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Abstract

Background Developmental and Epileptic Encephalopathies (DEEs) are defined by drug-resistant seizures and neu-
rodevelopmental disorders. Over 50% of patients have a genetic cause. Studies have shown that patients with DEEs,
regardless of genetic diagnosis, experience a central visual function disorder known as Cerebral (cortical) Visual
Impairment (CVI). The prevalence of CVIin DEE patients is currently unknown. A quantitative synthesis of existing data
on the prevalence rates of this condition would aid in understanding the magnitude of the problem, outlining future
research, and suggesting the need for therapeutic strategies for early identification and prevention of the disorder.

Methods The protocol followed the PRISMA-P statement for systematic review and meta-analysis protocols. The
review will adhere to the JBI Manual for Evidence Synthesis (Systematic Reviews of Prevalence and Incidence) and use
the CoCoPop framework to establish eligibility criteria. We will conduct a comprehensive search of several databases,
including MEDLINE, EMBASE, Science Direct, Scopus, PsychINFO, Wiley, Highwire Press, and Cochrane Library of Sys-
tematic Reviews. Our primary focus will be determining the prevalence of cerebral visual impairments (Condition)

in patients with developmental and epileptic encephalopathy (Population). To ensure clarity, we will provide a narra-
tive summary of the risk of bias in the studies we include. The Cochrane Q statistic will be used to assess heterogene-
ity between studies. If the quantitative synthesis includes more than 10 studies, potential sources of heterogeneity
will be investigated through subgroup and meta-regression analyses. Meta(bias)es analysis will also be performed. The
quality of evidence for all outcomes will be evaluated using the Grading of Recommendations Assessment Develop-
ment and Evaluation (GRADE) working group methodology.

Discussion This protocol outlines a systematic review and meta-analysis to identify, collect, evaluate, and integrate
epidemiological knowledge related to the prevalence of CVI in patients with DEEs. To the best of our knowledge,
no other systematic review and meta-analysis has addressed this specific issue. The results will provide useful infor-
mation for understanding the extent of the problem, outlining future research, and suggesting the need for early
identification strategies.

Systematic review registrations This Systematic Review Protocol was registered in PROSPERO (CRD42023448910).
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Introduction

Background and rationale

Developmental and Epileptic Encephalopathies (DEEs)
are characterized by epileptic seizures, mainly drug-
resistant, neurodevelopmental disorders (neuro- and
psychomotor regression, intellectual disability, cognitive
impairment, behavioural disorders, and relational dif-
ficulties) [1]. In both clinical and pre-clinical studies, it
has been observed that patients with DEEs, regardless of
the genetic diagnosis, present a disorder of visual func-
tions of central origin defined in the literature as “Cer-
ebral (cortical) Visual Impairment” (CVI) [1]. The clinical
features of CVI differ from patient to patient [2] and are
represented by a broad spectrum of visual disorders that
include ophthalmological, oculomotor and perceptual
anomalies [3]. Patients with DEEs may present with ocu-
lomotor and perceptual alterations, and visuospatial and
visuo-perceptual dysfunctions [1]. The clinical presenta-
tions are attributable to anomalies of the primary visual
pathway and associated visual areas. Abnormalities of
the oculomotor apparatus and ocular system can be
associated.

The ILAE Task Force on Nosology and Syndrome Defi-
nition divides DEEs according to the age of onset of the
first seizure [1]. More than half of patients have a genetic
aetiology.

To date, the relationship between epileptic seizures,
neurodevelopmental disorders and CVI is very complex
and severe neuro- and psychomotor delay and intellec-
tual disability often have a strong negative impact on the
quality of life of patients and their caregivers/families.

