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SUMMARY

Cerebral visual impairment (CVI) is the most common cause of visual impairment in children in both
developed and developing countries, making it a relevant research topic on the functional status of
neuro-risk children in recent decades. The multifactorial nature of West syndrome (WS) and the vari-
ability in visual functions and functioning hinder the timely diagnosis of this type of visual impairment.
The atypical ways of following stimuli, establishing and maintaining visual contact, and sustaining visual
attention are the first indicators of deviations in visual behavior that may suggest neuro-risk. Changes in
visual behavior may manifest as alterations in the quality or absence of visual responsiveness, deficits in
various visual functions and oculomotor skills, often associated with atypical findings in visual evoked
potentials. Cortically mediated visual functions, such as visual acuity, visual field, contrast sensitivity,
and oculomotor skills, are also at risk in children with infantile spasms and WS. In addition to basic
visual functions, visuo-perceptual and visuo-motor skills are significantly affected, which is manifested
in everyday behavior and motivation to observe. The degree and manifestations of CVlin children with
infantile spasms depend on numerous factors. Multidisciplinary diagnostic procedures that determine
whether cerebral visual impairment results from genetic factors, WS, or other neurological conditions

are crucial for creating treatment plans and predicting outcomes.
Keywords: visual impairment; epilepsy; functional vision

INTRODUCTION

West syndrome (WS) is a severe form of child-
hood epilepsy characterized by a specific type
of seizure (infantile spasms), an electroenceph-
alogram finding showing hypsarrhythmia, and,
depending on the age, developmental regres-
sion or delay [1-5]. Infantile spasms occur at
an early age, between four and seven months.
They are most often the result of hypoxic-
ischemic encephalopathy, cortical dysplasia,
or genetic anomalies [6]. The onset of this
type of seizure can be very subtle, making it
difficult to recognize milder forms when the
first symptoms appear [7]. These seizures are
most commonly manifested as flexions and ex-
tensions of individual muscle groups, usually
after waking up or before sleep. Myoclonus can
last from 5-30 minutes and consist of 5-100
spasms [8]. If medication therapy is ineffective,
the seizures negatively affect the condition of
the immature brain, leading to delays or regres-
sion in the child’s development [9, 10].

WS is a cause of generalized epilepsy.
However, it can be associated with localized
cerebral damage, primarily in the temporal-
occipital regions. Infantile spasms can patho-
logically affect the optic radiation and/or vi-
sual cortical areas, leading to cerebral visual
impairment (CVI). Timely recognition of this

association is a significant challenge for pe-
diatric ophthalmologists and neuro-ophthal-
mologists [11, 12]. The multifactorial nature
of WS and the variability in visual functions
and visual functioning hinder timely diagnosis.
Some studies have confirmed that visual func-
tioning deteriorates with the onset of the first
spasms caused by WS, leading to impairments
in visual functions controlled by the cerebral
cortex, such as visual acuity, visual field, and
visual attention [13]. Deficits in visual func-
tioning, primarily related to damage to the
visual pathways after the chiasm and cerebral
structures, are commonly referred to as cere-
bral visual impairment [11, 14]. Cerebral visual
impairment is the most common cause of pedi-
atric visual impairment [15], i.e., disturbances
in visual functioning and visual perception
in children in both developed and develop-
ing countries [15, 16, 17]. In recent decades,
cerebral visual impairment has been a highly
relevant research topic on the functional status
of neuro-risk children [18, 19].

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS OF CVI

The extensive literature on this impairment
uses three terms: cortical visual impairment,
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cerebral visual impairment, and cognitive visual impair-
ment, all abbreviated as CVI [20]. The need to determine
the appropriate term arises from the fact that limitations
in visual functioning cannot be attributed to ocular dam-
age. The term “cortical” explains bilateral vision loss due
to damage to the visual areas of the cerebral cortex [21],
with normal pupil response and clinical examination [18].
The term “cerebral” encompasses a broader range of lesions
within the central nervous system, with visual impairments
not only related to the cortex but also to subcortical struc-
tures [22]. One of the recent papers by Costa [20] empha-
sizes the importance of terminological alignment. This
author believes that terminology should serve to integrate
anatomical and physiological characteristics and that cen-
tral visual impairment (CVI) should be the umbrella term
encompassing both cortical visual impairment (CoVI) and
cerebral visual impairment (CeVT).

