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Retinal and choroidal vascular changes in newly diagnosed celiac disease: An

optical coherence tomography angiography study

Meltem Gumus, Serhat Eker', Yalcin Karakucuk', Anna Carina Ergani, Halil Haldun Emiroglu

Purpose: To investigate the retinal and choroidal microcirculation changes in celiac disease (CD) patients
via optical coherence tomography angiography (OCT-A). Methods: This cross-sectional study included 44
pediatric patients with newly diagnosed CD and 44 healthy pediatric subjects. The vascular densities (VD)
of the superficial, deep, and choriocapillar plexuses (VDs, VDd, and VDcc, respectively) (%), the superficial
and deep foveal avascular zones (FAZs and FAZd) (%), the central macular thickness (CMT) (um), and
the subfoveal choroidal thickness (SFCT) (um) were measured with swept-source OCT-A in addition to a
complete ophthalmological examination. Results: Mean ages of the CD patients and the healthy participants
were 12.02 + 2.9 and 13.6 + 2.3 years, respectively. The central sectors of the VDs and VDd measurements
were found to be significantly higher in the study group compared to the control group (p = 0.006; P =0.001,
respectively), and the temporal and nasal values of the VDcc measurements were significantly lower in
the study group than in the control group (p < 0.05 for both values). CMT and FAZ metrics did not differ
between the groups (p > 0.05). SFCT was significantly reduced (p = 0.001), and choroidal thinning was
more considerable in female CD patients (p = 0.045). Conclusion: CD seems to affect macular and choroidal
microcirculation. The reduced choriocapillaris plexus parameters and choroidal thickness may provide
disease activity information.
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Celiac disease (CD) is a chronic, genetic, immune-mediated
small intestine enteropathy that occurs in gluten-sensitive
individuals.! Malabsorption symptoms, such as steatorrhea
and weight loss, are among the typical hallmarks of CD.
However, as most CD patients may experience atypical disease
presentations, it is important for healthcare professionals to
raise awareness of the prevalence of CD and resolve its various
gastrointestinal and extraintestinal symptoms.

Up to50% of newly diagnosed CD patients may initially present
with symptoms that are not gastrointestinal.”’ Extraintestinal
findings in the neurological, musculoskeletal, integumentary, or
reproductive systems may be seen. As duodenal villous atrophy
and antibodies to tissue transglutaminase (tTG) are found in
most CD patients, their presence is required for a CD diagnosis.
European guidelines make diagnosis possible without duodenal
biopsy, provided that the patient meets certain symptomatic and
serological criteria.®! CD is treated by lifelong adherence to the
challenging process of a gluten-free diet (GFD).

In recent years, ophthalmologists have researched
ocular changes in CD patients, which are caused by the
extraintestinal involvement characteristic of this autoimmune
disease.*!% Vascular changes and endothelial dysfunction
have recently been demonstrated in CD patients.! However,
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a comprehensive literature review has found no study
investigating macular perfusion parameters in CD patients.

Swept-source optical coherence tomography angiography
(OCT-A) has been developed for imaging the retinal vascular
system without contrast material." It allows quantitative
measurement of both superficial and deep retinal vessels
to assess macular perfusion and evaluate diseases affecting
vascular structures,™ which has increased its popularity and
its usefulness for research purposes.

As far as known from the literature review, this is the first
study to use OCT-A to examine retinal microcirculation in CD
patients. Due to the systemic inflammation and vascular changes
previously reported in CD, the project’s aim was to evaluate
changes in OCT-A parameters indicating macular perfusion in
the eyes of CD patients compared to healthy subjects.

Methods

Subjects

This study was conducted in a tertiary hospital’s Department
of Ophthalmology and Paediatric Gastroenterology. Between
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March and October 2020, the right eyes of 44 newly diagnosed
CD patients were examined. These patients had been diagnosed
with CD at the same tertiary hospital’s department of paediatric
gastroenterology and subsequently referred for a routine eye
exam. The study was approved by the Institutional Review
Board of the local ethics committee (Protocol No: 2020/37).
Informed consent was received from all participants before
enrolment, and the research adhered to the tenets of the
Declaration of Helsinki.

Patients included in this study were newly diagnosed with
CD and had been referred for a routine eye screening. Therefore,
a routine, comprehensive ophthalmologic examination was
carried out for each patient. In addition to gathering the
patients” histories, their best corrected visual acuity (BCVA)
values were measured according to the standard Snellen chart,
and their intraocular pressures were measured via Goldmann
applanation tonometry. The patients’ anterior eye segments
were examined with a slit lamp, and fundus evaluations were
performed with a +90D lens after pharmacological dilatation
with 1% Tropicamide. OCT-A measurements were taken after
full pharmacological dilatation. Patients were excluded from
the study if they had already begun a GFD, if their BCVA
values were below 20/20, if they required high refractive
vision correction (spherical equivalent higher than +3 or -3
diopter), if they had any intraocular disease or had undergone
surgery, or if their examinations returned poor image quality
due to unstable fixation in OCT-A measurements. OCT-A
measurements were also taken from the control group: 44
ophthalmologically healthy age- and sex-matched individuals,
without systemic disease, who applied to the ophthalmology
department of the tertiary hospital.

