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Abstract

Aim: COVID-19 targets all tissue and organ systems, not just the lungs. The
optic nerve and retina with extensive microvascular nutrition are prone
to viral involvement. Optical coherence tomography is a technology that
provides detailed information about both optic nerve and retinal structure.
The study was carried out to investigate possible changes in the optic nerve
and retinal structure of patients with COVID-19 infection, dividing PCR
positivity or negativity.

Material and Method: Thirty PCR positive COVID-19 patients with
different ages and varying admission complaints were included in the
study. Twenty-five COVID-19 patients who were PCR negative with similar
age and gender were selected as a secondary group for comparison. All
patients underwent ophthalmologic examination, including slit-lamp
biomicroscopy, funduscopy, and Optical Coherence Tomography (OCT).
These examinations were performed four weeks after the diagnosis of
COVID-19 for full compliance with the mandatory isolation. In addition,
Retinal Nerve Fiber Layer Thickness (RNFL), retinal thickness, and retinal
volume measurements were performed.

Results: No statistical significance was observed in any parameter between
the PCR positive or negative patients when the comparative analysis for
both eyes in RFNL measurements. There was a significant difference in
retinal thickness measurements between the PCR positive and negative
groups regarding left eye central retinal thickness (p=0.047). In addition,
there was no statistical difference in retinal volume measurements.

Conclusion: Retinal imaging with optical coherence tomography is a
non-invasive, reproducible, and rapid technique in which subclinical or
overt retinal pathologies can be detected during COVID-19. Therefore,
management of COVID-19 patients should include retinal assessment with
close follow-up, especially in patients with headaches and optic pain.
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Oz

Amag: COVID-19 sadece akcigerleri degil tim doku ve organ sistemlerini
hedef almaktadir. Kapsamli mikrovaskiler beslenmeye sahip optik sinir ve
retina viral tutuluma yatkindir. Optik koherens tomografi, hem optik sinir
hem de retina yapisi hakkinda detayli bilgi veren bir teknolojidir. Calisma,
COVID-19 enfeksiyonu olan PCR pozitif ve negatif hastalarin optik sinir ve retina
yapisindaki olasi degisiklikleri arastirmak amaciyla gerceklestiriimistir.

Gereg ve Yontem: Calismaya farkli yas ve farkli basvuru sikayetlerine sahip PCR
pozitif 30 COVID-19 hastasi dahil edildi. Benzer yas ve cinsiyet grubundaki yirmi
bes PCR negatif COVID-19 hastasi karsilastirma yapabilmek adina ikincil bir grup
olarak tanimlandi. Tum hastalara yarik lamba biyomikroskopisi, fundoskopi
ve Optik koherens tomografi (OCT) dahil oftalmolojik muayene yapildi. Bu
muayeneler, zorunlu izolasyona tam uyum icin COVID-19 tanisindan dort hafta
sonra yapildi. Ayrica Retina Sinir Lif Tabaka Kalinligi (RNFL), retina kalinligi ve
retina hacmi dlctmleri yapildi.

Bulgular: RNFL 6lctimlerinde her iki goz icin karsilastirmali analiz yapildiginda
PCR pozitif COVID-19 hastalar ile PCR negatif grup arasinda herhangi bir
parametrede anlamli fark gézlenmedi. Retina kalinhigr élcimlerinde sol goz
santral retina kalinligi agisindan PCR pozitif ve negatif gruplar arasinda anlamli
fark vardi (p=0.047). Bununla birlikte, retina hacim &lctimlerinde istatistiksel bir
fark yoktu.

Sonug: Optik koherens tomografi ile retina gérintileme, COVID-19 sirasinda
subklinik veya asikar retina patolojilerinin tespit edilebildigi, invazif olmayan,
tekrarlanabilir ve hizli bir tekniktir. Bu nedenle COVID-19 hastalarinin yonetimi,
ozellikle bas agrisi ve okuler agrisi olan hastalarda yakin takip ile retina
degerlendirmesini icermelidir.

Anahtar Kelimeler: Optik koherens tomografi, retina sinir lif tabaka kalinhg,
COVID-19, optik sinir

Corresponding (iletisim): Nihat Aydin, Amasya University Sabuncuoglu Serefeddin Training and Research Hospital, Eye Diseases, Amasya, Turkey Elﬁ%'EI

E-mail (E-posta): drnihataydin@gmail.com
Received (Gelis Tarihi): 02.03.2022  Accepted (Kabul Tarihi): 17.04.2022

I..
ENE5


mailto:drnihataydin@gmail.com
https://dx.doi.org/10.16899/jcm.1081927
https://orcid.org/0000-0003-0242-0570
https://orcid.org/0000-0003-3549-9131