Cerebral visual impairment is associated with various
neurological conditions, such as hypoxic-ischemic enceph-
alopathy, periventricular leukomalacia, intraventricular
hemorrhages, syndromes, etc. [15]. These conditions often
cause co-occurring disorders and impairments, such as
cerebral palsy, hemiparesis, microcephaly, hydrocepha-
lus, epilepsy, hearing problems, developmental delays, etc.
Therefore, differential diagnosis is essential for treatment
purposes [12, 23, 24]. Researchers state that it is challeng-
ing to isolate cases in which CVI is genetically determined
or congenital from those resulting from WS or other neu-
rological conditions. Lack of interest in the environment,
which is typical of autism or intellectual disability, inability
to perform saccades (rapid eye movements) in a child with
motor apraxia, or delays in visual maturation can mimic
CVL. In these cases, the diagnosis may be rushed, incorrect,
and not reflect the child’s actual condition [11]. Symptoms
of cerebral visual impairment include the absence of social
communication and smooth eye movements, difficulties
in fixation, visual scanning, and searching the materials
and the environment, as well as the presence of nystagmus
[12]. However, without a detailed analysis of all parameters
and transdisciplinary collaboration, a diagnosis cannot be
made, and treatment cannot be proposed [14].

CVI - SPECIFIC FEATURES IN WEST SYNDROME

The relation between infantile spasms / WS and cerebral
visual impairment derives from the fact that they have the
same causes [25]. Infantile spasms coincide with the most
intensive visual development, which explains the difficul-
ties in visual functioning [5]. These difficulties may be
a signal for detecting neurological changes, particularly
when the seizures are subtle and cannot be timely identi-
tied by parents or professionals [1, 7].

CVIis a complex condition, most commonly caused
by damage to cerebral structures and/or visual pathways.
Authors increasingly report that ocular problems, such
as anomalies of the fundus or optic papilla and dam-
age to other structures of the peripheral visual system,
are also observed alongside cerebral structural damage
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[26]. Conditions such as strabismus, refractive errors,
nystagmus, etc. frequently co-occur with CVI, negatively
impacting visual functioning [27]. In acquired CV], the
most common ocular changes include strabismus, visual
field deficits or alterations, and a pale optic papilla [14].
The range of these changes indicates that difficulties in
visual functioning can vary from delayed to complete ab-
sence of visual responsiveness [14, 28]. These changes may
manifest as alterations in the quality or absence of visual
responsiveness, deficits in various visual functions, and
oculomotor skills [13], often associated with altered find-
ings in visual evoked potentials. The first deviations in
visual behavior observed by parents involve the way a child
tracks stimuli, maintains visual attention, and establishes
and sustains eye contact [29]. Loss of social contact and
visuo-social responsiveness may signal the presence of WS
[4]. Furthermore, studies have shown that the loss of visual
responsiveness coincides with the onset of seizures [30].
Numerous researchers identify unstable visual attention
and fixation disorders as primary symptoms of cerebral vi-
sual impairment [31]. Cortically mediated visual functions
- visual acuity, visual field, contrast sensitivity, and oculo-
motor skills — are at risk in children with infantile spasms
and WS [5, 32]. Oculomotor disturbances are common,
with upward gaze deviation and nystagmus being the most
frequently observed [13, 30]. According to some authors,
these disturbances result from pathological changes in
brain activity [33]. Delayed fixation shifts and brief visual
attention are already noticeable at the age of three months
and may be associated with sleep difficulties and damage
to ascending tracts [13, 30]. In WS, the visual tracking
skill is often absent or inconsistent and fragmented [33].
Visual behavior in children with CVI and WS is charac-
terized by frequent blinking, eye squinting, and latency in
detecting stimuli during visual scanning [14, 30, 32]. In
addition to basic visual functions, visuo-perceptual and
visuo-motor abilities, particularly hand-eye coordination,
are significantly impaired in children with CVI and WS
[13]. Difficulties in visuospatial abilities, caused by reduced
blood flow in the parieto-occipital region, are manifested
during orientation and mobility, as well as while determin-
ing spatial relations [34]. Regression in cognitive function-
ing affects the motivation for observing and maintaining
visual attention, making visual scanning and searching
the materials and the environment challenging for these
children [30, 35].

INFANTILE SPASMS - WEST SYNDROME THERAPY
AND VISUAL FUNCTIONING

Determining therapy with favorable long-term effects is
closely related to the timing of seizure detection and iden-
tifying the cause, i.e., the etiology of infantile spasms (IS),
which often requires genetic testing [6]. In 70% of cases,
typically in symptomatic IS, the etiology of seizures can
be identified, while the remaining cases are of unknown
origin [6]. Changes in visual functioning, as well as other
developmental domains, are closely related to seizure
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control and the use of medication therapy. If the therapy
does not have the expected effect, it is necessary to make
adjustments, monitor the child’s development, and conduct
assessments every six months [2]. In children with infantile
spasms leading to cerebral visual impairment, the results
are noticeable after a few months of therapy unless severe
visual system damage previously occurred [11, 31].

