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Purpose. To quantify the longitudinal changes of the optic nerve head (ONH) parameters and peripapillary retinal nerve fiber layer
(pRNFL) thickness in patients recovered from coronavirus disease 2019 (COVID-19) using spectral-domain optical coherence
tomography (OCT) analysis. Materials and Methods. In an observational longitudinal study, in patients recovered from COVID-
19, ONH OCT images were recorded at least two weeks after recovery from the systemic disease as the baseline and after one and
three-month follow-up. Ganglion cell complex (GCC) analysis, ONH parameters, and pRNFL thickness changes were measured.
Results. A total of 36 eyes from 18 recovered COVID-19 patients including eleven (61.2%) females were studied. The average age
was 35.5+7.5 years. The pRNFL thickness in the nasal lower sector significantly decreased from 77 + 18 ym in the first post-
COVID-19 month to 74 + 10 ym in the third month (P = 0.8). The average, superior, and inferior pRNFL thickness remained
unchanged. The average cup volume significantly decreased from 0.27 + 0.15 mm” at baseline to 0.19 + 0.15 mm? in the third post-
COVID-19 visit (P = 0.028). In terms of ONH morphologies including rim, disc and cup to disc area, and the vertical and
horizontal ratio, the changes were not significant over the 3-month study period. Focal loss volume and global loss volume values
were not changed significantly. Conclusion. Localized defect in the nasal lower sector of pRNFL is observed in 3-month post-
recovery from COVID-19. Larger studies with longer follow-ups are required to reveal the exact changes in ONH parameters.

1. Introduction

In the early days of the coronavirus disease 2019 (COVID-
19) pandemic, ocular or neurologic evaluation seemed
unnecessary. Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), a member of the Coronaviridae family,
was thought to lead to a respiratory illness, an infection in
the lower respiratory tract that is transmitted especially
through physical contact and respiratory droplets [1]. Later,
coronavirus disease 2019 (COVID-19), besides its fatal
pneumonia, was found to induce multiorgan failure and
other systems involvement. Ophthalmic and neurologic

involvements became among the common presentations of
COVID-19 [2].

SARS-CoV-2 enters different cell types and triggers the
innate immune response via its main receptor, angiotensin-
converting enzyme (ACE) 2 [3]. The ACE2 receptors present
in various types of cells in the body, including different cell
types in the central nervous system [4]. Moreover, the ACE
and ACE2 have been seen in the choroid and retina [5].
Hence, ophthalmic manifestations are inevitable. Results of
primary reports on ocular manifestations of COVID-19
were focused on anterior segment presentations, such as
conjunctivitis, conjunctival congestion, and chemosis [6].
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Subsequently, although it is rare, decrease of retinal mi-
crovascular vessel density, other retinal vascular abnor-
malities, uveitis, and neuro-ophthalmic manifestations have
been reported [7-12]. In our previous cross-sectional case-
control study, we found a nonsignificant decrease in the
PRNFL thickness of the recovered COVID-19 patient [13].
However, this study was cross-sectional and lack of follow-
up of patients. Moreover, many other cross-sectional recent
reports indicated defect in ONH and pRNFL, although the
patients were not followed up in these studies as well [14, 15].

This longitudinal study aimed to evaluate ONH and
pRNFL thickness in patients with a history of SARS-CoV-2
infection by SD-OCT and compare baseline measurements
with one- and three-month follow-ups.

2. Materials and Methods

2.1. Study Participants. This longitudinal study was carried
out at the Khatam Eye Hospital, the referral eye center of
Mashhad University of Medical Sciences (MUMS), Mashhad,
Iran. The inclusion criteria were a definite history of COVID-
19 confirmed by the positive test result of a nasopharyngeal
swab sample with real-time reverse transcription-polymerase
chain reaction (RT-PCR) and a history of recovery from the
systemic symptoms for at least one week. Detailed ocular and
systemic histories of all the participants were collected. All the
patients included in this study were the personnel of the
Khatam Eye Hospital who had recovered from COVID-19.
They volunteered to go through ophthalmological exami-
nation and ONH analysis in all three follow-up visits for the
objectives of the present study.

The exclusion criteria were any history of refractive or
intraocular surgery, history of diabetes mellitus, glaucoma,
migraine, breastfeeding, current pregnancy, clinically ap-
parent retinal disease, or autoimmune diseases. Those who
had a history of hospitalization or systemic corticosteroid
treatment for COVID-19 were not included. Furthermore,
patients with a spherical refractive error greater than five
diopters and a cylindrical refractive error of more than two
diopters were also excluded. Any evidence of ocular media
opacity preventing high-quality imaging or reduced OCT
quality was also not included in the analysis. In addition,
those with the best-corrected visual acuity less than 20/20
were also excluded from the protocol.

