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ABSTRACT

Background: CHARGE syndrome is a multifaceted genetic disorder characterized by systemic
as well as ocular anomalies, which include craniofacial malformations, coloboma, optic nerve
hypoplasia, and congenital heart defects.

Purpose: The aim of the study is to explore the visual function and ocular anomalies with a focus
on understanding the correlation between ocular and systemic features.

Methods: A prospective study was conducted in the period from May 2022 to December 2023,
which includes 74 subjects who are diagnosed with CHARGE syndrome. Data was collected from
specialty clinics and special schools across Gujarat, including detailed ophthalmic evaluation such
as visual acuity testing with Log MAR charts. Retinal imaging and fundus examination were
performed in all subjects. Systemic anomalies like craniofacial malformations and congenital heart
defects were recorded.

Results: Visual acuity score ranged from 0.1 to 1.2 LogMAR with an average score of 0.48.,
which indicates varied degrees of visual impairment. Ocular anomalies were more predominant
with coloboma in 34% of subjects, optic nerve hypoplasia in 23%, and retinal thinning in 29%.
Subjects with craniofacial malformations showed significant poor visual acuity, and those with
congenital heart defects showed lower visual acuity. A moderate negative correlation was found
between visual acuity and retinal thickness.

Conclusions: This study highlights the strong association between systemic manifestations
and ocular anomalies in CHARGE syndrome. Craniofacial malformations and congenital heart
defects were substantial predictors of visual impairment, emphasizing the need for early and
comprehensive monitoring of systemic and ocular features. The findings of this study contribute to
better understanding of the genetic and developmental mechanisms underlying this syndrome with
implications for diagnostic and therapeutic approaches.

1. Introduction

investigation into the ocular aspects of CHARGE syndrome
presents a significant gap in clinical knowledge (Hysi ez al,

CHARGE syndrome is a rare genetic disorder that is
characterized by a constellation of congenital abnormalities,
including ocular anomalies, craniofacial malformations, and
systemic manifestations involving multiple organ systems
(Martin et al., 2020). Among the defining features, visual
dysfunction stands out as a critical factor persuading the
quality of life and developmental outcomes in affected
subjects. Despite the increasing recognition of CHARGE
syndrome in medical genetics and pediatrics, there remains a
limited understanding of the specific ocular features and their
relationship to the broader systemic anomalies associated
with the condition (Burton ez 4l., 2021). The lack of detailed

2020). This gap is concerning because visual impairments in
these subjects can have profound implications for cognitive
and sensory development, yet it is often underdiagnosed
or overdiagnosed by other systemic issues (Dell'Osso et al.,
2018). The absence of targeted research limits the ability of
clinicians to develop complete management strategies that
integrate both visual and systemic care (Van Ravenswaaij-
Arts er al., 2017). Addressing this deficit is essential for
improving diagnostic accuracy and prognostic assessment
and customized multidisciplinary interferences for subjects
with this syndrome (Usman & Sur, 2023).
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The main aim of this study is to conduct a comparative
analysis of the ocular features and systemic manifestations
of this syndrome, with a focus on explicating the spectrum
of visual dysfunction and ocular anomalies (De Geus
et al., 2018). By systemically examining this feature in the
context of the broader scientific phenotype, this research
aims to uncover patterns and correlations that can inform
clinical practices and further research (Legendre er al.,
2012). This examination holds significant suggestions for
the fields of pediatric ophthalmology, medical genetics,
and developmental medicine. Better understanding of the
ophthalmic aspects of CHARGE syndrome can improve
early diagnostic efforts, guide therapeutic interventions,
and ultimately contribute to better developmental and
functional outcomes of affected subjects (George er al,
2020). Additionally, the comparative approach employed
in this study offers an innovative perspective, highlighting
the relationship between visual and systemic features and
bridging existing knowledge gaps. The findings of this study
are expected to have translational value, which provides a
framework for more unified care pathways and apprising
policy decisions regarding the management of rare genetic
disorders (Martin et a/, 2020). This study is focused on
the analysis of visual function and ocular anomalies in
subjects diagnosed with CHARGE syndrome, as defined
by established clinical criteria. The scope is deliberately
limited to observational and comparative analyses, without
investigating therapeutic or experimental interventions
(Singh et al., 2020). This limitation ensures a clear focus
on identifying and characterizing ocular and systemic
correlations within the study group. In summary, this study
aims to provide a detailed, evidence-based understanding of
ocular dimensions of this syndrome, with the ultimate goal
of improving clinical outcomes and improving quality of life
for affected individuals.

