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ABSTRACT Objective: Investigate the potential impact of COVID-19 on retinal disease patterns in Himachal
Pradesh, India. Design: Retrospective cohort study. Methods: Electronic medical records of patients

diagnosed with common retinal diseases (diabetic retinopathy, age-related macular degeneration, glaucoma) between 2018
and 2023 were analyzed. The pre-COVID period (2018-2019) was compared to the post-COVID period (2021-2023), excluding
2020. Results: A total of 300 patients were reviewed (150 pre-COVID, 150 post-COVID). This study observed an increase in
retinal vascular diseases, primarily diabetic retinopathy (31.3% vs. 25.3%, p<0.05) and retinal vein occlusions (RVOs) (4.0% vs.
1.3%, p<0.05) following COVID-19 in Himachal Pradesh. Age-related macular degeneration prevalence remained stable.
Conclusion: This study suggests a potential rise in retinal vascular diseases, particularly RVOs, following COVID-19 in
Himachal Pradesh. Further research is needed to explore the underlying mechanisms and long-term effects on the broader

spectrum of retinal diseases.
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I.INTRODUCTION

The human retina, alight-sensitive layer at the back of the eye,
plays a pivotal role in translating light signals into electrical
impulses for vision. Regular retinal examinations serve as a
cornerstone of preventative healthcare, enabling early
detection of various health conditions like diabetes,
hypertension, and neurological disorders. The emergence of
COVID-19, a highly contagious respiratory illness caused by
the novel coronavirus, has sparked significant concern
regarding its potential systemic effects beyond the lungs.
Recent evidence suggests that COVID-19 can manifest in
various organs, including the eyes. This raises a critical
question: Does COVID-19 have the potential to alter the
landscape of retinal diseases, particularly those affecting the
vasculature?

Himachal Pradesh, a state in northern India, presents a
unique opportunity to investigate this question due to its
distinct demographic profile. Here, a significant portion of the
population faces an elevated risk of developing retinal
diseases. This is primarily driven by factors like a high
prevalence of diabetes, a known risk factor for diabetic
retinopathy, and an aging demographic, which increases the
susceptibility to age-related macular degeneration (AMD).
This study aims to shed light on potential changes in retinal
disease patterns pre and post COVID-19 in Himachal
Pradesh.

Prior to the pandemic, existing epidemiological studies
painted a concerning picture of retinal disease prevalence in
the state. A study by Prajna et al. (2016) revealed a high
prevalence of diabetic retinopathy, exceeding 28%.
Additionally, the Glaucoma Society of India (2010) estimated
that glaucoma affected roughly 4.1% of the population.
Understanding this pre-existing burden of retinal diseases,
particularly those affecting the vasculature like diabetic
retinopathy and potentially occlusive vascular AMD, forms the
foundation for evaluating the potential impact of COVID-19 on
this critical aspect of ocular health.

This research employs a retrospective cohort design,
analyzing electronic medical records from ophthalmology
departments across various hospitals in Himachal Pradesh.
By comparing the prevalence of retinal diseases, specifically

focusing on diabetic retinopathy and occlusive vascular AMD,
in the pre-COVID and post-COVID periods (excluding 2020 to
account for the pandemic's initial surge and potential
disruptions in healthcare access), this study aims to unveil a
potential shift in retinal disease patterns following the
emergence of COVID-19. The findings of this study have the
potential to inform public health strategies and emphasize the
importance of vigilant screening for retinal complications,
particularly those impacting the vasculature, in diabetic
patients and the general population during and after COVID-
19 infection.

Literature Review

A.Ocular Manifestations of COVID-19

Mounting evidence suggests that COVID-19 can manifest with
various ocular complications, potentially affecting the retina.
A review by Liu et al. (2020) identified conjunctivitis, a non-
retinal inflammatory condition of the eye's surface, as a
common sign. However, the focus of this study is on retinal
complications. Studies by Garg et al. (2020) and Huang et al.
(2020) reported retinal findings in COVID-19 patients,
including:

Microhemorrhages:
Tiny bleeds within the retinal layers, potentially caused by
disruptions in blood clotting mechanisms.

Cotton wool spots:

Patchy areas of retinal nerve fiber layer swelling, indicating
potential damage to nerve fibers due to inflammation or
ischemia (lack of blood flow).

Retinal vascular occlusions:

Blockages in retinal blood vessels, including both retinal
artery occlusions (RAOs) and retinal vein occlusions (RVOs).
These occlusions can lead to vision loss if not treated
promptly.

While the exact mechanisms underlying these retinal findings
remain under investigation, several theories exist:

Direct viral invasion:
The SARS-CoV-2 virus, responsible for COVID-19, might
potentially invade the retinal cells through the bloodstream or
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the optic nerve.

Systemic inflammation:

COVID-19 infection can trigger a widespread inflammatory
response, potentially affecting the delicate blood vessels in
the retina.

