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Abstract
Purpose Thrombotic events (TE) represent one of the major complications of SARS-CoV-2 infection. The objective is to 
evaluate vessel density (VD) and perfusion density (PD) by optical coherence tomography angiography (OCTA) in COVID-
19 patients, and compare the findings with healthy controls. The secondary objective is to evaluate if there are differences 
in OCTA parameters between COVID-19 patients with and without associated TE.
Methods Cross-sectional case–control study that included patients with laboratory-confirmed diagnosis of COVID-19 with 
and without TE related to the infection and age-matched healthy controls. Ophthalmological examination and OCTA were 
performed 12 weeks after diagnosis. Demographic data and medical history were collected. Macular OCTA parameters in 
the superficial retinal plexus were analyzed according to ETDRS sectors.
Results Ninety patients were included, 19 (20%) COVID-19 patients with associated TE, 47 (49.5%) COVID-19 patients 
without TE, and 29 (30.5%) healthy controls. Fifty-three (55.7%) were male, mean age 54.4 (SD 10.2) years. COVID-
19 patients presented significantly lower VD than healthy controls: central (p = 0.003), inner ring (p = 0.026), outer ring 
(p = 0.001). PD was also significantly decreased: outer ring (p = 0.003), full area (p = 0.001). No differences in OCTA 
parameters were found between COVID-19 patients with and without TE.
Conclusions OCTA represents a promising tool for the in vivo assessment of microvascular changes in COVID-19. Patients 
with SARS-CoV-2 infection show lower VD and PD compared to healthy controls. However, no differences were found 
between COVID-19 when considering TE. Prospective studies are required to further evaluate the retinal microvascular 
involvement of SARS-CoV-2 and its impact on the vasculature of other organs.
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Introduction

Coronavirus disease (COVID-19) caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) has 
reached pandemic proportions in an unprecedented time 
frame. Since its emergence, a number of associated com-
plications have been described that may occur during both 
the acute and late phases of the disease. Among these com-
plications, the development of thrombotic events (TE), such 
as pulmonary embolism (PE) and deep vein thrombosis 
(DVT), has been described [1, 2]. The actual mechanisms 
of COVID-19-induced thrombosis have not been elucidated, 
although it is speculated that a causal and bidirectional rela-
tionship between inflammation and thrombosis may be the 
origin of these phenomena [3].

Optical coherence tomography angiography (OCTA) 
is a novel and non-invasive technique that generates a 
three-dimensional angiogram of the retina, allowing a 
quantitative evaluation of retinal blood vessels without 
the need for intravenous contrast [4], which makes it a 
promising technique in the study of microangiopathies 
and thrombotic phenomena related to COVID-19. Com-
pared to qualitative evaluations, quantitative objective 
measurements of retinal vascularization offer the pos-
sibility of early and accurate detection of subtle micro-
vascular abnormalities not clinically detectable.

Since retinal vascularization shares morphological and 
pathophysiological characteristics with the vasculature of 
other organs, the study of retinal microvasculature by OCTA 
has been used to evaluate other systemic diseases, including 
cardiovascular and infectious diseases [5–7]. Therefore, the 
assessment of retinal vascularization in COVID-19 patients 
is of considerable value, especially in those who have suf-
fered vascular complications associated with the infection. 
To the best of our knowledge, no studies evaluating retinal 

Key messages

Optical coherence angiography (OCTA) represents a promising tool in the in vivo study of microvascular
involvement in COVID-19 patients. 

Patients with SARS-CoV-2 infection show reduced vessel density and perfusion density compared to healthy
controls.

OCTA parameters showed no difference between COVID-19 patients when considering the history of
COVID-related thrombotic events. 

Retinal vasculature imaging with OCTA may provide a potential biomarker of vascular changes related to
SARS-CoV-2 in other organs. 

circulation by OCTA in COVID-19 patients who developed 
TE related to the disease have been published to date.

The aim of this study is to evaluate the vessel density and 
perfusion density by OCTA in COVID-19 patients, and to 
compare the findings with healthy controls. The secondary 
objective is to evaluate if there are differences in OCTA 
parameters between COVID-19 patients when considering 
the history of TE.

Methods

Subjects

Cross-sectional case–control study was conducted at the 
Hospital Clinico San Carlos (HCSC) in Madrid, Spain. The 
study was approved by the HCSC’s Clinical Research Ethics 
Committee and was conducted in accordance with the Dec-
laration of Helsinki. Written informed consent was obtained 
from all patients.

