary material:
Videos.
Video 1: Comparison of day-time status and sleep-related bouts of chorea in patient #1 and #2.
Segment 1 shows mild chorea in patient #2 during day-time, contrasting with the severity of a ballistic
bout of dyskinesia on PSG recording. Segment 2 shows patient #1 with chorea worsening on action
during day-time, and a much more severe, ballistic exacerbation, initiated by a shoulder jerk, of the
chorea during PSG. Segment 2 shows the eye movements of patient #1, with gaze impersistance
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interfering with e.g. during smooth pursuit, and hypometric saccades particularly in the vertical plane,
with delayed initiation and often initiated by head thrust.

Video 2: Eye movement examination and other features suggestive of an apraxic disorder.
Segment 1 shows the eye movement examination pf patient #2 with hypometric saccades and long
latencies, particularly pronounced on down gaze. Segment 2 shows striking difficulties copying
gestures in the same patient.
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