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ABSTRACT
Background. Cerebral visual impairment (CVI) is an increasingly common type of visual disturbance in infants
and children. The increased incidence is associated with improved neonatal intensive care services and survival
of premature infants, especially in developed countries and our country. For accurate ophthalmological
evaluation, it is important to know the behavioral responses to visual stimuli that are unique to CVI such as
color preference, need for movement, visual latency, visual field preference, and difficulty in visual complexity.
Methods. This review is prepared to draw attention to the subject within the scope of Ankara University Vision,
Artificial Vision and Low Vision Rehabilitation training programs.
Results. The most common causes are hypoxia and perinatal ischemia. Ocular structures are generally normal
or are not sufficient to explain the visual impairment. Diagnosis and habilitation methods differ from visual
impairment of ocular origin. As a result, early diagnosis of CVI in infants and toddlers and an effective visual
habilitation with a multidisciplinary approach where ophthalmologists and pediatricians lead the team is very
valuable.
Conclusions. Early diagnosis and early visual habilitation will increase the quality of life of babies and will
provide important gains for families and therefore the whole society. Pediatricians should be familiar with this
group of disturbances and the available resources, as they are best placed to refer the child for evaluation and
rehabilitation and encourage the family for follow-up.
Key words: visual impairment, cerebral, low vision, visual habilitation.

Visual impairments in infants and toddlers
can be seen due to ocular and cerebral causes
or both. Cerebral visual impairment (CVI) is
a disorder that we have encountered more
commonly in infants and toddlers, recently.
This situation is closely related to the increase in
neonatal care services and keeping the infants
alive that were previously lost in the early
period, especially in developed countries and
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our country. In addition, many factors such as
scientific developments in infertility treatment,
increased preterm births, multiple gestations
and ongoing high consanguineous marriage
rates affect the frequency of CVI. The frequency
of CVI differs in developed and developing
countries. In the United States, CVI was found
in 2.4% of 7200 children who applied to the
pediatric ophthalmology clinic1, while it was
present in 19% of children with severe visual
impairment.2 In the U.K., 40-48% of children
under 15 years of age with visual impairment
had CVI.3,4 In New Zealand, 30% of childhood
blindness is reported to be associated with CVI,
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and the calculated prevalence was 0.02%.5 In
India, isolated CVI was found in 33% of children
with low vision, and both cerebral and ocular
pathologies were detected in 11%.6 Among
children with severe visual impairment, CVI
prevalence was reported as 2.5% in Malaysia
and 0.3% in China.7,8
To date, this condition has been expressed
with definitions such as cortical blindness,
cortical visual impairment, central blindness,
neurological visual impairment, and cerebral
visual impairment. Since the involvement is
not limited to the cortex, it is preferable to use
the word ‘cerebral’ instead of cortical. Since the
vision can be improved in this age group and
even only the presence of light perception is
considered as a developmental emergency, it is
preferable to use ‘visual impairment’ instead of
blindness.
Vision is a complex system, only part of which
is created by the eye. The primary visual center
in the brain is the occipital cortex (striate
cortex). However, the extrastriate cortexrelated pathways of the brain are required
for the cognitive visual function. With the
dorsal stream that connects the visual cortex
to the parietal lobes, movement function (the
‘where’ stream); with the ventral stream that
connects the visual cortex to the temporal lobes,
recognition function (the ‘what’ stream) is
performed. Frontal brain areas perform the task
of managing by using this complex tool.9,10
All babies learn to see after they are born.
In order to learn to see, adequate visual
stimulation is required in addition to healthy
eyes, visual pathways, and related centers in the
brain. Brain plasticity is extremely important
for gaining vision in infants and toddlers.
Although plasticity continues until the age
of ten, the best time for proper stimulation is
the early infancy period. Therefore, it is vital
to start visual habilitation early.11,12 Diagnosis
and rehabilitation of CVI differ from visual
impairments caused by other reasons.13,14
The causes of CVI are congenital or acquired
(Table I).15-18 The most common cause is
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perinatal hypoxia and ischemia. Neurological
and ophthalmological deficits are seen
together in most of the children with CVI.
Frequent neurological deficits are seizures
(requiring anticonvulsant therapy), cerebral
palsy, hemiparesis, hydrocephalus, hypotonia,
hearing loss, microcephaly, and learning
difficulties.1 In addition, disorders that may
present with symptoms and findings similar to
those of CVI, such as autism spectrum disorders,
developmental coordination disorders, delayed
visual maturation, learning difficulties, bilateral
central scotoma, dyskinetic eye movement
disorders, and mental retardation, should be
kept in mind in the differential diagnosis.19,20
In CVI, ocular structures are generally completely
normal, or the pathologies are not sufficient to
explain visual loss. In these patients, some parts
of the brain, such as the visual cortex or visual
pathways, are damaged, and abnormal findings
can be detected by imaging methods. However,
CVI may be accompanied by refractive errors,
strabismus, ocular motor apraxia, and optic
atrophy. Nystagmus is rare and should alert the
physician in terms of anterior visual pathway
damage. Optical atrophy can be seen in the
case of severe hypoxia and ischemia and its
presence should alert the physician in terms of
the severity of the condition and poorness of the
prognosis.
I. OPHTHALMOLOGICAL EVALUATION
IN CVI
Appropriate tests and methods should be used
regarding the age and underlying pathology.
Behavioral responses against visual stimuli
specific to CVI are of great importance. Detailed
anamnesis should be taken with the company of
the family or child’s caregiver and observations
of the family about the child’s behavior should be
evaluated. To avoid stimulating other senses, the
examination room should be quiet and dull, the
physician performing the examination should
be dressed in a plain solid color if possible, and
avoid stimuli such as odors. The fixation object/
toy should be selected according to the child’s
The Turkish Journal of Pediatrics ▪ January-February 2021
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Table I. Causes of cerebral visual impairment.
Congenital and Perinatal Causes
Asphyxia and perinatal hypoxic encephalopathy

