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Abstract

Cerebral or cortical visual impairment is a consequence of impairment or injury in the retrogeniculate 
visual pathways, primary visual cortex, or associated pathways. Currently, it is one of the major causes 
of low visual acuity in infants and children in developed countries. Its incidence is high in individuals 
with multiple disabilities, particularly in those with cerebral palsy. Visual and behavioral findings exhibit 
specific features, varying in a broad spectrum according to the location and size of the lesion, which may 
compromise both primary visual and cognitive/perceptual visual functions. Cerebral visual impairment 
is often associated with ophthalmologic abnormalities and should be carefully investigated. This article 
aims to present common visual and behavioral characteristics of cerebral visual impairment to allow both 
the early identification of this condition, which is increasingly frequent in ophthalmologists’ practice, 
and an early intervention, thus enabling patients to overcome cerebral visual impairment or diminish its 
impact on the visual development of infants and children.

Resumo

A deficiência visual cerebral ou cortical (DVC) que acontece em consequência de alteração ou lesão nas 
vias ópticas retrogeniculadas, córtex visual primário ou vias de associação, é hoje uma das maiores causas 
de baixa visão em bebês e crianças nos países desenvolvidos. Atinge numa alta incidência indivíduos 
com deficiência múltipla, principalmente na paralisia cerebral. Apresenta especificidades quanto aos 
achados visuais e comportamentais que variam num amplo espectro como consequência do lugar e 
extensão da lesão, comprometendo tanto funções visuais primárias como funções visuais cognitivas ou 
perceptivas. Deficiência visual cerebral está frequentemente associada a anormalidades oftalmológicas 
que devem ser cuidadosamente pesquisadas. O objetivo deste artigo é apresentar características visuais 
e comportamentais comuns na deficiência visual cerebral para que o oftalmologista possa identificar 
precocemente esta condição, cada vez mais comum na clínica oftalmológica, e encaminhar para 
intervenção precoce e, desta forma, possibilitar a superação da deficiência visual cerebral ou diminuir o 
seu impacto no desenvolvimento visual de bebês e crianças.

Resumen

La discapacidad visual cerebral o cortical (DVC) que ocurre como resultado de la alteración o lesión en 
las vías ópticas retrogeniculadas, córtex visual primario o vías de asociación es hoy una de las mayores 
causas de baja visión en bebés y niños en los países desarrollados. Alcanza una alta incidencia individuos 
con discapacidad múltiple, principalmente con parálisis cerebral. Presenta especificidades respecto a 
los hallazgos visuales y comportamentales que varían en un amplio espectro como consecuencia del 
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lugar y extensión de la lesión, comprometiendo tanto funciones visuales primarias como funciones 
visuales cognoscitivas o perceptivas. La discapacidad visual cerebral está frecuentemente asociada a 
anormalidades oftalmológicas que deben ser cuidadosamente investigadas. El objetivo de este artículo 
es presentar características visuales y comportamentales comunes en la discapacidad visual cerebral 
para que el oftalmólogo pueda identificar precozmente esta condición, cada vez más común en la clínica 
oftalmológica, y encaminar para intervención temprana, permitiendo, de esa manera, la superación de 
la discapacidad visual cerebral o la reducción de su impacto en el desarrollo visual de bebés y niños.

Introduction

The causes of visual impairment in childhood are 
markedly distinct in different regions of the world. 
This is probably related to social and economic de-
velopment issues as well as the availability of pri-
mary healthcare and eye healthcare institutions. A 
significant prevalence of visual impairment owing to 
neurological causes is currently observed, particularly 
in high-income countries. Cerebral or cortical visual 
impairment (CVI)1,2,3 is particularly relevant because 
patients with CVI present other associated disabili-
ties. This prevalence is explained by the advances in 
medicine, which allow high-risk infants to survive, 
and the identification of CVI based on knowledge re-
garding this condition and its wide variety of mani-
festations, in conjunction with families of children 
with multiple disabilities increasingly seeking early 
intervention and special education4.

In this context, even in Brazil, it is becoming 
more and more common in general and pediatric 
ophthalmology clinics as well as in multidisciplina-
ry healthcare institutes to find infants and children 
with neurologic lesions who, despite having normal 
ophthalmologic examinations, present altered or ex-
tremely poor visual behavior or even total absence of 
fixation.

