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Stefano Pensiero, MD®
Franco Fabbro, MD, PhD®
Paola Michieletto, MD®
Agostino Accardo®

Paolo Brambilla, MD, PhD>¢

2Department of Ophthalmology, IRCCS “Burlo
Garofolo”, Trieste, Italy

®|RCCS “E. Medea”, Udine, ltaly

¢ Department of Electronics (DEEI), University of
Trieste, Italy

¢Department of Pathology and Experimental and
Clinical Medicine, Section of Psychiatry, University of
Udine, ltaly

Corresponding author: Stefano Pensiero,
SCO Oculistica, IRCCS “Burlo Garofolo”,
Via dell’lstria 65/1,

34137 Trieste, ltaly

Email: pensiero@burlo.trieste.it

Summary

Some studies suggest that individuals with autism
present abnormal saccadic eye movements due to an
altered strategy for exploration of the surrounding en-
vironment. In this study, potential early abnormalities
of saccadic movements were explored in 14 male chil-
dren with autism (5- to 12-year-clds) and in 20 age-
matched normal males. Only one patient showed clear
abnormalities of the “main sequence”; all the other pa-
tients, although showing slight changes in saccadic
eye movements, did not present classic deficits.
Therefore our results did not confirm the presence of
saccadic movement alterations in the early stage of
autism. Nonetheless, tracts of saccadic initiation fail-
ure, continucus changes in saccadic velocity profiles,
and instability of fixation were often observed in the
autistic population. These findings could be the expres-
sion of an early brainstem impairment in autism.
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Introduction

Autism is a developmental disorder characterised by so-
cial communication problems, difficulties with reciprocal
social interactions, and unusual patterns of repetitive be-
haviour. These manifestations cover a wide spectrum,
ranging from individuals with severe impairment (who
may be silent, mentally disabled, and locked into hand-
flapping and rocking behaviours) to less impaired individ-
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uals who have active but distinctly odd social approach-
es, narrowly focused interests, and a verbose, pedantic
communication style.

Autism appears to result from brain maldevelopment af-
fecting various cerebral systems. In this regard, structur-
al magnetic resonance imaging (MRI) and histopatho-
logical studies have consistently documented abnormal-
ities in the frontal and parietal cortex, cerebellum, and
limbic system (1,2). In particular, total brain, parietal-
temporal lobe, and cerebellar hemisphere volumes are
often increased. In addition, functional imaging studies
have reported abnormalities in the frontal and parietal
cortex. Event-related functional MRI (fMRI) is now used
to investigate the working of the superior temporal sul-
cus, as well as the other brain structures that have been
linked to social cognition and social perception (3).
Most MRI studies in autism reported negative findings
for size abnormalities in the cerebellar vermis, brain-
stem, basal ganglia, and fourth ventricle, but the ab-
sence of volumetric abnormalities does not exclude the
existence of functional impairments.

The brainstem, in particular, is difficult to investigate;
however, since this is where the centres of eye move-
ment generation (in particular the generation of sac-
cades) are located, studying saccadic eye movement
can help to further knowledge of brainstem involvement
in autism. Eye tracking technology is already used in in-
dividuals with disorders of the autism spectrum to inves-
tigate gaze behaviour, in particular the strategies used
during tasks involving social information processing (4).
Eye tracking allows an objective, quantitative evaluation
of visual behaviour during observation of the environ-
ment and, allowing analysis of fixation patterns, can in-
dicate which information from a scene is available to the
brain. The most common stimuli used for this purpose
are pictures of human faces, but videotapes of social in-
teractions, human voices, and abstract animations have
also been employed. Despite some negative findings,
most studies have shown that individuals with autism
look at social stimuli differently from normal subjects,
and in particular that they look less at the eye region of
the face (5).

As far as saccadic eye movements are concerned, the
parameters amplitude, duration and peak velocity are
measured to calculate the “main sequence” consisting
of two relationships: the one between amplitude and
duration, and the one between amplitude and peak ve-
locity. These relationships are relatively fixed in normal
saccades. The “main sequence” thus provides a means
of investigating the working of the premotor system,
i.e., of investigating whether the burst cells are working
correctly to produce the recorded saccade, independ-
ently of the correctness of the eye tracking in terms of
direction, amplitude and timing. The “main sequence”
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also makes it possible to understand whether all sac-
cades were correctly generated by the premotor sys-
tem, and in particular, whether they were generated
with adequate velocity. Slowed saccades are usually
due to lesions of motoneurons, or premotor burst or
omnipause neurons (6).