Different studies conducted in recent years [4-9]
in patients with CDKL5 Developmental and Epileptic
Encephalopathy (CDKL5-DEE) have shown that CVI is
one of the main features of the disease. Similarly, studies
conducted in the early 2000s in patients with West Syn-
drome [10—12] demonstrated that visual function skills
were already impaired at the onset of the spasms. Studies
with similar results have been conducted in patients with
Dravet syndrome [13, 14]. Furthermore, CVI is a com-
mon feature of other forms of DEEs. For instance, it has
been identified in patients with mutations in the KCNQ2
[15], SCN3A [16], SCN8A [17] and GRIN2B [18] genes.
Nowadays, the prevalence of CVI in patients with DEEs,
regardless of genetic diagnosis, is unknown. A quantita-
tive summary of the existing data on the prevalence rates
of this condition would aid in comprehending the extent
of the problem, outlining future research, and suggesting
the need for therapeutic strategies for early identifica-
tion and prevention of the disorder. Early identification
allows the implementation of “early intervention” pro-
grams necessary to address difficulties already emerging
as risk conditions for neuro-developmental disorders
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during “critical periods” of neuronal plasticity [19]. Cor-
tical circuits show a maximum sensitivity to sensory
stimuli induced by experience in the postnatal period
[20] compared to adulthood. Exposure to an “enriched
environment’, as occurs in early neuro-rehabilitative
intervention, stimulates axonal plasticity and synaptic
reorganization [21] and has been shown to accelerate the
development of the visual system [22, 23]. In this theo-
retical framework, the quantitative analysis of the prev-
alence rate of CVI in patients with a diagnosis of DEEs,
according to the ILAE classification [1], is therefore
necessary. A preliminary search for previous systematic
reviews was conducted in the Cochrane Library, PubMed
and PROSPERO.

Objectives
This systematic review aims to describe the prevalence of
Cerebral Visual Impairment (CVI) among patients with a
diagnosis of Developmental and Epileptic Encephalopa-
thies (DEEs) according to the 2021 International League
Against Epilepsy (ILAE) classification [1].

The proposed systematic review will address the fol-
lowing questions:

1. What is the prevalence of CVI among patients with
DEEs?

2. What study methodological characteristics explain
the heterogeneity in results?

Methods

This study followed the PRISMA-P statement [24] for
systematic review and meta-analysis protocols and was
registered in the International Prospective Register of
Systematic Reviews (PROSPERO) network [25]. The
JBI Manual for Evidence Synthesis (Systematic Reviews
of Prevalence and Incidence) [24] will be used for the
review [26].

Inclusion criteria
We will use the condition, context and population frame-
work (CoCoPop) for the systematic review of prevalence
and incidence to formulate the eligibility criteria [27].
Condition: CVI must have been diagnosed and exam-
ined by a physician in clinical studies with an objective
neuro-visual assessment. The diagnosis of CVI is indi-
cated for children showing abnormal visual responses
that cannot be attributed to the eyes themselves. Despite
intense stimulation, a child may not be able to fixate and
follow, and his/her reaction to faces is abnormal [2—4].
Context: there will be no restrictions by type of setting.
Population: We will include clinical studies examin-
ing patients with Developmental and Epileptic Enceph-
alopathies (DEE) of broad genetic aetiologies. There
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will be no restrictions based on sex, age, race/ethnicity,
or geographic region. DEEs described in eligible clini-
cal studies must have been diagnosed by a physician
based on the criteria from the ILAE Epilepsy Diagnosis.
org Task Forces [1]. DEEs are defined as diseases where
there is a developmental impairment related to both
the underlying aetiology independent of epileptiform
activity and epileptic encephalopathy. We will include
studies involving patients with “Early Infantile DEE”
with onset under 3 months of age and other syndromes
which either typically present after 3 months of age or
have a spectrum of onset encompassing early and late
infancy.

Studies: We will include all completed publications
reporting the assessment of CVI in patients with DEEs
in clinical (observational, cohort studies, cross-sectional
studies, retrospective studies) and pre-clinical (in vivo)
studies.

Outcome measure: the primary outcome will be the
prevalence of CVI indicating the number of people with
DEEs that have the disorder at a given point in time. The
secondary outcome will be the prevalence of a specific
genetic mutation in the group of patients with DEEs and
associated CVI, by calculating the number of patients
with a specific genetic diagnosis of DEEs and CVI divided
by the total number of patients with DEE and CVI.

Language: We will include articles reported in English
and Italian.

Search strategy

Comprehensive literature searches of electronic biblio-
graphic databases will be conducted. The specific search
strategies will be created by a Health Sciences Librar-
ian with expertise in systematic review searching using
Medical Subject Headings (MeSH) and text words related
to CVI and DEEs. An independent librarian, not associ-
ated with the project, will peer-review the MEDLINE
strategy developed by the project team. A draft search
strategy for PubMed is provided in Additional file 1. We
will search MEDLINE, EMBASE, Science Direct, Sco-
pus, PsychINFO, Web of Science, Wiley and Highwire
Press and Cochrane Library of Systematic Reviews. No
time restrictions will be placed on the date of publication.
Upon completion, identified citations will be exported
to a cloud-based citation manager for study selection. A
final grey literature search will be conducted on medi-
cal books and reports from experts, as well as a review
of a trial register for any ongoing and unpublished stud-
ies. Further, to ensure literature saturation we will scan
the reference lists of included studies or relevant reviews
identified through the search. Duplicate citations will be
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removed. The search strategies will be updated until the
end of the review.