Nihat Aydin, Optic Nerve and Retinal Layer Measurements In COVID-19 Patients

496

INTRODUCTION

COVID-19 is caused by SARS-COV-2, a novel beta
coronavirus that has caused a life-threatening infection that
has caused millions of deaths worldwide. SARS-COV2 uses
a spike protein that binds directly with a strong affinity to
human angiotensin-converting enzyme 2 (ACE2) to enter
human cells.” Although the lungs are the primary site of
involvement in COVID-19 infection, problems related to
the disease have been detected in various organs. In the
COVID-19 infection, which is still not prevented globally,
optic surface disorders, mainly conjunctivitis, have been
described in approximately 10% of patients.? However,
little is known about how it affects the retina and the
optic nerve as part of the central nervous system (CNS).B
The human eye has its renin-angiotensin system, located
not only on the eye's surface but also in the retina.™ In
addition, several human respiratory viruses (including
coronavirus CoV) are neuroinvasive and neurotropic, with
potential neuropathological consequences in vulnerable
populations. The neurological symptoms seen in patients
with viral infections are caused by what is known as a
"cytokine storm’, which includes pro-inflammatory and
anti-inflammatory cytokines as an immune response to viral
infection of the CNS. An exaggerated response to infection
can lead to meningitis, encephalitis, meningoencephalitis,
or death. The COVID-19 pandemic, caused by SARS-CoV 2,
is a human respiratory virus that infects the respiratory tract
and can cause pneumonia and respiratory failure similar to
SARS-CoV, displaying neuroinvasive neurotropic abilities.
Bl Optical coherence tomography (OCT) is a promising
technology developed to evaluate tissue thickness in vivo,
such as the retinal nerve fiber layer (RNFL). This technology
was initially designed for fiberoptic use. OCTis a non-invasive
imaging technique that obtains detailed retina images
using low coherence light. It is a reliable and reproducible
method for measuring retinal layers and detecting changes
in layer thickness with high resolution.! This technique has
been used successfully to monitor changes in retinal layers
in several ophthalmological and neurological diseases such
as glaucoma, multiple sclerosis, and Alzheimer's disease.
78 With a prototype instrument, OCT data was reported to
correlate with the known topography of human retinas.”
Reproducibility studies using an OCT prototype have shown
standard distributions (SD) of measurement of RNFL and
retinal thicknesses of approximately 10 to 20 pm (10%-20%)
in normal and glaucomatous eyes.!*1"

This study evaluated total, superior, and inferior peripapillary
retinal nerve fiber layer thickness (RNFL), mean retinal
thickness, central retinal thickness, and total retinal volume
in COVID-19 patients according to PCR results. Thus, our
study is the first in the literature that examines optic nerve
and retina measurements according to PCR results in
COVID-19 patients.

MATERIAL AND METHOD

Subjects

The study included 30 COVID-19 patients of different ages
and admission complaints. The SARS-CoV-2 virus genetic
material was detected by reverse transcriptase-polymerase
chain reaction (RT-PCR) in the nasal swab sample. Twenty-
five COVID-19 patients of similar age and sex who were PCR
negative were selected as a secondary comparison group. The
PCR positive group was formed by patients with COVID-19
who presented in the hospital's Emergency Department
(ED) and successfully recovered from the infection between
23 and 29 March 2020. Inclusion criteria were: 18 to 70 years
old; SARS-CoV-2 infection was confirmed by a positive reverse
transcriptase-polymerase chain reaction (RT-PCR) test from
a nasopharyngeal swab and written informed consent. The
PCR negative group consisted of patients diagnosed with
COVID-19 by clinical examination and lung tomography but
did not have SARS-CoV-2 virus in the swab test. Those who
had ongoing symptoms were in quarantine, could not go to
the hospital due to their general health condition, and had
accompanying psychiatric, neurological, or eye diseases were
excluded from the study. The individuals volunteered for the
study by signing the informed consent form. After the pre-
approval from the study by the Republic of Turkey Ministry
of Health, ethical approval was obtained from the Amasya
University Ethical Board with 13.09.2021-32307 date and
number.

Ophthalmologic Exam and Optic Nerve Imaging

All  patients underwent ophthalmologic examination,
including slit-lamp biomicroscopy, funduscopy, and OCT.
These examinations were performed four weeks after the
diagnosis of COVID-19 for full compliance with the mandatory
isolation. RNFL, retinal thickness, and retinal volume
measurements were performed with the Topcon 3D 2000 (3D
OCT 2000, Topcon Corporation, Tokio, Japan) OCT device. All
peripapillary RNFLT measurements were made using a circular
scan pattern centered on the optic nerve. The eye-tracking
system allowed any subsequent OCT scan to be scanned
precisely at the exact location as the last scan. The OCT
software calculated the average RNFLT for the overall global
(360 degrees). RNFL measurements were noted globally
and in the three quadrants (superior, inferior, total). A single
experienced physician carried out all OCT examinations.

