
Infantile-onset saccade initiation delay (ISID), also known as
congenital ocular motor apraxia, is an uncommon condition
characterized by an inability to trigger horizontal volitional
saccades.1-3 Vertical saccades and smooth ocular pursuit are
usually preserved.1,3 Reflexive saccades may be impaired.1,4-6

Saccade initiation delay is a clinical finding and not a specific
disease.7 The diagnosis is usually made after head control is
achieved in infants between four to six months-of-age, when
characteristic head thrusts appear. The infant initially makes use
of head thrusts and later on uses eye blinks to rapidly shift the
direction of gaze to overcome the difficulty in initiating
saccades.8,9 Infantile-onset saccade initiation delay is often
associated with developmental delay in the areas of fine motor,
gross motor, speech, and language development.3,8,10-14

Neuroradiological findings in ISID are diverse and include
various abnormalities involving hindbrain structures or agenesis
of the corpus callosum.3,6,13-17 The etiology of ISID is unknown,
but it has been suggested that the abnormality lies in the
midbrain,3 or cerebellum.8,15 In this paper we present a child who
has difficulties initiating horizontal saccades and describe his
videotaped eye movements and unique brain MRI findings in
detail. We then suggest a mechanism for the pathogenesis of
saccade initiation delay.

CASE REPORT
A three-year-old boy was referred for an assessment of his

abnormal head movements. He was noted to make horizontal
head thrusts when looking at objects since the age of one year.
Pregnancy and delivery at full term were normal. He sat at eight
months and walked at 18 months, suggesting mild motor delay.
His language development was also delayed. He spoke his first
words at 18 months and made two-word sentences at 30 months.
Past medical history was significant for iron-deficiency anemia
at age two years, which was treated with iron. The family is
Aboriginal Canadian from Northern Ontario. His mother is
Ojibway-Cree and his father is Ojibway. No relevant family
history was elicited.

On initial assessment, his general physical exam revealed no
neurocutaneous stigmata or dysmorphic features. Visual acuity
was normal bilaterally. Pupils were equal and reactive to light.
His fundi were normal. He used intermittent horizontal head
thrusts when asked to look at objects to the right or left of his
visual fields. He was noted to make spontaneous small amplitude
saccades intermittently in all directions. Horizontal smooth
pursuit was slightly saccadic but within normal limits for age.
Vertical saccades and smooth pursuit were normal. The oculo-
cephalic maneuver (low frequency vestibulo-ocular reflex)
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showed full range of normal smooth eye movements both
vertically and horizontally. The rest of the cranial nerve exam
was normal. Tone, power, coordination, reflexes, and gait were
also normal. His developmental assessment revealed mild delays
in his speech and language, fine motor, and visual-motor
domains.

Brain MRI showed an almost absent intercollicular
commissure. There was only a thin band of tissue connecting the
right and left superior and inferior colliculi. The superior and
inferior colliculi were otherwise normal. There was no cleft.
Other brain structures, including the cerebellum and corpus
callosum, were normal (Figures 1-3).

At four and a half years-of-age, the patient continued to use
head thrusts to initiate horizontal saccades. The rest of the
examination remained unchanged. His speech and language
development was delayed. On follow-up at five years and nine
months-of-age, we undertook a more detailed examination of his

Figure 1: Midsagittal T1-weighted brain MRI of the patient at 3 years-
of-age (left), at 6 years-of-age (centre), and age-matched normal control
at 6 years-of-age (right). There is severe thinning of the intercollicular
commissure in the patient in comparison to the control (arrows).
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eye movements and videotaped them (See video clip on-line). He
was unable to initiate horizontal saccades to command,
unpredictable visual stimuli, auditory stimuli, somatosensory
stimuli (touch), or look alternately between two targets, i.e.
internally generated saccades. In order to fixate on the target, he
would thrust his head towards the target, blink, or do both. Head
thrusts occurred less frequently in comparison with his initial
assessment. When his head was fixed, he would blink to initiate
horizontal saccades. The horizontal saccadic latency was
prolonged. Horizontal smooth ocular pursuit was normal for age.
His vertical eye movements were normal. The small field
optokinetic response, using a rotating drum held 15 cm in front
of his eyes, was absent in all directions. When we reviewed the
videotape of his eye movements frame-by-frame, we found that
in addition to utilizing the vestibulo-ocular reflex to drive his
eyes contralaterally to the direction of the head thrust as
described in many reports,1,5,10,14,17 he also moved his eyes
rapidly in the same direction as the head thrusts. This was
associated with eye blinks on several occasions. Developmental
re-assessment showed that he had a variety of abilities that were
slightly below his age level, in the 5-5.5 year range, including
mild delays in fine and gross motor skills. Investigations
including lipid profile, albumin, liver enzymes, α-fetoprotein,
and CBC were normal. Repeat brain MRI revealed no changes.

