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Abstract

Cortical visual impairment (CVI) is particularly relevant in children with neurodevelopmental 

disorders (NDDs) yet remains underdiagnosed. This study assessed the prevalence and severity 

of CVI in four neurogenetic conditions: STXBP1, SLC6A1, Ring 14, and 8p-related disorders. 

We also evaluated the CCSA-Clinician vision subdomain (CCSA-vision) as a diagnostic tool 

and examined the association between CVI and developmental outcomes. A retrospective chart 

review of 85 patients found CVI in 44%, most commonly in 8p (54%) and STXBP1 (50%); no 

cases were seen in SLC6A1. The CCSA-vision subdomain effectively distinguished CVI cases 
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(mean score 25.9 vs. 2.6, p < 0.0001). A cutoff score ≥11 showed high specificity (95.9%) and 

positive predictive value (94.3%). CVI was significantly associated with greater developmental 

impairment, with higher overall CCSA scores and lower VABS-3 scores. Early identification 

of CVI is critical for ensuring access to appropriate therapies and therefore should be more 

systematically evaluated for in neurogenetic conditions.
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1. Introduction

Cortical visual impairment (CVI)—also known as cerebral visual impairment or brain-

based visual impairment (BBVI)—is the leading cause of pediatric visual dysfunction 

in the United States. It affects approximately 3% of children in the general population 

and at least 10% of those with developmental delays.1–3 CVI was recently defined as 

visual impairment resulting from brain abnormalities, despite intact ocular structures and 

function, or visual deficits that are disproportionate to coexisting ocular conditions.3,4 The 

diagnosis of cortical visual impairment (CVI) is primarily clinical, based on historical 

features such as inconsistent visual attention when reaching for objects, difficulty with 

ambulation over uneven surfaces or stairs, and visual behaviors like fixation on bright 

lights or specific colors, particularly red.5 A diagnosis of exclusion approach is often used, 

and CVI is considered when visual dysfunction (as defined by exams, objective measures 

i.e. optokinetic nystagmus (OKN), structured history taking) cannot be fully explained by 

ocular findings.6 Barriers to diagnosis include the lack of standardized diagnostic guidelines, 

limited numbers of trained professionals, and state-level restrictions on the type of specialist 

permitted to make the diagnosis.7 As a result, many children with neurodevelopmental 

disorders (NDDs) with CVI go undiagnosed.8

The presence of CVI has been shown to negatively impact children’s learning, especially 

reading function, as well as increase the incidence of behavioral challenges.9 The 

relationship between CVI and developmental outcome was recently investigated in another 

NDD, CDKL5 Deficiency Disorder (CDD).10 Using a novel CVI and developmental score, 

CVI severity was shown to have a strong correlation with developmental attainment, 

even when controlling for other factors such as age and seizure burden.11 Thus, a 

diagnosis of CVI has the potential for broad implications for both neurodevelopmental and 

educational trajectories. Understanding how CVI correlates with—and potentially impacts—

development in individuals with NDDs is essential for guiding appropriate interventions and 

therapies. Clinical diagnosis of CVI is also necessary in order to obtain federally mandated 

services through school districts in the United States, such as a teacher of the visually 

impaired.12 CVI must therefore be identified early, especially in children with neurogenetic 

diagnoses, to optimize their chance at visual rehabilitation and success.13,14

Individuals with NDDs were evaluated in the Neurogenetic Multidisciplinary Clinic at 

Children’s Hospital Colorado. Among the conditions seen—STXBP1, SLC6A1, Ring 14, 
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and 8p-related disorders—cortical visual impairment (CVI) has been infrequently reported 

in the literature.8 In STXBP1, CVI has been considered a rare phenotypic element.15 In a 

large study of 8p-related disorders, CVI was reported in about 12% of patients.16 CVI has 

not been reported in SLC6A1 or Ring 14 cohorts. Because the presence of CVI has potential 

implications for learning and development, this study sought to explore the prevalence and 

severity of CVI in these populations. A clinical severity scoring system was then piloted 

for the diagnosis of CVI, assessing its sensitivity/specificity and predictive value. Finally, 

the relationship between CVI and developmental outcome was investigated to determine 

whether CVI severity correlates with lower developmental attainment broadly across these 

NDDs.

