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ABSTRACT

Purpose: To evaluate the longitudinal changes in retinal vessel diameters in patients with coronavirus

disease 2019 (COVID-19).

Methods: This study included 25 patients with COVID-19 (Group 1) and 25 healthy subjects (Group 2). The
diameters of peripapillary temporal and nasal retinal arteries and veins were measured at baseline and at

4 months after remission.

Results: The baseline diameters of the inferior temporal vein and the artery were increased in group 1
compared to controls (p = .007 and p = .041, respectively). There was also an increase in the diameters of
the inferior and superior nasal veins and arteries in group 1 at baseline (p = .001, p = .019, p = .037, and
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p =.008, respectively). Retinal vessel diameters decreased after remission in all quadrants in comparison to

baseline measurements (all p < .05).

Conclusion: Increased retinal vessel diameters were measured in COVID-19 patients during the disease.
Measurement of retinal vessel diameters may be a noninvasive method of estimating the vascular risk.

Since first identified in December 2019 at Wuhan, China, the
COVID-19 pandemic has become a major public health chal-
lenge around the world.! As of September 4, 2020, more than
26 million COVID-19 infected cases, including 869.600 deaths,
were reported in 216 countries.>’

COVID-19 is caused by SARS-CoV-2, a beta coronavirus and
most acutely and severely affects the lungs. However other
organs and systems, including the heart, kidneys, liver, and
gastrointestinal tract may also be involved. Although COVID-
19 may be asymptomatic or cause only mild symptoms in the
majority of the cases, it may progress to interstitial pneumonia
and acute respiratory distress syndrome, especially in those
having older age and comorbid disease.* The exact pathophysio-
logic mechanism of severe COVID-19 infection remains stil
largely unknown. It has been suggested that during the disease
course, rapidly progressing systemic immune-mediated inflam-
mation, vascular damage, and thrombosis play an important role
in the pathogenesis of severe COVID-19 and death.”

Recently, pulmonary vascular changes on chest computer-
ized tomography associated with COVID-19 have been
reported. Li et al.’ and Caruso et al.” have found vascular
enlargement in 82.4% and 89% of cases with COVID-19 pneu-
monia, respectively. Pulmonary vascular metrics were evalu-
ated using chest computerized tomography in COVID-19
patients.® COVID-19 patients showed a higher median pul-
monary artery maximum diameter compared to values mea-
sured on the previous chest computerized tomography
performed for any reason.’

The retina is one of the most metabolically active tissues in
the human body. The retinal vasculature is considered a unique
window to assess vascular health and to detect early structural

changes and pathological characteristics of the human
microcirculation.”'® Evaluating retinal vascular changes provide
information regarding the presence and severity of many sys-
temic diseases like hypertension, diabetes, or various systemic
inflammatory or infectious diseases. Since COVID-19 has been
shown to cause systemic vascular dysfunction and hyper-
inflammation, we hypothesized that retinal vessel diameter
changes may be shown during the acute phase of the disease.

Therefore, the aim of our study was to assess longitudinal
changes of retinal vessel diameters measured by optical coher-
ence tomography (OCT) in patients with COVID-19 and to
determine the possible association of inflammation markers
with these data. As far as we know this is the first study to
evaluate the retinal vessel calibers in patients infected with
COVID-19.

Methods

This prospective study included patients who were hospitalized
for confirmed COVID-19 between April 2020 and June 2020 at
the University Training and Research Hospital. Twenty-five
patients with COVID-19 (Group 1) and 25 healthy subjects
(Group 2) were included in the study. All patients (100%) in
group 1 were positive for COVID-19 on real-time reverse
transcriptase-polymerase chain reaction (RT-PCR) from naso-
pharyngeal swabs.

The study was performed in adherence to the tenets of the
Declaration of Helsinki and was approved by the institutional
review board. Each patient was informed about the aims and
methods of the study and informed consent was obtained from
all patients.
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Patients with previous ocular surgery, retinal vein occlusion,
retinal artery occlusion, optic neuropathy, glaucoma, macular
degeneration, an intraocular inflammatory disorder, hyperten-
sive retinopathy, and coronary artery disease were excluded
from the study.

Slit-lamp biomicroscopy including dilated fundus examina-
tion and OCT (Spectralis®, Heidelberg Engineering Inc.,
Heidelberg, Germany) measurements were performed by the
ophthalmologists at baseline and at four months after remis-
sion in patients with COVID-19. The same measurements were
repeated for the eyes in the control group. Only the right eyes
of the patients were included in the study. All measurements
were taken at the same time of day (between 10:00 a.m. and
12:00 p.m.) to avoid the effects of diurnal variation in retinal
vessel diameters.