Placenta previa, abruptio placentae, uterine rupture,
umbilical cord prolapse, severe shoulder dystocia,
maternal diabetes, maternal infection, rapid labor

Intraventricular hemorrhage

Post-hemorrhagic hydrocephalus

Hydrocephalus-shunt malfunction
Periventricular leukomalacia
Post-natal hypoxia-ischemia
Cerebrovascular problems, cerebral artery occlusion

Neonatal stroke

Prematurity
Structural anomalies

Occipital or parietal encephalocele, meningomyelocele
(spina bifida), Dandy-Walker syndrome, primary
microcephaly, schizencephaly, primary congenital
hydrocephalus, polymicrogria, corpus callosum
agenesis

Neurological diseases

Cerebral palsy

Infections

TORCH infections

Multiple gestation

Premature birth, periventricular leukomalacia

Hereditary diseases

HANAC syndrome, Aicardi-Goutieres syndrome,
Walker-Warburg syndrome, MELAS syndrome,
ornithine transcarbamylase deficiency, Fabry disease,
X-linked adrenoleukodystrophy
Acquired Causes

Trauma, accident
Metabolic and neurodegenerative conditions

Hypoglycemia, kernicterus, carbon monoxide
intoxication, uremia, hypovolemia

Hypoxia
Infections

Sepsis, encephalitis, meningitis

Tumors
Toxic causes

Vincristine, cyclosporine etc.