The study selected 3 groups of patients: patients with 
confirmed diagnosis of COVID-19 who presented TE asso-
ciated to the infection (group 1), patients with confirmed 
diagnosis of COVID-19 without TE (group 2), and healthy 
controls (group 3). The groups were matched by age, sex, 
and refraction.

For group 1, patients with laboratory-confirmed diag-
nosis of COVID-19 who presented TE associated with the 
disease were selected from a cohort of patients attended at 
HCSC from March 23 to May 31, 2020. The inclusion crite-
ria for group 1 were as follows: age 18 to 70 years, positive 
reverse transcriptase polymerase chain reaction (RT-PCR) 
test from nasopharyngeal swab for SARS-CoV-2, TE pre-
sented during the illness in the absence of any disease, or 
coagulation disorder that might justify it. The TE considered 

Thrombotic events
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were pulmonary embolism (PE) in a patient with COVID-19 
pneumonia confirmed by computed tomography angiogra-
phy and/or deep vein thrombosis confirmed by ultrasound. 
The criteria also included blood tests performed during 
hospital admission and written informed consent for study 
participation. Critically ill patients requiring admission to 
the intensive care unit (ICU), those with concomitant eye 
diseases, quarantined patients, those unable to attend to the 
hospital, or lacking consent to participate in the study were 
excluded.

Group 2 included patients who attended the emergency 
department (ED) of HCSC from March 23 to 26, 2020, and 
presented a laboratory-confirmed diagnosis of SARS-CoV-2 
infection. The inclusion and exclusion criteria for this group 
were the same as for group 1, except for the presence of TE 
related to COVID-19.

The control group (group 3) included a cohort of 
healthy patients who attended the ophthalmology depart-
ment for routine eye examinations. Inclusion criteria for 
this group were as follows: age 18 to 70 years, negative 
laboratory tests for SARS-CoV-2 infection (IgG and IgM-
ELISA serology and PCR from nasopharyngeal swab, both 
negative), absence of symptoms compatible with COVID-
19 or close contact with COVID-19 patient in the 14 days 
prior to the evaluation, absence of concomitant eye dis-
eases, and written informed consent for participation in 
the study.

Eye diseases excluded for all three groups were high myo-
pia (> 6 diopters), retinal vascular disease, macular and optic 
nerve disease, previous ocular surgery other than uncompli-
cated cataract surgery performed at least 6 months prior to 
the evaluation, and media opacity affecting OCTA’s scan or 
image quality.

Demographic data, medical history (arterial hyperten-
sion, diabetes mellitus, dyslipidemia, obesity, chronic 
respiratory disease and cardiac disease, smoking), clini-
cal evaluation data (onset of symptoms, oxygen saturation 
upon arrival, consolidation on chest X-ray, and clinical 
severity according to the WHO ordinal scale) [8], and 
laboratory test results (complete hemogram, lipid profile, 
C-reactive protein (PCR), troponins, ferritin, fibrinogen, 
lactate dehydrogenase levels (LDH), and D-dimer (DD)) 
during the hospital stay were collected. As for the labora-
tory tests, the highest levels documented during the hospi-
tal stay were considered.

Ophthalmic examination

Eye exam included a slit lamp examination of the anterior 
segment, a fundus examination and OCTA 12 weeks after 
the diagnosis of the infection. All procedures performed fol-
lowed infection prevention and control measures according 
to hospital’s protocol.

OCTA images were obtained using the Zeiss Cirrus 5000 
spectral domain OCTA with AngioPlex (Carl Zeiss Meditec, 
Inc., Dublin, CA, USA). Macular angiography images were 
performed using the 6 × 6 mm macular cube protocol in both 
eyes for each subject. The inclusion criteria for acceptable 
signal strength (SS) was 7 or more. The complex optical 
microangiography (cOMAG) algorithm analyzed changes in 
the complex signals. The results were analyzed using Cirrus 
OCTA software (AngioPlex™, version 11.0).

Eye exam was performed by two ophthalmologists (NG 
and BB). OCTA was performed by the same examiner, and 
reviewed individually by the same two ophthalmologists 
for quality assessment, excluding those images with lower 
quality. OCTA data of the superficial capillary plexus (SCP) 
were collected, including vessel density (VD), perfusion 
density (PD), and the area, perimeter, and morphology (cir-
cularity) of the foveal avascular zone (FAZ). VD was defined 
as the total length of perfused vasculature per unit area in the 
region of measurement and PD was defined as the total area 
of perfused vasculature per unit area in the same region. The 
built-in analytic algorithm automatically outlined the FAZ 
boundary along the innermost capillaries, quantifying the 
area and perimeter of this zone. FAZ circularity was defined 
as 4πA/P, where A was the area and P was the perimeter.