After dilating each eye with 2.5% phenylephrine hydrochloride
and 0.5% tropicamide, OCT recordings (Spectralis®, Heidelberg
Engineering Inc., Heidelberg, Germany) were made. Peripapillary
temporal and nasal retinal vessel diameter measurements were
focused on the optic disc center and obtained using a circular
scanning area of 3.46 mm (Figure 1)."" Retinal vessel diameters

were measured from the cross-sections of these circular scans
surrounding the optic disc.'” The scanning light from OCT reflects
vertically on the vessel walls and lumen, creating the innermost
and outer most hyperreflective lines seen in cross-sections.'' These
lines are the upper and lower point of the vessel wall (Figure 2)."?
Normal vessels have an oval-shaped heterogeneous reflectivity.
When the image dimensions are changed to 1:1 by adjusting the
horizontal-vertical ratio, the cross-sections of the vessels are
rounded (Figure 3). For each eye, the location of the upper and
lower temporal arteries, the superior and inferior temporal veins
were determined from the infrared image and were marked in
cross-sections (Figure 3). The vertical diameters of the vessels were
determined by measuring the distance between the upper and
lower boundaries of the two hyperreflective lines (Figure 4).

All comparisons between groups were statistically analyzed
using SPSS 15.0 (SPSS Inc., Chicago, IL, USA). The normality
of all data was tested by the Kolmogorov-Smirnov test. The
mean standard deviation value was given for numerical vari-
ables with a normal distribution. For numerical variables with
normal distribution, the difference between the two groups was
determined by t-test in independent groups. The Pearson

Figure 2. Circular view of the vein (inner most and outer most hyperreflective points are the upper and lower point of the vessel wall).

Figure 3. Circular view of the vein when the vertical-horizontal ratio of OCT image is made 1:1, marked vessels (1 and 2).
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Figure 4. Measurement of vertical vessel diameter.

correlation coefficient used to measure the strength of a linear
association between two variables, where the value r = 1 means
a perfect positive correlation, and the value r = —1 means
a perfect negative correlation. Statistical significance was
defined at a level of 5% (p < .05).

Results

There were 25 patients (25 eyes) with moderate clinical
COVID-19 type and 25 healthy controls (25 eyes) in the
study. There were 16 (64%) females and 9 (36%) males in
group 1 with a mean age of 34 + 20.6 years (range: 9-76).
There were 11 (44%) females and 14 (56%) males in group 2
with a mean age of 35.4 + 18.8 years (range: 10-78). There was
no statistically significant difference between the two groups
in terms of age and gender (p = .442 and p = .262, respec-
tively). The demographic data of the participants are given in
Table 1.

Nasopharyngeal swab test results of all patients (100%) were
found positive by RT-PCR. None of the patients, both sympto-
matic/asymptomatic had coexisting ocular symptoms or ocular

Table 1. Demographic data of the participants.

Group 1 (Patients) Group 2 (Controls)

Participants

n 25 25
Eyes

n 25 25
Female n (%) 16 (64) 11 (44)
Male n (%) 9 (36) 14 (56)
Mean age (years) + SD 34 +20.6 354 +188
(Range) (9-76) (10-78)

SD: Standart deviation.

changes. There were no abnormalities of the ocular surface,
anterior chamber or posterior segment at slit-lamp
examination.

At baseline, except for superior temporal retinal artery and
vein (p > .05), the diameters of the temporal and nasal retinal
arteries and veins were significantly increased in COVID-19
patients compared to controls (all p < .05). At four months
after remission, retinal vessel diameters showed a significant
decrease in all quadrants in comparison to baseline measure-
ments (all p < .005). Retinal vessel diameters of COVID-19
patients at baseline and after remission are shown in Tables 2
and 3.

There was no statistically significant difference between the
follow-up measurements of COVID-19 patients after remis-
sion and those of the control group (all p > .05). Retinal vessel
diameters of COVID-19 patients at remission period and com-
parison with the control group are shown in Table 4. The
distribution of retinal vessel diameter measurements by groups
is shown in Figure 5.

Table 2. Comparison of baseline retinal vessel diameters in COVID-19 patients
with the controls.

Diameter of retinal vessels (um)

Mean=SD

Group 1 Group 2

(Patients) (Controls) p-value
Inferior temporal vein 185.92 + 21.53 170.80 £ 1.34 0.007*
Superior temporal vein 178.60 + 29.33 166.80 + 15.50 0.082
Inferior temporal artery 142.96 = 17.59 133.80 = 12.82 0.041*
Superior temporal artery 138.12 £ 14.64 133.12 £ 16.21 0.258
Inferior nasal vein 141.28 + 16.86 126 + 13.25 0.001*
Superior nasal vein 141.68 + 16.99 132.04 £ 14.73 0.037*
Inferior nasal artery 116.40 £ 17.60 105.32 £ 14.65 0.019*
Superior nasal artery 117.28 £ 16.21 106.80 + 9.53 0.008*

SD: Standart deviation; *: Statistically significant p-value.
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Table 3. Comparison of retinal vessel diameters at baseline and after remission
period in COVID-19 patients.