Statistics

Data analysis was performed using SPSS version 24.00 (IBM,
New Castle, NY, USA). Continuous variables were used as
mean and standard deviation (SD), while numbers and
percentages were used for categorical variables. Age and
gender differences between the groups were compared using
the Chi2 and t-student tests. The normality of the variables
was evaluated using the Kolmogorov-Smirnov test. Student
t-test was used for group comparisons of OCT measurements.
Statistical significance was determined as 0.05.
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RESULTS

While 43.3% of the PCR positive were women, the mean age
group was 46.6+18.2. While 46.6% of the PCR negative group
were women, the mean age was 47.3+£15.9 years. There was
no difference between the groups regarding age and gender
(p=0.648 and p=0.716, respectively). No statistical significance
was observed in any parameter between the PCR positive and
negative patients when the comparative analysis for both
eyes in RFNL measurements (Table 1).

Table 1. Peripapillary optical coherence tomography (OCT) results in

Polymerase Chain Reaction (PCR) positive and negative COVID-19 patients.

. PCR positive PCR negative
Optic Nerve OCT (n=30) (n=25) p
(pm) value
Mean SD Mean SD
Rnfl Total - Right 96.2 10.8 93.1 9.9 0.234
Rnfl Total - Left 99.1 8.0 933 8.4 0.116
Rnfl Superior - Right 115.5 13.9 103.5 14.4 0.432
Rnfl Superior - Left 116.8 11.7 101.6 11.9 0.537
Rnfl Inferior - Right 116.8 16.1 106.8 16.5 0.678
Rnfl Inferior - Left 123.6 17.1 107.9 17.8 0.719

SD: standard deviation; Rnfl: retinal nerve fiber layer.

There was a significant difference in retinal thickness
measurements between the PCR positive and negative
groups regarding left eye central retinal thickness (p=0.047).
However, there was no statistical difference in retinal volume
measurements (Table 2).

Table 2. Retinal thickness and volume measurements of Polymerase Chain

Reaction (PCR) positive and negative COVID-19 patients.

Optical Coherence PCR + (n=30) PCR - (n=25)
Tomography p value
Measurements Mean SD Mean SD

Average Retinal

Thickness - Right (um) 272.0 14.5 273.7 123 0.301
Average Retinal

Thickness - Left (um) 272.5 15.1 273.5 11.8 0.128
Central Retinal

Thickness - Right (um) 192.6 25.6 191.7 283 0.237
Central Retinal

Thickness - Left (um) 202.7 27.5 189.9 22.8 0.047
Total Retinal Volume -

Right (um3) 7.69 0.41 7.56 0.3 0.431
Total Retinal Volume -

Left (um3) 7.71 0.42 7.56 0.3 0.381

SD: standard deviation. +: positive, -: negative.

DISCUSSION

The retinal manifestations of COVID-19 infection are
interesting. For example, one study reported fine cotton
wool spots and focal hyperreflective areas on the inner retina
in a small number of patients with confirmed COVID-19
infection.'? On the other hand, another study suggested
that hyperreflective areas on OCT scans may represent
normal retinal vessels, and cotton wool spots may represent
myelinated nerve fiber layer or be associated with other
retinal pathologies.™ Thus, these studies have shown that
coronaviruses can induce a variety of retinal pathologies.

Table 3. Statistical data of RNFL and retinal measurements by PCR positive and negative group.

