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Yasin Şakir Göker and Kazım Çağlar Özçelik
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Abstract
Purpose: The purpose of this study was to compare the retinal vascular caliber of COVID-19
patients with that of healthy subjects.
Methods: This was a prospective case–control study. Forty-six patients who had COVID-19
were successfully treated, and 38 age- and gender-matched healthy subjects were enrolled in
this study. Fundus photography was taken using fundus fluorescein angiography (FA; Visucam
500; Carl Zeiss Meditec, Jena, Germany). Retinal vascular caliber was analyzed with IVAN, a
semi-automated retinal vascular analyzer (Nicole J. Ferrier, College of Engineering, Fundus
Photography Reading Center, University of Wisconsin, Madison, WI, USA). Central retinal
artery equivalent (CRAE), central retinal vein equivalent (CRVE), and artery–vein ratio (AVR)
were compared between groups.
Results: The mean age was 37.8 ± 9.5 years in the COVID-19 group (n = 46) and 40 ± 8 years in
the control group (n = 38) (p = 0.45). The mean CRAE was 181.56 ± 6.40 in the COVID-19 group
and 171.29 ± 15.06 in the control group (p = 0.006). The mean CRVE was 226.34 ± 23.83 in the
COVID-19 group and 210.94 ± 22.22 in the control group (p = 0.044). AVR was 0.81 ± 0.09 in the
COVID-19 group and 0.82 ± 0.13 in the control group (p = 0.712).
Conclusion: Patients who had COVID-19 have vasodilation in the retinal vascular structure
after recovery. As they may be at risk of retinal vascular disease, COVID-19 patients must be
followed after recovery.
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Introduction
On 29 December 2019, the Chinese government
reported a severe and acute respiratory pneumonia outbreak of unknown cause. China immediately investigated to characterize and control the
disease. In January 2020, Chinese scientists isolated a beta coronavirus strain, Severe Acute
Respiratory Syndrome Coronavirus 2 (SARSCoV-2), and the illness became known as
Coronavirus Disease 2019 (COVID-19).1 The
disease soon spread throughout the world, and in
March 2020, the World Health Organization
declared it a pandemic.
In the current literature, seven types of coronavirus are known to infect humans, and most clinical

symptoms of these infections are in the respiratory and gastrointestinal systems.2,3 Thus far,
coronavirus has only been shown to cause conjunctivitis in humans, but it has caused retinal
disorders such as vasculitis and retinal degeneration in animal experiments.4,5 In light of this
information, we aimed to investigate the possible
effects of COVID-19 on human retinal vascular
structures.
Methods
This prospective case-control study was carried
out in the Department of Ophthalmology at
Ulucanlar Eye Research and Training Hospital.
The institutional board of the Ankara Research
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Figure 1. Measurement of retinal vascular caliber in IVAN.

and Training Hospital ethics committee approved
the study protocol (approval number: 304/2020,
approval date: 25.06.2020). Included in this
study were 46 patients who had survived COVID19 infection as well as 38 healthy controls.
Informed written consent was obtained from the
participants before their admission into the study.
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(fluorescein angiography; Visucam 500; Carl Zeiss
Meditec, Jena, Germany). Participants’ blood
pressure was measured before and after examining
the fundus images. Only the subjects’ right eyes
were photographed. Retinal vascular caliber was
analyzed with IVAN, a semi-automated system
that measures the width of retinal vessels using a
digital retinal image (with permission from Dr
Nicola Ferrier of the University of Wisconsin–
Madison School of Engineering and the
Department of Ophthalmology and Visual
Sciences, University of Wisconsin–Madison).6–8

In the COVID-19 group, subjects with clinical
symptoms of COVID-19 and positive SARSCoV-2 test results in their sputum swab specimens were examined. For ethical and clinical
reasons, patients were evaluated after being discharged from the hospital and completing a
period of isolation. Due to the potential effects of
drugs on retinal vascular structure, only patients
who received anti-viral and anti-coagulation
treatments were included. None of the patients
were admitted to the intensive care unit. One
month after complete recovery, all patients were
evaluated. For the control group, age- and gender-matched healthy subjects were selected.
Patients with any ocular or systemic diseases such
as hypertension and diabetes mellitus were
excluded.

Three concentric rings were placed on the fundus
images to determine the vascular measurement
ﬁeld, forming two zones. The area from the disc
margin to a half-disc diameter was defined as
Zone A, whereas the area from a half-disc diameter to one disc diameter was defined as Zone B.
All vessels coursing through Zone B were measured. Central retinal artery equivalent (CRAE)
and central retinal vessel equivalent (CRVE)
measurements were calculated using the formula
created by Hubbard and colleagues7 and revised
by Knudtson and colleagues8 (Figure 1).

