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Visual functioning and cerebral visual impairment in children with
infantile spasms — West syndrome

Busyenno ¢ynkunonncame u repedpanto omreheme Buaa KO Jele ca

I/IHCI)aHTI/IJ'IHI/IM cna3muma — BectoBum CUHAPOMOM

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 re-
cent decades. The multifactorial nature of West syn-
drome and the variability in visual functions and visual
functioning hinder the timely diagnosis of this type of
visual impairment. The atypical way of following stim-
uli, establishing and maintaining visual contact, and sus-
taining visual attention are the first indicators of devia-
tions in visual behavior that may suggest neuro-risk.
Changes in visual behavior may manifest as alterations
in the quality or absence of visual responsiveness, defi-
cits in various visual functions, and oculomotor skills, of-
ten associated with atypical findings in visual evoked po-
tentials. Cortically mediated visual functions, such as
visual acuity, visual field, contrast sensitivity, and.oculo-
motor skills, are also at risk in children with (infantile
spasms and West syndrome. 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 man-
ifestations of CVI in children with infantile spasms de-
pend on numerous factors. Multidisciplinary diagnostic
procedures that determine whether cerebral visual im-
pairment resultsfrom genetic factors, West syndrome, or
other neurological conditions are crucial for creating
treatment plans and predicting outcomes.

Keywords: visual impairment; epilepsy; functional vi-
sion

INTRODUCTION

CAKETAK

LlepeGpanto omrreheme Buaa (I[BU) je Hajuemhu
y3pok omrrehema BIIa KOX JIele y Pa3BHjCHUM H
3eMJbaMa y Pa3Bojy LITO T'a MOCIEABIX HEKOIUKO
JICLICHUja YMHH aKTYSITHOM UCTPaKUBAUKOM- TEMOM Y
OKBHPY JAMCUHILUIHHA Koje ce 0aBe (yHKIHOHATHUM
CTaTyCOM HeypopH3HuHe fene. Myatudaxropcka
YCIIOBJBEHOCT BecToBOT CHHIIpOMA U BapHjaOHITHOCT
CTara BU3YEIHUX (QYHKIMja | BH3YEIHOT
(YHKIMOHHUCAka OTEKaBajy OJaroBpeMeHy
JMjaTHOCTHKY OB€ BpcTe oluTehersa Buia. ATUIINYAH
HauuH npahema CTUMYITyca, YCIIOCTaB/bama 1
OJp>KaBamba BU3YEITHOT KOHTAKTa,; 3aJpKaBabe
BU3YEIHE MK, Cy IPBU MOKA3aTeJbH OJCTYIIaka Y
JIOMEHY BH3YCJIHOT IIOHAIIamka, KOJHMOTY J1a YKaXKy Ha
TOCTOjame HeypopH3uka. [IpoMerie y BH3yeITHOM
[IOHAIIabY MOTY Ja ce MaHU(ECTyjy Kpo3 IPOMEHY
KBaJINTETa WM H30CTaHAK BH3YEJHE PECTIOH3UBHOCTH,
JedunuTe y pa3IuuuTUM BUAHUM (QYHKIMjaMa U
OKYJIOMOTOPHIIH IITO Ce T0BE3yje ca H3MEHEHIM
HaJla30M BU3YCIIHUX €BOLMPAHUX ITOTCHIIHjaIa.
KoprukanHo nocpenoBane BUIHE GyHKIHUje — OLITPHHA
BH/Ia, BUTHO [10JbE€, OCETIBUBOCT Ha KOHTPACT, H
OKYJIOMOTOPHKA KOJI Jielie ca MH)AHTHUITHEM clla3MuMa
u Bect cunzpomom cy Takolje y pusuky. Ocum
0a3uYHKUX BUIHUX (PYHKIIM]ja, 3HAYAJHO Cy YTPOKEHE
BH3YO-IIEPLENTHBHE H BU3yO-MOTOPHYKE CIOCOOHOCTH
TO ce MaH(pecTyje y CBaKOAHEBHOM ITOHAIIAKY U Y-
THYE Ha MOTHBAIMjy 3a rnefame. CTeneH u
Manudecranuje [IBU kox aetie ca uHGaHTHIHIM
cria3MumMa 3aBHce o7 OpojHHX (hakTopa.
MynTHINCUUIUIMHAPHN THjarHOCTUYKY MOCTYTILH
KOjUMa MOXe J]a C€ YCTaHOBH J1a JIM je 1epeOpaiHo
omrrehierme BUAa MOCIEMIA TeHETCKHX (akTopa, Bect
CHH/IPOMA WJIH APYTUX HEYPOJIOUIKHX CTamka, CY O]
BEJIMKOT 3Hauaja 3a Kpeupame IJIaHa u npeasubame
WCXOJa TPETMaHa.

