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thickness and vessel density in the radial peripapillary 
capillary plexus (RPCP), superficial capillary plexus 
(SCP), and deep capillary plexus (DCP) obtained at 
time of diagnosis and 60  days later were compared. 
Correlations between C-reactive protein (CRP) levels 
at diagnosis and retinochoroidal involvement were 
investigated.
Results Compared to post-recovery follow-up 
examinations, patients with active MIS-C showed 
foveal avascular zone enlargement (p = 0.031), 
decreased vessel density in the temporal parafoveal 
SCP (p = 0.047) and all parafoveal areas of the DCP 
(p < 0.05 for all), and increased choroidal thickness 
(p = 0.021). Correlation analysis between CRP levels 
and OCTA changes during MIS-C revealed signifi-
cant negative correlations with all parafoveal sectors 
of the SCP and DCP and a significant positive cor-
relation with CT.
Conclusion There were especially marked effects 
on the DCP and choroid in MIS-C patients. Our find-
ings also correlate with CRP levels. The use of opti-
cal coherence tomography angiography in patients 
with multisystemic inflammatory syndrome may 
have potential future implications for detecting ocular 
microvascular changes that occur before permanent 
damage develops.
Clinical Trial Registration Number and Date: 
77/1340; March 1, 2021.

Abstract 
Purpose To evaluate patients with multisystemic 
inflammatory syndrome in children (MIS-C) associ-
ated with severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) infection using optical 
coherence tomography angiography (OCTA) during 
and after resolution of inflammation to investigate 
the effect of this entity on the retinal and choroidal 
circulation.
Methods The study included 38 eyes of 19 patients 
diagnosed as having MIS-C between March 2021 
and June 2021. OCTA measurements of choroidal 
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Introduction

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection has led to a global pandemic 
with significant morbidity and mortality [1]. In chil-
dren, the disease had a good prognosis according to 
initial reports. More than half of pediatric SARS-
CoV-2 patients were asymptomatic or experienced 
mild symptoms [2, 3] However, later, new cases with 
hyperinflammatory findings and hemodynamic shock 
and Kawasaki-like clinic were reported [4–7]. This 
new entity was named multisystem inflammatory 
syndrome in children (MIS-C) by The United States 
Centers for Disease Control and Prevention (CDC) in 
May 2020 [8]

MIS-C is considered a rare complication of SARS-
CoV-2 infection. It was reported that the incidence 
of SARS-CoV-2 infection in people younger than 
21 years of age was 322 in 100,000, while the inci-
dence of MIS-C cases in the same period was 2 in 
100,000 [9]. The median age of patients with MIS-C 
is 9  years (6  months–20  years)[10]. The most com-
mon clinical manifestations are fever, tachycardia, 
hypotension, gastrointestinal symptoms (abdomi-
nal pain, diarrhea), rash, conjunctivitis or conjunc-
tival injection, cheilitis and/or strawberry tongue, 
and edema/erythema of the extremities. Acute phase 
reactants such as C-reactive protein (CRP), inter-
leukin 6 (IL6), procalcitonin, fibrinogen, D-dimer, 
lactate dehydrogenase (LDH) and ferritin values are 
elevated. Major complications of the disease include 
respiratory distress requiring mechanical ventilation, 
myocardial dysfunction requiring aggressive treat-
ment, and acute kidney injury [10]. The mortality rate 
was reported to be 1.4%. MIS-C is believed to occur 
due to an abnormal immune response, as in mac-
rophage activation syndrome or Kawasaki disease, 
but the mechanism triggering this abnormal response 
is not clearly known. The fact that most affected chil-
dren have negative RT-PCR results but positive anti-
bodies evincing previous infection suggests that the 
cause of MIS-C is a specific inflammatory response 
following SARS-CoV-2 infection [6, 10–12].