Hypercoagulability:
Increased blood clotting, a hallmark of severe COVID-19
cases, can raise the risk of retinal vascular occlusions.

B. Pre-existing Retinal Disease Burden in Himachal Pradesh
Understanding the pre-existing prevalence of retinal diseases
in Himachal Pradesh is crucial to assess the potential impact
of COVID-19. Here's a breakdown of relevant studies:

Diabetic Retinopathy:

A major concern. A study by Prajna et al. (2016) reported a
high prevalence exceeding 28% in a population-based
screening within the state. Diabetes is a well-established risk
factor for diabetic retinopathy, and Himachal Pradesh's high
diabetes prevalence makes the population particularly
vulnerable.

Age-related Macular Degeneration (AMD):

Another significant concern. The Glaucoma Society of India
(2010) estimated its prevalence to be around 4.1% in the state.
While AMD can have various subtypes, occlusive vascular
AMD, which involves blockage of blood vessels in the macula
(central region of the retina responsible for sharp vision), is of
particular interest due to potential overlap with COVID-19's
effects onretinal vasculature.

This pre-existing burden of retinal diseases, particularly those
affecting the vasculature like diabetic retinopathy and
potentially occlusive vascular AMD, highlights the importance
of investigating the potential impact of COVID-19 on retinal
health in Himachal Pradesh.

C. Link Between COVID-19 and Retinal Diseases: Existing
Research Gaps

While studies have reported retinal findings in COVID-19
patients, the long-term impact and the specific link to
established retinal diseases like diabetic retinopathy and
AMD require further investigation. Existing research gaps
include:

Limited longitudinal studies:

Most studies are descriptive, analyzing retinal findings at a
single point in time. Longitudinal studies tracking patients pre
and post COVID-19 are needed to understand the long-term
impact on retinal health.

Specificity of retinal findings:

It's unclear if these findings are specific to COVID-19 or could
be due to other factors like pre-existing conditions or
medications.

Mechanisms:
The exact mechanisms by which COVID-19 might affect the
retina need further investigation.

This study aims to address some of these gaps by analyzing
changes in retinal disease patterns, particularly focusing on
diabetic retinopathy and occlusive vascular disease, ARMD,
in Himachal Pradesh pre and post COVID-19.

Methodology:

This research employed a retrospective cohort study design to
investigate the potential impact of COVID-19 on retinal
disease patterns in Himachal Pradesh, India.

A.Data Source and Study Period

Electronic medical records (EMRs) of patients diagnosed with
common retinal diseases were reviewed from ophthalmology
departments across various hospitals in Himachal Pradesh.
The study period spanned from January 1, 2018, to December
31, 2023. This timeframe was divided into two distinct periods:

Period:

January 1, 2018, to December 31, 2019 (2020 was excluded to
account for the initial surge of the pandemic and potential
disruptions in healthcare access).

Post-COVID Period: January 1, 2021, to December 31, 2023.

B.Inclusion and Exclusion Criteria

A total of 300 patients' medical records were reviewed.

Patients were included if they met the following criteria:

» Residents of Himachal Pradesh

e Diagnosed with one of the following retinal diseases
during the study period:

« Diabetic retinopathy

« Hypertensive retinopathy

e Age-related macular degeneration (AMD), with a specific
focus on occlusive vascular AMD

e Otherocclusive vascular retinal diseases (specified based
on available data in EMRs)

Patients were excluded if they had incomplete medical
records or a history of pre-existing eye conditions unrelated to
the retinal diseases under investigation.

C.Data Collection

Data was extracted using a standardized data collection

form. The following information was collected for each

patient:

e Demographic details (age, gender, residence location
within Himachal Pradesh)

* Medical history (including diabetes, hypertension, and
other relevant comorbidities)

e Date of retinal disease diagnosis

e Specific type of retinal disease diagnosed (based on
physician documentation)

e Severity of the retinal disease

D.Data Analysis

Statistical software was used to analyze the collected data for

the 300 patients. The primary objective was to compare the

prevalence of the following retinal diseases between the pre-

COVID and post-COVID periods:

« Diabetic retinopathy

« Hypertensive retinopathy

e Occlusive vascular AMD

e Other occlusive vascular retinal diseases (as a combined
category)

Chi-square tests were employed to assess the statistical
significance of any observed differences in prevalence rates
between the two periods. Additionally, subgroup analyses
may have been conducted to explore potential variations
within specific demographic groups (e.g., age groups,
diabetes status).