Accuracy is the ability to execute saccades of correct
amplitude: a saccade with insufficient amplitude is de-
fined hypometric, whereas a hypermetric saccade is
one with excessively high amplitude. Saccades of in-
correct amplitude can be the consequence of a cere-
bellar lesion (6). Latency is the time that elapses be-
tween the appearance of a target and the onset of a
saccade in response to that target. Increased latencies
can be the consequence of a lesion of the frontal eye
fields (6).

Indeed, many nervous structures are involved in the
generation of saccades. Some areas of the parietal and
(perhaps) the temporal cortex are involved in visuospa-
tial attention. The selection of targets and the decision to
execute a fast eye movement take place mainly in the
frontal eye fields and in the superior colliculus; the pre-
motor system, which produces the saccade (pulse gen-
erator), is located in the brainstem reticular formation, in
particular in the pontine paramedian reticular formation
(PPRF) for horizontal movements, and in the mesen-
cephalic reticular formation for vertical saccades. The
premotor command, controlled by the cerebellum (ver-
mis), is sent to the ocular motor nuclei from which the
three ocular motor nerves (lll, IV and VI) originate.
These nerves command the six extraocular muscles
which move each eye and the levator muscle of the up-
per lid (6).

Despite contradictory results in the literature (7,8), most
studies indicate abnormal saccadic eye movements in
individuals with autism (9-13). In several of these stud-
ies, a visually-guided saccade task was used in con-
junction with intentional saccade tasks, such as memo-
ry-guided, predictive, and anti-saccade tasks. In the
first study of basic ocular motor function in autism (14),
a non-predictive (visually-guided) saccade task was
employed and saccadic eye movements were recorded
by means of an electro-oculographic device. Saccadic
velocity, latency, and accuracy were evaluated. Al-
though abnormalities were found in only six of the 11
children with “autism, most of the autistic children
showed reduced accuracy and lower peak velocity
compared with the control group. No differences in la-
tency were found. In a second, similar study by Min-
shew et al. (15), no difference was found between a
group of autistic (26 high-functioning) individuals and a
control group in terms of accuracy, velocity, or latency.
However, in a later study involving a larger sample (46
high-functioning individuals with autism), Takarae et al.
(16) found subtle, yet statistically significant, saccadic
dysmetria (consistent with reports of histological abnor-
malities in the cerebellum) (7,8).

Abnormalities in the frequency of saccades and in visu-
al search behaviour have been shown in autistic pa-
tients, especially during memory-guided or predictive
tasks. Atypical characteristics of fast eye movements
have also been detected in some cases. These findings
suggest that some basic oculomotor abnormalities may
be present early in the course of the disease. In fact, un-
like attention systems related to the oculomotor function,
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which undergo prolonged development throughout
childhood, saccadic eye movements, which are basic
components of oculomotor behaviour, are already pres-
ent in infancy. If impaired, these early and basic oculo-
motor components could subsequently affect the devel-
opment of sensorimotor, attentional, and cognitive func-
tions (17).

The present study assessed saccades in autistic chil-
dren in order to verify Brenner’s (17) assumption that
some alterations of saccadic movements are present at
an early stage of the disease.

Materials and methods
Patients

The saccadic eye movements of 14 male children with
DSM-1V autism, aged 5 to 12 years (average 8.1 years),
were recorded. Diagnoses were made according to the
Autism Diagnostic Observation Schedule (ADOS) ad-
ministered in ltalian by a certified psychologist. The
Childhood Autism Rating Scale (CARS) was also ap-
plied to determine disease severity; all the autistic chil-
dren recruited in this study had a CARS score > 40, sug-
gesting a high severity. They all had a developmental
quotient or an 1Q > 60, as determined by the Leiter-R or
the Giriffiths scale. None of the patients had comorbid at-
tention-deficit hyperactivity disorder, seizures, or any
other associated disorder known to cause autism.