2. Methods

This prospective, descriptive study intended to investigate
the ocular features and systemic manifestations of
CHARGE syndrome, with a specific focus on discovering
correlations and patterns between visual dysfunction
and systemic anomalies. Data were collected from May
2022 to December 2023 from varied specialized clinics
in Gujarat, directing subjects who were diagnosed with
CHARGE syndrome. A sample of 74 subjects was
selected through purposive sampling to ensure depiction
of various phenotypic presentations. Subjects who have
a confirmed diagnosis of CHARGE syndrome and those
whose medical records were accessible. Medical reports
include both systemic and ocular health. Exclusion criteria
include missing ocular or systemic data and the existence

of unrelated ophthalmic conditions that could misperceive
the results. All the subjects were diverse in age and gender,
which reflects the heterogeneity and developmental impact
of this syndrome. Data collection involves direct clinical
assessment as well as analysis of retrospective records.
Testing includes visual acuity testing, fundus evaluation,
optical coherence tomography, refractive error evaluation,
ocular alignment, and visual field evaluations. Trained eye
specialists conducted all the examinations, and all standard
protocols are followed to ensure consistency. For cooperative
subjects, visual acuity was measured with LogMAR visual
acuity charts, and for younger or non-verbal children,
Lea symbols or Teller acuity cards were used. To evaluate
structural anomalies like coloboma, optic nerve hypoplasia,
retinal thinning, OCT, and fundoscopy were used. Ocular
alignment and strabismus assessment were conducted by
using Hirschberg and cover tests with alternative tests for
fixation instability. Refractive error evaluation along with
cycloplegic refraction was performed with retinoscopy and
autorefractometers. Visual field assessment was performed
with automated perimetry or confrontation tests depending
on the cognitive ability of the subject. The data was analyzed
using SPSS version 28.

A combination of descriptive and inferential statistics
was applied to uncover significant patterns and relationships.
Descriptive statistics include demographic characteristics,
prevalence rates of systemic and ocular anomalies, and
metrics of visual function. Inferential statistics includes chi-
square tests to identify the associations between categorical
variables like congenital heart defects. Independent t-tests
were performed to compare mean values between 2 groups,
like the score of visual acuity of subjects with and without
optic nerve hypoplasia. One-way ANOVA was utilized
to know age-related differences in visual function. Non-
parametric tests like Mann-Whitney U tests and Kruskal-
Wallis tests were employed for ordinal and non-normally
distributed data. Pearson correlation coefficient assessed the
relationship between continuous variables like the correlation
between retinal thickness and visual acuity, which provides
quantitative measures of the relationship between structural
and functional ocular characteristics. The logistic regression
model had analyzed whether craniofacial malformations
increased the likelihood of optic nerve hypoplasia or
strabismus with adjusting confounders like age and gender.
For data normality assessment, Shapiro-Wilk tests were
utilized, and data transformations were applied to correct
skewed distributions as necessary. To examine the multi-
dimensional relationship, principal component analysis
was employed to identify underlying patterns within the
dataset. Structural equation modeling further showed direct
and indirect effects on visual outcomes facilitated through
structural ocular anomalies.
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3. Results

3.1. Participant Characteristics

74 participants were diagnosed with CHARGE syndrome,
including 37 males and 37 females. The mean age of the
patient is 15.6 years, and the standard deviation is 7.8, and
the range variation of the age is between 5 and 40 years. This
variation shows developmental changes in a wide age range.
In this wide age range, they exhibit visual acuity in LogMAR,
which is 0.1 to 1.2, and its mean value is 0.48 (£ 0.28),
and it indicates visual impairment variation. Here, 34%
have coloboma, 23% have optic nerve hypoplasia, and 29%
show retinal thinning. Showed craniofacial malformations
and congenital heart defects, which were also common and
observed in 56% and 41% of participants, respectively.