Personnel who were infected with COVID-19 and
returned to their workplace two weeks after the completion
of the symptomatic period were included in the study during
the first week after their return. Patients were also imaged
using the same machine one and three months after their
return. All imaging was performed between 11 AM and 2
PM to avoid diurnal changes in vessel density and by one
operator. Patients who did not complete the follow-up
imaging were excluded from the study.

2.2. Image Acquisition and Analysis. All the SD-OCT scans
were performed with the Optovue SD-OCT machine (RTVue
XR Avanti, Optovue, Fremont, CA, USA; software version
2018.0.0.14). All measurements were performed using the
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automated default segmentation. We used the 3D disc image
acquisition, ganglion cell complex (GCC) analysis, and ONH
protocol of optic disc peripapillary evaluation to measure
PRNFL thickness. GCC parameters were evaluated in this study,
and they included the following: average thickness, thickness of
the superior and inferior quadrant, the difference between the
superior and inferior quadrant thickness (named intraeye),
focal loss volume (FLV), and global loss volume (GLV).

All images were centered on the optic disc and displayed
a signal strength of at least 50. All images in the study were
carefully reviewed by the two retina specialists (MoA and
SMH) to ensure their adequate quality, resolution, optic disc
acquisition, and cup and rim detection. Moreover, the
images with significant motion artifacts that interfered with
evaluation were not included. ONH protocol evaluates
pRNFL thicknesses in eight peripapillary segments and
ONH cup, disc, and rim area analysis. Moreover, macula was
also analyzed using GCC analysis to evaluate ganglion cell
layer thickness and focal loss volume (FLV) and global loss
volume (GLV) value changes. All subjects were examined
using the same machine located in Khatam Eye Hospital,
Mashhad, Iran. For each subject, both eyes were included.

2.3. Statistical Analysis. To present the data, descriptive
statistics were used, including mean, median, standard
deviation (SD), and range. The normal distribution of
varjables was tested using the Shapiro-Wilk test; and nor-
mality plots and homogeneity of variances were examined by
Levene’s test. To compare changes within the study subjects,
generalized estimating equation analyses were performed. It
should be mentioned that a P value of 0.05 was considered
statistically significant. All statistical analyses were per-
formed using the SPSS software for Windows (version 25).

2.4. Ethical Considerations. The study was performed based
on the tenets of the Declaration of Helsinki. Accordingly,
written informed consent was obtained from all participants
before enrollment, and the study was ethically approved by the
Regional Committee on Medical Ethics at Mashhad University
of Medical Sciences (IRMUMS.MEDICAL.REC.1399.402).

3. Results

A total of 36 eyes from 18 recovered COVID-19 patients
were included. The average age+ SD of participants was
35.5+7.5 (25-51) years. Eleven (61.2%) of the study par-
ticipants were female. None of the cases was vaccinated as no
vaccine was available in the period of the study in Iran.

While, the average, superior, and inferior pRNFL
thickness remained unchanged over the study period,
pRNFL thickness in the nasal lower sector significantly
decreased from 77+18 ym in the first post-COVID-19
month to 74+ 10 ym in the third month (P = 0.038). The
thickness values remained unchanged in all other sectors
(Table 1). Reduction in the lower nasal quadrant was ob-
served in 23 eyes (63.8%) and 16 patients (88.8%) between
the first and third visit. The range of thinning varied between
-1 and -10.
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TaBLE 1: Peripapillary optical coherence tomography parameters over the study period.
First visit 1* month 3™ month P value*
Average RNFL Mean + SD 100+9 100+10 100+9 0.89
Superior RNFL Mean + SD 102+9 102+10 102+8 0.78
Inferior RNFL Mean + SD 99+11 98+11 98+ 10 0.82
Cup to disc area Mean + SD 0.36+0.16 0.35+£0.16 0.36+0.15 0.99
Cup to disc vertical ratio Mean + SD 0.53+0.19 0.52+0.17 0.53+0.16 0.80
Cup to disc horizontal ratio Mean + SD 0.64+0.21 0.64+0.2 0.65+0.19 0.79
Rim area Mean + SD 1.23+£0.31 1.29+£0.25 1.29+£0.23 0.64
Disc area Mean + SD 1.97+0.44 2.02+0.31 2.03+0.28 0.96
Cup volume Mean + SD 0.22+0.155 0.20+0.15 0.19+0.15 0.001 1, 3 (0.028)
Superior temporal Mean + SD 140+ 14 137+16 139+12 0.27
Superior nasal Mean + SD 109+15 11017 109+£13 0.85
Nasal upper Mean + SD 81+12 81+16 7912 0.45
Nasal lower Mean + SD 76+ 10 77 +18 74+ 10 0.013 2, 3 (0.038)
Inferior nasal Mean + SD 113+£20 114+20 114+18 0.99
Inferior temporal Mean + SD 138+15 135+17 139+ 14 0.44
Temporal lower Mean + SD 67+8 66+8 67+8 0.62
Temporal upper Mean + SD 79+9 78 + 11 79+9 0.85

*Based on generalized estimating equation. RNFL: retinal nerve fiber layer. SD: standard deviation.