The negative impact of infantile spasms on all domains
of development and functioning, along with pronounced
resistance to numerous antiepileptics, sometimes requires
the implementation of more aggressive therapy. Therapy
for infantile spasms is based on the use of valproate (val-
proic acid) or adrenocorticotropic hormone (ACTH) [2,
8]. Medications used in treating infantile spasms, such as
vigabatrin or corticosteroids, often have sedative effects
and can influence visual attention and visual functioning,
manifested through prolonged visual latency. However, it is
sometimes difficult to determine whether this behavior is a
result of the medication or the persistence of seizures [1, 30].

Vigabatrin is the medication of choice for treating
infantile spasms. However, its toxic effects on the retina
are often emphasized, as evidenced by findings obtained
through electroretinography and optical coherence to-
mography [10]. Long-term vigabatrin therapy can lead to
permanent concentric narrowing of the visual field. On the
other hand, exposure to this medication for less than nine
months is not a significant risk factor for visual impair-
ment, especially in children who started therapy after their
first year of life [36, 37]. In some children, difficulties in
visual functioning are not related to the use of vigabatrin,
as they were present before the medication was adminis-
tered [10]. Most researchers agree that the results depend
on the medication dosage, the therapy duration, and the
presence of additional ophthalmological conditions [36,
37]. Unlike valproate, adrenocorticotropic hormone and
prednisone do not have a negative impact on visual func-
tions [2]. Alternative forms of therapy include medica-
tions such as topiramate, zonisamide, and clonazepam,
as well as the implementation of a ketogenic diet under
strict professional supervision. Studies have shown that
these medications successfully control seizures in indi-
vidual cases. However, there is no evidence that they are
more effective than primary therapy, making them only a
potential supplementary option [2].

IMPLICATIONS FOR EARLY INTERVENTION

When considering the role of vision in brain development,
particularly the importance of early visual experience, the
right of children with WS to be included in early interven-
tion programs focused on vision and visual functioning is
indisputable. In children with infantile spasms, assessing
visual functioning alongside an ophthalmological exami-
nation is essential to form a comprehensive visual profile
and select a treatment to improve functional vision [18].
Direct functioning assessment in children with CVI and
multiple disabilities is very challenging since there is often
no appropriate way for the examiner to cooperate with
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them. Therefore, researchers worldwide have developed
various assessment methods, including both quantitative
and qualitative measures [38]. The principle that various
child characteristics require multiple methods, i.e., thor-
ough assessment, plays a key role in the comprehensive
diagnosis and selection of rehabilitation programs for chil-
dren with CVI [39]. We can gain insight into the child’s
functional vision and visual functioning by observing the
child in various situations, collecting data from family
members about the specifics of visual behavior, and di-
rectly assessing visual abilities [11]. This is particularly
significant at an early age, especially in the presence of
risk factors that may lead to difficulties in visual attention,
processing, and understanding what is observed. The as-
sessment of unique behavioral characteristics in children
with CVI, timely inclusion in vision (re)habilitation, and
monitoring the impact of epilepsy and medication therapy
on visual functioning, using different protocols, allows
for the observation of the child’s progress over time [40].
According to data from 2020, 1.4 million people in Serbia
had some form of visual impairment, of which 116,000
face serious consequences in visual functioning [41]. Given
that there is no official registry for CVIand that priority in
treatment is given to the primary condition, it can be as-
sumed that the number of people who need support in the
area of visual functioning is significantly higher. Although
consensus on terminology, diagnostic methods, monitor-
ing, and rehabilitation has not yet been reached, when
CVl is confirmed through multiple assessment methods,
various types of adaptations in everyday conditions and
visual training can improve the child’s visual functioning
[38]. The relation between visual functioning and cogni-
tive abilities strongly indicates the importance of vision
rehabilitation [13], and the unique characteristics allow
for creating individualized intervention guidelines, which
include environment modifications and counseling for par-
ents. Along with vision rehabilitation based on the assess-
ment of vision and visual functioning, an individualized
approach can contribute to creating conditions for achiev-
ing optimal development levels in children with WS [4].
Considering that there is often a white-matter reduction in
these children, the consequences on cognitive functioning
can be diametrically different [6, 9], leading to a significant
number of uncertainties related to the planning, course,
and outcomes of treatment.