At age seven years, his head thrusts were reported to be
occurring less frequently. His examination remained unchanged.
The horizontal and vertical fast phases of the optokinetic
response were still impaired. The fast phases were absent when
he was spun horizontally in a rotating chair in either direction.
His eyes locked up in extreme gaze contralateral to the direction
of the spin. The horizontal vestibulo-ocular reflex cancellation
test was normal. This was assessed by asking him to look at his
right thumb nail while spinning him on a rotating chair. The eyes
remained in the orbital mid position without nystagmus during
the test.

To assess whether his impaired saccade initiation was caused
by an inability to break visual fixation, he was seated opposite a
featureless wall in a dim lit room with his head fixed. Visual

fixation was eliminated further by placing a +20 lens in front of
each eye or a ‘one-way’ lens over one eye while occluding the
other eye. This one-way lens allows the examiner to see the eyes
while the subject is unable to see through the lens. The patient
was then asked to look to the right or left. He either blinked to
make horizontal saccades or generated slow eye movements,
demonstrating that his saccade initiation difficulties persisted in
the absence of visual fixation.

When he was asked not to blink or to hold his eyelids open
with his fingers to eliminate any blinks and then look to the right
or left with his head fixed, he could only generate slow eye
movements.

DISCUSSION
We present a young child with a clinical presentation of ISID,

characterized by an inability to initiate horizontal saccades on
command or reflexively, normal horizontal smooth pursuit, and
normal vertical eye movements. Our patient used horizontal
head thrusts or blinks, and occasionally both head thrusts and
blinks to initiate horizontal saccades. Infantile-onset saccade
initiation delay persists with age but the predominant strategy
used to initiate saccades changes from head thrusts to blinks. Our
patient’s inability to initiate horizontal saccades persisted during
a task that eliminated visual fixation. This is consistent with
findings from a report in which the difficulty in initiating
saccades persisted in the dark in patients with ISID.5 Therefore,
the inability to break visual fixation does not account for ISID.

When horizontal saccades in children with ISID are recorded,
they demonstrate increased saccadic latency and hypometric
saccades. Saccadic velocity is typically normal.5,18 We agree that
the term ‘ocular motor apraxia’ is inappropriate in patients who
cannot generate volitional and reflexive saccades,2 because the
term apraxia refers to a defect of volitional movements with
preservation of reflexive movements.

The neuroradiological finding in our patient is unique. The
most common radiological abnormality found in ISID is
cerebellar hypoplasia, especially of the inferior vermis.3,4,6,8,13-15,17
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Figure 2: Coronal T1-weighted fast spolied gradient-echo (FSPGR)
brain MRI of the patient through the tectum at age 6 years (left) and age-
matched normal control (right). There is a thin band of tissue connecting
the right and the left superior colliculi in the patient in comparison to the
control (vertical arrow). The superior (upper arrows) and inferior (lower
arrows) colliculi appear normal otherwise.

Figure 3: Axial T2-weighted brain MRI of the patient through tectum
and cerebral aqueduct at age 6 years (left) and age-matched normal
control (right). The intercollicular commissure is very thin (arrows).
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The axial and coronal MRI images in our case show that the
superior and inferior colliculi are intact, but the intercollicular
commissure that normally connects the right and left side, is
abnormally thin. The origin of this abnormality is not likely to be
the result of a vascular accident and more likely to be genetic,
caused by a defective gene involved in axonal guidance and
decussation (Dr. Harvey Sarnat, personal communication).
Absence of the intercollicular sulcus, which separates the
superior and inferior colliculi, has been reported in a child with
ISID.17 It resulted in a fused appearance of the superior and
inferior colliculi. No mention was made about a lack of
connections between the superior colliculi in that report.