In all patients, the ophthalmological examination, per-
formed by an ophthalmologist and an orthoptist, showed
a monocular visual acuity of at least 16/20 without opti-
cal correction, with hyperopia not exceeding +1.50 diop-
tres and maximum astigmatism of 0.50 dioptres; no case
of myopia was present. In all patients the orthoptic exam-
ination excluded the presence of heterotropia for far and
near distance vision, and limitations of eye rotation.

The control group consisted of 20 male children, with
ages in the same range as those of the autistic patients
(range 5-12 years; mean 8 years). All the control chil-
dren had a normal ophthalmological examination (hy-
peropia not exceeding +1.50 dioptres) and none of them
suffered from any major medical, neuropsychiatric or
developmental problems, as determined by clinical ex-
aminations performed by a child neuropsychiatrist.
None of the children, in either the autistic or the control
group, were taking or had ever taken psychotropic med-
ications.

This research was approved by the ethics committee of
the IRCCS “Burlo Garofolo”, Trieste. Informed consent
was obtained from the parents of all the patients and
controls.

Eye movement recording

Saccadic movements of both eyes were recorded by
means of an infrared bi-channel probe based on the
limbus tracking technique, which uses the infrared re-
flection on the eye to estimate the eye position (18). In
this study, we did not investigate smooth visual pursuit,
but monitored only saccadic eye movements. The sig-
nal was low-pass filtered at 100 Hz and sampled at 500
Hz with a resolution greater than 0.2 deg. The acquisi-
tion was performed with the subject sitting one metre
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from a horizontal semicircular stimulation bar contain-
ing 255 red LEDs, with his head on a chin rest. The
stimulus was randomly moved in time and position in a
visual range of +/- 20 deg with amplitudes of 5, 10, 15,
20 and 25 deg, producing a sequence of 75 displace-
ments which were pursued in binocular vision without
optical correction.

Saccadic processing

Following semiautomatic identification of saccades on
the basis of a velocity threshold (set at 5 deg/s), for
each identified saccade the following parameters were
evaluated: amplitude (A), duration (D), latency, and
peak velocity (Vp). A/D and A/Vp relationships (“main
sequence”) were calculated. The A/D relationship was
calculated as a linear regression (D = m*A+q), while for
the A/Vp relationship the fitting curve was derived from
the function Vp= 1/(a+p/A), where 1/a (in deg/s) repre-
sents the velocity saturation value for A—w and 1/f (in
3'1) corresponds to the slope of the best-fit curve for
A—0. Furthermore, alterations in the eye movement ve-
locity profiles, such as slowing down and oscillations,
were investigated.

Two other parameters were also calculated (19-21): K
(mean velocity/peak velocity ratio) and skewness (sac-
cadic rise time/duration ratio), which provided a descrip-
tion of velocity responses. The value of K is related to
the velocity waveform of saccades, ranging from trian-
gular to rectangular. Skewness (or asymmetry), the ratio
of the time to reach maximum velocity (the acceleration
phase) to the total duration of the saccade, normally
ranges from 0.5 (for small saccades) to 0.2 (for the
largest saccades), but increases also for anti-saccades,
saccades made to remembered targets, and saccades
made under fatigue or decreased vigilance.

Statistical analysis

The parameters observed in the autistic and normal chil-
dren were compared using a two-tailed Student’s t-test.

Results

On initial examination of the acquired traces, it was ob-
served that most of the patients (n=10, 71%) did not fol-
low correctly and with constancy the light target appear-
ing in a random and unpredictable fashion within their vi-
sual field. Visual analysis of the tracking profile showed
that the children with typical development consistently
and correctly followed the stimulus with some rare
blinks, whereas in the children with autism there were
some tracts characterised by continuous blinks, some
characterised by stiliness (similar to the saccadic initia-
tion failure of oculomotor apraxia), and others still by
gross errors in movement direction (Fig.s 1 and 2) and
by fixation instability (Fig. 3, see over) (6). Abrupt
changes in the velocity profiles (Fig. 4, see over) were
often seen in the largest saccades (18% of saccades of
20-25 deg amplitude) recorded in the normal subjects,
while in the autistic children they were much more fre-
quent (37% at 20-25 deg) and also present in saccades
of small amplitude (15% at 10-15 deg).

