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Introduction

The diagnostic term “Cerebral Visual Impairment” (CVI) in-
cludes all visual difficulties in children due to dysfunction of the 
central visual system [1-3]. However, because CVI can also occur 
in adults after acquired brain injury, Maino [4] has suggested the 
term pediatric cerebral visual impairment (PCVI). In about one 
third of children diagnosed with “low vision”, the cause is dam-
age to the brain [5], and 10-40% of children who are examined 
in specialist pediatric institutions, show cerebral visual impair-
ments [6]. However, although the number of children presenting 
with visual disorders due to brain damage or dysfunction appears 
to be relatively high, there are still no valid diagnostic criteria for 
CVI do still not exist. Therefore, a generally accepted diagnostic 
classification has still to be established [7]. Consequently, a reli-
able and binding differentiation between primary and secondary 
visual disorders, caused by non-visual factors, e.g., motivation (cu-
riosity), attention and memory, does hardly exist, and can often be 
quite difficult. However, if one subsumes every form of impaired  

 
visual perception under the umbrella term CVI, “CVI” loses its di-
agnostic significance and cannot serve as a valid basis for possible 
therapeutic measures. Ophthalmological measures, such as those 
conventionally used to characterize reduced vision, e.g., visual 
field and visual acuity, cannot always provide a (reliable) indica-
tion of the presence of CVI, because they are not always (signifi-
cantly) changed [8,9].

The diagnostic challenge of CVI

After reviewing the many criteria for CVI used in the scientific 
literature, Sakki et al. [10] have proposed the following definition 
as a consensus. “CVI is a verifiable visual dysfunction which can-
not be attributed to disorders of the anterior visual pathways or 
any potentially co-occurring ocular impairment” (p. 431). For a 
reliable differentiation from other influencing factors, it appears 
necessary to take also into account other (secondary) impairment 
of visual perception, especially due to cognitive disorders. Up to 
50% of children with the diagnosis CVI also show impairments 
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in cognitive domains, especially attention, memory and executive 
function [11-14]. Cognitive abilities are crucial for visual per-
ceptual learning and for the formation of visual experiences and 
visual knowledge [1,3]. The strategy of ‘exclusion’ is a common 
procedure also in e.g., neuropsychological diagnostics, which has 
proven to be helpful for the classification of cerebral functional 
disorders. However, apart from exclusion criteria suitable and val-
id inclusion criteria are also required to characterize CVI. These 
criteria should address and include three main components: (a) 
evidence for the “C”, i.e., cerebral, (b) evidence for the “V”, i.e., vi-
sual, and (c) evidence for the “I”, i.e., impairment.

C(erebral): Diagnostic information to support the assump-
tion of a cerebral cause of visual impairment comes mainly from 
two sources: medical history and imaging techniques. Medical his-
tory taking can provide important indications of brain damage be-
fore birth, at birth, or after birth [1,3]. Since milder forms of brain 
injury (lack of oxygen in premature or in complicated births) are 
often not documented and cannot always be reliably depicted 
with the help of imaging methods (e.g., [15,16]), a detailed anam-
nesis with the help of the mother is often the only source of infor-
mation. Brain imaging techniques now allow reliable detection of 
morphological changes in the brain, e.g., in cases of malformations 
of the brain (Aicardi syndrome, pachy- and microgyria); moder-
ate to severe hypoxia, periventricular leucomalacia (PVL), cere-
brovascular disease, closed head trauma, and encephalitis [8,17]. 
Furthermore, CVI can also be part of a genetic syndrome [18]. In 
some developmental brain disorders, e.g., Down syndrome, Turn-
er syndrome, West syndrome and Williams Syndrome, visual dis-
orders may include reduced visual acuity and contrast sensitivity, 
global visual perception, and difficulties with visual exploration/
visual search and oculomotor scanning [3]. More specific visual 
disorders are also due to neurodevelopmental disorders of ge-
netic origin, for example, congenital or developmental visual pro-
sopagnosia (difficulties to learn and recognize familiar faces) and 
dyslexia (difficulties with decoding of forms into letters, integrat-
ing letters into words, and understanding written language) [19]. 