Optical coherence tomography angiography 
(OCTA) is a noninvasive method that produces vas-
cular flow maps of the retina and choroid, thereby 
creating a three-dimensional image of the retinal 
microvasculature. Various studies have shown that 
OCTA offers a reliable method for the qualitative 
and quantitative assessment of pathological or physi-
ological changes in the retinal, choroidal, and optic 
nerve vasculature [13–15]. The retina and choroid 
are among the most energy-demanding tissues in 
the body and are very sensitive to ischemia [16, 17]. 
Various studies have indicated that retinal vessel den-
sity and retinal perfusion reflect systemic hemody-
namic changes and systemic inflammatory response 
[18–20]. The choroid has the highest blood flow per 
unit mass of any tissue in the body. Due to its high 
vascularity, this layer is sensitive to inflammation in 
multisystemic diseases and is primarily affected in 
systemic vascular disorders [17]. Retinal and choroi-
dal thickness has recently been proposed as potential 
inflammatory biomarkers, especially for inflamma-
tory diseases with vascular involvement [21–23]. 
In this study, we aimed to investigate microvascular 
changes in the retina and choroid in the newly defined 
entity COVID-19-associated MIS-C and evaluate the 
correlation between these changes and inflammation 
severity as assessed by CRP level. To the best of our 
knowledge, this study is the first in the literature to 
investigate retinochoroidal vascular changes in chil-
dren with MIS-C.

Materials and methods

This prospective study was conducted at the ophthal-
mology clinic of a tertiary care training hospital. The 
study protocol was approved by the institutional eth-
ics committee. The study was performed in accord-
ance with the tenets of the Declaration of Helsinki, 
and written informed consent forms were obtained 
from all participants and the parents of underage 
participants.

Patient selection and inclusion criteria

Patients aged 6–18  years who met the criteria for 
MIS-C associated with COVID-19 and were treated 
in the pediatric wards of our hospital between March 
2021 and June 2021 were evaluated. Patients whose 
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parents or legal representatives agreed to their par-
ticipation in the study and provided consent were 
included. Real-time reverse transcription polymerase 
chain reaction (RT-PCR) testing (of nasopharyngeal 
swab samples) and antigen test were used as labora-
tory evidence of SARS-CoV-2 infection. The US 
Centers for Disease Control and Prevention (CDC) 
criteria [24] were used to diagnose MIS-C. The CDC 
definition of MIS-C is as follows:

• Age < 21 years.
• No alternative plausible diagnoses.
• Positive for current or recent SARS-CoV-2 infec-

tion by RT-PCR, serology, or antigen test; or 
COVID-19 exposure within the 4  weeks before 
symptom onset.

• Presenting with fever (body temperature > 38.0 °C 
for ≥ 24  h, or report of subjective fever last-
ing ≥ 24 h).

• Laboratory evidence of inflammation demon-
strated by one or more of the following: elevated 
C-reactive protein (CRP), erythrocyte sedimen-
tation rate (ESR), procalcitonin, fibrinogen, fer-
ritin, D-dimer, lactic acid dehydrogenase (LDH), 
or interleukin 6 (IL-6) level, elevated neutrophil 
count, reduced lymphocyte count, and low albu-
min level.

• Evidence of clinically severe illness requiring hos-
pitalization, with multisystem (> 2) organ involve-
ment (cardiac, renal, respiratory, hematologic, 
gastrointestinal, dermatologic or neurological).

Exclusion criteria

Patients with any congenital or systemic disease, 
regular medication use, or severe clinical condition 
requiring more aggressive treatment than the standard 
treatment for MIS-C were not included. Ocular exclu-
sion criteria were any chorioretinal disease, optic 
disk pathology, strabismus, or amblyopia; previous 
eye surgery or trauma; medical history of prematu-
rity; history of any autoimmune or systemic disorder 
(e.g., diabetes mellitus, hypertension); refractive error 
greater than 4.00 D; intraocular pressure higher than 
21  mmHg; and ocular media opacities that reduced 
OCTA image quality.

Measurements were repeated for patients with 
poor image quality due to eye movement or poor 

fixation. Only images with a signal strength index of 
7 or greater were included in the study.