FiGURE 1: Continued.
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FIGURE 1: Representative spectral-domain optical coherence tomography images of the optic nerve head and peripapillary retinal nerve fiber
layer thickness of two patients (a, b) at baseline and 1 and 3 months after COVID-19 recovery denoted by 0, 1, and 3.

TaBLE 2: Ganglion cell complex analysis over the study period.

First visit 1** month 3™ month P value*
Average GCC (um) Mean + SD 96 +5 96+6 97+11 0.64
Superior GCC (ym) Mean + SD 95+4 95+5 96 +9 0.47
Inferior GCC (pm) Mean + SD 96+ 6 96 +7 98+ 14 0.87
FLV (%) Mean + SD 0.8+1.22 0.86+1.32 1.02+1.53 0.07
GLV (%) Mean + SD 2.56+2.9 2.90 +3.37 3.06+3.2 0.8

*Based on generalized estimating equation; GCC: ganglion cell complex; FLV: focal loss volume; GLV global loss volume.

Similarly, in terms of ONH morphologies including rim,
disc, cup to disc area, and the vertical and horizontal ratio, the
changes were not significant over the 3-month study period.
However, the average cup volume significantly decreased
from 0.27 +0.15 mm® at baseline to 0.19+0.15 mm” in the
third post-COVID-19 visit (P = 0.028) (Table 1) (Figure 1).

Table 2 demonstrates the GCC parameters over the study
period. The average GCC was 96 +5, 96+ 6, and 97+ 11 ym
in three respective post-COVID-19 visits (P = 0.64). An
increasing pattern was observed in FLV and GLV values. The
average FLV was 0.8+1.2 at baseline that increased to
0.86 + 1.32 after 1 month and continued to rise to 1.02 + 1.53
at month 3 (P = 0.07). However, the increase did not reach a
statistical significance level. A similar pattern was observed
in GLV in a way that the average value at baseline (2.56 £2.9)
reached 2.9 +3.37 and 3.06 + 3.2 in the first and third post-
recovery month (P = 0.8) (Table 2).

4. Conclusions

The present study investigates the GCC analysis, pRNFL
thickness, and ONH parameters in patients who recovered
from COVID-19 over a 3-month follow-up period. Our

results demonstrate that a localized decrease is observed in
the nasal lower sector of pRNFL thickness 3 months after
recovery from COVID-19. Furthermore, cup volume was
significantly decreased over the study period while other
pRNFL thickness and ONH parameters remained
unchanged.

Two possible directions exist to explain the decrease in
the nasal lower sector; first, the pRNFL thicknesses are
increased upon the disease onset and the resolution of
changes occurs during the recovery phases. Second, there is
no change in ONH parameters and only focal changes are
observed upon the disease onset and afterward. Since our
COVID-19 cohort was evaluated after recovery and also
there was no control group, it is difficult to understand
which direction is more accurate. However, based on the few
reports existing in the literature, pPRNFL thickness is slightly
increased in the acute phase of COVID-19 [13, 14]. Focal
increase in the superior quadrant has also been reported
compared to normal subjects [15]. Therefore, we speculate
that the pRNFL thicknesses might be first increased and
enjoy a fast resolution within the first weeks of the disease.
The decrease in the nasal lower sector could be the conse-
quence of further loss of nerve fibers and can be considered
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as a focal loss in pRNFL. To support our hypothesis, it is
worth mentioning that the presence of focal defects after
COVID-19 has been reported in another study. Ornek et al
[16] demonstrated lower pRNFL thickness in the inferonasal
quadrant in patients with COVID-19. The decrease in cup
volume can be attributed to the first increase in the acute
phase and resolution of changes in the recovery phase.

COVID-19 can affect the ONH through several possible
mechanisms. The direct invasion of the SARS-CoV-2 virus is
the first plausible mechanism. To date, the neuroinvasive
behavior of the virus has been well demonstrated in both the
central and peripheral nervous system [17, 18]. The presence
of ACE2 receptors as the principal anchor of the virus on the
retinal ganglion cells [19], the discovery of viral particles in
the retina, and optic nerve of deceased patients by COVID-
19 [20] are among the evidence of direct invasion. Fur-
thermore, optic neuritis and neuroretinitis are commonly
reported in association with various viral infections [21].