2. Materials and Methods

A retrospective chart review was completed on all patients who were seen and consented 

in the Neurogenetic Multidisciplinary Clinic at Children’s Hospital Colorado from 

2020 through 2024 (COMIRB protocol 16-0152). Clinical data was collected including 

demographics, detailed genotype, Vineland Adaptive Behavioral Scales-Third Edition 

(VABS-3), clinician’s diagnosis of CVI (yes/no), reports from prior ophthalmological exam, 

and the patient’s CDKL5-Clinical Severity Assessment-Clinician (CCSA-Clinician) score. 

The CCSA-Clinician is a validated clinician reported outcome measure with video-based 

training materials for a specific NDD, CDKL5-deficiency disorder.17,18 CCSA-Clinician 

was administered prospectively to all patients by a trained assessor as part of clinical visits. 

The CCSA-Clinician includes the following domains: Motor, Communication, and Vision. 

The CCSA-vision domain includes the following items: fixing and following, optokinetic 

nystagmus reflex, eye alignment, and eye movements (nystagmus). Scores for each item 

were calculated on a scale of 0-100, with 100 representing the most severe impairment 

(Figure 1). The VABS-319 is an individually administered measure of adaptive behavior that 

has been widely used in the assessment of individuals with intellectual, developmental, and 

other disabilities. Caregivers completed the comprehensive, parent/caregiver form.

Data was entered into a secure RedCap20,21 database. CVI prevalence was determined 

based on documentation in the neurologist’s clinical note. All neurologists in this clinic are 

trained in CVI assessment which is informed by both exam and history. In our practice, 

a CVI diagnosis is only assigned if an eye exam by an ophthalmologist or optometrist is 

available. Patients without a documented eye exam were not considered to have a confirmed 

diagnosis of CVI. Descriptive statistical analysis was then performed on the group as a 

whole and each sub-group (STXBP1, SLC6A1, 8p, and Ring 14) including mean, median, 

and range. For continuous variables, comparisons between groups were calculated using 

t-tests. An ROC curve was generated (R version 4.5.0), evaluating the performance of the 

CCSA-vision domain in diagnosing CVI. A cut point score of 11 was calculated using 

the Index of Union method.22 A score of 11 maximized sensitivity and specificity values 

with as little difference between the two values as possible (i.e. closest to upper left 

corner of ROC curve). Sensitivity, specificity, Positive Predictive Value (PPV), and Negative 

Predictive Value (NPV) were calculated utilizing a score of 11 or greater on the CCSA- 

vision domain. As an estimate of overall disease severity, the average CCSA scores of the 

other two domains (communication and motor) were calculated. VABS composite mean and 
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subdomain means were calculated for the CVI and no CVI groups. Comparisons of means 

were calculated using t-tests with significance set at a p-value of < 0.05.

3. Results:

3.1 Rates of Cortical Visual Impairment – Clinical Diagnosis

A total of 91 patients were seen and consented in the Neurogenetic Multidisciplinary 

Clinic from 2020 through 2024. Five patients were excluded from this analysis for having 

underlying ocular abnormalities (i.e. coloboma, cataracts); one patient was excluded for 

having an incomplete data set (Figure 2). Of these 85 patients, 37 (44%) were documented 

to have a diagnosis of CVI. The average age of those with CVI was 11.33 (SD +/−8.57) 

years compared to those without which was 9.37(SD+/−7.62) years (p-value=0.268). CVI 

rates for each population were as follows: 8p 14/26 patients (54%), STXBP1 21/42 patients 

(50%), SLC6A1 0/10 patients (0%), Ring 14 2/7 patients (29%) (Table 1).