age and interest (Fig. 1a, 1b). Cerebral pathology
leading to visual impairment, other sensory and
neurological deficits that may affect the child’s
expected visual behavior and response, should
be considered.
Evaluations made during the
ophthalmological examination;

detailed

a. Binocular vision: Although it is difficult to
assess binocular vision in these children, it
is considered to be defective. Strabismus in
infants with CVI, disrupts the formation of the
fusion mechanisms and prevents binocularity,
and development of depth perception, and
three-dimensional vision.21,22
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b. Oculomotor evaluation: Before starting the
examination, it should be observed whether
the child has a head position. Binocular
and monocular eye movements should be
evaluated. In assessing the ocular misalignment,
it is appropriate to use tests evaluating the
corneal light reflex, such as Hirschberg and
Krimsky tests, due to the lack of cooperation
in these patients. The presence of optokinetic
nystagmus response is evaluated by rotating the
optokinetic drum, a tool with alternating black
and white vertical stripes, in front of the patient.
The response consists of slow eye movements
in the direction of the stimulus, followed by fast
corrective eye movements, indicates an intact
visual pathway.
3
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Fig. 1. Red objects with a diameter of 1 cm, 2.5 cm and 5 cm (1a), gray and colored objects with a diameter of
25 cm (1b).

c. Visual acuity: Preferential-looking tests,
based on observing the child’s behavior when
encountering different visual stimuli, and
visual evoked potentials (VEP) are reliable and
valid methods used frequently. In preferentiallooking test, the child who is presented with two
stimulus areas, one with stripes and the other
with a homogeneous gray area, is expected
to prefer to look at the striped one. Although
VEP provides vision measurement without the
influence of motor ability, behavioral vision
measurements are more useful in defining the
function.23
d. Contrast sensitivity: Contrast sensitivity is an
important function that affects daily activities
such as communication, access to information,
orientation and mobility skills. Besides many
factors related to the object, environment,
and eyes, contrast sensitivity is expected to be
mainly affected in CVI.24
e. Color vision: In most children with CVI color
vision is normal and color selection is preserved.
All color vision tests should be carried out in
daylight.
4

