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Objective: To investigate subclinical choroidal involvement in patients with systemic coronavirus disease 2019 (COVID-19) infection and
evaluate its long-term course.

Materials and Methods: This prospective, longitudinal study included 32 eyes of 16 COVID-19 patients and 34 eyes of 17 age-matched
healthy control subjects. All the participants had a detailed ophthalmologic assessment, including visual acuity assessment, slit-lamp exami-
nation, and indirect ophthalmoscopy. Enhanced depth optical coherence tomography imaging of the posterior pole and peripapillary region
was performed in the early (days 15�40) and late (ninth month) postinfectious periods. Choroidal vascularity index (CVI) was calculated using
ImageJ software (National Institutes of Health, Bethesda, Md.).

Results: None of the patients had any examination finding associated with the ocular involvement of COVID-19. Subfoveal choroidal
thickness (SFCT) decreased significantly in the early postinfectious period compared with the healthy control individuals (p = 0.045). SFCT
increased significantly in the late postinfectious period compared with the early period (p = 0.002), and the difference between patients and
control individuals became statistically insignificant (p = 0.362). There was a similar trend for the peripapillary choroidal thickness measure-
ments. CVI remained unchanged (p = 0.721) despite the significant decrease in SFCT and total choroidal area (p = 0.042), indicating that this
decrease occurred both in choroidal stroma and in blood vessels. CVI remained unchanged in the late postinfectious period (p = 0.575) com-
pared with the early period, indicating that recovery occurred in the entire choroidal tissue.

Conclusion: This study demonstrates that choroidal thickness was reduced in all measured areas and that this decrease affected all cho-
roidal layers. This choroidopathy was reversible and recovered in the ninth postinfectious month.
Objectif: Examiner la choroïdopathie infraclinique chez des patients qui ont subi une infection �a coronavirus 2019 (COVID-19) et �evaluer
son �evolution �a long terme.

M�ethodes: Cette �etude prospective longitudinale portait sur 32 yeux de 16 patients qui ont eu la COVID-19 et sur 34 yeux de 17 sujets
sains t�emoins appari�es pour l’âge. Tous les participants ont subi un examen ophtalmologique approfondi qui comprenait une �evaluation de
l’acuit�e visuelle, un examen �a la lampe �a fente de même qu’une ophtalmoscopie indirecte. La tomographie par coh�erence optique �a l’imagerie
�a profondeur am�elior�ee du pôle post�erieur et de la zone p�eripapillaire a �et�e r�ealis�ee �a 2 moments : p�eriode post-infectieuse hâtive (de 15 �a 40
jours apr�es l’infection) et p�eriode post-infectieuse tardive (9 mois apr�es l’infection). Le logiciel ImageJ (National Institutes of Health, Bethesda,
Maryland) a servi �a calculer l’indice de vascularisation choroïdienne (CVI).

R�esultats: Dans aucun cas l’examen n’a mis au jour d’atteinte oculaire li�ee �a la COVID-19. L’�epaisseur choroïdienne sous-fov�eale (ECSF)
a diminu�e significativement pendant la p�eriode post-infectieuse hâtive, comparativement �a ce qui a �et�e observ�e chez les t�emoins en bonne
sant�e (p = 0,045). L’ECSF a augment�e significativement pendant la p�eriode post-infectieuse tardive, comparativement �a la p�eriode post-infec-
tieuse hâtive (p = 0,002); la diff�erence entre les patients et les t�emoins est alors devenue non significative sur le plan statistique (p = 0,362). Il
s’est produit une tendance semblable en ce qui a trait aux mesures de l’�epaisseur choroïdienne p�eripapillaire. Le CVI est demeur�e le même
(p = 0,721), malgr�e la diminution significative de l’ECSF et de l’aire totale de la choroïde (p = 0,042), ce qui donne �a penser que la diminution a
eu lieu �a la fois dans le stroma choroïdien et dans les vaisseaux sanguins choroïdiens. Le CVI est demeur�e le même pendant la p�eriode post-
infectieuse tardive (p = 0,575), comparativement �a la p�eriode post-infectieuse hâtive, ce qui indique que le r�etablissement s’est produit dans
l’ensemble du tissu choroïdien.