Because of the often-difficult detection of morphological abnor-
malities in the brain, especially in cases of diffuse brain damage 
(e.g., in hypoxia) and in genetic disorders of brain development, 
Boot et al. [17] have rightly argued in favour of a functional rather 
than an anatomical approach to address CVI, which is focused on 
perceptual visual functions.

V(isual): Visual perception consists of various components 
that can also be affected individually or in combination in the case 
of CVI [3,20,21]. Table 1 contains a list of these components and 
indicates which are typically affected in CVI. In cases with suspect-
ed CVI, but without reliable empirical evidence (e.g., by brain im-
aging), the exclusion of disease or injury of the peripheral visual 
system, in particular refractive errors, retinal disease, optic atro-
phy, and oculomotor dysfunction (e.g., vergence, accommodation 
and fixation insufficiency) and of cognitive difficulties that can 
explain the individual visual problems sufficiently well, is of par-
ticular diagnostic importance. However, children with CVI often 
also have peripheral visual impairment (e.g. [6]), which in itself 
can impair visual perception similar to CVI or can increase CVI. 
Visual perception also requires cognitive foundations, in particu-
lar attention resources for the detection (alertness) and selection 
of visual stimuli (selective attention), the allocation of attention 
to several visual stimuli or parts of scenes (spatial attention) 
and the maintenance of perceptual activity over a longer period 
of time (sustained attention). The diagnostic challenge is further 
increased because children with peripheral vision problems can 
also show cognitive abnormalities [6,22]. However, cognitive lim-
itations, e.g., in the domains of attention and (working) memory, 
typically show up in all visual and mostly non-visual (e.g., audito-
ry) tasks. Consequently, the visual profile hardly shows any spe-
cific abnormalities, apart from the respective difficulty of the task. 
Therefore, specific or even selective visual abnormalities, which 
are not adequately explained by peripheral visual functional im-
pairments or cognitive difficulties, are an indication of a CVI that 
is more likely to be present.

Table 1: Visual functions/abilities, which can be affected in CVI (depending on aetiology; modified after Boot et al., [3,17]) *: May also be affected 
because of low visual acuity and/or contrast sensitivity.

Function/ability Degree of impairment Frequency

Visual field mild to severe often

Visual acuity moderate to severe often

Visual contrast sensitivity moderate to severe often

Visual adaptation moderate to severe often

Colour vision mild to moderate rarely

Movement vision mild to moderate rarely

Visual space perception mild to moderate often

Form vision* mild to moderate often

Object perception/recognition* mild to moderate rarely

Face perception/recognition* mild to severe rarely

Reading (text processing) * mild to severe often
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I(mpairment): Not every diagnosed visual dysfunction is an 
impairment that also adversely affects visual activities with per-
sonal impact. For example, mild forms of CVI may not be associ-
ated with impairment, unless there are additional cognitive im-
pairments. CVI and its severity, respectively, is usually defined by 
reduced visual acuity and the restricted visual field; other visual 

disturbances are hardly used [20]. As already mentioned above, in 
the case of CVI, visual acuity or visual field is not always affected; 
in contrast, CVI is characterized by more complex disorders of vi-
sual perception. Table 2 summarizes visual perceptual disorders 
most common in CVI and their effects on visual activities.

Table 2: Visual perceptual disorders most common in CVI and their effects on visual activities (modified after [3].

Visual disorder Behavioural consequences

Homonymous visual field loss global perception of scenes and words; visual spatial orientation/navigation

Visual acuity discrimination of fine form details; face, letter and symbol identification/recognition

Visual contrast sensitivity detection and discrimination of shades; identification/recognition of forms, faces, letters, and symbols

Visual adaptation adaptation to changing light conditions (e.g., photophobia)

Colour vision discrimination of fine colour hues

Movement vision detection of moving stimuli; speed discrimination

Visual space perception discrimination/identification of spatial parameters (position, length, size, orientation, direction); visual 
spatial orientation/navigation; visuo-constructive abilities

Form vision discrimination, identification/recognition of forms; figure-ground discrimination