3.2 Clinical Severity Assessment Score and CVI

Mean CCSA-visual subdomain score was higher in the patients with a confirmed diagnosis 

of CVI (25.9 +/− 15.4 SD), regardless of genetic diagnosis, when compared to the group 

without a diagnosis of CVI (2.6 +/− 4.6 SD). Mean visual subdomain scores in those with 

CVI are reported in Table 1 and visualized in Figure 3. 78% of patients without CVI across 

all disorders had a visual subdomain score of 0.

3.3 Performance of CCSA-vision in predicting a diagnosis of CVI

Utilizing the Index of Union method on the ROC Curve depicted (Figure 4), a score of 

11 or greater on the CCSA-vision was used to indicate a likely diagnosis of CVI. Using 

this set point, sensitivity and specificity as well as PPV and NPV was calculated (Table 2), 

demonstrating high specificity for CVI and reasonable sensitivity as well. The CCSA-vision 

had a low false negative rate (7%) as well as false positive rate (1%).

3.4 Developmental outcome correlations

The overall CCSA score (communication and motor score average) was higher (indicating 

higher overall severity) in the group with CVI (45.0 (+/− 14.4 SD) vs 18.7(+/− 13.3 SD) 

(p value=0.0001) (Figure 5). On the VABS-3, means for the overall composite (Adaptive 

Behavioral Composite, ABC) and each sub-domain (standard scores (SS) where the mean 

is set at 100 with a standard deviation of 15.) were statistically lower in the CVI group 

(Table 3). Specifically, CVI ABC=39; No CVI ABC=60 (p-value <0.0001), Communication 

(SS=26 vs 55, p-value <0.0001), Daily Living Skills (SS=38 vs 60, p-value 0.0001), 

Socialization (SS=43 vs 64, p-value 0.0001), and Motor skills (SS=42 vs 71, p-value 

<0.0001).

Discussion

This is the first study to assess the prevalence of CVI across a range of neurogenetic 

conditions, evaluate a standardized clinical assessment for the identification and diagnosis 
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of CVI, and investigate the relationship of CVI and developmental attainment in these 

conditions.

Although previously thought to be a rare phenomenon in neurogenetic conditions,23 these 

findings suggest that CVI is a common feature in many neurogenetic conditions and should 

be evaluated more systematically across all neurogenetic disorders. This is meaningful as 

CVI has been shown to lead to greater developmental challenges in neonatal cohorts,24 

as well as impaired quality of life25 and motor development.26 Early diagnosis of CVI is 

crucial to improving access to necessary therapies in time to make progress during critical 

developmental windows.27,28 However, as CVI was not found in the SLC6A1 cohort, it is 

important to note that CVI is not a characteristic of every neurogenetic condition. Careful 

evaluation of each individual is needed to determine the presence or absence of CVI.

Historically, identification of CVI has been limited in part due to a lack of standardized 

clinical tools to support the diagnosis of CVI in individuals with neurogenetic conditions. 

This study establishes the CCSA-vision domain as a helpful tool to support a clinical 

diagnosis of CVI by neurologist in conjunction with a normal ophthalmologic exam. While 

previously studied in CDD,17,18 the CCSA had not previously been investigated in other 

conditions. In addition to a structured history, the components that make up the CCSA-

vision are common components used to diagnose CVI and can be performed as part of a 

standard neurologic exam in clinic.6,11,29,30 Scores on the CCSA-vision were significantly 

higher in the total group with CVI as well as all sub-groups analyzed with CVI. A cut 

off point of 11 or higher on the CCSA-vision was calculated to indicate a diagnosis of 

CVI as stated above, showing high specificity and PPV for CVI. Given these metrics, the 

CCSA-vision is a reliable confirmatory test in conjunction with clinical history, eye exam, 

and the overall assessment of the patient for a diagnosis of CVI. This diagnosis is important 

for referral to appropriate federally mandated educational services.