Ocular assessment

All participants underwent a full ophthalmological 
examination including autorefraction (Tonoref III; 
Nidek Co. Ltd), best-corrected visual activity (Snel-
len chart), intraocular pressure measurement with an 
air-puff tonometer (Tonoref III), slit-lamp examina-
tion, and dilated funduscopy. Macular and peripapil-
lary vessel density and foveal avascular zone (FAZ) 
measurements were performed during the same time 
of day (between 9 AM and 12 PM) using the Angio-
Vue software of the OCTA device (Optovue RTVue 
XR Avanti; Optovue Inc., Fremont, CA) after pupil 
dilation (1% tropicamide). All measurements were 
made by the same technician who was trained in the 
use of the device. The same examinations were per-
formed at time of diagnosis and 60  days later. The 
right eye of all participants was evaluated.

OCTA examination was performed using the 
standard macular and peripapillary protocol. All 
eye scans were obtained using a 3 × 3  mm scanning 
area centered on the fovea and a 4.5 × 4.5 mm scan-
ning area centered on the optic disk. The eye-tracking 
function was active during the scans, and motion cor-
rection was applied to minimize motion artifacts aris-
ing from microsaccades and fixation changes.

The foveal avascular zone (FAZ) is the retinal cap-
illary-free area located in the central fovea. FAZ area 
was measured using the ‘retina’ tool of the software, 
which delineates it automatically. FAZ measurement 
by OCTA is shown in Fig. 1. Parafoveal vessel den-
sity was calculated for the annular area between 0.3 
and 1.25  mm radius from the center of the macula. 
The parafoveal region was divided into four sectors of 
90 degrees each (temporal, superior, nasal, and infe-
rior), and the vessel density in each sector was calcu-
lated. The en face images of the SCP were segmented 
between an inner border 3 μm below the internal lim-
iting membrane and an outer border 15 μm below the 
inner plexiform layer (IPL). En face images of the 
DCP were segmented under the IPL with inner and 
outer boundaries at 15 and 70 μm, respectively. Peri-
papillary capillary vessel density was measured in a 
1.00-mm wide elliptical ring extending outward from 
the optic disk border in the radial peripapillary cap-
illary plexus (RPCP). The RPCP extends from the 
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internal limiting membrane to the nerve fiber layer. 
Vessel densities of the whole image, inside disk, and 
peripapillary areas were examined.

Peripapillary retinal nerve fiber layer (ppRNFL) 
thickness was assessed in the 3.45-mm-diameter 
circle around the optic disk in the optic nerve head 
mode. Subfoveal choroidal thickness (CT) was meas-
ured manually between the hyperreflective line of 
Bruch’s membrane and the innermost hyperreflec-
tive line of the choroidoscleral interface. Subfoveal 
choroidal thickness measurements were made by two 
researchers by masking who and which measurement 
the image belonged to. The final thickness for analy-
sis was calculated by taking the average of the two 
investigators.

Image quality was assessed for all OCTA scans. 
Poor-quality images, defined as scans with qual-
ity index < 7, and images with residual motion arti-
facts or segmentation errors were excluded from the 
analysis.

Statistical analysis

Statistical analysis of the data was performed using 
the SPSS version 21.0 package program. Descriptive 
statistics were calculated as mean ± standard devia-
tion for normally distributed numerical variables 
and median and interquartile range (IQR) for non-
normally distributed variables. Categorical variables 
were expressed as count (n) and percentage (%). Con-
tinuous variables were checked for normality using 

Shapiro–Wilk test. Before and after comparisons 
were performed using paired t-test for normally dis-
tributed variables and Wilcoxon test for non-normally 
distributed variables. Spearman and Pearson correla-
tion coefficients were calculated to examine the linear 
relationships between continuous variables. The level 
of statistical significance was accepted as p < 0.05.

Results

Twenty-one eyes of 21 patients meeting the MIS-C 
diagnostic criteria were included in the study. In 
tests performed to confirm that MIS-C was associ-
ated with COVID-19, all patients had a negative 
nasopharyngeal swab RT-PCR test, while all had a 
positive antigen test. The study group consisted of 12 
girls (57.2%) and 9 boys (42.8%), with a mean age 
of 11.64 ± 2.79 (6–16) years. Data pertaining to the 
patients’ systemic involvement and treatment they 
received are summarized in Table 1.