Study selection

All records will be independently assessed by two review-
ers and reported using the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flow
diagram. Following the initial search, titles and abstracts
of articles will be screened for eligibility. Second, full
texts will be reviewed. As a final step, references will be
manually searched for all articles considered to identify
relevant reports that were missed in the search strategy.
A discussion will be conducted between the reviewers in
case of disagreements.

Data collection process

A data extraction form will be designed to extract equiva-
lent information from each study report. From each eli-
gible study, data will be extracted independently and in
duplicate by two reviewers. Before starting the review,
calibration exercises will be conducted to ensure con-
sistency across reviewers. When data are ambiguous or
missing from the published study, we will contact the
corresponding authors of the included studies to obtain
any key information. Furthermore, we will discuss the
potential impact of missing data as a limitation. Data
extraction will be independently cross-checked.

Data items
Data collection will include the following items:

« Study Details:

1) Reviewer: details and ID of the primary reviewer
2) Study ID/ Record number

3) Date when the data extraction will be filled

4) Study title: full title of the study

5) Author’s name,

6) Year of publication

7) Journal in which the article is published

o Study method:

1) Aims of the study

2) Study design (cross-sectional. Cohort, or rand-
omized control trial)

3) Setting (hospital-or community-based)

4) Follow-up or study duration for cohort studies
and clinical trials
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5) Study population: sample size, mean or median
age, age range, sex ratio, inclusion and exclusion
criteria of participants

6) Primary outcome: CVI

7) Secondary outcome: genetic diagnosis DEEs

o Covariates: method used to assess CVI, mean or
median age at diagnosis of DEEs, proportion of
patients without CVI, acquired neurodevelopmental
milestones, developmental quotient (DQ) and Intel-
lectual Quotient (IQ).

o Results:

1) Prevalence estimates (e.g. number of subjects
with the disorder, proportion and 95% confi-
dence interval), where prevalence is not directly
reported and is feasible, it will be calculated using
reported case numbers and sample sizes in indi-
vidual studies

2) Prevalence estimates of genetic diagnosis of DEEs
and CVI will be calculated using reported case
numbers divided by the total sample size

3) Author’s comments

4) Reviewer comments.

Risk of bias assessment

The “JBI Critical Appraisal Checklist for Studies report-
ing prevalence data” [27] conceived by the JBI research
organization based in the Faculty of Health and Medical
Sciences at the University of Adelaide, South Australia
will be used to assess the risk of bias in prevalence stud-
ies on selected articles. The tool includes 9 questions and
the overall appraisal (include, exclude, seek further info).
Quality assessment will be undertaken by two reviewers
independently. The reviewers will then discuss the results
of the critical appraisal for the final appraisal. Disagree-
ments will be resolved by discussion, and a third reviewer
may be required.

Data synthesis and meta-analysis
Investigation of heterogeneity
Heterogeneity between studies will be assessed using
Cochran’s Q statistic (p>0.05). In addition, the I? statis-
tic will be used to measure the percentage of inter-study
variability [28]. The value of I* will be classified as small if
0<I?<25%, medium if 25% < I* < 50%, and large if I* > 50%
[28]. The category of the I* statistic will determine
whether a meta-analysis is possible.

Characteristics of included studies will be presented
in summary tables and narrative text. In expectation of
prevalence varying between studies and populations,
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pooled prevalence estimates for the prespecified out-
comes of interest will be calculated by applying a ran-
dom-effects model [29]. The results will be presented
graphically in a forest plot. R software version 3.6.1 (R
Core Team, Vienna, Austria) will be used to combine
data, along with 95% confidence intervals (95% CI).

If the I? is large, then a meta-analysis will be considered
not possible, and a narrative qualitative summary will be
done. The narrative description will include a presenta-
tion of the quantitative data reported in individual stud-
ies, along with the point and interval estimates for the
effects, where available. Otherwise, a meta-analysis will
be deemed feasible.