The CCSA-clinician motor and communication domain scores were higher in the CVI 

group suggesting higher severity of neurologic symptoms overall. Similarly, the VABS-3 

demonstrated worse adaptive behavior not only for the overall composite score, but 

also in all domain scores. In summary, although the data does not support a causal 

relationship between CVI and increased overall developmental severity, it does demonstrate 

a significant association, indicating that individuals with CVI exhibit greater overall 

functional impairment.

This study is somewhat limited by the relatively small sample size, especially in the 

SLC6A1 and Ring 14 subgroups. Utilizing the CCSA Communication/Motor domains as an 

overall marker of severity has not been validated outside of CDKL5 Deficiency Disorder and 

should be interpreted with caution. However, use of this measure is corroborated by similar 

associations in adaptive function using the VABS-3. While the CCSA-vision was used in 

four somewhat different neurogenetic conditions, this is only a small subset of greater than 

6,000 neurogenetic conditions with a broad spectrum of presentations.31 Larger samples and 

diversity of conditions would be required to validate this scale as a tool for diagnosing CVI 

across all neurogenetic conditions, potentially starting with a smaller subset of neurogenetic 

conditions such as developmental epileptic encephalopathies (DEEs).
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Conclusions:

This study demonstrates a high prevalence of CVI across several neurogenetic conditions. 

These findings highlight the importance of screening for CVI in neurogenetic disorders 

and suggest the CCSA vision assessment may be a useful diagnostic tool clinically. CVI 

correlated with worse overall developmental scores, including those measured by the CCSA-

communication and motor scores as well as a well validated and utilized caregiver reported 

measure. Future research involving larger cohorts is needed to further elucidate the factors 

driving this association and to clarify the role of CVI in shaping neurodevelopmental 

outcomes. Clinically, earlier recognition and systematic assessment of CVI may inform 

targeted interventions and improve support for children with neurodevelopmental disorders.
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Fig. 1: 
Items included in CCSA Visual Domain
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Fig. 2: 
Study Population Flow Diagram

Abbott et al. Page 10

J Child Neurol. Author manuscript; available in PMC 2025 August 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 3: 
CCSA-vision scores across conditions
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Fig. 4: 
ROC Curve for CCSA-vision
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Fig. 5: 
CVI and Overall Severity Score
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Table 1:
CVI presence and score by disorder:

Group CVI Present, n (%) No CVI, n (%) Vision Score** with CVI mean 
(+-SD)

Vision Score** without CVI 
mean (+-SD)

P value

Total 37 (44%) 48 (56%) 25.9 (+-15.4) 2.6 (+-4.6) <0.0001*

8p 14 (54%) 12 (46%) 26.9 (+-18.4) 2.2 (+- 3.5) 0.0001*

STXBP1 21 (50%) 21 (50%) 24.8 (+-13.9) 4.6 (+-5.8) 0.0001*

SLC6A1 0 (0%) 10 (100%) n/a 0 n/a

Ring 14 2 (29%) 5 (71%) 29.9 (+-11.8) 0 n/a

*
= significant at p<0.05

**
= CCSA-Visual Subdomain Score

J Child Neurol. Author manuscript; available in PMC 2025 August 18.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Abbott et al. Page 15

Table 2:
Calculation of Sensitivity, Specificity and Predictive Values of CCSA-vision >= 11 for CVI

Statistic Value 95% Confidence Interval

Sensitivity 89.9% 74.6-96.9%

Specificity 95.9% 86-99.5%

PPV 94.3% 80.9-98.5%

NPV 92.2% 82.3-96.7%
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Table 3:
Vineland scores and CVI

Vineland Measure CVI – mean (+-SD) No CVI – mean (+-SD) P-Value

ABC 39 (+-14.4) 60 (+-18.4) <0.0001

Communication 26 (+-11.7) 55 (+-22.9) <0.0001

Daily Living Skills 38 (+-20.3) 60 (+-13.8) 0.0001

Socialization 43 (+-18.7) 64 (+-21.0) 0.0001

Motor Skills 42 (+-14.2) 71 (+-12.5) <0.0001
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