Conclusion: La pr�esente �etude r�ev�ele que l’�epaisseur choroïdienne d�ecrôıt dans toutes les zones mesur�ees et que cette diminution
touche l’ensemble des couches de la choroïde. Cette choroïdopathie �etait r�eversible et avait disparu 9 mois apr�es l’infection.
A new coronavirus strain (severe acute respiratory syndrome
coronavirus 2 [SARS-CoV-2]) emerged from Wuhan, China,
in December 2019 and caused a new disease called coronavirus
disease 2019 (COVID-19), which was later declared as a
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pandemic by the World Health Organization in March 2020.1

COVID-19 is a multisystem disease that can cause respiratory,
central nervous system, gastrointestinal, renal, hepatic, olfactory,
and ocular involvement.2,3 Although respiratory system involve-
ment is the leading cause of mortality, hematologic complica-
tions of the disease can result in severe morbidity or even
mortality.2 Prolonged prothrombin time and increased D-dimer
levels are relatively common findings in these patients.4 There
is a tendency for hematologic complications in critically ill
patients, and complications such as pulmonary embolism, myo-
cardial infarction, ischemic stroke, deep vein thrombosis, and
systemic arterial embolism are encountered in this patient popu-
lation more commonly.5,6 Patients who develop acute respira-
tory distress syndrome during COVID-19 pneumonia also have
a propensity for thrombotic complications compared with acute
respiratory distress syndrome patients without COVID-19.7 In
addition to these systemic complications, this pro-thrombotic
status caused by COVID-19 also can result in retinal vascular
occlusions and subsequent retinal damage.1

SARS-CoV-2 enters human cells using angiotensin-con-
verting enzyme 2 receptor, and this receptor is expressed on
some of the cells in human retina, ciliary body, and cho-
roid.8 Postmortem evaluation of the retinas of COVID-19
patients reveled that SARS-CoV-2 could be isolated both
from the ocular surface and from intraocular tissues such as
the retina.9 Human choroid consists of blood vessels, mela-
nocytes, fibroblasts, and connective tissue.10 The choroidal
vessels are responsible for the oxygenation and nutrition of
the outer third of the retina and photoreceptor cells.

Evaluation of the choroid is relatively difficult because it
shrinks when the systemic circulation stops. Enhanced
depth imaging (EDI) mode of the spectral domain optical
coherence tomography (OCT) instruments allowed us to
evaluate choroidal anatomy with in vivo images that are
produced with this noninvasive, inexpensive, reproducible
imaging method that delivers high-resolution images.11

Choroidal thickness in different regions of the eye can be
evaluated using these high-resolution images,12 and struc-
tural properties of the choroid (such as vascularity) also can
be further described with automated software analyses.13

Certain antigens of SARS-CoV-2 also have molecular simi-
larities with certain retinal structures14 and can cause throm-
botic complications in ocular blood vessels.15 Therefore, we
suspected that there might be subclinical choroidal involvement
in these patients and wanted to study long-term changes in cho-
roidal thickness and structure following COVID-19 infection.
Materials and Methods

This prospective, longitudinal study included 32 eyes of 16
health care professionals who had recovered from COVID-
19 (COVID-19 group) and 34 eyes of 17 age-matched
healthy control subjects (control group). All the COVID-
19 patients were followed at the Istanbul Medeniyet Uni-
versity G€oztepe Prof.Dr. S€uleyman Yalç{n City Hospital.
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Only health care professionals who recovered from
COVID-19 and did not have ocular symptoms during the
disease duration were included to the study. Patients with a
history of intraocular surgery, retinal disease, uveitis, retinal
laser surgery for any reason, high intraocular pressure, or
glaucoma were excluded from the study. Patients with ocu-
lar media opacities that prevented high-quality OCT imag-
ing of the retina and choroid also were excluded. (Mean
quality value was 32.4 § 4.4 in the COVID-19 group and
34.9 § 4.4 in the control group. Automatic real-time mode
was activated during image acquisition, and each image was
formed by averaging 100 frames.) Written informed consent
was obtained from all patients, and the study protocol was
approved by the Ethics Committee of the Istanbul Mede-
niyet University, G€oztepe Prof.Dr. S€uleyman Yalç{n City
Hospital (Jul. 22,.2020, no. 2020/0480). The study protocol
adhered to the tenets of the Declaration of Helsinki.