With regard to the “main sequence”, only one case, ex-
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amined at the age of 12 years, showed a clear peak ve-
locity reduction (Fig. 5, see over; Table 1, see over)
which was confirmed by the results of a second test.
Table 1 (see over) shows the intersubject mean values
and SDs for each of the four parameters necessary for
calculation of the main sequence (see Methods) in the
autistic children (13, having left the 12-year-old child
out) and in the control group. Table 1 also displays la-
tency, K and skewness mean values in the two groups.
On the Student’s t-test, all parameters were similar in
both groups.

25
=)
o
k=4
S
§
Q
8
fm
-20L
25 1 | 1 . |
20 25 30 35 40 45 50
Time (5)

Figure 1 - Example of good tracking: only some blinks
and few errors are present.

Stimulus position (black), right- (red) and left-eye posi-
tion (blue). Y-axis: 0 corresponds to the primary position
of the eyes (straight ahead), the positive numbers indi-
cate the positions to the right and the negative ones the
positions to the left (the numbers, in degrees, represent
the distance from the primary position). X-axis: the time
(in seconds) since the beginning of the test.
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Figure 2. Example of very poor tracking showing evi-
dence of many blinks and some tracts of saccade initia-
tion failure.
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Figure 3. Example of fixation instability.

At the end of the saccade, velocity fluctuates for at least
200 ms. Upper traces: eye position: right eye (dashed
line), left eye (continuous line). Bottom: corresponding
eye velocities. This example shows a saccade from the
primary position (0) to a new eye position around 5 de-
grees to the right (+5). Its peak velocity is around 250
deg/s.

Figure 4. Example of altered saccadic velocity profile.
Abnormal intrasaccadic slowing, typical of a saccade in-
terrupted in mid-flight. Upper traces: eye position; right
eye (dashed line), left eye (continuous line). Bottom: cor-
responding eye velocities. This example shows a sac-
cade from the primary position (0) to a new eye position
around 20 degrees to the right (+20). Its peak velocity is
around 400 deg/s.
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Figure 5. First examination of the autistic child aged 12 years who presented a clear peak velocity reduction.

Both A/D and A/Vp relationships are shown (“main sequence”): eye movements are divided depending on their direc-
tion (to the left for negative amplitudes, to the right for positive ones) and on the eye (right eye in red and left eye in
blue). Peak velocity saturations slightly exceed 500 deg/s (normally over 700 deg/s).

Discussion

Several studies indicate abnormal saccadic eye move-
ments in individuals with autism, certainly linked to an
altered strategy for exploration of the surrounding envi-
ronment. Brenner et al. (17) proposed that the attention-
al functions of these patients could be impaired by early
oculomotor alterations, in particular of the generation of
saccades. But, while Rosenthal et al. (22) pointed out
some saccadic abnormalities and lower peak velocity in
autistic children, Minshew et al. (15) found no differ-
ences between a group with autism and a control group
in terms of accuracy, velocity, or latency, suggesting that
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the basic dynamics of saccades is intact in individuals
with autism. In a subsequent study, Takarae et al. (16)
found subtle but statistically significant saccadic dysme-
tria, consistent with reports of histological abnormalities
in the cerebellum.

In the present study, regardless of the tracking strategy
adopted (often incorrect), the recorded saccades were
used to evaluate the saccadic features, in particular the
“main sequence” which provides an indication of the
functioning of the fast eye movement premotor system.
In fact, the “main sequence” describes the norm for
each saccade in relation to its own amplitude, independ-
ently of the direction and amplitude required by the test.

Functional Neurology 2009; 24(3): 153-158
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Table | - Saccadic eye movement parameters in children with autism and healthy controls.