3.2 Primary Outcomes

The Chi-Square test was applied to categorical variables,
which showed significant associations between certain ocular
and systemic abnormalities. There is a strong correlation
between craniofacial malformations and coloboma of the
eye (x? = 6.89, p = 0.009) and optic nerve hypoplasia (x?
= 5.67, p = 0.017). The independent t-test was applied
between poorer visual acuity (0.58 £ 0.31) without
craniofacial malformations (0.41 £ 0.22) and poorer visual
acuity with craniofacial malformations, and p = 0.011. Here
congenital heart defects with lower mean visual acuity (0.60
4 0.32) than those without heart defects (0.41 + 0.25),
and this difference was statistically significant t = 2.74,
and p = 0.008. It shows the significant impact of systemic
abnormalities on visual function in CHARGE syndrome.

3.3 Secondary Outcomes

In this study, it is shown that significant V/A deterioration
is found at different age groups by the use of one-way
ANOVA and age groups (F(3, 70) = 4.22, p = 0.008),
with younger participants (5-12 years) having significantly
lower visual acuity compared to older participants. There is
a strong negative Pearson correlation analysis found between
retinal thickness and visual acuity (r = -0.56, p = 0.001),
indicating that greater retinal thinning was associated with
poorer visual function. Strong correlation between optic
nerve hypoplasia and visual acuity (r = -0.65, p < 0.001).
Logistic regression analysis shows craniofacial malformations
have significant ocular abnormalities such as coloboma (OR
= 3.45, p = 0.002) and optic nerve hypoplasia (OR = 2.93,
p = 0.004).

Moreover, the Mann-Whitney U test and Kruskal-
Wallis test were applied to know the distribution of visual
acuity and retinal thickness data. By the use of the Mann-

Whitney U test, it is revealed that V/A deterioration is
found between those with and without coloboma (U =
526.0, p = 0.019), and by the use of the Kruskal-Wallis
test, it is revealed that V/A deterioration is found between
those with and without coloboma (U = 526.0, p = 0.019),
and craniofacial malformations and congenital heart defects
have significantly poorer V/A compared to those who don’t
have systemic abnormalities (H = 9.34, p = 0.025).

In the tables, the results are summarized, highlighting
the participant’s demographic characteristics and the
correlation between ocular and systemic abnormalities
at different age groups. V/A deterioration and ocular and
systemic features correlation.

Table 1: Demographic Characteristics of the Study Participants,
including their Age, Gender Distribution, and the Presence of
Ocular and Systemic Abnormalities Meticulously

Characteristic N (%) | Mean (SD) | Range
Age (Years) - 15.6 (7.8) | 5-40
Gender - - -
Male 37 (50%) - -
Female 37 (50%) - -
Visual Acuity (LogMAR) - 0.48 (0.28) Oilz_
Ocular Abnormalities - - -
Coloboma 25 (34%) - -
Optic Nerve Hypoplasia | 17 (23%) - -
Retinal Thinning 21 (29%) - -
Systemic Abnormalities - - -
Craniofacial
0, - -
Malformations 42 (56%)
Congenital Heart Defects | 30 (41%) - -

Table 2: Correlation between Ocular Abnormality and Systemic
Abnormality with Application of Chi-Square Test (X?) with
P-Value

Ocular Systemic )

Abnormality Abnormality X Value | p-value

Coloboma Craniofacial 6.89 | 0.009

Malformations
Coloboma Congenital Heare 3.21 0.073
Defects

Optic Nerve Craniofacial

Hypoplasia Malformations 567 0.017
Optic Nerve Congenital Heart

Hypoplasia Defects 284 0.092

Retinal Thinni Craniofacial 458 0.033

ctial Hhinning Malformations ’ '
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Table 3: Comparison of Visual Acuity between Craniofacial
Malformations & Congenital Heart Defects by the Use of
Independent t test with P value