Diameters of retinal vessels (um)

Mean+SD

Baseline Remission p-value
Inferior temporal vein 185.92 + 21.53 170.08 + 15.9 0.005*
Superior temporal vein 178.60 £ 29.33 165.5 £ 23.3 0.088
Inferior temporal artery 142.96 + 17.59 133.08 + 14.4 0.035*
Superior temporal artery 138.12 + 14.64 131.6 £ 145 0.123
Inferior nasal vein 141.28 + 16.86 126.7 + 14.7 0.002*
Superior nasal vein 141.68 £ 16.99 131.7 £ 14.8 0.032*
Inferior nasal artery 116.40 + 17.60 104.7 £ 129 0.010*
Superior nasal artery 117.28 £16.21 106.4 £ 13.2 0.012*

SD: Standart deviation; *: Statistically significant p-value.

Table 4. Comparison of retinal vessel diameters in COVID-19 patients after
remission period with the control group.

Diameter of retinal vessels (um)

Mean=SD
Patients
(Remission) Controls p-value
Inferior temporal vein 170.08 £ 15.9 170.80 = 1.34 0.875
Superior temporal vein 165.5 £ 23.3 166.80 + 15.50 0.826
Inferior temporal artery 133.08 £ 144 133.80 = 12.82 0.853
Superior temporal artery 131.6 £ 14.5 133.12 £ 16.21 0.735
Inferior nasal vein 126.7 £ 14.7 126 + 13.25 0.857
Superior nasal vein 131.7 £ 14.8 132.04 £ 14.73 0.939
Inferior nasal artery 104.7 £ 129 105.32 = 14.65 0.887
Superior nasal artery 106.4 £ 13.2 106.80 + 9.53 0.903

SD: Standart deviation.

The mean neutrophil to lymphocyte ratio was 2.06 + 1.34,
mean platelet to lymphocyte ratio was 146.66 + 75.75, and
mean C-reactive protein level was measured as
7.17 £ 11.11 mg/L in COVID-19 patients. There was a moder-
ately significant positive correlation between the neutrophil-

lymphocyte ratio (NLR) and the diameter of the inferior nasal
retinal vein (r = 0.504, p = .039) (Figure 6). Correlation analysis
between the platelet-to-lymphocyte ratio (PLR), C-reactive
protein (CRP)], and retinal vessel diameter measurements did
not reveal a statistically significant difference (for all, p > .05).

Discusison

COVID-19 is known to affect primarily the respiratory system.
However, the virus involves not only the lungs but also the eye,
heart, nerves, brain, vessels, kidneys, and skin. Although clin-
ical studies on COVID-19 patients are limited, they are mostly
focused on pulmonary findings. The pathophysiology of dis-
ease and the extent of multiorgan involvement has not been
fully understood yet. It has been shown that hyper-
inflammation and vascular damage contribute to disease sever-
ity and death in COVID-19 patients."*

The role of the human vascular system is to control tissue
homeostasis in different organs and systems. Under normal
circumstances, the vessels maintain the transport of blood
supplies and nutrients to the tissues. The vascular endothelium
plays a critical role in the normal functioning of the blood
vessels. However, in patients with increased inflammation, as
in COVID-19, properties of vascular endothelium may be
changed and pathological processes get started.

Zhao et al. investigated the relationship between chest com-
puterized tomography findings and the clinical condition in
patients with COVID-19 pneumonia.'” The Authors found
that most patients (71.3%) had vascular enlargement in the
lesions that might have been caused by an acute inflammatory
reaction.'® In other studies, pulmonary vascular changes asso-
ciated with COVID-19 have also been shown on chest
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computerized tomography.>” Li et al.® and Caruso et al.’
reported vascular enlargement in 82.4% and 89% of patients
with COVID-19, respectively. Li et al. measured an increased
median pulmonary artery maximum diameter in COVID-19
patients compared to the previous chest computerized tomo-
graphy results performed for any reason.’ Spagnolo et al.®
observed that pulmonary artery diameter showed a significant
difference between patients with favorable and unfavorable
outcomes in COVID-19.