Although CVI has been identified since the 1990s 
and investigated in several studies, understanding 
this condition and the implications of its assessment 
and intervention still poses great challenges, which 
are becoming more and more significant in the fields of 
low visual acuity and pediatric ophthalmology. The-
refore, it is important to study this condition, consi-
dering that the ophthalmologist is the first medical 
professional to diagnose it.

Visual impairment is generally divided into ocu-
lar visual impairment and CVI5. Ocular visual im-
pairment is a consequence of diseases affecting the 
anterior segment of the eye, ocular attachments, or 

the anterior visual pathways (retina, optic nerve, op-
tic chiasm, and optic tract). Regarding visual function 
impairment, it affects the quality of visual images in 
several aspects, including vision acuity, visual field, 
contrast sensitivity, color vision, light-dark adapta-
tion, and glare.

CVI is characterized by damage to the visual sys-
tem in the posterior visual or geniculostriate path
ways, occipital cortex, and associated pathways5. In 
addition to the potential impairment of primary visual 
functions, CVI may include impairment of visual 
functions, which several authors refer to as cognitive 
or perceptive visual dysfunction6,7,8, as well as varied 
visual-motor, eye-hand coordination, and sensory 
integration processing issues7. CVI is often associa-
ted with simultaneous damage to the anterior visual 
pathways, particularly the optic nerve or retina.

The first term used to describe the deficit cau-
sed by bilateral damage to the visual hemispheres in 
adults was “cortical blindness”9. This term proved to 
be inappropriate for children because there is some 
residual vision and plasticity of the visual system 
in immature brains. Thus, “cortical visual impair-
ment” has become the most widely used term sin-
ce the 1990s8. Currently, some authors consider the 
term “cerebral visual impairment” more appropriate 
because visual impairment, in addition to cortical al-
terations, includes subcortical alterations or even an 
absence of anatomical lesions, in the presence of sei-
zures or metabolic changes10,11.

Because of the underlying neurologic lesion, chil-
dren and infants with CVI usually present other asso-
ciated deficits. Therefore, according to Groenveld12, 
CVI should not be analyzed as an isolated disability, 
but as a combination of deficits that compromise the 
access to different types of information and their in-
tegration, resulting in a complex of difficulties speci-
fic to each child.
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Etiology of cerebral visual impairment

Children and infants with CVI have a medical 
and developmental history that indicates the possi-
bility of brain damage, often recognized via magnetic 
resonance imaging10.

The most common impairment leading to CVI 
is cerebral hypoxia or anoxia, in both term and pre-
term infants, affecting different brain areas at diffe-
rent levels11,13. In preterm infants, periventricular 
leukomalacia is a frequently observed condition that 
causes a wide and variable spectrum of impairments. 
The typical visual damage owing to a lesion in the 
upper optic radiations is bilateral inferior hemia-
nopsia. Changes in visual-spatial abilities, visually 
guided motor actions, eye movements, and visual 
attention mechanisms are also caused by damage to 
the adjacent visual pathways of the dorsal stream. Re-
garding global development, periventricular leukoma-
lacia may have consequences ranging from cerebral 
palsy—generally spastic diplegia, associated or not 
with intellectual disability—to only strabismus with 
learning disabilities5,10,14. In premature infants, ocu-
lar visual impairment associated with retinopathy of 
prematurity is common.

In term infants, the areas most commonly affec-
ted by hypoxia–ischemia are the cortical, subcortical, 
and white-matter areas, leading to a clinical picture 
of multicystic encephalopathy, which results in ce-
rebral palsy and intellectual disability, in addition to 
the visual impairments typical of CVI10,13.

The second most frequent cause of CVI is chan-
ges in brain development from genetic, infectious, or 
idiopathic causes, resulting in structural abnormali-
ties such as myelomeningocele, microcephaly, agene-
sis of the corpus callosum, and primary congenital 
hydrocephalus13,15.

Other causes of CVI are brain hemorrhage, par-
ticularly intraventricular hemorrhage in premature 
infants, brain trauma, and hydrocephalus. The latter 
may lead to isolated or combined visual deficits10,13.

