
Factors Affecting Visual Function in Children with 
Cerebral Visual Impairment

Introduction

Cerebral visual impairment (CVI) is defined as a verifiable 
visual dysfunction that cannot be attributed to disorders of 
the anterior visual pathways or any potentially co-occurring 
ocular impairment (1). It is the most common cause of visual 
impairment in children in developed countries. It is thought 

that the reason for this is the increase in the survival rates of 
premature infants and babies with neurological deficits due 
to the improvements in newborn intensive care services (2). 
The most common cause of CVI in children is reported to 
be perinatal or postnatal hypoxic-ischemic encephalopathy 
(HIE), particularly in premature children (3-7). In premature 
infants, the periventricular white matter of the brain is more 
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susceptible to hypoxia. Hypoxic injury and impaired blood 
flow autoregulation lead to periventricular leukomalacia 
(PVL) in these infants (8). The other common etiologies re-
lated to CVI are traumatic injury, infections including menin-
gitis and encephalitis, hydrocephalus, seizures, structural 
abnormalities, and metabolic and genetic disorders (2,9). 
Although children with CVI often cannot achieve normal vis-
ual function, it has been shown that their vision may improve 
over time (3,4,6,10).

Our study aimed to determine the causes and accompa-
nying features of CVI in children below 3 years of age and to 
evaluate the correlations between neurological status and 
visual function in these children.

Methods

Children with CVI under 3 years old who were referred to 
the Ankara University Vision Research and Low Vision Reha-
bilitation Center between January 2018 and December 2021 
were included in this study. This study was approved by the 
Ankara University School of Medicine Ethics Committee 
(Registration Number: I7-454-20) and adhered to the tenets 
of the Declaration of Helsinki.

A detailed history, including gestational age, birth weight, 
type of delivery, health problems of the mothers during 
pregnancy, presence of consanguinity between the parents, 
and presence of seizures, was obtained from the parents of 
the children. All children underwent a comprehensive oph-
thalmological examination, including anterior segment and 
fundus examination, cycloplegic retinoscopy, and orthoptic 
examination after functional evaluation, which will be de-
scribed in detail below.

Since the visual functions of the patients referred to our 
center are very poor, we could not evaluate the visual acu-
ity using preferential-looking tests in most children. Visual 
evoked potential (VEP) was also not used in the evaluation 
because it is difficult to evaluate the VEP in a population un-
der 12 months old. Functional evaluation based on fixation 
and following examination is preferred instead in all patients. 
Flashlight in a dark room, an object with black and white 
lines at 2 cm intervals, and a bright yellow or red colored 
round object with a diameter of 10 cm were used to evalu-
ate fixation and following function. The objects were shown 
at a 30 cm distance under normal lighting conditions. Any 
auditory signals or tactile stimulation were avoided. The ob-
ject following examination was started by shaking the object 
since it is easier for some children with CVI to perceive the 
movement of the stimulus.

We assessed children’s visual function according to the 
presence of light, object, and threat responses, the presence 
and duration of fixation, the presence of light and object 
following in the horizontal, vertical, and oblique axes, and 
the circular direction. Due to the presence of latency that 
may be present in some patients, we performed the follow-
ing examination by giving children the necessary time. By 
summing the scores assigned to each visual parameter, we 
obtained a visual function score (VFS) between 0 and 15 for 
each patient (Table 1).

Grating acuity was measured in children who paid atten-
tion to the preferential-looking test with Lea Gratings. The 
CPCM values obtained with this test were first converted 
to CPD and then to LogMAR values to be able to compare. 
The visual acuity of the children who did not respond to Lea 

Table 1. Detailed description of the visual function scoring system

Visual function	 Score

Behavioral light response	 Yes (1)		  No (0)

Behavioral object response 	 Yes (1)		  No (0)

Threat response	 Yes (1)		  No (0)

Fixation	 Yes (1)		  No (0)

Length of fixation time	 No fixation (0)		  Below age requirement (1)	 Meets age requirement (2)

Horizontal light following	 Yes (1)		  No (0)

Vertical light following	 Yes (1)		  No (0)

Oblique light following	 Yes (1)		  No (0)

Circular light following	 Yes (1)		  No (0)

Horizontal object following	 Yes (1)		  No (0)

Vertical object following	 Yes (1)		  No (0)

Oblique object following	 Yes (1)		  No (0)

Circular object following	 Yes (1)		  No (0)

Optokinetic nystagmus	 Yes (1)		  No (0)
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Gratings was recorded as 3.1 logMAR, which is considered 
the lowest value in LogMAR. All patients were examined by 
the same ophthalmologist (E.S.).