In examinations performed at time of diagnosis, 
best-corrected visual acuity (BCVA) 20/20 or better 
for all participants, all patients had normal intraocular 
pressures, and normal anterior and posterior segment 
findings in detailed ophthalmological examinations. 
The initial examination revealed no ocular findings in 
any patient.

When we compared the OCTA data at the time of 
diagnosis, we found that the FAZ region was larger 
(p = 0.031) and the choroidal thickness was greater 

Fig. 1  En face optical coherence tomography angiograms segmented at the level of the deep retinal capillary plexus from 5 MIS-C 
patients at diagnosis (A1–E1) and 60 days later (A2–E2)
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(p = 0.021) than the data repeated 60 days later. SCP 
vessel density values showed that temporal parafoveal 
vessel density was lower during the acute period than 
at 60 days follow-up (p = 0.047). There were no statis-
tically significant differences in SCP vessel density in 
the other parafoveal sectors and fovea. (Table 2).

In terms of the DCP, we found that vessel den-
sity values did not differ in the fovea but were sig-
nificantly lower in the acute period in all parafoveal 
regions except the inferior sector. (Table 2). Figure 1 
shows segmented optical coherence tomography 
angiograms at the deep retinal capillary plexus level 
taken from 5 MIS-C patients at diagnosis (A1–E1) 
and 60 days later (A2-E2). The increase in vessel den-
sity in DCP after recovery is remarkable.

In our comparisons of the ppRNFL and RPCP ves-
sel density values in the acute period of MIS-C and 
after recovery, there were no significant changes in 
ppRNFL thickness or RPCP vessel density with the 
exception of a significant decrease in the inside disk 
region (p < 0.001) (Table 3).

To evaluate inflammation severity, we assessed 
levels of the acute phase reactant CRP and com-
pared them with vessel density parameters. The mean 
CRP level at time of diagnosis in the MIS-C patients 
included in the study was 206.91 ± 102.5 (4–415) 
mg/L (normal reference range for CRP: 0–5  mg/L). 
When we examined the changes in the acute period 
based on post-discharge follow-up examinations, we 
observed no correlation between CRP and FAZ area, 

Table 1  Clinical characteristics and treatment of MIS-C 
patients

Clinical data n (%)

Fever 19 (100)
Gastrointestinal involvement 18 (94.7)
Mucocutaneous involvement 11 (42.1)
Cardiac involvement 6 (31.6)
Respiratory involvement 5 (26.3)
Neurologic involvement 1 (5.3)
Intravenous immunoglobulin therapy 18 (94.7)
Steroid therapy 16 (84.2)
Anticoagulant therapy 19 (100)
Positive inotrope therapy 5 (26.3)
Intensive care 7 (36.8)
Mean length of hospital stay (days), mean ± SD 11.6 ± 4.13

Table 2  CT, FAZ, SCP-VD, and DCP-VD measurements in MIS-C patients during and after the acute period

p: Wilcoxon test *Paired t-test. Values are presented as mean ± standard deviation and median and interquartile range (IQR). Bold 
values indicate statistical significance. p < .05. CT: Subfoveal choroidal thickness, FAZ: Foveal avascular zone, SCP-VD: Superficial 
capillary plexus vessel density, DCP-VD: Deep capillary plexus vessel density

At diagnosis 60-day follow-up p

Mean ± SD Median (IQR) mean ± SD Median (IQR)