Variable N N* Mean SE Mean StDev Minimum Q1 Median Q3 Maximum
CRNFLTR 25 5 93.08 2.02 10.12 62.00 90.00 95.00 100.00 104.00
CRNFLTL 25 5 93.32 1.71 8.56 73.00 87.00 95.00 99.00 112.00
CRNFLSR 25 5 103.48 2.95 14.73 65.00 92.50 105.00 113.50 125.00
CRNFLSL 25 5 101.64 2.44 12.19 70.00 93.00 101.00 110.50 127.00
CRNFLIR 25 5 106.84 3.37 16.84 71.00 96.50 105.00 121.50 136.00
CRNFLIL 25 5 107.88 3.64 18.21 66.00 96.00 107.00 125.00 136.00
CARTR 25 5 273.67 2.51 12.55 246.60 264.15 276.20 281.25 298.50
CARTL 25 5 273.47 241 12.06 248.70 264.70 275.00 280.70 294.30
CCRTR 25 5 191.72 5.78 28.89 164.00 175.00 184.00 192.00 282.00
CCRTL 25 5 189.92 4.65 23.24 169.00 176.50 183.00 194.50 282.00
CTRVR 25 5 7.5576 0.0620 0.3102 6.9700 7.3050 7.5400 7.7800 8.2900
CTRVL 25 5 7.5624 0.0562 0.2811 7.0300 7.4000 7.5000 7.7600 8.2800
PRNFLTR 30 0 96.23 2.00 10.95 76.00 89.75 94.00 105.25 119.00
PRNFLTL 30 0 99.10 1.49 8.15 84.00 93.00 98.50 105.25 114.00
PRNFLSR 30 0 115.50 2.58 14.13 85.00 108.75 116.00 123.75 143.00
PRNFLSL 30 0 116.80 217 11.87 90.00 108.50 115.50 128.00 137.00
PRNFL IR 30 0 116.77 3.00 16.42 85.00 101.00 121.00 129.25 144.00
PRNFLIL 30 0 123.60 3.17 17.34 83.00 112.75 124.50 134.25 161.00
P ARTR 30 0 271.97 2.68 14.70 243.20 258.73 272.20 281.38 298.90
P ART L 30 0 272.46 2.80 15.31 238.40 258.65 275.40 283.73 300.00
PCRTR 30 0 192.60 4.76 26.05 158.00 176.00 186.50 203.75 272.00
PCRTL 30 0 202.73 5.1 27.99 164.00 183.75 192.50 224.75 295.00
PTRVR 30 0 7.6887 0.0758 0.4153 6.8800 7.3125 7.7000 7.9525 8.4500
PTRV L 30 0 7.7090 0.0775 0.4243 6.7400 7.3275 7.7850 8.0225 8.4800

C: PCR negative, P: PCR positive, RNFL: retinal nerve fiber layer, ART: average retinal thickness, CRT: central retinal thickness, TRV: total retinal volume, T: total, S: superior, I: inferior, R: right eye, L: left eye, SE:

standard error, StDev: standard deviation.
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However, our study did not observe subtle or prominent
central or peripheral retinal findings, such as vascular
abnormalities or cotton wool spots determined by OCT scans.
In addition, many studies have reported that ophthalmologic
results and retinal findings are associated with the severity
of COVID-19 infection.'*' However, retinal manifestations
such as hemorrhages, cotton swabs, and vascular changes
appear time-dependent.'®'”! One research found macular
RNFL thickness in patients recovering from COVID-19
compared to healthy subjects.™® Another study also showed
localized thinning of RNFL in patients with COVID-19." In
contrast, our study could not observe a different outcome
in COVID-19 patients regarding RNFL. Involvement of the
inner retinal layers has been reported using OCT in multiple
neurodegenerative diseases. Braak's hypothesis regarding
its etiology in Parkinson's is that a neurotropic virus invades
the nervous system. Interestingly, the preclinical phase
of Parkinson's may present olfactory and gastrointestinal
symptoms similar to COVID-19.2" Peripapillary RNFLT and
retinal thickness are thinner due to nerve damage in OCT
of Parkinson's patients.?’2! Also, multiple sclerosis can
be triggered by an infectious agent, the most likely cause
being a virus. Animal models explain that the best method
of inducing neuroinflammation is intracranial grafting,
which leads to optic nerve inflammation.?” However, we
could not detect the expected changes in retinal thickness
and volume measurements in the light of these studies. The
most important thing is that positive or negative PCR results
did not differentiate the measures. The clinical diagnosis of
COVID-19 may be why OCT results are similar. In addition, the
fact that we did not distinguish between patient groups and
patients in terms of disease severity, although we conducted
clinical studies on mild and healed patients, may explain our
results.

CONCLUSIONS

This study did not show convincing evidence that SARS-
CoV-2 can cause changes in RNFL measurements, retinal
thickness, and volume, contrary to literature data.
Nevertheless, retinal imaging with optical coherence
tomography is a non-invasive, reproducible, and rapid
technique in which subclinical or overt retinal pathologies
can be detected during COVID-19. Therefore, management
of COVID-19 patients should include retinal assessment
with close follow-up, especially in patients with headaches
and optic pain. The results of studies like this may highlight
the pathophysiology of COVID-19, especially in optic
involvement with neurological symptoms. However, for
a meaningful assessment of the optic nerve and retinal
measurements in COVID-19 patients, it is essential to
evaluate the clinical course of both the control groups
consisting of healthy individuals and the clinical course. In
addition, future studies are needed to assess whether these
changes in the retinal layers of COVID-19 have lasting and
long-term effects.

Limitations

The clinical features of the patients included in this study,
such as the relatively long post-COVID time until OCT images
are captured, no need for hospitalization during the COVID
period, or somewhat mild to moderate COVID symptoms, may
reflect disease severity and less severe COVID-19. Conversely,
our cases' infection severity and duration may explain the
absence of these retinal findings. In addition, the inability to
include the control group in our study limited our ability to
compare with healthy individuals.
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