Characteristics of cerebral visual 
impairment

The nature of the visual alterations in CVI is re-
lated to the location and size of the neurologic lesion; 
however, understanding these changes remains a great 
challenge. The very complexity of the visual system 
and its integration with other perception and motor 

systems, the difficulties inherent to the evaluation of 
infants and children with severe disabilities, particu-
larly using standardized and quantitative behavioral 
tests, as well as the great variability observed in visu-
al behavior, all make assessing CVI quite difficult15.

Impairment of primary visual functions 
and ocular motility in cerebral visual 
impairment

The impairment of primary visual functions such 
as visual acuity, visual field, contrast sensitivity, and 
color vision can occur with wide variability and in 
multiple combinations.

Visual acuity is generally reduced in CVI, but 
blindness is rare. Assessing resolution acuity with 
the gaze preference technique using Teller acuity 
cards is a procedure used to estimate visual acuity 
as well as visual evoked potentials. Although visual 
evoked potentials are used to determine visual acui-
ty in preverbal children and in those with multiple 
disabilities, the result may not reflect the actual 
status of visual impairment in those with CVI. It 
can be overestimated owing to the cognitive visual 
dysfunctions resulting from changes beyond the pri-
mary visual cortex, either in the ventral or dorsal 
stream, that greatly impact vision. When recogni-
tion acuity assessment using symbols is possible, it 
provides more detailed information about the visual 
system’s discerning ability. A noteworthy phenome-
non in CVI is crowding, in which visual acuity may 
be much better with symbols presented in isolation 
than when grouped in line, or even using specific 
crowding test tables7.

Contrast sensitivity may be either normal or 
greatly decreased10,15,16. It is observed in practice that 
high-contrast image contours, whether in symbols, 
figures, or even objects, facilitate visualization and 
perception, probably because they help decreasing 
crowding.

Regarding color vision, different authors report 
that it is usually normal. A strong preference for one 
color, usually red or yellow, is common8,17.

Visual field changes related to the area where the 
lesion is located are frequent. Thus, unilateral dama-
ge to the occipital lobe or geniculostriate pathways 
can lead to contralateral hemianopsia. Lesions affec-
ting the upper optic radiations bilaterally cause infe-
rior visual field loss10,5. While analyzing clinical data 
from 309 individuals with CVI, with most of them 
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being children, Bosh et al. could assess the visual 
field of 249, of which 60% showed changes: 19% had 
hemianopsia, 25% had upper or inferior visual field 
impairment, and 56% had visual field constriction18.

Ocular motility and static disorders are frequent 
and include the following: strabismus; nystagmus; 
fixation instability; inaccuracy, restriction or absen-
ce of movement to a certain direction of gaze, both 
saccadic and/or pursuit movements; instability of eye 
and head movements; and conjugate eye deviation to 
a given direction of gaze.

Infants with extremely poor visual development 
commonly exhibit eye and head rotation to the same 
side, with pursuit movements that fail to cross the 
midline. However, even after having achieved good 
visual performance with the intervention process, 
this behavior may appear to be caused by fatigue or 
when concurrent and complex stimuli are received10.

Another atypical behavior in some children with 
CVI and cerebral palsy is repeatedly presenting inten-
se extensor synergy posturing, in which the eyes gaze 
upwards. This behavior involves the neck, trunk, and 
lower limbs19.

Refraction and accommodation

Children with brain damage have a higher risk for 
significant refractive errors: myopia, hyperopia, and 
astigmatism. The presumed etiology is that at birth, 
the statistical distribution of refractive errors is simi-
lar to that in other children with normal vision; ho-
wever, the process of emmetropization fails owing to 
low visual acuity, which leads to a high prevalence of 
refractive errors in children of school age20. It is often 
difficult for affected children to accept glasses, par-
ticularly those with cerebral palsy and tactile hyper-
sensitivity. They also reject glasses when the vision 
does not significantly improve with the use of glasses. 
This is more frequent in near-sighted children whose 
near vision is adequate without correction21. Alterna-
tively, it should be noted that accommodation may 
be impaired in children with brain damage22 and that 
in the case of hypermetropia, it leads to a constantly 
defocused retinal image.