The COVID-19 group was evaluated first between 15 and
40 days after the onset of the disease (early postinfectious
period) and later at the ninth month after the disease (late
postinfectious period). None of the patients needed hospi-
talization during the disease course and did not receive any
anticoagulant and antiplatelet prophylaxis agents or treat-
ment. A detailed ophthalmologic examination including
measurement of intraocular pressure, central corneal thick-
ness, axial length, best corrected visual acuity, slit-lamp
examination and dilated fundus examination was performed
on all participants.

After these examinations, a line image of the retina and
choroid was taken in the EDI mode of a spectral domain
OCT instrument (Spectralis, Heidelberg Engineering
GmbH, Heidelberg, Germany). Subfoveal choroidal thick-
ness (SFCT) was measured at 7 separate location of the
image (just under the foveal centre and 500, 1000, and
1500 mm away from the fovea on the nasal and temporal
sides; Fig. 1A). A circular image with a diameter of 3.5 mm
also was taken surrounding the optic nerve head (in the reti-
nal nerve fibre layer setup and EDI mode of the instrument),
and peripapillary choroidal thickness (PPCT) was evaluated
at 6 locations (nasal, superonasal, superotemporal, temporal,
inferonasal, and inferotemporal; Fig. 1B). These choroidal
thickness measurements were performed by two different
observers (M.H. and M.G.) masked to the diagnosis of the
participants. The posterior pole EDI-OCT image was further
analyzed using ImageJ software (National Institutes of
Health, Bethesda, Md.) for calculation of total choroidal
volume and choroidal vascularity index, as described previ-
ously.16 The foveal centre was located in the analysis soft-
ware of the OCT instrument, and two lines (each 1500
mm) from the foveal centre were drown in the temporal and
nasal directions at the level of the retinal pigment epithe-
lium (Fig. 1C). The choroidal area underlying this 3 mm
region was marked using the polygon tool of the ImageJ soft-
ware. The image was binarized. Total choroidal area and
luminal choroidal area were calculated using the region of
interest manager tool of the instrument. Luminal choroidal



Fig. 1—Representative images of the choroidal thickness and vascularity index analyses: (A) subfoveal choroidal thickness measured at 7
locations (one at the foveal centre, 3 in the temporal direction, and 3 in the nasal direction, each with 500 mm intervals); (B) peripapillary cho-
roidal thickness measured at 6 locations (nasal, superonasal, superotemporal, temporal, inferonasal, and inferotemporal); (C) choroidal vas-
cularity index (CVI) calculated in the subfoveal choroidal area (starting from 1500 mm nasal to fovea and ending 1500 mm temporal to fovea);
the image was binarized, and CVI calculations weremade by the region of interest manager of the ImageJ software.
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area was divided by the total choroidal volume to calculate
the choroidal vascularity index.

Statistical analyses were performed using SPSS Statistics
for Windows version 21 (IBM Corp, Chicago, Ill.). The
normal distribution of the data was evaluated by performing
the Shapiro�Wilk test. Data with a normal distribution
were evaluated with Student’s t test, and data without a nor-
mal distribution were evaluated with the Mann�Whitney
U test. Repeated measures were compared with a paired-
sample t test for data with a normal distribution and a Wil-
coxon test for data without a normal distribution. p Values
less than 0.05 were accepted as statistically significant.
Results

The COVID-19 group included 32 eyes of 16 patients (in
the early and late postinfectious periods), and the control
group included 34 eyes of 17 healthy volunteers who did
not have any history of COVID-19 infection or any other
systemic disease. There was no significant difference
between the COVID-19 and control groups for age and gen-
der distribution (p = 0.447 and p = 0.908, respectively).
Best-corrected visual acuity, intraocular pressure, and axial
length measurements also were similar between the
COVID-19 and control groups (p = 0.303; p = 0.196; and
p = 0.185, respectively). The baseline demographic and
clinical characteristics of the patients and control subjects
are listed in Table 1.