The macular region was segmented according to the 
nine sectors of the Study of Early Treatment of Diabetic 
Retinopathy (ETDRS). The fovea was represented by a 

Fig. 1  OCTA of the macular region in the superficial capillary 
plexus, depicting the 9 sectors of the ETDRS grid. Central circle and 
inner and outer rings, which are further subdivided into superior, 
nasal, inferior and temporal regions
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central circle of 1 mm in diameter. The inner ring had an 
inner diameter of 1 mm and an outer diameter of 3 mm, and 
the outer circle had an inner diameter of 3 mm and an outer 
diameter of 6 mm (Fig. 1). Both inner and outer rings were 
further subdivided into upper, nasal, lower, and temporal 
regions. The subjects’ right eye was included, unless it did 
not meet the criteria for inclusion and exclusion, in which 
case the left eye was included.

Statistics

All statistical tests were performed using the software 
package IBM SPSS (version 25.0; IBM Corp., Somers, 
NY, USA). Demographic and clinical data of the COVID-
19 patients is presented as mean and standard deviation for 
quantitative variables, while prevalence of categorical vari-
ables will be presented as percentage. Differences in age and 

GROUP 1
Non-cri�cal pa�ents diagnosed with COVID-19 and TE 

from March 23 to May 31, 2020

Inclusion criteria
18-70 years

PCR +
Confirmed TE
Clinical data

Eye-related exclusion criteria 
N=4
Eye disease N=3
Insufficient OCTA image 
quality N=1

Excluded N=7
Dead N=4

No informed consent 
N=1

Others N= 2

N= 19
Pa�ents included in group 1

N=30
Eligible par�cipants

GROUP 2
Non-cri�cal pa�ents diagnosed with COVID-19 and TE 

from March 23 to March 26, 2020

Inclusion criteria
18-70 years

PCR +
Clinical data

N= 66
Total of COVID-19 pa�ents included

Excluided N=4
Dead N=1

No informed consent
N=2

Others N=1

Eye-related exclusión 
criteria N=9
Eye diseases N=7
Insufficient OCTA image 
quality N=2

N= 47
Pa�ents included group 2

N=60
Eligible par�cipants

Fig. 2  Flowchart of COVID-19 patients included in the study

Table 1  Clinical characteristics 
of COVID-19 patients

Group 1 Group 2 p
COVID-19 with TE 
(n = 19)

COVID-19 without TE 
(n = 47)

Demographic data
  Age (mean [SD]) 57.1 (6.0) 57.3 (8.2)
  Male (n[%]) 13 (68.4) 27 (57.4) 0.260
  Female (n[%]) 6 (31.6) 20 (42.6) 0.260

Medical history
  Arterial hypertension (n[%]) 4 (25.0) 15 (31.9) 0.603
  Diabetes mellitus (n[%]) 5 (31.2) 8 (17.0) 0.224
  Dyslipidemia (n[%]) 4 (25.0) 15 (31.9) 0.271
  Cardiac disease (n[%]) 1 (6.2) 4 (8.5) 0.773
  Renal disease (n[%]) 0 (0) 1 (2.1) 0.556
  Liver disease (n[%]) 2 (12.5) 1 (2.1) 0.092
  Cancer (n[%]) 2 (12.5) 3 (6.4) 0.434
  Chronic respiratory disease (n[%]) 1 (6.2) 3 (6.4) 0.985
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sex between COVID-19 patients and the control group were 
compared using the Mann–Whitney U test and the  chi2 test.

The OCT data of both groups are represented as means 
and standard deviation. The normality of the variables was 
confirmed with the Kolmogorov–Smirnov test. To analyze 
the differences in the OCT parameters between COVID-19 
patients and healthy controls, a t-student test was performed. 
Likewise, to compare the group of patients with and without 
TE, a t-student test was performed. Statistical significance 
was set at p < 0.05.