f. Visual Field: Visual fields are examined
with a method suitable for the child’s age and
cooperation. The confrontation method should
be preferred between 4 months- 6 years of
age and automated visual field tests, for older
children. The confrontation method, which
is applied by the physician moving the object
slowly from the periphery to the center in the
nasal, upper, temporal, and lower quadrant,
respectively, is the most widely used.25,26
g. Electrophysiological methods:
Electrophysiological tests detect neurological
and concomitant ocular pathologies and
may determine the prognosis of CVI. For this
purpose, VEP tests (pattern, flash, sweep)
have gained priority in CVI.19 However, the
interpretation of pattern and flash VEP results
in young children is difficult and debatable.23,27
Sweep VEP test is more suitable for quantitative
measurement. Although thought to define
visual acuity correctly, limitations such as
concomitant neurological disorders, general
status of health, medications make it difficult to
acquire an exact match.28,29
The Turkish Journal of Pediatrics ▪ January-February 2021
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II. BEHAVIORAL RESPONSES TO VISUAL
STIMULI IN CVI
The presence of behavioral responses can vary
depending on the region and the severity of the
cerebral pathology. Besides, factors pertaining
to the child (fatigue, post-seizure period,
overstimulation), the target (color, complexity)
and the environment (simple, crowded) may
affect these behavioral responses and may differ
from the child’s home where he/she feels more
comfortable. All conditions in the examination
must be recorded.
If these behavioral answers are summarized;
a. Color preference: Color vision is close to
normal for most children with CVI because
color is represented bilaterally in the visual
cortex and these areas are generally preserved.
Children with CVI are more interested in visual
targets with distinct colors. Most prefer red
and yellow. However, having a red/yellow
color preference does not lead to the diagnosis
of CVI, or any other color selection does not
exclude CVI diagnosis.30
If the child has a specific color preference, it is
important to use this color during the child’s
habilitation. Attaching an object with the
preferred color to the spoon or the feeding bottle
while eating can increase the motivation of the
child, increase the vision, and improve visual
learning.31 Children with CVI first see one-color
objects. As the severity of the disease decreases,
they begin to see more colors and patterns, and
color and pattern preferences do not remain as
the CVI improves.30
b. Requirement for Movement: The majority of
children with CVI tend to turn towards moving
objects, or react differently to these objects,
such as smiling or remaining silent.32 These
children usually like to watch the traffic from
the window or watch television for a long time.
Perception of movement in children with CVI
differs according to the damaged area of the
brain. The pathways mentioned above are
necessary for cognitive visual functions.33 The
The Turkish Journal of Pediatrics ▪ January-February 2021
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occipitoparietal area detects motion and damage
to the posterior periventricular white matter
may alter perception of motion.34 This type
of lesions are often due to prematurity; these
babies have problems detecting fast-moving
objects and prefer slower moving objects.10 In
children with damage is mainly in the occipital
lobe and not in the occipitoparietal pathway,
perception of movement is normal but visual
impairment is present.35 These children try to
create the feeling of seeing with head shaking,
or turning around themselves.
Habilitation may therefore make use of moving
objects to initiate and maintain seeing. As the
severity of CVI decreases, moving is only
needed when the infant is distracted, and may
even be left out with further improvement.
c. Visual latency: Visual latency is the time
between looking at a target and seeing the
target. Visual responses are slow and delayed
in children with CVI. They can ignore the target
at first. After enough time, they can focus on the
target and turn towards the target. The presence
and duration of visual latency varies from one
child to the other.36
With the improvement of CVI, latency is
shortened, and a delay may occur only when the
child is tired, stressed, or overstimulated. With
full recovery, the latency may be eliminated
completely.
d. Visual field preference: Most of these
children have a visual field preference that
varies depending on the brain’s damaged
area.30,37 There is a dorsal stream dysfunction
in hypoxic-ischemic encephalopathy and
periventricular
leukomalacia.
Especially
in periventricular leukomalacia, the lateral
ventricles are enlarged and the upper fibers of
the optical radiation are affected: this creates
defect in binocular lower visual field as the
most frequent finding38,39 The right or left visual
field and rarely, a central visual field may be
preferred.30 The visual field preference may not
be available in approximately 30% of cases.
5
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These children often prefer either the right or
left visual field at the initial stage of the disease
(Fig. 2). At this stage, training should be started
by showing the toy from the preferred visual
field. As the severity of CVI decreases, these
children start using both the right and left visual
fields, but still, one is dominant. Significant
improvement results in the disappearance of
any preferences for visual fields.
e. Diﬃculties discriminating or interpreting
complex visual patterns: This is one of the
most prominent, long lasting, and resistant
characteristics. It may persist for a lifetime to
some degree. These children need support in
academic life.30,40 The problem is thought to be
related to the damage of the dorsal stream and
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the intersected areas of the occipital and temporal
lobes which serve as the ‘image library’.41
Diﬃculties discriminating or interpreting
complex visual patterns can be related to objects
(multicolor objects), sequences (multiple toys),
the environment (crowded environments), as
well as sensations (simultaneous stimulation of
multiple senses). Patients seem to be restless in
crowded and varied environmental conditions,
or prefer to sleep to avoid complexity. These
children initially prefer to look at a single object.
The next step would include showing a second
toy or a multi-color sample of the one-color toy.
As the disease recovers, the child can see objects
ranging from simple to complex. The visual
activity can be improved from fully controlled
environments to complex environments
including other stimuli.30,42
f. Light-gazing and non-purposeful gaze:
Staring at the light is an impulsive behavior.
Parents define this behavior by saying that their
children are looking at the light that leaks from
the window or the lamp on the ceiling for a long
time, but not the target.30 The non-purposeful
gaze is defined as the child not being able to
look at the target shown or focusing when
there is no target.30 While looking at the light
is normal in newborn babies, the continuation
of this behavior in children with CVI signs,
indicates that visual development is delayed.30
In the classroom, instead of looking at the
blackboard, they may aimlessly stare at the
light coming from the window, or turn their
heads to the other side and look as if they are
not interested. The purpose of this action is to
try to accomplish perception by using senses
other than vision.43

Fig. 2. A child with a diagnosis of cerebral visual
impairment and left visual field preference.
6