KibyuHe peun: omrreheme BiIa; euiIeCcHja;
(bYHKIIMOHAITHH B

West syndrome is a severe form of childhood epilepsy characterized by specific type of seizures
(infantile spasms), an electroencephalogram finding showing hypsarrhythmia, and, depending
on the age, developmental regression or delay [1, 2, 3, 4, 5]. Infantile spasms occur at an early

age, between four and seven months. They are most often the result of hypoxic-ischemic
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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 by flexions and extensions of individual
muscle groups, usually after waking up or before sleep. Myoclonus can last from five to 30
minutes and consist of 5-100 spasms [8]. If medication therapy is ineffective, the seizures neg-
atively affect the condition of the immature brain, leading to delays or regression in the'child’s

development [9, 10].

West syndrome is a cause of generalized epilepsy. However, it can be associated with localized
cerebral damage, primarily in the temporal-occipital regions. Infantile spasms can pathologi=
cally affect the optic radiation and/or visual cortical areas, leading to cerebral visual impairment
(CVI). Timely recognition of this association is a significant challenge for pediatric ophthal-
mologists and neuro-ophthalmologists [11, 12]. The multifactorial nature of West syndrome
and the variability in visual functions and visual functioning hinder timely diagnosis. Some
studies have confirmed that visual functioning deteriorates with the onset of the first spasms
caused by West syndrome, leading to impairments in visual functions controlled by the cerebral
cortex, such as visual acuity, visual field, and visual attention [13]. Deficits in visual function-
ing, primarily related to damage to the visual pathways after the chiasm and cerebral structures
are commonly referred to as cerebral visual impairment [11, 14]. Cerebral visual impairment is
the most common cause of pediatric visual impairment [15], i.e., disturbances in visual func-
tioning and.visual perception in children in both developed and developing countries [15, 16,
17]. In recent decades, cerebral visual impairment has been a highly relevant research topic on

thefunctional 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, cere-
bral visual impairment, and cognitive visual impairment, all abbreviated as CVI [20]. The need
to determine the appropriate term arises from the fact that limitations in visual functioning can-
not be attributed to ocular damage. 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 cen-
tral nervous system, with visual impairments not only related to the cortex but also to subcorti-
cal structures [22]. One of the recent papers by Kosta [20] emphasizes the importance of termi-

nological alignment. This author believes that terminology should serve to integrate anatomical
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and physiological characteristics and that central visual impairment (CV1) should be the um-
brella term encompassing both cortical visual impairment (CoV1) and cerebral visual impair-
ment (CeVI).

Cerebral visual impairment is associated with various neurological conditions, such as hypoxic-
ischemic encephalopathy, periventricular leukomalacia, intraventricular hemorrhages, syn-
dromes, etc. [15]. These conditions often cause co-occurring disorders and impairments, such
as cerebral palsy, hemiparesis, microcephaly, hydrocephalus, epilepsy, hearing problems; de-
velopmental delays, etc. Therefore, differential diagnosis is essential for treatment purposes
[12, 23, 24]. Researchers state that it is challenging to isolate cases in which CV1 is'genetically
determined or congenital from those resulting from West syndrome or-ether neurological con-
ditions. 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 CVI. 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 nystag-
mus [12]. However, without a detailed analysis of all parameters and transdisciplinary collab-

oration, a diagnosis cannot be made, and treatment cannot be proposed [14].