Patients’ data included gender, age at the first visit 
(month), gestational age, birth weight, presence of additional 
non-ocular pathology, presence of seizures, hearing loss, 
parental consanguinity, and family history of similar diseases 
also considered in the study.

All patients were also examined by pediatric neurologists 
(OAG, OB). First, patients were classified into five groups 
according to their respective clinical diagnoses as follows: 
Prematurity, HIE, structural abnormalities, metabolic dis-
eases, genetic syndromes, and neuromotor developmental 
retardation due to unknown etiology. Then, neurological 
examinations, motor developmental steps, cranial magnetic 
resonance imaging (MRI), and electroencephalography find-
ings were evaluated for each patient.

A neuromotor assessment was conducted following the 
World Health Organization’s neuromotor development 
milestones (11). The Hammersmith Infant Neurological 
Examination (HINE) tool, which was objective, simple, and 
reliable, was used to standardize all assessments. We used 
the motor development milestones part of the HINE scale 
to illustrate our patients’ gross motor functions which in-
clude head control, sitting, standing, and walking. According 
to HINE motor developmental scoring module; the part of 
“head control” was scored as follows; (0) unable to maintain 
head upright, (1) wobbles, and (2) maintain upright all time; 
the part of “sitting” was scored as follows; (0) cannot sit, (1) 
sits with support at hips, (2) props self-up, (3) stable sitting, 
and (4) pivots (rotates); the part of “standing” was scored 
as follows; (0) does not support weight, (1) supports weight, 
(2) stands with support, and (3) stands unaided; the part of 
“walking” was scored as follows; (1) bouncing, (2) cruising, 
and (3) walking independently. The sum of the four scores 
yielded HINE scores for the patients. As the age range of 
patients was wide, statistical evaluation was made calculating 
their percentile according to the HINE score expected in a 
healthy child at that age.

MRI findings were classified according to previous re-
ports (12-16). The cranial MRI findings were classified into 
six groups as follows: Optic nerve and optic tract involve-
ment, optic radiation and occipital cortex involvement, basal 
ganglia and brain stem involvement, widespread white mat-
ter involvement, brain widespread involvement (including 
cystic encephalomalacia, cortical malformations, etc.) and 
normal MRI finding. The patients were divided into epilepsy 
diagnosed and epilepsy-non-diagnosed according to the In-
ternational League Against Epilepsy diagnosis criterion (17).

We previously evaluated the response to visual habilita-
tion in visually impaired children under the age of 3 using the 

visual function scoring system like the one in this study, and 
we found an increase in the VFS in children who received 
regular visual stimulation (18). Of the 233 patients with CVI 
included in this study, 70 were in common with the patients 
in the previous study.

All statistical analyses were performed using IBM Statis-
tical Packages for the Social Sciences (SPSS) for Windows 
version 15.0 (SPSS, Chicago, IL, USA). Kolmogorov–Smirnov 
test was used to assess the assumption of normality. Com-
parisons for non-normally distributed continuous variables, 
differences within groups were tested using the Wilcoxon 
test, and differences between groups were tested using the 
Mann–Whitney U-test and the Kruskal–Wallis test. Associa-
tions between continuous variables were determined by the 
Spearman rho correlation coefficient. Associations between 
categorical variables were determined by Chi-square analysis 
and the Fisher Exact test. Logistic regression analysis was 
performed to determine the independent predictors affect-
ing VFS. A p<0.05 was considered significant.

Results

A total of 233 patients with CVI (122 males [52.4%] and 111 
females [47.6%]) under 3 years old at the initial evaluation 
were included in the study. The median age at the first eye 
examination was 13 months (range: 3–36 months). The in-
jury period was the prenatal period in 131 patients (56.2%), 
the natal period in 68 (29.2%), and the postnatal period in 34 
patients (14.6%). The median gestational age was 38 weeks 
(ranges between 24 and 43 weeks), and the median birth 
weight was 2700 g (range: 570–4250 g). One hundred and 
three patients (44.2%) were born preterm (before 37 weeks 
of gestational age). 33% of the patients’ parents had consan-
guineous marriages, 61% of which were 1st consanguineous. 
A positive family history of the same disease was present 
in 9% of the study population. 3% of the patients had a 1st 
relative who had a similar disease. There was no history of 
a health problem or drug intake in 81.1% of the mothers 
of the patients during pregnancy. Twelve had hypertension, 
seven had diabetes, six had hypothyroidism, six had urinary 
tract infections, and four had cytomegalovirus infections dur-
ing pregnancy. 137 out of 233 patients (58.8%) had seizures 
and were treated with at least one anti-epilepsy drug. Seven-
ty-nine of them (57.6%) had seizures controlled with medi-
cation, and 58 of them (42.3%) had seizures not controlled 
with medication. 33 out of 233 patients (14.1%) had hearing 
loss, 17 of which were severe.