. Group Mean Standard
Systemic . Visual ..
X Size . Deviation | t-value | p-value
Abnormality () Acuity (SD)
(LogMAR)
Craniofacial
Malformations | 42 0.58 0.31 2.62 | 0.011
(Yes)
Craniofacial
Malformations| 32 0.41 0.22
(No)
Congenital
Heart Defects | 30 0.60 0.32 2.74 | 0.008
(Yes)
Congenital
Heart Defects | 44 0.41 0.25
(No)

Table 3 shows the Pearson r correlation between visual
acuity and retinal thickness, visual acuity and optic nerve
hypoplasia, retinal thickness and craniofacial malformations,
and visual acuity and congenital heart defects, and the data
value is on that table accordingly.

4. Discussion

The findings of the present study were interpreted and
compared with existing data. The correlation was shown
between ocular abnormalities and systemic manifestations
in individuals with CHARGE syndrome (Onesimo
et al., 2021). In this study, 34% were coloboma, 23% were
optic nerve hypoplasia, and 29% were retinal thinning,
with visual acuity scores varying (mean = 0.48, £0.28
LogMAR). Here correlation is held between craniofacial
malformations (56%) and congenital heart defects (41%),
and it is strongly correlated with ocular anomalies (Singh er
al., 2020). Here these all-statistical analyses were included
to see the significant interrelationships between visual
function and systemic abnormalities; these are chi-square
tests, independent t-tests, ANOVA, and regression models.
Poor visual outcomes (t(72) = 2.62, p = 0.011) were seen
in craniofacial malformations, and those with congenital
heart defects have significantly lower visual acuity (¢(72)
= 2.74, p = 0.008). It indicates comprehensive ocular
investigation during diagnosed Charge Syndrome (Martin
et al., 2020). These findings are correlated with existing
studies and strongly positively correlated in individuals
with CHARGE syndrome. The same correlations between
craniofacial malformations and visual defects were reported

by Smith

et al. (2019). However, in our study, participants were
74 and included advanced statistical techniques. Here,
a correlation between retinal thinning and visual acuity
(r = -0.56, p = 0.001) is found. There is a considerable
limitation in this study, and that is the limitation of the
findings of the generalizability (Hysi ez al., 2020). Due to its
cross-sectional nature, the study could not continue with its
long-term progression.

5. Conclusion

In conclusion, this study shows the correlation between ocular
abnormalities and systemic manifestations in CHARGE
syndrome. These findings indicate the benefits of early
diagnosis and multidisciplinary management for patients
who were affected by this syndrome. Finally, this research is
helpful for indicating further progress for enhanced clinical
outcomes and quality of life for individuals.

Acknowledgements

Authors declare that there are no acknowledgements for this
research paper.

Authorship Contribution

Partha Haradhan Chowdhury: Conceptualization, data
interpretation, and methodology; Brinda Shah: Data
analysis, manuscript writing, and review, etc.

Funding

There is no funding source for this article.

Conflict of Interest

Authors declare that there is no conflict of interest.

Ethical Approvals

Ethical clearance was obtained from Shree Satchandi
Jankalyan Samiti.

Declaration

It is an original article and has been neither sent elsewhere
nor published anywhere.

References

Burton, M. J., Ramke, J., Marques, A. P, Bourne, R. R.,
Congdon, N., Jones, 1., ... & Faal, H. B. (2021). The

ISSN No.: 2393-8536 (Print) ISSN No.: 2393-8544 (Online) Registration No. : CHAENG/2014/57978



Partha Haradhan Chowdhury and Brinda Shah, J. Multidiscip. Res. Healthcare Vol. 10, No. 2 (2024) p.58

Lancet Global Health Commission on global eye
health: Vision beyond 2020. 7he Lancer Global Health,
9(4), e489—-e551.