All patients underwent a complete ophthalmic
examination involving best-corrected visual acuity
(BCVA), slit-lamp bio-microscopy, intraocular
pressure (IOP) values with Goldman applanation
tonometry, and posterior segment examination
with dilated pupillary. Fundus images of both
groups were taken with a fundus camera system

Statistical analyses were performed using SPSS
software version 25. Descriptive analyses were presented using means and standard deviations for
normally distributed variables. A normality assessment was done using the Kolmogorov–Smirnov
test. The independent-samples t, Mann–Whitney
U, and Chi-square tests were used for analyses. A
journals.sagepub.com/home/oed
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Figure 2. Comparison of central retinal artery equivalent values between groups.

Figure 3. Comparison of central retinal vein equivalent values between groups.

p-value of less than 0.05 was considered a statistically significant result.

(p = 0.691). The mean spherical equivalent was
0.08 ± 1.35 for the COVID-19 patients and
0.11 ± 1.42 for the control group (p = 0.952)

Results
The right eyes of 46 COVID-19 patients and 38
age- and gender-matched healthy subjects were
examined in this prospective comparative study.
The mean age was 37.8 ± 9.5 years in the COVID19 group (n = 46) and 40 ± 8 years in the control
group (n = 38) (p = 0.45). The COVID-19 group
consisted of 25 women and 21 men, and the control group consisted of 19 women and 19 men

The mean CRAE was 181.56 ± 6.40 in the
COVID-19 group, whereas it was 171.29 ± 15.06
in the control group (p = 0.006) (Figure 2). The
mean CRVE was 226.34 ± 23.83 in the COVID19 group and 210.94 ± 22.22 in the control
group (p = 0.044) (Figure 3). The artery–vein
ratio (AVR) was 0.81 ± 0.09 in the COVID-19
group and 0.82 ± 0.13 in the control group
(p = 0.712).
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Discussion
While the COVID-19 pandemic continues affecting the entire world, scientists are investigating
the effects of COVID-19 on multiple systems.
Although coronavirus most often causes acute
respiratory distress syndrome, conjunctivitis was
reported in some patients.9 It appears the virus
must bind to the angiotensin-converting enzyme
2 (ACE2) receptor to enable it to infect host
cells.10 In an experimental study, the presence of
the ACE2 receptor was shown in the ciliary body,
retina, vitreous body, and inner nuclear layer
body,11 which indicates that the virus can appear
in ocular tissue. As evidence, Casagrande and
colleagues12 found the virus in the retina of a
deceased person with confirmed COVID-19. In
addition, Marinho and colleagues13 reported the
retinal optical coherence tomography (OCT) and
optical coherence tomography angiography
(OCT-A) findings of 12 subjects with COVID19. In their study, all patients had hyper-reflective
lesions at the level of the ganglion cell and inner
plexiform layers that were more prominent in the
papillomacular bundle in both eyes in OCT
images. Furthermore, 4 of the 12 subjects had
cotton wool spots and microhemorrhages in the
retina upon fundus examination, color fundus
photography, and red-free imaging, yet there
were no changes in OCT-A. These studies confirmed that COVID-19 infection might affect
patients’ retina segments. Considering these
results, we aimed to investigate whether COVID19 affects retinal vascular structure.
In our study, retinal arteries and venules were
larger in COVID-19 patients than in healthy subjects. Only one study has aimed to explain the
effects of COVID-19 on retinal vascular structure: In the Screening the retina in patients with
COVID-19 (SERPICO-19) study, Invernizzi and
colleagues14 reported the retinal findings of 54
patients with COVID-19 and 133 healthy subjects. Compared with healthy subjects, COVID19 patients had larger retinal arteries and veins,
and the vein diameter was correlated with the
severity of a patient’s disease. They reported that
these findings are secondary to the inflammatory
process. Our study yielded similar results, finding
vasodilation in arteries and venules in COVID-19
patients. However, the authors of the SERPICO
study14 and Marinho and colleagues13 found cotton wool spots and microhemorrhages in fundus
examinations and retinal images. Cotton wool
spots and microhemorrhages are common signs
of retinal microangiopathies.15 Also, in the
4

SERPICO study, some patients had diabetes
mellitus and hypertension, so it is unclear whether
the dilation in the vascular structure was due to
COVID-19 or another systemic disease. We did
not find any hemorrhages or cotton wool spots in
our study, nor did we enroll patients with systemic diseases such as hypertension and diabetes
mellitus due to their potential effects on vascular
structure. Furthermore, we examined the patients
1 month after they recovered fully, while patients
in the SERPICO study were examined 1 month
after their first symptoms. This may indicate that,
even after a full recovery, COVID-19 patients
have an inflammatory process in their retinas.
One strength of our study is that it is the first to
explain the later effects of COVID-19 on retinal
vascular structure. However, our study also has
limitations such as a small sample size and a lack
of follow-up data. To confirm our results, a larger
sample size and long-term follow-up studies are
needed. In conclusion, retinal vascular structure
can be affected even after a patient recovers fully
from COVID-19. These retinal vascular changes
may also be one of the long-term effects of
COVID-19.
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