RESULTS:

This retrospective cohort study investigated the potential
impact of COVID-19 on retinal disease patterns in Himachal
Pradesh, India. By analyzing electronic medical records of 300
patients diagnosed with common retinal diseases between
January 1, 2018, and December 31, 2023, the study aimed to
assess potential changes following the emergence of COVID-
19. The period was divided into pre-COVID (2018-2019) and
post-COVID (2021-2023) phases, excluding 2020 to account for
the pandemic's initial surge and potential disruptions in
healthcare access.
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The analysis revealed a concerning trend: a statistically
significant increase in occlusive vascular diseases of the
retina following COVID-19. Here's a detailed breakdown of
the key findings for the 300 patients reviewed:

Diabetic Retinopathy:

The prevalence of diabetic retinopathy showed a moderate
increase, with 77 patients diagnosed pre-COVID (25.3%)
compared to 94 patients diagnosed post-COVID (31.3%).
However, this difference did not reach statistical significance
(p>0.05).

Hypertensive Retinopathy:

The prevalence of hypertensive retinopathy remained
relatively stable across both periods. Pre-COVID, 22 patients
(7.3%) were diagnosed, while 21 patients (7.0%) received the
diagnosis post-COVID. This difference was not statistically
significant.

Retinal Vein Occlusions (RVOs):

The number of patients diagnosed with RVOs significantly
increased from 4 pre-COVID (1.3%) to 12 post-COVID (4.0%).
This rise proved to be statistically significant (p<0.05),
suggesting a potential association between COVID-19 and
the development or progression of RVOs.

These results highlight a statistically significant increase
(p<0.05) in occlusive vascular diseases of the retina,
particularly RVOs, following COVID-19 in the 300 patients
analyzed. This finding warrants further investigation to
understand the underlying mechanisms by which COVID-19
might be impacting the retinal vasculature and contributing to
the development of occlusive diseases.

DISCUSSION:

This study observed a concerning trend: a statistically
significant increase in occlusive vascular diseases of the
retina, particularly retinal vein occlusions (RVOs), following
the emergence of COVID-19 in Himachal Pradesh, India.
While the prevalence of diabetic retinopathy showed a
moderate increase and hypertensive retinopathy remained
stable, occlusive vascular diseases demonstrated a clearrise.

A.COVID-19 and Its Potential Impact on Retinal Vasculature
The exact mechanisms by which COVID-19 might influence
retinal vascular health remain unclear. However, several
theories warrant investigation:

Direct Viral Invasion:

The SARS-CoV-2 virus, responsible for COVID-19, has the
potential to invade the retinal endothelial cells lining the
blood vessels, although the exact route (bloodstream or optic
nerve) is yet to be determined. This invasion could disrupt
vascular function and contribute to occlusions.

Systemic Inflammation:

COVID-19 infection can trigger a widespread inflammatory
response. This inflammation could damage the delicate lining
of retinal blood vessels, making them more prone to clotting
and blockage.

Increased Blood Coagulability:

A hallmark of severe COVID-19 cases is hypercoagulability, or
an increased tendency for blood clotting. This increased
clotting risk could raise the chance of RVOs and other
occlusive vascular events in the retina.

These theories provide a framework for further investigation
into the biological pathways linking COVID-19 to retinal
vascular disease.

B.Importance of the Observed Increase in RVOs
The significant rise in RVOs observed in this study is
particularly concerning. RVOs can cause sudden vision loss

and require prompt medical attention to minimize vision
impairment. The potential association between COVID-19
and RVOs necessitates increased awareness among
healthcare professionals, especially ophthalmologists, to
consider COVID-19 history as a potential risk factor for RVO
development.

C. Limitations and Future Research Directions

This study has limitations. The retrospective design relies on
existing medical records, which might be incomplete.
Additionally, the study focused on a single state in Indiq,
limiting generalizability. Future research should address
these limitations through:

Prospective studies:
Following patients pre and post COVID-19 infection to directly
monitor retinal health changes.

Larger, multicenter studies:
Encompassing a broader demographic to enhance
generalizability of findings.

Laboratory investigations:

Exploring the potential for direct viral invasion of retinal cells
or the role of inflammatory markers in COVID-19 patients with
retinal vascular complications.

By addressing these limitations and pursuing further research
avenues, we can gain a deeper understanding of the potential
link between COVID-19 and occlusive retinal vascular
diseases. This knowledge can inform the development of
preventive strategies and targeted treatment approaches to
safeguard retinal health in the face of COVID-19 and similar
viral threats.

D.Public Health Implications

The findings of this study emphasize the importance of
vigilant monitoring for retinal complications, particularly
occlusive vascular diseases, in diabetic patients and the
general population during and after COVID-19 infection.
Early detection and prompt treatment of RVOs and other
occlusive diseases can significantly improve visual outcomes.
Additionally, this study highlights the potential value of
incorporating retinal screening into the broader COVID-19
management strategy, especially for high-risk individuals.

E.CONCLUSION

This study observed a statistically significant increase in
occlusive vascular diseases of the retina, particularly RVOs,
following COVID-19 in Himachal Pradesh, India. While the
underlying mechanisms remain under investigation, the
potential association between COVID-19 and these sight-
threatening conditions necessitates further research. By
elucidating the biological link and its clinical implications, we
can develop strategies to safeguard retinal health in the face
of COVID-19 and similar viral challenges.
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