Cognitive visual dysfunctions

To make comprehension easier, cognitive visual 
dysfunctions can be characterized as a consequence 
of lesions in the dorsal or ventral stream.

The system comprising the dorsal stream, loca-
ted in the posterior occipital–parietal brain, is called 
the “how” system. It is responsible for visually guided 
actions (for example, reaching and grasping), visual-
spatial demands, egocentric and allocentric locali-
zation, and control of saccadic eye movements23, as 
well as for attention mechanisms.

The attention mechanisms allow the visual sys-
tem to select an object of interest that is part of a 
complex scene, putting the rest of the scene in the 
background. These mechanisms also allow us to 
switch the gaze and visual attention from one object 
to another at a different spatial location in the visual 
scene24.

Therefore, any damage to the dorsal system will 
primarily compromise the visually guided motor ac-
tions, for example, accurately finding and grasping an 
object. It affects the ability to process different con-
current visual information, which is necessary to un-
derstand complex scenes, compromising the capacity 
to find figures in non-uniform backgrounds, a specific 
object among others, a person in crowded places, or 
letters grouped in a word. These findings are part of 
the group of crowding difficulties, often expressed as 
irritability, fatigue, or lack of visual interest10,23,25.

The ventral stream, in the inferior posterior occi-
pital–temporal brain, is responsible for visual percep-
tion and thus called the “what” system. In associa-
tion with memory, semantics, and communication, 
it allows the identification or recognition of visual ob-
jects as well as the attribution of meanings from our 
internal representation of the visual world23. There is 
evidence that, for each category of images—i.e., for 
objects, faces, places, etc.—there are different specia-
lized areas to decode them25.

Damage to the ventral stream can hinder visual 
recognition, which can manifest as difficulty in re-
cognizing one category of stimuli by itself. This may 
be concrete objects, places, figures and symbols, fa-
ces (prosopagnosia), or facial expressions. It may also 
not be selective, compromising the whole perceptual 
function of visual recognition, totally or with diffe-
rent levels of difficulty.

Although parallel and independent, these two 
subsystems are complementary and allow the person 
to distinguish between the visual scene and the action 
performed on it26.

Children with CVI may also present other im-
pairments, such as memory and spatial orientation 
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and sensory integration. When brain function is nor-
mal, sensory information from several senses and 
motor actions are integrated, resulting in a holistic 
experience on and with objects. If sensory integra-
tion is impaired, the perception of different sensory 
channels is not simultaneous but either isolated or 
sequential6, which leads to an inability to simulta-
neously perform two actions, such as maintaining 
gaze fixation on an object and grasping it.

Behavioral characteristics in CVI

Some visual behaviors typical of CVI are symp-
toms of visual dysfunction, and they interfere with 
the use of vision to varying degrees, depending on the 
severity of the condition and on the manner they ma-
nifest themselves, which is unique for each child.

Variability in visual functioning is one of the most 
frequently observed characteristics. Several environ-
mental factors, general health status, and the occur-
rence of seizures are the leading causes of fluctuation 
in the use of visual function. Vision varies from one 
day to the next or even from one moment to another, 
which hinders the use of quantitative and standardi-
zed visual tests15,27.

Attraction to lights (light gazing) and non-purpo-
seful gaze are extremely common. This is an innate 
and compulsive behavior, for which there may be a 
specific neuropathologic substrate15. Flickering hands 
in the direction of a light source is a derivation of 
the attraction to lights. Paradoxically, despite being 
attracted to lights, these children are often intensely 
photophobic12,15.

In infants with an extremely low level of visual 
function, preference for a single color, generally red 
or yellow, as well as for objects with movement or 
the illusion of movement (such as acetate wigs) can 
be observed. Images on the TV or tablets and ceiling 
fans are attractive, but this does not mean the child 
is “seeing” them17,28.

Familiar objects are preferred to new ones becau-
se repetition facilitates visual processing and recog-
nition. This implies an extremely careful choice of 
assessment and intervention materials, which should 
have the qualities of the objects that draw the child’s 
attention and should be repeatedly presented and 
integrated to their daily life17.