Autistic patients Controls 12-year-old child
(n=13) (n=20) (n=1)
mean SD mean SD
A/D m (ms/deg) 2.01 0.36 1.82 0.52 2.73
A/D q (ms) 37 10 32 7 32
A/Np 1/a (deg/s) 1061 325 1042 322 536
ANp 1/B (1/s) 58 14 60 15 68
Latency (ms) 210 23 192 22 225
K 0.52 0.02 0.51 0.03 0.54
Skewness (asymmetry) 1.02 0.12 1.03 0.17 0.99

Abbrevations: see text (Saccadic processing)

All parameters were similar in the normal controls and the autistic children (differences not significant on the Student’s t-test). The parame-
ters of the boy presenting the clear peak velocity reduction are shown separately.

It is well known that inattention can reduce the velocity
of saccades; for this reason, throughout the test the chil-
dren received constant stimulation, being required to fol-
low, with their gaze, the illuminated LEDs.

In our study, only one case (out of 14) presented classic
alterations of the saccadic features; the fact that these in-
volved the “main sequence” allowed us to diagnose a
functional lesion of the PPRF. Indeed, we used a non-
predictive visually-guided saccadic task only in the hori-
zontal plane. In the presence of slow saccades, the first
consideration is always a possible lesion at the level of
motoneurons or of the PPRF, including the omnipause
neurons (6). Normal eye rotation was documented in this
case, which meant that there had to be a lesion superior
to the level of the oculomotor nuclei. Furthermore, the
number of saccades interrupted in mid-flight (attributable
to incorrect function of pause neuronis) and the frequent
fixation instability increased the likelihood that the lesion
was located in the brainstem premotor system.

The other cases must be considered normal, both with
regard to saccadic velocity and latency (Table 1). These
findings are in contrast with those of Rosenthal et al.
(22), but in line with those of Minshew et al. (15). The on-
ly child who presented “main sequence” alterations was
aged 12 years. This finding, together with the lower ages
of most of the other children, does not enable us to vali-
date Brenner’s hypothesis of the presence of early clas-
sic saccadic alterations in children with autism (17).
However, the “main sequence” alteration observed in this
12-year-old child suggests that there may be involve-
mernit of the brainstem in at least some cases of autism.
With regard to the tracking strategy, most of the patients
did not follow the light target correctly: blinks, periods of
stillness, errors in the movement direction and instabili-
ty of fixation were often noticed. Some of these abnor-
malities could be due to the very young age of our chil-
dren, as similar tracts were observed in some of the
youngest of the normal children (5-6 years), albeit
markedly less frequently.

Even though the children were encouraged and
prompted throughout the test, periods of stillness were
nevertheless often observed. Indeed, we recorded pe-
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riods of saccadic initiation failure and increases in the
number of blinks before and during fast eye move-
ments, as already seen in patients with storage dis-
eases, like Gaucher disease, in cases in which the
storage also takes place in the central nervous system
(20). This evidence could indicate a functional pulse
generator alteration. Moreover, the ability of the autis-
tic children to sustain attention throughout the duration
of the test was greatly impaired when compared to the
control group, and fixation at the end of each move-
ment appeared more difficult (Fig. 5).

It should also be noted that in this study we did not use
social stimuli, which are often associated with oculomo-
tor abnormalities in autism (13). However, it is not
known whether these alterations are linked only to social
stimuli, or whether they are also due to subtle saccadic
system alterations, which may still be undetectable by
conventional semeiotic examinations. In this regard, we
deliberately used non-structured stimuli and in this way
were able to evaluate only the features of the generation
of saccadic movements, independently of the exactness
(with regard to the stimuli) of the visual pursuit. Also, pri-
or studies were mostly conducted in adolescents or
adults suffering from autism. Indeed, the acquisition of
eyetracking in children is difficult, particularly in those
suffering from developmental disorders. Therefore, in-
novative techniques, such as video-oculography, should
be implemented to explore contemporaneously eye
movement features and exploration of the environment
in a sizeable number of children with autism.

In conclusion, our autistic children did not show clear al-
terations of the saccadic features, as evaluated by the
“main sequence”, but they did produce more blinks than
normal children and show some tracts of saccadic initi-
ation failure and irregularities of saccadic velocity pro-
files that could be due to a functional alteration of the
PPRF. Further studies are needed to prove that slight
premotor alterations are present in young autistic chil-
dren. In particular, MRI studies (23,24) are expected to
provide a reliable means of investigating the brainstem
and thus to further understanding of the role of the ocu-
lomotor system in autism.
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