De Geus, C. M., Bergman, J. E. H., van Ravenswaaij-Arts,
C. M. A., & Meiners, L. C. (2018). Imaging of clival
hypoplasia in CHARGE syndrome and hypothesis for
development: A case-control study. American Journal
of Neuroradiology, 39(10), 1938—1942.

Dell'Osso, L. E, Orge, E H., Jacobs, J. B., & Wang, Z.
I. (2018). Longitudinal studies and eye-movement-
based treatments of infantile nystagmus syndrome:
Estimated and measured therapeutic improvements
in three complex cases. Journal of Binocular Vision and

Ocular Motility, 68(4), 122-133.

George, A., Cogliati, T., & Brooks, B. P. (2020). Genetics of
syndromic ocular coloboma: CHARGE and COACH
syndromes. Experimental Eye Research, 193, 107940.

Hysi, P G., Choquet, H., Khawaja, A. P, Wojciechowski,
R., Tedja, M. S., Yin, J., ... & Hammond, C. ]. (2020).
Meta-analysis of 542,934 subjects of European ancestry
identifies new genes and mechanisms predisposing to
refractive error and myopia. Nature Genetics, 52(4),
401-407.

Legendre, M., Gonzales, M., Goudefroye, G., Paris, M.,
Perez, M. J., Baumann, C., ... & Vekemans, M.
(2012). Antenatal spectrum of CHARGE syndrome in
40 fetuses with CHD7 mutations. journal of Medical
Genetics, 49(11), 698-707.
hteps://doi.org/10.1136/jmedgenet-2012-153

Martin, G. C., Robert, M. P, Challe, G., Trinh, N. T,
Attie-Bitach, T., Brémond-Gignac, D., Bodaghi, B.,
& Abadie, V. (2020). Functional vision analysis in
patients with CHARGE syndrome. Journal of Pediatric
Ophthalmology & Strabismus, 57(2), 120-128.
https://doi.org/10.3928/01913913-20200207-02

Onesimo, R., Ricci, D., Agazzi, C., Leone, S., Petrianni, M.,
Orazi, L., Amore, E, Salerni, A., Leoni, C., Chieffo,
D., Tartaglia, M., Mercuri, E., & Zampino, G. (2021).
Visual function and ophthalmological findings in
CHARGE syndrome: Revision of literature, definition
of a new clinical spectrum, and genotype-phenotype
correlation. Genes, 12(7), 972.
https://doi.org/10.3390/genes12070972

Singh, M., Kaur, M., Grewal, A. M., Yangzes, S., Yadav, D.,
Zadeng, Z., & Gupta, . (2020). Ophthalmic features
and management outcomes of 30 children having
Goldenhar syndrome. International Ophthalmology,
40, 667-675.
https://doi.org/10.1007/s10792-019-01227-0

Usman, N., & Sur, M. (2023). CHARGE syndrome.
StatPearls [Internet]. StatPearls Publishing.

Van Ravenswaaij-Arts, C., & Martin, D. M. (2017).
New insights and advances in CHARGE syndrome:
Diagnosis, ectiologies, treatments, and research
discoveries. American Journal of Medical Genetics Part

C: Seminars in Medical Genetics, 175(4), 397—4006.

Journal of Multidisciplinary Research in Healthcare

=1l

CHITKARA

Chitkara University, Saraswati Kendra, SCO 160-161, Sector 9-C,
Chandigarh, 160009, India

Volume 10, Issue 2

April 2024

ISSN 2393-8536

Copyright: [©2024 Partha Haradhan Chowdhury and Brinda Shah] This is an Open Access article published in Journal
of Multidisciplinary Research in Healthcare (J. Multidiscip. Res. Healthcare) by Chitkara University Publications. It is
published with a Creative Commons Attribution- CC-BY 4.0 International License. This license permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

ISSN No.: 2393-8536 (Print) ISSN No.: 2393-8544 (Online) Registration No. : CHAENG/2014/57978


https://doi.org/10.1136/jmedgenet-2012-153
https://doi.org/10.3928/01913913-20200207-02
https://doi.org/10.3390/genes12070972
https://doi.org/10.1007/s10792-019-01227-0