Another relevant characteristic is a greater delay 
in responding to a visual stimulus, i.e., increased vi-
sual latency. This is owing to difficulties in visual 

processing and organization of the motor response. 
This important aspect of behavior should be conside-
red in assessment and intervention28.

Several children with CVI show a preference for a 
region of the visual field, i.e., they can only maintain 
fixation on a certain region17. Several factors might 
be involved, such as disorders of eye movement, with 
or without abnormal head position, visual field defi-
cits28, and left visual hemifield neglect, in which the-
re is no awareness of anything on the left side, often 
including the individual’s own body29.

Difficulty with simultaneous or cluttered visual 
information owing to the intrinsic qualities of either 
the visual stimulus itself or its surroundings is ano-
ther typical visual behavior observed in CVI. Some 
children only respond visually to an object when it is 
illuminated with a light beam and the environment is 
darkened, so that only the object can be seen and the 
surroundings disappear from the visual sphere. They 
may need to approach the object, even when their 
visual acuity is not reduced, to decrease the amount 
of information in their visual field28.

Visually locating an object, followed by turning 
the gaze or the head to the opposite side when perfor-
ming the motor action of reaching for it, is another 
relevant behavioral characteristic17.

Inadequate control of the head, neck, and trunk 
plays an extremely important role in the use of vision; 
therefore, positioning and balance issues influence 
the visual performance of children with CVI30. There-
fore, it is not always possible to obtain visual respon-
ses if the children have not been positioned according 
to their needs. Help from a physical or occupational 
therapist is often necessary to obtain better positio-
ning and hence the best visual responses7,22,28.

Changes in spatial perception, depth percep-
tion (both binocular and monocular), and distance 
judgment can hinder mobility even in functionally 
ambulant children15. Vestibular changes as well as 
changes in the proprioceptive feedback from the 
neck and eye muscles and central balance pathways 
are often combined with dorsal stream damage. 
These changes play an important role in both eye 
statics and dynamics as well as in the conjugate mo-
vements of the head31.

Another important characteristic, which influen-
ces the use of vision and the general behavior of chil-
dren with CVI, is hypersensitivity: tactile, auditory, 
and related to other sensory channels. Hypersensi-
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tivity manifestations are highly variable and lead to 
irritability or to task or contact avoidance28.

Assessment and identification of CVI

The task of assessing a child or infant with CVI 
is a major challenge owing to the complex patterns 
of possible findings in CVI, which can range from 
deep impairments to subtle deficits in specific visual 
functions. The neurologic lesion is usually non-focal  
and is comorbid with multiple neuropsychological 
inabilities32.

This clinical picture of multiple disabilities, in 
addition to hampering the possibilities of response 
to standardized tests, hinders the determination of 
the cause of a particular impairment32 as a deficit in 
visual perception tasks may result from an ocular 
lesion or cognitive problems (among others). There 
may also be a combination of deficits in basic visual 
functions (such as visual field, visual acuity, and con-
trast sensitivity) and cognitive visual abilities28.

Because of its particularities, every assessment 
of an individual with CVI must include, whene-
ver possible, the evaluation of functional vision, 
in addition to ophthalmologic and standardized 
visual function examinations. The content of the 
functional vision evaluation should consider the 
specificities of CVI33.

The evaluation and diagnostic process involves 
and is determined by other medical information, 
such as neurological and neuroimaging data as well 
as information from family and early-intervention 
and special-education staff34.

The collaborative, transdisciplinary model is 
the most recommended model to respond to the 
questions related to the complexity of CVI7,34. The 
transdisciplinary model, unlike the multidiscipli-
nary one, enables all members of a team to colla-
borate in sharing their knowledge and skills, to go 
beyond each field’s specific goals. It allows profes-
sionals to cumulatively develop more efficient and 
comprehensive strategies that can promote global 
development. In this context, family is an integral 
part of this process4,34.

Family provides important information about 
the child’s history and current state. Through com-
prehensive and systematic information collection by 
caregivers, it is possible to obtain knowledge regar-
ding the child’s visual functioning in daily life and in 
different environments. The lead of this information 

collection on visual abilities is the behavioral charac-
teristics of CVI, which provide clues regarding dys-
functions related to cognitive perception, and in as-
sociation with team evaluations, help to understand 
the infant’s or child’s visual functioning17,27,35.