Choroidal thickness was significantly reduced in the early
postinfectious period in the COVID-19 group compared
with the control group in all subfoveal locations except for
T500. There was also a similar trend toward decline in the
T500 location. Choroidal thickness was measured in another
retinal region to better understand structural changes in the
choroid following COVID-19 infection. Choroidal
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Table 1—Demographic characteristics and ophthalmologic
measurements of study groups

Factor COVID-19 group Control group p Value

Age, y 31.43 § 9.29 28.00 § 5.77 0.447*
Sex (M/F) 5/11 5/12 0.908y

BCVA (decimal) 0.98 § 0.08 1.00 0.303*
IOP, mm Hg 15.71 § 2.51 14.97 § 2.98 0.196*
CCT, mm 546.33 § 26.71 542.42 § 40.23 0.868*
Axial length 24.04 § 0.83 23.76 § 0.95 0.185*

BCVA, best-corrected visual acuity; IOP, intraocular pressure; CCT, central cor-
neal thickness.
*Mann�Whitney U test.
yChi-square test.
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thickness measurements of the peripapillary region con-
firmed the above-mentioned observations and was signifi-
cantly reduced in the superotemporal and temporal regions
(p = 0.020 and p = 0.017, respectively) in the COVID-19
group in the early postinfectious period, whereas there was
also an insignificant trend toward decline in the remaining
regions for PPCT. The difference in SFCT and PPCT
results between the COVID-19 and control groups became
statistically insignificant in the late postinfectious period,
whereas an insignificant trend toward reduced choroidal
thickness remained at most of the studied regions in the
COVID-19 group. Detailed analysis of choroidal thickness
changes between the COVID-19 and control groups are
given in Table 2.

Longitudinal comparative analysis of the structural
changes also was performed to better understand COVID-
19-associated choroidopathy. The choroidal structure nor-
malized in the late postinfectious period by significantly
increasing in all studied regions compared with the early
postinfectious period. A similar change also was observed in
the peripapillary region, and the PPCT became significantly
thickened in the late postinfectious period compared with
Table 2—Choroidal thicknesses of the study groups and long-term c

Choroidal thickness Early postinfectious period Late postinfectious

Subfoveal
T1500 301.28 § 60.00 326.60 § 50.19
T1000 302.90 § 59.01 336.17 § 53.07
T500 307.96 § 61.43 336.60 § 62.88
SFCT 309.65 § 68.05 330.10 § 67.26
N500 290.15 § 66.54 321.03 § 79.55
N1000 271.37 § 69.27 305.14 § 76.60
N1500 252.28 § 73.36 291.25 § 90.60
Peripapillary
Nasal 189.00 § 64.81 198.50 § 53.20
Superonasal 187.15 § 56.87 202.10 § 61.96
Superotemporal 187.46 § 56.59 196.42 § 51.41
Temporal 177.37 § 69.72 198.39 § 66.65
Inferonasal 176.84 § 49.30 188.53 § 47.96
Inferotemporal 157.75 § 48.45 179.35 § 53.40

T1500, temporal 1500 mm away from foveal centre; T1000, temporal 1000 mm away from fov
dal thickness; N500, nasal 500 mm away from foveal centre; N1000, nasal 1000 mm away fr
*Independent samples t test.
yMann�Whitney U test.
zPaired samples t test.
xWilcoxon test: P1, early postinfectious period of COVID-19 group versus control group; P2, early versus
control group.
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the early postinfectious period. A detailed comparative
analysis of the choroidal thickness changes between the
early and late postinfectious periods is given in Table 2.