CVI - SPECIFIC FEATURES IN WEST SYNDROME

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

CVI is 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 damage to other structures of the peripheral visual system, are also
observed alongside cerebral structural damage [26]. Conditions such as strabismus, refractive
errors, nystagmus, etc., frequently co-occur with CVI, negatively impacting visual functioning
[27]. In acquired CVI, 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
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in visual functioning can vary from delayed to complete absence of visual responsiveness [14,
28]. These changes may manifest as alterations in the quality or absence of visual responsive-
ness, deficits in various visual functions, and oculomotor skills [13], often associated with al-
tered findings 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 West syndrome [4]. Furthermore, studies have shown that the loss of visual respon-
siveness coincides with the onset of seizures [30]. Numerous researchers identify unstable vis-
ual attention and fixation disorders as primary symptoms of cerebral visual impairment [31].
Cortically mediated visual functions—visual acuity, visual field, contrast sensitivity and ocu-
lomotor skills are at risk in children with infantile spasms and West syndrome[5, 32]. Oculo-
motor disturbances are common, with upward gaze deviation and nystagmus being the most
frequently observed [13, 30]. According to some authors, these disturbances result from patho-
logical changes in brain activity [33]. Delayed fixation shifts and brief visual attention are al-
ready noticeable at the age of three months and may be associated with sleep difficulties and
damage to ascending tracts [13, 30]. In'West syndrome, the visual tracking skill is often absent
or inconsistent and fragmented [33]. Visual behavior in children with CVI and West syndrome
is characterized 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 West syndrome [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 determining spatial relations [34]. Regression in cognitive functioning affects the moti-
vation 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 FUNCTION-
ING

Determining therapy with favorable long-term effects is closely related to the timing of seizure
detection and identifying the cause, i.e., the etiology of infantile spasms (IS), which often re-
quires 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 func-

tioning, as well as other developmental domains, are closely related to seizure control and the
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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 no-
ticeable 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 function-
ing, along with pronounced resistance to numerous antiepileptics, sometimes requires the im-
plementation of more aggressive therapy. Therapy for infantile spasms is based on the use of
valproate (valproic 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 la-
tency. 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 electroretinogra-
phy and optical coherence tomography {10]. Long-term vigabatrin therapy can lead to perma-
nent 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 impairment, 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 administered [10]. Most researchers agree that the results depend on the medi-
cation 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 functions [2]. Alternative forms of therapy include medications such as topir-
amate, 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 individual 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 West syndrome to be included in early intervention
programs focused on vision and visual functioning is indisputable. In children with infantile

spasms, assessing visual functioning alongside an ophthalmological examination is essential to
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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 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., thorough assessment, plays a key role in the comprehensive diagnosis and selec-
tion of rehabilitation programs for children 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 directly 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 assessment of unique behavioral characteristics in children with CVI, timely
inclusion in vision (re)habilitation, and monitoring the impact of epilepsy and medication ther-
apy 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 CVI and that priority in treatment is given to the
primary condition, it can be assumed that the number of people who need support in the area of
visual functioningissignificantly higher. Although consensus on terminology, diagnostic meth-
ods, monitoring, and rehabilitation has not yet been reached, when CV1 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 function-
ing and cognitive abilities strongly indicates the importance of vision rehabilitation [13], and
the unique characteristics allow for creating individualized intervention guidelines, which in-
clude environment modifications and counseling for parents. Along with vision rehabilitation
based on the assessment of vision and visual functioning, an individualized approach can con-
tribute to creating conditions for achieving optimal development levels in children with West
syndrome [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 signif-

icant number of uncertainties related to the planning, course, and outcomes of treatment.
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CONCLUSION

The diversity of factors that influence the functioning characteristics of individuals with West
syndrome (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 sometimes subtle behavioral changes in a child and.inclusion in
diagnostic procedures to detect central nervous system damage, specifically: West syndrome,
can mitigate its impact on visual functions and visual functioning. If CVI is identified in chil-
dren with West syndrome, environmental adaptation should be implemented in accordance with
the degree of visual difficulties. The results of intervention-oriented transdisciplinary assess-
ment form the basis for creating a treatment plan. Future research should aim to develop stand-
ardized assessment protocols for CV1 specifically adapted to the needs of children with infantile

spasms.
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