Ocular involvement of COVID-19 has been limited to the
conjunctiva and tear film layer in recent studies in the
literature.'® It has been shown that viral ribonucleic acid
might be detected in the retina of infected patients.'” Seah
et al. reported that coronaviruses were capable of producing
various ocular inflammatory conditions from anterior segment
pathologies like conjunctivitis and anterior uveitis to vision-
threatening circumstances like retinitis and optic neuritis.'®

In the current study, we measured the peripapillary retinal
vessel diameters by OCT in hospitalized COVID-19 patients.
We found that the diameters of the inferior temporal retinal
vein, the inferior temporal retinal artery, and nasal retinal
arteries and veins were significantly increased in the patients
compared to healthy controls. The diameters of the superior
temporal retinal vein and superior temporal retinal artery were
also increased in the COVID-19 group, but the difference was
not statistically significant. Retinal vessel diameters were found
to be significantly decreased at 4 months after remission in all
quadrants compared to baseline.

SARS-CoV-2 uses the angiotensin-converting enzyme-
related carboxypeptidase (ACE2) receptor to enter the cells.'”
ACE2 receptor is widely found in multiple tissues, including
the retina.”>*' The ACE2 receptor is involved in the pathogen-
esis of systemic vascular diseases that produce ocular manifes-
tations, like diabetic retinopathy and hypertensive retinopathy.
There are at least two major possible ways of vascular damage
in COVID-19 patients: disseminated intravascular coagulation
like a hypercoagulable state and a vasculitis like process, due to
direct viral infection of the endothelial cell and diffuse
endothelial ~ inflammation.”>*>  Endothelial ~ dysfunction
together with a generalized inflammatory state may contribute
to the overall pro-coagulative state described in COVID-19
patients, leading to the occlusions of veins and arteries.** Due
to this phenomenon, COVID-19 has been shown to cause rare
clinical events like thromboses of renal veins, mesenteric ves-
sels, etc. and myocardial thrombotic vessels.

Retinal vascular diameter changes have been shown to pre-
dict a range of systemic vascular diseases such as coronary
heart disease, diabetes, hypertension, renal disease, and stroke
in population-based studies.>>** Endothelial dysfunction is
associated with increased retinal vein diameter independent
of traditional cardiovascular risk factors.”® Data from a study
by Klein et al. showed an association of inflammatory markers
with increased retinal vein diameter, suggesting that retinal
venular caliber might be a marker of systemic
inflammation.”® Yang et al. evaluated the diagnostic and pre-
dictive role of neutrophil to lymphocyte ratio and platelet to
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lymphocyte ratio in COVID-19 patients and reported that
elevated neutrophil to lymphocyte ratio may be considered as
an independent biomarker for indicating poor clinical out-
comes in patients with COVID-19.”!

We propose that COVID-19 with high viral load and
inflammatory cytokines may manifest as endothelial damage
and retinal vessel dilation. There was a moderately significant
positive correlation only between the neutrophil-lymphocyte
ratio and the diameter of the inferior nasal vein in our study.
This may be attributed to the limited number of patients in the
study group including only the moderate clinical COVID-19
type. Whether retinal vessel changes due to COVID-19 is
a direct viral effect or shares the mechanism of coexisting
systemic vascular damage needs further investigation.

Measurement of retinal vessel diameter is a validated, non-
invasive method and can be easily performed by experienced
non-clinical staff. Our findings support the hypothesis that
retinal vascular diameter changes occur in COVID-19 patients,
reflecting systemic vascular involvement.

Therefore, the occurrence of retinal vessel changes may be
a relevant ocular manifestation of COVID-19 and these changes
may help to detect patients with endothelial damage that are
prone to acute vascular events and to start appropriate medica-
tions that can play an important role on the clinical outcome.
Patients with a low increase in retinal vessel diameter can be less
affected by endothelial damage and thrombosis. Changes in
retinal vessel diameters can also be a marker of the treatment
effect and reflect the response. There are studies demonstrating
retinal vessel diameter changes in response to the treatment of
patients with diabetic macular edema.’>*> Diabetic retinopathy
also results from endothelial dysfunction leading to increased
permeability and incompetence of retinal vasculature.

Limitations of the study may include a relatively small
sample size and absence of detailed retinal vascular findings
as in fluorescein and/or OCT angiography because of the
logistical challenges of managing the patients with COVID-
19. Measurement of retinal vessel diameter was performed only
in the right eye of each participant, therefore inter-eye differ-
ences might have an effect on the results. Another limitation
was the administration of topical phenylephrine as pupil dila-
tion, which might have caused vasoconstriction in the retinal
vessels. The drop was applied to all participants. Therefore,
possible vasoconstriction can be considered as a constant effect
for all participants.

In conclusion, depending on the findings, we suggest that
measuring retinal vessel diameter changes may help to identify
patients with signs of systemic vasculopathy. To the best of our
knowledge, this is the first study to show changes in the retinal
vessel diameters in patients with COVID-19. Further studies
with a larger sample size are needed to clarify that quantitative
assessment of retinal vascular diameter changes may be useful
in the treatment and follow up of patients with systemic dis-
eases associated with inflammation like COVID-19.
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