The above-mentioned data indicated a decrease in the early
postinfectious period following COVID-19 infection that nor-
malized in the long term. The choroidal vascularity index
(CVI) of the patients was further analyzed to better understand
which structures of the choroid were affected by this temporary
choroidopathy. The COVID-19 group had significantly reduced
total choroidal area compared with the control group
(p= 0.042) in the early postinfectious period, and this difference
became statistically insignificant in the late postinfectious period
(p= 0.055; Fig. 2A). The CVI was similar between the
COVID-19 and control groups in the early postinfectious period
(p= 0.721) and remained unchanged in the late postinfectious
period (p= 0.575; Fig. 2B).
Discussion

This study demonstrated a decrease in choroidal thickness
in the early postinfectious period of COVID-19 infection.
This decrease included both choroidal stroma and blood
vessels, and the CVI remained unchanged in these patients.
In the late postinfectious period, choroidal thickness started
to normalize and became significantly thicker than in the
early postinfectious period. The CVI remained unchanged
despite significant choroidal thickening in the late postin-
fectious period. These data indicate that this structural
recovery of the choroid occurs in both choroidal stroma and
blood vessels at the same time.

COVID-19 patients have a high incidence of thromboem-
bolic complications, especially in severe cases.5,6 The primary
factor responsible for these coagulation disorders is believed to
be an indirect effect of the inflammatory disorder induced by
the infection rather than a direct effect of SARS-CoV-2.17
hanges of the COVID-19 group

period Controlgroup P1 P2 P3

341.32 § 86.58 0.034* 0.009x 0.462y

339.94 § 85.59 0.044* <0.001z 0.833*
338.26 § 88.26 0.113* 0.001z 0.934*
347.94 § 82.58 0.045* 0.002z 0.362*
335.91 § 82.33 0.016* 0.005z 0.475*
317.88 § 83.00 0.016* <0.001z 0.536*
289.08 § 74.31 0.026y <0.001x 0.918*

231.20 § 62.09 0.063y 0.311x 0.308y

217.11 § 65.44 0.076y 0.049x 0.305y

220.58 § 56.39 0.020* 0.370y 0.086*
216.85 § 70.46 0.017y 0.022x 0.297*
193.29 § 65.70 0.426y 0.218x 0.871y

186.76 § 62.77 0.066y 0.004x 0.666y

eal centre; T500, temporal 500 mm away from foveal centre; SFCT, subfoveal choroi-
om foveal centre; N1500, nasal 1500 mm away from foveal centre.

late postinfectious period of COVID-19; P3, late postinfectious period of COVID-19 group versus



Fig. 2—Choroidal structural changes in the early and late postinfectious periods of COVID-19: (A) total choroidal area was significantly
reduced in the early postinfectious period compared with control subjects; this difference became insignificant in the late postinfec-
tious period; (B) the choroidal vascularity index remained unchanged in both the early and late postinfectious periodss. TCA = total
choroidal area; CVI = choroidal vascularity index.
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Retinal thrombotic and microvascular complications are
believed to reflect the general thromboembolic complication
load of the patients.18 The choroid is also a potential target for
such vascular complications because it is the most densely vascu-
larized tissue in the human body. COVID-19-related retinal vas-
cular pathologies (such as dot-blot, flame-shaped
hemorrhages and retinal nerve fibre layer infarcts) were
described in these patients because of the microvascular
occlusions associated with the infection.1,19�23 OCT
angiography of COVID-19 patients demonstrated a
decrease in central retinal vessel density20 and reduced
superficial or deep capillary plexus densities.21 Roth
spots, a hallmark of prothrombotic events, are also
described in COVID-19.22 Cotton wool spots are also
believed to be a component of the acute phase of the
disease (during which patients are usually quarantined
and don’t have access to ocular examination), and
approximately 22% of these patients were reported to
have cotton wool spots during the active phase of the
disease.23 Therefore, retinal blood vessel involvement is
a relatively underdiagnosed and well-established compli-
cation of COVID-19. Some researchers even suggest that
these lesions might serve as biomarkers to predict
patients who have prothrombotic tendencies and will
need antiaggregant treatment.23 This study suggests that
these ocular vascular changes in COVID-19 are not lim-
ited to the retina, and the choroid also was affected by
the inflammation and prothrombotic state induced by
the disease. Choroidal changes are also observed in the
earlier phases of the disease and tend to resolve over
time.