CT 301.86 ± 27.9 300 (286.25–324.5) 279.5 ± 30.3 274.5 (262.75–285.75) 0.021*
FAZ 0.30 ± 0.08 0.3 (0.25–0.32) 0.28 ± 0.08 0.29 (0.24–0.31) 0.031
SCP-VD
 Fovea 16.5 ± 4.57 15.5 (12.63–19.03) 17.01 ± 5.82 16.1 (13.03–19.65) 0.051
 Parafovea 51.02 ± 2.81 51.1 (49.18–53.28) 51.23 ± 2.29 51 (50.03–52.65) 0.302*
  Temporal 49.51 ± 3.04 49 (47.65–51.93) 49.94 ± 2.63 49.65 (48.25–51.85) 0.047*
  Superior 53.16 ± 2.36 52.8 (51.38–55.1) 52.87 ± 3.33 52.8 (50.23–55.5) 0.114*
  Nasal 50 ± 3.17 49.75 (48.48–52.85) 50.44 ± 2.71 50.7 (49.13–52.45) 0.834
  Inferior 51.81 ± 3.4 52.35 (49.65–54.48) 51.96 ± 2.81 52.5 (49.65–54.15) 0.852

DCP-VD
 Fovea 33.92 ± 7.13 35.7 (30.48–36.98) 34.01 ± 7.62 36.1 (31.15–38.35) 0.085
 Parafovea 57.08 ± 4.21 58.1 (55.4–59.58) 58.20 ± 3.06 58.55 (56.1–60.53) 0.003
  Temporal 57.07 ± 4.40 57.75 (55.13–59.93) 58.56 ± 3.13 58.85 (56.75–60.95)  < 0.001
  Superior 57.45 ± 4.26 58.35 (55.83–61.18) 58.84 ± 3.19 59.1 (57.38–60.88)  < 0.001
  Nasal 57.15 ± 5.10 58.4 (55.33–60.48) 58.55 ± 2.99 59 (56.73–60.2) 0.016
  Inferior 56.50 ± 4.69 57.3 (54.83–59.25) 57.79 ± 3.28 57.9 (55.2–60.18) 0.102



 Int Ophthalmol

1 3
Vol:. (1234567890)

ppRNFL thickness, or vessel density in the RPCP or 
foveal areas of the SCP and DCP. There was a sig-
nificant negative correlation between CRP and vessel 
density in all parafoveal sectors of the SCP and DCP. 
Also, there was a positive correlation between CRP 
and CT. (Table 4).

Discussion

Although initially mysterious, emerging data sug-
gest that MIS-C is a post-infectious (SARS-CoV-2) 
hyperinflammatory disease caused by an abnormal 
immune response. In addition, the growing number of 
MIS-C cases and case series reported from all over 
the world show that MIS-C is more common than it 
first seemed. Although rare and treatable, delays in 
diagnosis and treatment can result in morbidity and 
mortality.

The presence of angiotensin-converting enzyme 
(ACE), the main receptor to which the S protein 
of SARS-CoV-2 binds in order to enter cells, has 
been demonstrated in the cell membranes of type 
II alveolar cells in the lungs, enterocytes of the 
small intestine, vascular smooth muscle cells, and 
the arterial smooth muscle cells of most organs 
[25, 26]. These receptors have also been found in 
various types of cells in the retina and choroid, 
including Müller cells, ganglion cells, retinal vas-
cular endothelial cells, and photoreceptor cells [27]. 
Receptor-mediated viral entry into cells results in 
macrophage and complement activation, cytokine 

Table 3  Peripapillary RNFL and RPCP-VD measurements in MIS-C patients during and after the acute period

p: Wilcoxon test *Paired t-test; values are presented as mean ± standard deviation and median and interquartile range (IQR) ppRN-
FLT: PERİPAPİLLARY retinal nerve fiber layer thickness, RPCP-VD: Radial peripapillary capillary plexus vessel density