Results

The total study population included 95 patients, 66 (69.4%) 
COVID-19 patients, and 29 (30.5%) healthy controls. Among 
the 66 COVID-19 patients, 19 (28.8%) belonged to group 1 
and 47 (71.2%) to group 2. Of the non-critically ill patients 
diagnosed with COVID-19 and TE from March 23 to May 31, 
2020, 30 patients met the inclusion criteria. Among these, 19 
patients were finally included in group 1. All of them (19/19) 
presented PE, and 2 (2/19) presented both PE and DVT 
related to COVID-19. Likewise, of the non-critical COVID-19 
patients that attended ED on the dates indicated, 47 patients 
met the inclusion and exclusion criteria (group 2). Figure 2 
shows the flow chart of the cases included in the study.

Demographic and clinical characteristics of COVID-19 
patients are summarized in Table 1. The mean age of healthy 
controls was 51.0 (SD 11.9). There were no statistically sig-
nificant differences between groups in terms of age and sex.

Eye exam was performed 88 days (86–90) after COVID-
19 diagnosis and revealed the ocular diseases previously 

defined as exclusion criteria in a total of 10 patients, who 
were excluded from the study. Fundus examination of the 
66 patients with a history of SARS-CoV-2 infection was 
unremarkable. No retinal vascular changes, macular or optic 
nerve involvement, were evident in any of the groups. Nei-
ther did any patient report decreased vision or other notice-
able ocular symptoms during the disease, nor until the time 
of the evaluation.

Significant differences in VD and PD were detected by 
OCTA between COVID-19 patients and healthy controls. 
COVID-19 patients presented significantly lower VD than 
healthy controls: central (p = 0.003), inner ring (p = 0.026), 
outer ring (p = 0.001). PD was also decreased in COVID-
19 patients: outer ring (p = 0.003), full area (p = 0.001). 
Table 2 shows macular OCTA data of COVID-19 patients 
and healthy controls. (Additional information is provided 
in a supplementary table). However, within the COVID-19 
group, no differences in OCTA parameters were found when 
considering history of TE.

Laboratory parameters evidenced significant differences 
in D-dimer levels between the group with and without TE 
(p = 0.015). Group 1 revealed mean D-dimer values of 
5528.5 (SD 6204.3) and group 2 of 648.2 (SD 401.5).

Discussion

Thrombotic events are emerging as one of the most relevant 
sequelae of SARS-CoV-2 infection [9, 10]. A high incidence 
of TE has been described in COVID-19 patients, more so 
in critically ill patients, reporting variable incidences rang-
ing from 11.5 to 27% [1, 10–14]. Although PE represents 
the most frequent thrombotic manifestation associated with 
the infection [1], TE, venous and arterials, have been also 
described in other organs such as the eye [15]. Our study 
reveals quantitative differences in retinal microcirculation 
between COVID-19 patients and healthy controls. Patients 
with history of SARS-CoV-2 infection had significantly 
lower vessel density and perfusion density than healthy con-
trols 3 months after the acute phase of the infection. These 
findings provide relevant information about the microvascu-
lar involvement of SARS-CoV-2 infection and the possible 
vascular sequelae of COVID-19. Nevertheless, no differ-
ences in these parameters have been detected in COVID-
19 patients when considering the history of TE, which may 
indicate that the microvascular involvement of SARS-CoV-2 
at the retinal level is not conditioned by the presence of TE 
at other levels. Similarly, no increased incidence of retinal 
vascular events has been found in COVID-19 patients who 
had TE, compared to those who did not.

OCTA is a novel technique that allows the study and 
objective quantification of retinal vasculature, assessing the 
retinal microvascular impact of the disease. The fact that the 

Table 2  OCTA data in COVID-19 patients and healthy controls

The significance of the p values is in bold (p < 0.05)
SD, standard deviation; VD, vessel density; PD, perfusion density; 
FAZ, foveal avascular zone; a, area; p, perimeter; c, circularity

Variable COVID-19 (N = 66) Healthy controls 
(N = 29)