CONCLUSION

The diversity of factors that influence the functioning char-
acteristics of individuals with WS (epidemiology, location
of damage, frequency of infantile spasms, age of onset, etc.)
makes this population highly heterogeneous, presenting
specialists with complex tasks related to the assessment of
functioning, treatment planning, and predicting treatment
outcomes. The pathological impact of this type of epilepsy
on the optic radiation and/or visual cortex areas, visual
functions, and visual functioning clearly emphasizes the
importance of controlling the spasms. Timely detection of
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sometimes subtle behavioral changes in a child and inclu-
sion in diagnostic procedures to detect central nervous
system damage, specifically WS, can mitigate its impact on
visual functions and visual functioning. If CV1 is identified
in children with WS, environmental adaptation should
be implemented in accordance with the degree of visual
difficulties. The results of intervention-oriented transdisci-
plinary assessment form the basis for creating a treatment
plan. Future research should aim to develop standardized
assessment protocols for CVI specifically adapted to the
needs of children with infantile spasms.
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CAXETAK

LlepebpanHo owtehere Braa Hajuelwhn je y3pok owTeherba
BMZa KO fieLie y pa3BujeHr M 1 3emibama Y pa3Bojy, LUTO ra no-
CnefitbNX HEKOMNKO AeLeH]a YVHU aKTYeTHOM UCTPAXKMBAUKOM
TEMOM Yy OKBUPY AMCLMMNIVHA Koje ce 6aBe GYHKLMOHANMHNM
CTaTyCoOM Heypopu3unyHe fete. MyntrpakTopcKa ycnoB/beHOCT
BecToBor cuHapoma 1 BapujabunHOCT CTakba BU3YenHUX GyHK-
umja 1 BU3yenHor GyHKLMOHNCarba OTeXaBajy braroBpemeHy
[MjarHOCTVKy OBe BpcTe owTehera BrAa. ATUNMYAH HauMH
npahetba CTUMYIyCa, YCNOCTaB/batba U 0fp»KaBatkba BU3YEeTHOT
KOHTaKTa, Kao 1 3afipXaBatbe BU3yeNiHe Naxtbe, MPBU Cy NMoKa-
3aTesbyl OACTYNakba y AOMEHY BU3YeNTHOT MOHaLLakba, Kojui Mory
[la yKaxy Ha MocTojatbe Heypopusuika. [IpomMeHe y BU3yenHoM
MOHalLakby MOy fla ce MaHUGECTYjy Kpo3 MPOMEHyY KBanmTeTa
NN U30CTaHaK BU3yesTHE PECTIOH3VBHOCTY, AeduLyTe y pasnu-
YUTUM BULHUM GYHKLMjaMa 11 OKYJIOMOTOPHLIM, LUTO Ce NoBe3yje
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Ca U3MEHEHVIM HaNla30M BU3YeNTHUX EBOLIMPaHUX MOTeHLujana.
KopTukanHo nocpepoBaHe BrHe GyHKLVje — OLITPWHA BUA,
BUAHO MOJbe, OCET/bMBOCT Ha KOHTPACT 1 OKYJIOMOTOPMKA KOJ,
AeLe ca MHGAHTUIHUM Cra3myma 1 BeCTOBMM CUHAPOMOM Tako-
He cy y pu3nky. Ocum 6a3nuHnX BUAHUX GyHKLMja, 3HaUajHO Cy
YIPOXEHE BI3yornepLEnT/BHE 1 BU3YOMOTOPUYKE CMOCOOHOCTY,
LITO ce MaHVPecTyje y CBakOAHEBHOM MOHaLLaky U yTuye Ha
MoTVBaLMjy 3a refatbe. CreneH v MaHudecTaumje LiepedpanHor
owTehera B1Aa KOA felle ca MHGaHTUHUM Cna3Mima 3aBmce
of 6pojHUx dbakTopa. MynTuaMCLUNAMHAPHW ANUjarHOCTUYKN
MOCTYNUM KojUMa ce MOXKe yCTaHOBUTY Aa Nu je LiepebpanHo
owrTehetrbe B1Aa noceauLia reHeTckmx Gpaktopa, BectoBor cnH-
APOMa VA JPYrX HEYPOOLLKYX CTakba, Of BENMKOT Cy 3Hayaja
3a Kpeupatbe MnaHa 1 npeasubatbe Ncxoaa TpeTMaHa.
KmbyuHe peun: owtehemne Buaa; envnencuja; GyHKLMOHaNHM
BUA
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