At diagnosis 60-day follow-up p

Mean ± SD Median (IQR) Mean ± SD Median (IQR)

ppRNFLT
Mean 106.16 ± 14.82 102.5 (98–108.75) 105 ± 13.44 101 (98–109.75) 0.162
Superior Hemi 106.09 ± 15.26 103.5 (98–112) 104.86 ± 14.16 103.5 (96.25–109.75) 0.119
Inferior Hemi 106.25 ± 14.88 103 (98–109.75) 105.48 ± 13.63 101.5 (98–110) 0.176
RPCP-VD
Whole image 50.27 ± 2.26 49.7 (48.83–51.8) 50.75 ± 2.56 50.95 (48.75–52.43) 0.081*
Superior Hemi 52.27 ± 3.06 52.2 (49.6–54.58) 52.88 ± 3.28 53.15 (50.13–55.05) 0.118*
Inferior Hemi 51.99 ± 3.29 51.6 (49.4–54.4) 52.64 ± 2.94 52.8 (50.13–54.35) 0.153*
Inside disk 58.57 ± 42.79 52.85 (50.18–55.15) 54.21 ± 2.81 54.55 (52.33–56.25)  < 0.001

Table 4  The relationship between CRP level at diagnosis and 
relative changes in OCTA parameters in MIS-C patients

p: Spearman rho *Pearson correlation; Relative change: 
(During-After)/During × 100, DCP: Deep capillary plexus, 
ppRNFLT: Peripapillary retinal nerve fiber layer thickness, 
RPCP-VD: Radial peripapillary capillary plexus vessel density, 
SCP-VD: Superficial capillary plexus vessel density, DCP-VD: 
Deep capillary plexus vessel density. Bold values indicate sta-
tistical significance  (p < .05)

r p

SCP-VD
 Foveal − 0.090 0.560
 Parafoveal − 0.308 0.042*
  Temporal − 0.441 0.003*
  Superior − 0.388 0.009
  Nasal − 0.321 0.034
  Inferior − 0.335 0.026*

 DCP-VD
  Foveal − 0.269 0.077
  Parafoveal − 0.753  < 0.001
   Temporal − 0.674  < 0.001
   Superior − 0.638  < 0.001
   Nasal − 0.480 0.001
   Inferior − 0.503 0.001

FAZ 0.114 0.459
ppRNFLT mean 0.026 0.867*
ppRNFLT superior 0.154 0.319
ppRNFLT inferior − 0.019 0.901*
RPCP-VD whole image 0.015 0.922*
RPCP-VD superior − 0.010 0.950*
RPCP-VD inferior − 0.240 0.117
RPCP-VD inside disk 0.066 0.669
CT 0.434 0.003
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release, endothelial damage, thrombotic micro-
angiopathy, and subsequent ischemia. This is the 
main mechanism of action of the virus, but it is not 
known what triggers the late and abnormal immune 
response seen in MIS-C patients approximately 
4–6 weeks after active infection. However, this late 
complication of SARS-CoV-2 infection has the 
potential to cause impaired blood flow in the retina 
and choroid.

Numerous studies have shown that OCTA may 
have an important role in the early diagnosis and 
assessment of the severity of systemic vascular and 
inflammatory diseases [28–31]. In this study, we 
aimed to evaluate changes in the microvascular struc-
ture of the retina and choroid in MIS-C patients using 
OCTA.

Our analysis of vascular changes in the macu-
lar region during the acute phase of MIS-C revealed 
significant FAZ enlargement. Due to the absence of 
retinal vessels in the FAZ, the underlying choriocap-
illaris is solely responsible for supplying the cone 
cells [32]. As a result, the FAZ is particularly sensi-
tive to ischemic events and can thus act as an indica-
tor of various pathological processes [33]. Abrishami 
et  al. [34] also reported in their study of adults that 
FAZ area was larger in the COVID-19 group, but 
the difference did not reach statistical significance. 
Similarly, Türker et  al. [35] reported that FAZ area 
was increased but not significantly in patients with 
COVID-19. However, both studies included patients 
after the recovery period. This difference may also be 
attributed to a more intense inflammatory process in 
children with MIS-C.