The intercollicular commissure connects roughly similar
regions between the left and right colliculi i.e., fibers from one
region of the superior colliculus have been found to project to the
same area of the contralateral colliculus in humans.19 The
function of the connections between colliculi remains poorly
understood, but it has been suggested that these connections may
be involved in more complex aspects of visual processing; for
example, orientating gaze, attention, and transferring visual
information.19

The superior colliculus exerts an important role in processing
saccades.20,21 Lesions in the superior colliculus cause hypometric
saccades with increased saccadic latency in monkeys.20,22

However, lesions in this area do not result in permanent
difficulties.22 The superior colliculi appeared normal in our
patient. The almost complete absence of the intercollicular
commissural fibers and the resultant impaired communication
between analogous structures within the superior colliculi likely
caused the difficulties in initiating horizontal saccades in our
case. We suggest that a similar mechanism could also explain
ISID in patients with cerebellar vermis hypoplasia and in
agenesis or hypoplasia of the corpus callosum.2,7,10,23 We propose
that the fundamental problem underlying saccade initiation delay
is a congenital or an acquired disruption or disconnection of
axons linking analogous brain regions involved in processing
saccades (See the accompanying article on page 779 for further
details).

Blinks and saccade initiation delay
There is bilateral activation of the frontal eye field (FEF) on

fMRI in conjunction with blinks, which occurs independently of
saccades.24 Saccades are commonly accompanied by blinks.21

The use of blinks to facilitate saccades in children with ISID is
well documented, especially as children get older, implying that
it may be a learned response.6,10 Intentional blinking and
saccades appear to activate slightly different areas within the
FEF; however, the same areas of the FEF are activated during
both saccades and blinks, and this may coordinate the two
activities.25 We propose that bilateral activation of the FEF using
blinks may facilitate the generation of volitional saccades in
patients with ISID. The resultant signal can then be transferred to
the brainstem to trigger saccades through direct neuronal
connections between the FEF and the brainstem.21

Blinks may facilitate saccadic initiation through another
mechanism. Pause cells of the paramedian pontine reticular
formation stop firing during blinks.26 Cessation of pause cells’
tonic discharge normally occurs during saccades, and the co-
occurrence of blinking with saccades may further facilitate

saccadic initiation in patients who are otherwise unable to
initiate saccades.6 Blinks also reduce the latency of head
movement.27 This may explain the strategy of combining blinks
and head movements in our patient to perhaps make saccade
initiation more efficient.

Head thrusts and saccade initiation delay
Rapid movement of the eyes in the same direction as the head

thrust was noted in our patient. It is easy to miss this sign on
examination, especially when blinks occur at the same time as
the head thrusts. We only saw it when we reviewed the videotape
of the eye movement examination frame-by-frame. This finding
has been reported rarely in children,5 and in two adults with
ocular motor apraxia.18 In both papers, the authors found that
saccades and head thrusts occurred almost simultaneously. Head
movement regions are located very close to the FEF.28 It has also
been demonstrated that stimulation of the dorsomedial FEF in
monkeys results in eye and head movements that shift gaze.29

Stimulation of the areas which induced head movements always
resulted in some form of eye movement, either saccadic or a
counter-rotation movement.28 In addition, an increased duration
of FEF stimulation resulted in staircase movement gaze shifts
with one large head movement.29 Head and eye movements are
coordinated in the FEF.29 We suggest that head thrusts in patients
with ISID may facilitate the initiation of saccades through
activating head movement neurons within the FEF. The
vestibulo-ocular reflex, which usually drives the eyes
contralateral to the direction of the head movement, is partially
disengaged,21 or suppressed,18 when the head and eyes move in
the same direction.

Developmental delay and saccade initiation delay
The developmental delay in our case is consistent with that

previously reported in the literature,3,8,10-14 consisting of mild
delay in gross motor, fine motor, visual motor, speech, and
language domains. It may be related to the lack of the
intercollicular commissure and the resultant impaired
communication. This connection is likely required for the proper
integration of somatosensory, visual, and auditory information.
However, additional brain abnormalities, not apparent on his
MRI, may also be responsible for his mild developmental delay.
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