Object perception/recognition identification/recognition of (familiar) objects

Face perception/recognition identification/recognition of (familiar) faces

Reading (text processing) discrimination/identification of letters; global text processing

The method of systematic behavior observation is particularly 
suitable for the empirical recording of the intact and affected vi-
sual activities, i.e., the quality and quantity of visual impairment. 
The behavioral patterns of interest are documented in different 
conditions (contexts) in a standardized form. This so-called anal-
ysis of conditions then allows statements about the conditions 
under which a particular visual impairment occurs, and which 
conditions intensify or mitigate the respective impairment. Var-

ious standardized questionnaires and documentation forms exist 
for capturing visual difficulties and abnormalities in the context of 
CVI, some of which are very extensive (e.g., [3,23]. However, short 
forms also seem suitable [24], and primary school children at-risk 
for CVI can be identified [25]. There is a separate standardized 
questionnaire for recording subjective symptoms in the case of 
reading difficulties [26]. 

Figure 1: Simplified scheme of the diagnostic procedure in the event of suspected CVI.
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From the description of the various diagnostic aspects of CVI 
so far, it is clear that a comprehensive diagnostic assessment is 
required to obtain a valid characterization of the main features 
of CVI [20]. The combined consideration of visual and cognitive 
functions and abilities in the assessment allows a valid individual 
diagnostic characterization of a child with (suspected) CVI [27]. 
Figure 1 contains a scheme of the diagnostic procedure in the 
event of suspected CVI.

Other aspects of CVI

Aside from impaired visual perception, children with CVI often 
also have difficulties and abnormalities in cognitive areas [2,3]. As 
already mentioned above, around 50% of children with CVI also 
have impairments in the domains of attention, memory and ex-
ecutive function [11-14]. Attention is seen as a crucial resource 
for all mental activities. Reduced attention resources and the dis-
ruption of the control of these resources (the executive compo-
nent of attention) can therefore also have a negative effect on the 
accuracy and speed of visual perception. For example, children 
with developmental dyslexia may exhibit a significantly slowed 
visual processing speed [28]. A well-functioning visual memory 
is a critical requirement for the transient and long-term storage of 
visual information. The visual working memory is important, for 
example, for storing information about the actual environment, 
landmarks and paths, objects and faces, which are then selectively 
stored in long-term visual memory. The visual working memory 
also plays a special role for word processing and thus for reading 
comprehension [29]. Letters, words and parts of sentences are 
processed and temporarily stored in working memory and thus 
form the basis for understanding written language. Interesting-
ly, visual perceptive dysfunctions are only moderately associated 
with performance IQ, and weakly with verbal IQ [30]. Finally, it 
should be noted, that there exists a rather high incidence of med-
ically unexplained visual loss in children, which may be explained 
by psychological problems or psychiatric disorders [3,31].

Visual impairment can also affect a child’s motivational, emo-
tional and social development. Children with developmental dis-
orders of the brain or early brain injury generally show more of-
ten reduced motivation (in particular visual curiosity or interest 
in visual activities), increased motor restlessness, increased irri-
tability, emotional lability and curiosity/motivation [32]. Howev-
er, even very preterm birth is not necessarily a risk factor for de-
veloping behavioral problems and/or psychiatric disorders [33].

The correct and reliable recognition of visual social signals 
(facial expressions and gestures) requires sufficient visual per-
ception, especially with regard to visual acuity, contrast vision 
and stereopsis. CVI can critically restrict these requirements and 
children may show symptoms similar to autism [34]. However, it 
is important to note that children with peripheral visual impair-
ments can also exhibit autistic symptoms, depending on the se-
verity of the visual impairment [35].

Finally, it should be mentioned that CVI can also have negative 
effects on the parents concerned, especially mothers. Depending 
on the severity of visual impairment mothers are at increased 
risk of parenting stress, with greater anxiety and depression [36]. 
Higher parenting stress may have a lasting effect on the social 
and emotional development of the child and thus can negatively 
influence their development of successful adaptation strategies 
and their self-confidence. Interestingly, parents rated their child’s 
functional vision and visual quality of life significantly lower than 
the affected children [37].