When we looked at the changes in vessel density 
in the SCP and DCP, we observed decreases in both 
layers, but those in the DCP were more statistically 
significant. Abrishami et  al. [34] also detected sig-
nificant reductions in vessel density in both the SCP 
and DCP in adults with COVID-19. Türker et al. [35] 
reported that the DCP was more affected, similar to 
our findings, and choroidal blood flow was increased. 
Several factors may make the DCP more suscepti-
ble to damage, including its distance from the larger 
arterioles, proximity to the high metabolic demand 
of the outer retina, and complex vascular anatomi-
cal architecture [36]. Similarly, the high metabolic 
activity and complex vascular structure of the outer 
retina may make it more susceptible to poor perfusion 
caused by generalized vasospasm.

As a limitation of our study, since there was no 
software to measure the choroidal vascularity index in 
our OCTA device, choroidal blood supply was evalu-
ated indirectly through choroidal thickness. Subfo-
veal CT measurements may be an indirect indicator 
of subfoveal ocular perfusion [37]. Hayreh et al. [38] 
showed that hypercapnia had a vasodilatory effect on 
the choroidal circulation. The increase in choriocap-
illaris flow in the study may have been a hypoxia-
induced vasodilation response due to ischemia of the 
choroidal tissue feeding the outer retinal layers [35]. 
In a review examining retinal and choroidal involve-
ment in systemic inflammation and autoimmune dis-
eases, choroidal thickness was reported to decrease 
in some studies and increase in others [39]. It was 
concluded that choroidal thickening occurs dur-
ing exacerbations of these diseases, while atrophy 
and fibrosis caused by repeated episodes during the 
chronic process result in choroidal thinning. Subclini-
cal choroidal infiltration due to inflammatory media-
tors released as a result of systemic inflammation 
may cause hyperpermeability [17]. The choroid is not 
autoregulated like the retina; therefore, it is more sus-
ceptible to systemic changes.

We did not detect any significant changes in 
RPCP parameters (except in the inside disk area) or 
ppRNFL thickness values in patients with MIS-C. 
This may suggest that the peripapillary region is less 
sensitive to changes associated with systemic inflam-
mation. The mean length of hospital stay in our study 
was 11.6  days. The fact that these patients’ clinical 
and inflammation parameters largely regressed lead-
ing up to discharge suggests that the process was not 
severe enough to affect the peripapillary region.

CRP is the blood inflammation marker most fre-
quently elevated in MIS-C patients (94% of patients) 
[40]. Similarly, CRP values were high in all but one 
of our patients (mean 206.91 ± 102.5  mg/L). There-
fore, we used CRP values to examine the relationship 
between inflammation severity and retinochoroidal 
vascular involvement. We determined that high CRP 
levels were correlated with vascular involvement in 
all parafoveal quadrants in both the superficial and 
deep retinal plexuses and the choroid.

The most important limitation of our study is 
the small sample size. Due to the insufficient nor-
mative data for children and the small number of 
patients evaluated, we did not think that matching 
with healthy children would provide an optimal 
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comparison. Therefore, we compared the MIS-C 
patients’ acute findings with follow-up measure-
ments obtained after clinical and laboratory recov-
ery. Although the patients exhibited clinical and 
laboratory resolution in follow-up examinations, 
we do not know whether they had any persistent 
changes in retinal vascular structure compared to 
healthy children. Another limitation is that image 
quality has been shown to affect vessel density anal-
ysis in OCTA [41, 42]. Although images with a sig-
nal strength index lower than 7 were not included 
in the analysis, the fact that the patients were chil-
dren and were in poor clinical condition during 
the acute phase of the disease may have affected 
our results. None of our patients had very severe 
systemic involvement requiring prolonged hospi-
talization. A more extensive vascular effect may 
have been observed in the presence of more severe 
inflammation and systemic involvement. Never-
theless, our results may indicate that the DCP and 
choroid are particularly affected in MIS-C patients. 
The fact that the changes are largely correlated with 
CRP levels may suggest that ocular involvement is 
proportional to the severity of inflammation. Our 
results demonstrated a decrease in vessel density, 
especially in the DCP, and an increase in choroidal 
thickness. The changes were largely correlated with 
CRP levels. Multicenter studies with more patients 
are needed to understand the systemic and local 
changes caused by this hyperinflammatory response 
in children after SARS-CoV-2 infection.
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