Additional analyses

If more than 10 studies are included in the quantitative
synthesis, the potential sources of heterogeneity will be
investigated by subgroup and meta-regression analyses
[29, 30]. The potential effect modifiers considered will be
the following: genetic diagnosis of DEEs, child neurode-
velopment, DQ or IQ, or neurodevelopmental regression,
seizure onset, type of studies (observational vs experi-
mental), and type of CVI assessments.

We will use the model F value and its statistical sig-
nificance to assess whether there is evidence for an
association between any of the covariates and the out-
come; all covariates with p-value<0.1 in bivariate mod-
els will be added to the multivariable model, in which a
p-value<0.05 will be considered statistically significant.
The model fit will be assessed using the proportion of
the between-study variance explained by the covariates
(adjusted R2) [31]. To control for the risk of type I error
when performing meta-regression with multiple covari-
ates, we will perform Monte Carlo permutation tests to
calculate P values adjusted for type 1 error and we will
check if there is a change in statistical significance [32].

Meta-bias(es)

A. Publication bias across studies

If 10 or more eligible studies are found, the symmetry of
the funnel chart will be used to assess publication bias,
supplemented by quantitative analysis using Egger’s test.
The test represents a regression analysis in which the pre-
cision of each included study is defined as the independ-
ent variable, while the ratio between its effect size and its
standard error is the dependent variable. If the test is not
statistically significant, it is possible to reject the hypoth-
esis in favour of the presence of a publication bias [33].

B. Sensitivity analyses
The robustness of the results will be assessed by per-
forming sensitivity analyses to measure the impact of
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low-quality studies (identified through the risk of bias).
Low-quality studies will be removed one by one and the
meta-analysis will be rerun. We will then compare the
results of meta-analyses with and without assessed stud-
ies, also considering the study sample size, the strength of
evidence, and the impact on aggregated effect size. How-
ever, if all included studies are at high risk of bias, no sen-
sitivity analysis will be performed.

Confidence in cumulative estimate

GRADE assessment

The quality of evidence for all outcomes will be judged
using the Grading of Recommendations Assessment
Development and Evaluation (GRADE) working group
methodology [34] as suggested in the literature study on
conducting systematic reviews of the literature on the
prevalence of a given pathology in a category of indi-
viduals [35]. The quality of evidence will be assessed in
all areas of risk of bias. Additional domains may be con-
sidered where appropriate. Quality will be adjudicated as
high, moderate, low or very low [36, 37].

Discussion

The systematic review and meta-analysis presented in
this protocol will identify, collect, evaluate and integrate
the epidemiological knowledge underlying the preva-
lence of CVI in patients with DEEs. We are not aware of
another systematic review and meta-analysis addressing
the specific issue. In our opinion, this systematic review
will fill the gap by estimating the pooled global preva-
lence of CVI in DEE patients useful for understanding
the extent of the problem, outlining future research, and
suggesting the need for early identification strategies.

The results of this study will be of interest to multiple
audiences, including patients, their families, caregivers,
clinicians, researchers, scientists, and policymakers.

Scientific communities can better understand how and
what to implement in protocols and intervention pro-
grams for patients with DEEs by having objective data on
the prevalence of this disorder. In addition, this may be
useful for the creation of neuro-visual assessment pro-
tocols to be used in clinical practices and to incorporate
patients into neuro-rehabilitation programs (early inter-
vention) as soon as possible.

Strengths and limitations

The intended systematic review and meta-analysis will fill
the knowledge gap on the prevalence of CVI in patients
with DEEs. The eligible studies will be identified through
a methodical literature search followed by a rigorous
screening process; we will then use robust meta-analysis
tools to pool the data and provide reliable estimates of the
global prevalence of CVI in DEE patients. We anticipate
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that we will identify knowledge gaps to be filled by new
epidemiological research considering that the prevalence
of CVI in patients with DEEs has been poorly covered
in the literature. In this regard, implications for future
epidemiological research will be discussed in the final
manuscript.

Conclusions

The purpose of this systematic review is to provide evi-
dence supporting or refuting the hypothesis that CVI is
prevalent in a large percentage of patients with DEEs,
regardless of genetic diagnosis.

Overall, the review will complement the evidence base
on the causes of developmental and epileptic encepha-
lopathies. Similarly, it can provide scientific evidence for
a neurovisual assessment protocol that can be validated
and then proposed to epilepsy clinics and paediatric neu-
rological departments.

Thus, a patient can be included in an “early interven-
tion” program to prevent and support neuro and psych-
omotor development, as well as in a precision medicine
program to prevent/treat epileptic seizures at the onset.
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