p

Mean SD Mean SD

VD central 7.77 3.26 10.10 3.41 0.003
VD inner 16.49 2.47 27.52 1.82 0.026
VD outer 17.28 2.15 18.48 1.21 0.001
VD complete 16.89 2.02 17.72 2.49 0.118
PD central 20.05 25.35 22.41 7.84 0.494
PD inner 39.18 6.76 56.17 75.30 0.235
PD outer 42.94 5.65 45.79 3.22 0.003
PD complete 41.46 4.99 44.35 3.30 0.001
FAZ a 0.50 1.87 0.12 0.44 0.152
FAZ p 2.10 0.62 2.28 0.68 0.262
FAZ c 0.68 0.11 1.96 3.81 0.106
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VD and PD are significantly reduced in COVID-19 patients 
even 3 months after the acute phase of the infection exhibits 
important questions about the mechanism of microvascular 
damage of SARS-CoV-2 and its possible mid- and long-
term sequels, both in the eye and other organs. To date, the 
mechanism by which SARS-CoV-2 may affect the retina 
vasculature is unknown. Recently, SARS-CoV-2 RNA has 
been detected in retinal biopsies performed postmortem in 
patients with COVID-19 [16]. The detection of the virus 
in intraocular tissue could be explained by the presence of 
angiotensin-converting enzyme 2 (ACE2), the main recep-
tor of SARS-CoV-2 cellular entry, in the retina [17]. In this 
sense, the presence of ACE2 has also been detected in arte-
rial and venous endothelial cells [18]. It then seems feasible 
that vascular changes may occur at this level.

Furthermore, thrombosis and extrapulmonary manifesta-
tions have been reported without confirmed virus presence 
at these sites [19], suggesting that SARS-CoV-2 may cause 
both direct cytopathic damage and indirect damage related 
to the intense inflammatory response and hypercoagulable 
state it induces. These findings have yielded to the concept 
of thrombo-inflammation as key phenomena in the patho-
physiology of COVID-19, whereby inflammation activates 
coagulation, and coagulation heightens inflammatory activ-
ity [20, 21]. This rationale is consistent with the findings 
reported in autopsies of COVID-19 patients who have died 
from the disease, which have revealed microvasculature 
thrombi as prominent feature in multiple organs [22]. All 
these COVID-19-related vascular phenomena might partly 
explain the findings encountered in our study.

The post-mortem examination for further evaluation 
of the vascular damage in the lungs and other organs is 
supported. However, retinal circulation has the unique 
advantage of being easily studied in vivo. Hence, OCTA 
may provide a valuable tool in the study of microvascular 
involvement in COVID-19 patients, since it may represent 
a potential biomarker of vascular damage in other organs 
[5, 23, 24].

Current evidence about the presence of retinal venous 
thrombosis in COVID-19 patients is scarce. In this sense, it 
has been reported a case of a 52-year-old male without car-
diovascular risk factors, and normal coagulation study who 
presented a branch retinal vein occlusion 10 days after the 
onset of fever and malaise with subsequent laboratory con-
firmation of SARS-CoV-2 infection [15]. Another case of a 
54-year-old woman with COVID-19-associated pneumonia 
and impending retinal vein occlusion has also been recently 
described. She presented decreased visual acuity and reti-
nal changes compatible with impending central retinal vein 
occlusion, which resolved after treatment and resolution of 
the pneumonia [25]. All this suggests that the hypercoagu-
lability state associated with COVID-19 may also clinically 
affect retinal vasculature.

Our study has several limitations. First, this study did 
not include critically ill patients requiring ICU admission. 
Since the incidence of TE in critical COVID-19 patients is 
much higher, clinical and subclinical findings might appear 
more evident in this group of patients. In addition, criti-
cally ill patients present progressive and sustained hypoxia 
that has been associated with an exaggerated release of 
proinflammatory and prothrombotic factors [26, 27], which 
could aggravate the changes found in retinal microcircu-
lation. On the other hand, the eye exam was performed 
12 weeks after COVID-19 diagnosis, so certain retinal 
vascular changes that might occur during the acute phase 
of the infection could not be clinically present in the sub-
sequent examination. Although it would have been interest-
ing to evaluate patients during the acute phase of infection, 
the extremely critical scenario and hospital logistics pre-
vented such evaluation during the peak of the pandemic. 
Finally, the number of patients recruited in the study is 
limited. Prospective studies with larger numbers of patients 
may yield more data about the microvascular impact of 
SARS-CoV-2 infection.

In conclusion, the evaluation of retinal circulation repre-
sents a promising tool in the in vivo study of microvascular 
involvement in COVID-19 patients. Patients with SARS-
CoV-2 infection show decreased retinal vessel density and 
perfusion density compared to healthy controls as late as 
12 weeks after the acute phase of infection. However, no 
differences in OCTA parameters have been found between 
COVID-19 patients when considering the history of TE. 
These findings provide relevant information about the 
microvascular damage of SARS-CoV-2, even in the absence 
of TE, and its possible impact on the vasculature of other 
organs.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00417- 021- 05186-0.
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