A few authors have presented frameworks that 
can be used as guides to assess functional vision in 
CVI, provided they are contextualized according to 
the global development of the children or infants and 
combined with their medical information and with 
that obtained from their families7,17,34,36,37.

Intervention in CVI

In ocular visual impairment, in which the region 
of the brain that receives and analyzes the visual in-
formation is intact, the intervention is focused on en-
riching visual information. However, in CVI, this ap-
proach is not effective because owing to the changes 
in the processing and interpretation of visual images, 
the greater the amount of information, the more 
difficult it is for the child to process the visual impul-
se and respond visually. Another dimension is added 
to the intervention program8,17.

The premise on which the intervention program 
is based is that CVI can be mitigated or even over-
come in some cases17. Improvement occurs owing 
to brain plasticity and the possibility of neuronal 
growth and new specializations and brain synapses in 
infants and children38. However, for this to happen, it 
is necessary to enable children to see and to motiva-
te them to see through repeated structured and well-
oriented seeing experiences.

The possibility of recovery depends on several fac-
tors, such as the type of intervention received, the 
etiology, and even the location of the brain injury. Im-
provement usually occurs with brain maturation and 
the experiences gained through sensory integration. 
It may occur over a period of many years; however, 
the best prognosis is when the intervention is admi-
nistered up to the age of three years12.

The intervention process should not be seen as a 
rehabilitation process but as an approach that should 
be a part of the individual’s whole routine as the stra-
tegies should be integrated in their daily life, func-
tional learning activities, self-care, leisure activities, 
etc. Interventions depend on CVI characteristics, age, 
level of development, and level of school or preschool 
functioning33.
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Essentially, the child or infant should be shown 
what she or he is able to see; interventions should be 
planned to meet and not to surpass the level of visual 
functioning observed upon assessment17,33.

Children with brain damage can rapidly fluctuate 
between different “behavioral states,” such as focu-
sed/absent, quiet/crying, or alert/drowsy, which has 
repercussions on their adaptability and learning abi-
lity35, and consequently, in their visual functioning. 
Their behavior is generally influenced by both in-
ternal and external conditions. Internal conditions 
relate to their general state of health, fatigue, stress, 
unfamiliarity, hunger, or convulsions. External con-
ditions are noise, temperature, excess information, 
and hyperstimulation. It is necessary to observe 
the favorable conditions for the infant or child to 
be alert, such as time control. The type, intensity, 
and duration of sensory information, both visual 
and from other channels, should be controlled. This 
should include the environment, stimuli, and also 
the professional’s behavior28. For example, it is often 
necessary to give an oral command prior to an acti-
vity and refrain from speaking while the child does 
it and to always pay attention to the signs they show 
about their status28,22.

As progress is perceived, a new assessment 
should be made, while always maintaining a syste-
matic approach based on the levels of the CVI cha-
racteristics17.

Another factor to be considered is the limits im-
posed by impairments from ocular causes, which 
may coexist with CVI.

Final considerations

There are difficulties in identifying the wide and 
complex variety of visual dysfunctions in CVI, from 
those related to primary visual functions to cogniti-
ve or perceptual visual dysfunctions. The absence of 
robust assessment instruments and the presence of 
comorbidities, particularly in those with diffuse brain 
damage and those with severe disabilities, often hin-
der the assessment of visual changes.

A collaborative effort, including different fields of 
knowledge, is advocated because this model allows 
integrating clinical tests with evaluations of functio-
nal vision and visual behavior in different situations, 
enabling some degree of understanding regarding 
patient’s visual perception, use of vision in move-
ments, and interaction with the environment.

In addition to the collaboration among several 
professionals (such as pediatricians, neuropediatri-
cians, neuropsychologists, ophthalmologists, orthop-
tists, occupational therapists, physical therapists, 
speech-language therapists, and special-education 
and regular-education teachers), family participation 
is crucial, for not only providing information about 
visual behavior in conditions different from those 
seen at the clinic but also regarding active participa-
tion in the intervention process, which should be in-
tegrated into the child’s daily life to be effective.
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