The behavior of looking at the light was
observed in 60% of children with CVI. In
computed brain tomography findings in
children with or without his behavior, no
definite neuro-anatomical difference could be
demonstrated.44 The behavior of looking at the
light and non-purposeful gaze is not related
to the severity and etiology of the disease and
visual level. When there is even a slight impact
on the striate cortex, not causing a significant
The Turkish Journal of Pediatrics ▪ January-February 2021
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decrease in vision, may result in this behavior.
The intensity of light-gazing decreases as CVI
improves.37
g. Difficulty with distance viewing: As
diﬃculties discriminating or interpreting
complex visual patterns, this is also thought
to be related to the dorsal stream. Therefore,
problems with complex visual patterns may be
associated with those in distance viewing.10,41,42
The latter is one of the resistant features of
CVI. The possibility of viewing distant objects
increases with the simplicity of the environment.
Initially, he/she can only look at objects at
a distance of 40-45 cm, but as the disease
improves, the distance s/he can see increases,
but nevertheless, it will still be difficult to see in
a complex environment.
h. Atypical visual reflexes: Most children with
CVI respond atypically to two reflexes, called
blink reflexes and threat responses, which are
expected to exist from birth. Normally, when a
child’s nasal bridge is tapped gently, s/he blinks
simultaneously. The threat response is the blink
when a hand is moved quickly in the midline
of the baby’s face. In most of these children,
these reflexes are either absent or delayed. In
the recovery process, a delayed blink reflex may
appear first, and then starts to gain continuity;
the response to threat is observed intermittently.
In the advanced phase of recovery, both reflexes
are constantly present.
i. Difficulty in visual innovations: Since they
have difficulties to process the information they
see these children prefer familiar objects that
can be easily remembered.30 The same object is
offered repeatedly during training. The child
is then introduced to a new object with similar
properties. Initially, s/he shows interest only
in the familiar objects, and with recovery, new
objects that have common features with the
familiar ones. In the case of improvement, there
is no limitation in object preference.45
j. Visually guided reach: Reaching and catching
a target are motor behaviors, but they are also
based on the dorsal and ventral stream of the
The Turkish Journal of Pediatrics ▪ January-February 2021

visual system. Ventral stream functions enable
to us to see and recognize the target while
dorsal stream functions allow us to reach and
take it. Therefore, achieving a target is a multistep process taking place within the brain.46,47
Any impairment in this complex system may
affect ordinary movements. In children with
CVI, seeing and reaching a target cannot be
performed simultaneously. Characteristics of
the target and the environment also affect the
reaching function.30 During these evaluations
the child’s motor functions should also take into
account.
With the improvement of CVI, firstly, reaching
to familiar and preferred color objects on a
plain background is seen. Then, looking and
reaching may be done in quick succession. With
full recovery, looking and reaching appear
simultaneously.30
Habilitation
Except for hydrocephalus and metabolic
diseases, there is no etiological treatment for
CVI. The presence of multiple disabilities can
adversely affect the habilitation. The crucial
point is to ensure the communication and
interaction of the child with the external world
and to increase participation in daily life.
Various clinical studies have been conducted to
improve the quality of life of children with CVI,
but the improvement of visual functions has not
been sufficiently emphasized.48,49
Vision re/habilitation therapy can be used for
both ocular and cerebral visual impairment.
However, rehabilitation strategies vary
depending on the underlying cause. The
strategies used in ocular low vision will not be
effective in CVI. In ocular problems, the desired
results may not be achieved with rehabilitation.
However, in CVI where an ophthalmological
examination is usually normal, vision is more
likely to improve.50 Groenveld et al.,14 stated
that children with CVI always tend to recover
and there is always some residual vision.
Infants with brain damage may benefit from
appropriate stimulation and experience an
7
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increase in vision.11 This was explained by brain
plasticity, a concept first mentioned by Hubel
and Wiesel in 1981 and it made them win the
Nobel Prize.51 In CVI, stimulation for visual
development should be applied within the
crucial time window for visual development, or
the ‘critical period’.
In summary, CVI in infants and toddlers can
benefit from early diagnosis and effective
visual habilitation by a multidisciplinary team
where ophthalmologists and pediatricians are
collaborating.
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