COVID-19 also can cause other rare ocular complica-
tion, including optic neuritis, sudden vision loss,
Miller�Fisher syndrome, and cranial neuropathies.24

Optic neuritis secondary to COVID-19 is suggested to be
a secondary immune reaction and not a direct vascular
pathology.25 The peripapillary retinal nerve fibre layer
decreases after optic neuritis attacks in other diseases
such as multiple sclerosis.26 The prelaminar region of the
optic nerve head is fed by arterioles extending from the
peripapillary choroid plexus along with the posterior cili-
ary arteries.27 OCT angiography demonstrated that radial
peripapillary capillary plexus perfusion density decreased
in patients with COVID-19.28 Similarly, this study dem-
onstrated a significant decrease in PPCT in the early
postinfectious period after COVID-19, and this choroidal
thinning recovered in the long-term follow-up of these
patients. However, these peripapillary choroidal changes
were asymptomatic, and none of the patients studied
had any associated ocular pathology or symptom.

This study had certain limitations. The sample size of the
study was relatively small but sufficient to demonstrate sta-
tistically significant changes in the choroidal structure of
these patients. None of the patients in the study had severe
COVID-19 infection, which might cause more vascular
damage or prominent ocular involvement. All the partici-
pants were health care workers. The exposure of the health
care workers to the virus might be more, and their viral load
might have been higher than that of the general population
infected with the disease. A strength of this study was that
we started this study at the early phase of the pandemic
when the role of antithrombotic prophylaxis was unknown
in COVID-19 management. Therefore, none of the partici-
pants used anticoagulant or antithrombotic prophylaxis or
treatment, and we could observe the natural course of the
disease for the evaluation of choroidal involvement.
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Indocyanine green dye is not available commercially in Tur-
key right now, and we were unfortunately unable to evalu-
ate COVID-19-associated choroidopathy in these patients
with indocyanine green angiography.

In conclusion, this study demonstrated the long-term
evolution of choroidopathy following COVID-19 infec-
tion for the first time. Choroidal thickness and total cho-
roidal area were reduced in the early postinfectious period
of the disease, whereas the CVI remained unchanged.
These findings indicate a global involvement of the cho-
roid rather than a selective involvement of choroidal
stroma or blood vessels. SARS-CoV-2 shares certain anti-
genic epitopes with the retinal pigment epithelium, which
is in direct contact with the choroid and might induce
local inflammatory damage to the choroid in these
patients.14 COVID-19 infection induces a very strong sys-
temic inflammation that can cause severe cytokine storms
and even death in some of the patients.29 This severe sys-
temic inflammation can potentially impair local immune
privilege of the ocular structures including the choroid,
and this choroidopathy might be a local reflection of this
severe systemic inflammation as well. Alternatively, micro-
vascular occlusions in the choroid may affect both the cir-
culation of the choroidal stroma and blood vessels
simultaneously. Although the exact mechanism of this
choroidopathy remains to be studied, this study demon-
strates that this damage is reversible. Choroidal thickness
of the COVID-19 patients increased 9 months after the
initial infection, and the CVI remained still unchanged at
this late postinfectious period as well. These observations
suggest that choroidal stroma and blood vessels recover at
the same time. This study highlights certain aspects of
COVID-19-related choroidopathy and long-term follow-
up in these patients. This new information raises new ques-
tions. What are the risk factors for COVID-19-associated
choroidopathy? Can antiaggregant/antithrombotic treat-
ments prevent this pathology? Future clinical and experi-
mental studies with larger sample sizes and different
patient populations are required for better understanding
of COVID-19-related choroidopathy.
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