The effect of drugs commonly used in the treatment of
COVID-19 can be another cause of pRNFL involvement.
However, we could not find the reports of hydroxy-
chloroquine [22], lopinavir/ritonavir, favipiravir, azi-
thromycin, and NSAID impact on  pRNFLs.
Notwithstanding that none of the COVID-19 cohorts in the
present study did receive corticosteroids or interferons for
the treatment of the disease. Despite the lack of evidence, this
mechanism should still be considered because it is possible
that the pRNFL thickness is not evaluated thoroughly after
receiving these drugs.

Another mechanism could be attributed to the role of
inflammation and ischemia provoked by the disease.
COVID-19 can damage the endothelial cells through the
release of inflammatory markers and activated complement
cascades [23, 24]. The impairment of endothelial cells in the
vascular networks of ONH could cause an acute ischemic
insult with the consequences of axonal stasis and nerve fibers
swelling [25]. A recent report investigated the microvascular
network of the ONH by OCT angiography and reported the
microvascular impairment [26]. This observation could
explain the acute edema observed in pRNFL and also
consequent localized loss of pRNFL as a result of partially
irreversible ischemia and eventual axonal atrophy [27].

The last plausible mechanism is the involvement of CNS
in COVID-19. Neurological signs have been reported in 30
to 40 percent of COVID-19 patients [28]. Interestingly, in a
study by Burgos-Blasco, post-COVID-19 patients with an-
osmia and ageusia had increased pRNFL and GCL compared
with the patients without neurological signs [29]. The in-
flammation of CNS tissue can cause a subtle rise in ICP [30].
The increased pressure might be transmitted to the ONH
through the subarachnoid space around the ONH similar to
papilledema in exaggerated situations. Another interesting
result of the present study is the increasing pattern observed
in both GLV and FLV. In glaucoma patients, GLV and FLV
equate to MD and PSD, respectively, and can be considered
as sensitive markers of early glaucoma and advanced
glaucoma diagnosis, respectively [31]. The increasing pat-
terns in GLV and FLV might be related to the loss of retinal
ganglion cells. However, it could also be attributed to the

initial changes during the acute phase and the resolution of
those changes within the recovery phase. Therefore, extra
caution should be exerted to interpret these results, and
turther studies are required to understand the exact changes.

Various studies investigated macular or peripapillary
OCT-A parameters in the follow-up of patients recovered
from COVID-19 [32-34]. However, only a recently pub-
lished longitudinal study is available on pRNFL thickness
changes in severe COVID-19 patients, which showed sig-
nificant decrease in pRNFL thickness in all quadrants in the
recovery period compared with the active phase of the
disease when the patients were hospitalized [15]. In our
study, we evaluated the patients in their recovery period and
found that the decrease is continual.

Several limitations of the present study are worth to be
mentioned. First, the absence of control groups in study
period unables us to compare the measured values with the
eyes of the normal population. In our previous study, we used
a cross-sectional case-control study protocol without follow-
up of patients. Moreover, many other cross-sectional recent
reports indicated defect in ONH and pRNFL, although the
patients were not also followed up in these studies. In this
study, we planned to evaluate the longitudinal changes, and it
seems that using a control group may be redundant. However,
it may be considered as a limitation to our study. Second, our
small cohort of COVID-19 patients represents the mild
spectrum of the disease. Therefore, the generalizability to all
patients recovering from COVID-19 is reduced. Beside mild
to moderate severity of the disease in our patients, our cohort
of patients were relatively young and also otherwise healthy
without any other systemic or ocular comorbidities. We
believe that it can be considered as an advantage of our study,
as if we find any change in this group of patient it may be
attributable to COVID-19, by reducing power of other
confounding factors. Changes may be worsened in older
people or patients with systemic comorbidity. Third, both eyes
of each patient were included, which may interfere with the
analysis. Fourth, anosmia which can be considered a neu-
rotropic characteristic of SARS-CoV-2 is not evaluated in the
present study. Fifth, patients cannot be assured that they do
not have asymptomatic COVID-19 due to the lack of a PCR
test and laboratory characteristics performed at the follow-up
visits. As it is not a routine procedure to apply RT-PCR test in
follow-ups, we did not perform it, and it could be considered
as a limitation.

In conclusion, the localized defect in the nasal lower
sector of pRNFL is observed in 3 months postrecovery from
COVID-19. The resolution of higher pRNFL thickness
proposed by other investigations may be fast. The resolution
could be followed by a localized defect that implies partial
recovery from the acute insult. Larger studies with longer
follow-ups are required to reveal the exact changes in ONH
parameters.

Data Availability

The datasets generated and analyzed during the current
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