Long-term developments and treatment options of 
children with CVI

Improvements in visual perceptual functions and abilities 
have been reported, but it is not clear, whether this is a real re-
covery of vision or a successful adaptation to the individual vi-
sual impairment [3]. For the children concerned, this distinction 
is probably of secondary importance; the focus is on coping well 
with the visually demanding everyday life activities. There is no 
doubt that many children learn to use their visual functions better 
and better from day to day and to use them successfully for the 
visual guidance of day to day for the successful visual guidance of 
their behavior  and the acquisition of cultural techniques (reading, 
writing, drawing and copying, calculation). For this regular prac-
tice and its success, cognitive and motivational prerequisites are 
essential. This means that children with CVI and additional cog-
nitive impairments or motivational problems may need a longer 
period of practice or will show less improvement within a certain 
time window. It therefore seems sensible and appropriate to pro-
mote and support the improvement of visual perception through 
systematic and as specific as possible methods of treatment. The 
use of strong stimuli in more or less artificial surroundings ap-
pears, however, counterproductive, because they are not or only 
to a certain degree contingent with the behavior that is important 
for the child. Therefore, visual training and practice procedures 
should be ecologically valid and adapted to the child’s individual 
needs and task demands [38]. Examples for this approach and a 
review of the literature on visual rehabilitation in children with 
CVI and visual difficulties, including visual field loss, form and 
color vision, visual space perception, and visual agnosia can be 
found in Zihl & Dutton [3]. In some cases, there is a transfer of the 
improved perceptual learning from the trained visual function to 
others; however, such a transfer cannot always be expected (e.g., 
[39]).

Implications for education

From what has been described so far, it is clear that children 
with CVI need special treatment and support for their develop-
ment according to their resources and possibilities [40,41] and in 
the framework of a suitable learning design [42]. These possibili-
ties consist not only of the child’s development potential, but also 
of the respective environment and the special support measures 
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that the child receives [43], an  environment suitable for individual 
visual perceptual development. The systematic practice of visual 
activities to reduce visual impairment are not limited to the child’s 
home, but also apply to kindergarten and school. As is well known, 
(visual) education takes place anywhere and anytime. Aside from 
the positive (preserved visual functions and skills) and negative 
(impaired visual functions and skills) visual performance pattern, 
a few additional factors should be considered. Increased variabil-
ity in visual performance is characteristic for children with CVI; 
fluctuation in (visual) performance is, therefore, not (always) due 
to laziness or malingering (but see [3,31]). Lack of attentional re-
sources may underlie such fluctuations. Furthermore, one should 
keep in mind that impaired vision always requires a very high lev-
el of attention. Visual activities are therefore always significantly 
more strenuous for children with CVI than for children with nor-
mal eyesight. Additionally, lighting conditions, stimulus/back-
ground contrast, context and environmental factors (e.g., noise) 
may influence the (visual) behavior of a child with CVI. Visual in-
formation should be focused on a particular activity, and sufficient 
time should always be given to carry out and repeat the respective 
visual task.

Conclusion

CVI is a collective term for cerebral disorders of visual per-
ception in children and adolescents. There are now suitable and 
valid test methods to record and describe CVI with sufficient reli-
ability. Valid assessment methods range from standardized ques-
tionnaires with and without systematic behavior observation 
to specific tests for the various functions and services of visual 
perception. The examination of children with (suspected) CVI 
should always include an ophthalmological and orthoptic/opto-
metric evaluation. In addition, a neuropsychological examination 
of cognitive performance is important; possible psychological ab-
normalities should also be taken into account. The result of the re-
quired interdisciplinary investigation can then serve as the basis 
for the indication for a tailor-made treatment, support and advice.

In his Editorial, Ravenscroft [7] has summarized the require-
ments for our tasks in caring for children with CVI as follows. 
“Children with CVI have different behaviours depending on the 
type and severity of damage, and these children often need so-
phisticated and expert support. As such I believe it is very import-
ant that we understand and know exactly how many children with 
CVI there are within our service, and that we all have a shared 
understanding of what CVI means across international borders”. 
There is nothing essential to add to this.

Compliance with Ethical Standards

All procedures performed in studies involving human 
participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with 
the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards.
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