The most common eye complaint that the families of 
the children noticed was the lack of eye contact (46%) and 
not being able to follow objects (36.1%). Other complaints 
can be listed as abnormal eye movements, squints, and being 
unable to recognize small objects. 21% of the patients had 
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nystagmus. Strabismus with variable angle was present in 154 
out of 233 patients (66%). The most frequent squint was ex-
otropia which was seen in 34.8% of the cases. 15.9% of the 
patients had esotropia, and 13.7% of the patients had roving 
eye movements. 111 out of 233 children had a refractive er-
ror that needed to be corrected with spectacles. The most 
frequent refractive error was hypermetropia (17.6%). The 
others were astigmatism (15%), compound hyperopic astig-
matism (6%), myopia (4.3%), compound myopic astigmatism 
(3%), and mixed astigmatism (1.3%).

The median VFS at the first examination was 4 with a 
range of 0–15. Forty-seven (20.1%) children had only light 
responses but had no light fixation, whereas 40 (17.1%) 
children did not even have a light response at the initial eval-
uation. There was no response to objects in 130 patients 
(55.8%). The reflex blink-to-threat response was absent in 
142 out of 233 patients (60.9%). There was no light fixation 
in 98 out of 233 patients (42.1%). Optokinetic nystagmus 
was seen only in 24.9% of the patients. Only 50 of the 
patients (21.4%) paid attention to the Lea Gratings test. 
When grating acuity converts to logMAR value, the median 
was 3.1 logMAR with a range of 3.1–0.9 logMAR. There 
was no difference in VFS between the genders (p=0.436). 
There was a weak correlation between age at first exam-
ination and VFS (p<0.001, r=0.273). The VFSs were simi-
lar among the prenatal, natal, and postnatal injury period 
groups (p=496). There were no correlations between VFS 
and gestational age and birth weight (p=0.875 and p=0.730, 
respectively). VFS values were found to be similar in the 
presence or absence of prematurity (p=0.390). The VFS 
values of children without seizures were significantly higher 
than those without seizures (p=0.003). When patients 
with seizures were evaluated according to whether their 
seizures could be controlled with medication, the differ-
ence between the VFS value of children with seizures that 
could not be controlled with medication and the VFS value 
of children without seizures was statistically significant 
(p=0.005).

All the patients were scored between 0 and 12 accord-
ing to the motor development milestones part of the HINE 
scale by a pediatric neurologist. The median HINE score was 
1 (ranges between 0 and 12), and the median ratio of the 
patient’s HINE score to the expected HINE score at that 
age (HINE ratio) according to her/his age was 0.17 (ranges 
between 0 and 1). No difference was found among the eti-
ological groups according to the VFS (p=0.162). There was 
no difference in VFS among the MRI finding groups, either 
(p=0.205). The distribution of etiologies according to neu-
rological assessment and MRI findings and VFSs of the sub-
groups are shown in Table 2. There was a weak correlation 
between the HINE ratio and VFS (p<0.001, r=0.341).

Forty-nine of 233 patients were visually impaired due to 
combined cerebral and ocular pathologies, including optic 
atrophy (6%), retinopathy of prematurity (4.3%), optic disc 
hypoplasia (3.9%), chorioretinitis (1.7%), microphthalmia 
(1.3%), and retinal dystrophy (1.3%). The median VFS of the 
patients with combined cerebral and ocular pathologies was 
lower than that of those with CVI (p=0.040).

Factors affecting VFS were also evaluated by logistic re-
gression analysis. For this analysis, a VFS value of 10 and 
above out of 15 was considered good vision. This score cor-
responds to the presence of all functional parameters ex-
cept object following and optokinetic nystagmus, as can be 
seen in Table 1. In the analysis including the variables of age, 
gender, etiological groups, MRI finding groups, HINE score, 
gestational age, birth weight, presence of prematurity, and 
status of seizures; HINE score (95% Cl:1.0152 to 1.338; 
p=0.005) and age (95% Cl:1.012–1.102; p=0.012) were found 
to be independent predictors of better visual outcome. Th-
ese findings are consistent with the statistical analysis above.

Discussion

CVI is the leading cause of childhood visual impairment in 
developed countries. Increasing numbers in the survival of 
children with severe neurological damage may have also led 
the frequency of CVI to increase. Perinatal hypoxic-ischemic 
insult is reported as the most common etiology of CVI (19-

Table 2. The distribution of the subgroups according to the 
neurological assessment and MRI findings and their visual function 
scores

Etiology	 Frequency	 Median 
		  (%)	 VFS

Hypoxic-ischemic encephalopathy	 64 (27.5)	 3

Prematurity	 55 (23.6)	 3

Structural abnormalities	 56 (24)	 4

Metabolic diseases	 16 (6.9)	 7

Genetic syndromes	 17 (7.3)	 6

Neuromotor developmental retardation	 25 (10.7)	 7

Classification of MRI findings

Optic nerve and optic tract involvement	 10 (4.3)	 5

Optic radiation and occipital cortex	 12 (5.2)	 4 
involvement

Basal ganglia and brain stem involvement	 19 (8.2)	 6

Widespread white matter involvement	 74 (31.8)	 4

Brain widespread involvement	 83 (35.6)	 3

Normal MRI	 35 (15)	 8

MRI: Magnetic resonance imaging; VFS: Visual function score.
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21). There is a close relationship between CVI formation 
and prematurity. Approximately 42% of our patients had a 
history of premature birth. Prematurity can cause intraven-
tricular hemorrhage and PVL that damage posterior visual 
pathways (22). Hydrocephalus may also develop secondary 
to prematurity and ischemia or be associated with central 
nervous system malformations in most cases (20,23,24). 
Central nervous system malformations were reported up 
to 29% in some series (20). Similarly, in our study, CVI re-
sulted from HIE in 27.5%, prematurity in 23.6%, structural 
abnormalities in 24%, metabolic diseases in 6.9%, and genetic 
syndromes in 7.3% of the patients, and there was only neu-
romotor retardation in 10.7% of the cases.

Within our patient group, 58.8% of the patients had su-
perimposed seizures. Our data are consistent with the previ-
ous studies that documented seizures as the most common 
neurological association in children with CVI, accounting for 
up to 93% (20). We found that the visual functions of children 
without seizures were better than those with seizures. The 
functions were worse in patients with seizures that could 
not be controlled with medication. It has previously been 
reported that visual function improves with better control 
of seizures (5). Wong et al. (25) reported a poor prognosis 
in children who had uncontrolled seizures for 3 months after 
an initial neurological insult.

In our study, no correlation was found between gesta-
tional age and visual function, but there was a weak corre-
lation between age at presentation and visual function. This 
confirms the assumption that vision will improve over time 
in children with CVI. The subgroups formed according to 
their etiology and MRI findings did not differ in terms of 
visual function. However, there was a weak correlation be-
tween the neuromotor developmental status of the children 
and their visual functions.

To our knowledge, there is no other study in the litera-
ture evaluating such a large number of young children with 
CVI. We think that this study with its wide scope will be 
useful in terms of giving an idea about the etiological distri-
bution, accompanying ocular and neurological findings, and 
visual functions of children with CVI. In addition, the visual 
function scoring system we developed seems to be a new 
method that can be used to evaluate and record the visual 
functions of children with CVI who have very weak visual 
functions and to monitor the changes in their functions.

Our study has several limitations. Since our center is a 
tertiary center, the patients referred to us may have been 
more severely ill with poorer visual outcomes than those 
in other clinics. Few of our patients had quantifiable visual 
acuity by preferential looking tests such as Lea Gratings in 
their first examination. Preferential-looking tests have lim-
ited value in assessing the visual acuity of children with CVI 

which is frequently associated with severe neurological dis-
orders and superimposed optic atrophy, nystagmus, strabis-
mus, and features such as fluctuations in visual attention, 
variable latency in saccades, presence of visual field deficits, 
and abnormal head position and frequently inadequate visual 
acuity (3,7,10,21,25,26). Therefore, we developed a scoring 
system that evaluates the fixation and following skills of chil-
dren in this patient group, in which visual acuity is difficult to 
measure even with a preferential-looking test.

Conclusion

Children with CVI may have very limited visual functions. 
The visual functions of these children are related to their 
neurological and motor retardation levels, seizure states, 
and the presence of additional ocular problems.
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