Image acquisition and processing

All subjects were examined via a swept-source DRI OCT
Triton (Topcon, Tokyo, Japan) device using a 6 mm *
6 mm protocol. An OCT-A software system (IMAGEnet 6
V.1.14.8538) was applied, which provides non-invasive macular
segmentation consisting of four ‘en face” OCT slabs. (1) The
superficial vascular complex (SVC) is defined as stretching from
2.6 um below the internal limiting membrane (ILM) to 15.6 um
below the inner plexiform layer (IPL) [Fig. 1. al and a2]; (2) the
deep vascular complex (DVC) is defined as stretching from the
IPL offset of 15.6 um to the IPL offset of 70.2 um [Fig. 1. b1 and
b2]; (3) the outer retinal slab is defined as stretching from 70.2
um under the IPL to the Bruch’s membrane (BM); and (4) the
choriocapillaris vascular complex (CC) is defined as stretching
from the BM to 10.4 um under the BM [Fig. 1. c1 and ¢2].1"

The OCT-A device operates a 1.050-nm wavelength light
source and completes 100,000 A-scans per second.!™ The
GNU Image Manipulation Program (GIMP) 2.8.14 was used
to quantitatively analyze the vascular densities (VD) for the
SVC (VDs), the DVC (VDd), and the CC (VDcc). It was also
used to quantitatively analyze the superficial foveal avascular
zone (FAZs) and the deep foveal avascular zone (FAZd). Each
VD measurement was calculated as the percentage of the
vascularized tissue in the circumscribed area. Enhanced HD
line scans provided the central macular and subfoveal choroidal
thickness measurements (CMT and SFCT, respectively). An
experienced operator (Y.K.) completed all measurements of
the subjects. The right eye of each participant was included
in the study. The measurements were performed from the

subjects during the same time of day. The two experienced
controllers examined two consecutive scans of a subject to
determine reproducibility at different times. The value of two
means, measured independently, was used in the study. Any
pathological situations found in the structural OCT scans were
excluded, as were images whose Image Quality Index (IQI)
values were under 70.

Statistical analysis

The mean and standard deviations were measured for the
quantitative OCT-A variables. The Kolmogorov-Smirnov test
was applied to analyze the departures from normal distribution
for each parameter. Categorical variables were compared
between groups using the Chi-squared test. The independent
samples test was used for parameters with normal distribution,
and the Mann-Whitney U test was used for parameters with
abnormal distribution to compare the means between groups.
All statistical analyses were completed using the Statistical
Package for the Social Sciences (SPSS) version 22.0 for
Windows (IBM Corporation, Chicago, IL, USA). In all statistical
tests, a P value of <0.05 was considered statistically significant.

Results

A total of 44 patients with CD (right eye for each patient; 44
eyes) and 44 healthy subjects (right eye for each subject; 44
eyes) were included in this study. All subjects were under the
age of 18, and the mean ages in the patient and control groups
were 12.02+2.9 and 13.6 + 2.3 years, respectively. The ages and
gender distributions of the participants in both groups showed
no significant difference (p > 0.05). The subjects” demographic
data and the OCT-A parameter details are presented in Table 1.

Test results for anti-endomysial antibodies and tissue
transglutaminase (tTG) immunoglobulin A [IgA] and
immunoglobulin G [IgG]) were positive in all CD patients.
HLA-DQ2 and HLA-DQ8 were also found in the CD patients
at positivity rates of 34% and 17%, respectively.

FAZs and FAZd values were not significantly altered in
patients compared to the control group (p > 0.05). However, the
central values of the VDs and VDd were significantly increased
in CD cases compared to the control group (p =0.006; P=0.001).
Other sectors of the VDs and VDd showed no significant
differences (p > 0.05).

In CD patients, the VDcc temporal and VDcc nasal values
were significantly lower than those in the control group (p
< 0.05 for both types of values). Other VDcc sectors had not
changed significantly. While CMT measurements did not differ
between the groups (p > 0.05), SECT values were significantly
decreased (p=0.001) [Fig. 2]. Reduced choroidal thickness was
more prominent in females than in males (p = 0.045).

Discussion

CD is among the most common autoimmune diseases,
affecting approximately 1% of the world population.!'®!7]
While CD prevalence is gradually increasing, the management
of intestinal and extraintestinal findings has become an
important issue.! Ocular involvement in CD patients
may be explained by genetic factors, circulating immune
complexes, autoantibodies, or vitamin deficiencies caused
by malnourishment. Pseudotumor cerebri, malnutrition
retinopathy, uveitis, and cataracts are ocular manifestations
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Figure 1: A 6 x 6 mm? area OCT-A image (a1) and density (a2) in the superficial capillary plexus and a 6 x 6 mm? area OCT-A image (b1) and
vessel density (b2) in the deep capillary plexus. The choriocapillaris’ image (c1) and vessel density (c2) from Bruch’s membrane to 10.4 um
beneath Bruch’s membrane

that can be seen as a result of autoantibody-related systemic
inflammation or malnutrition in CD patients. None of these
diseases were found in the current study. In recent years,
changes in choroidal thickness,”!”! ocular surface and tear
film,®! anterior chamber features,!’ and retinal nerve fiber
layer thickness!® have been the ocular parameter differences
reported in CD patients. Changes in choroidal thickness
may be associated with possible vascular involvement.
Accordingly, vascular angiogenesis and endothelial
dysfunction have been discussed in untreated CD patients.["!
Therefore, the current study aimed to evaluate the macular
microcirculation in eyes of newly diagnosed CD patients via
OCT-A.

Patients with CD in this study showed similar FAZ
metrics (FAZs and FAZd) compared to the healthy controls.
Inner retinal thickness and FAZ area were in accordance
with each other.!"¥ Yener et al.'! (2020), who have also used
swept-source OCT among patients with CD, do not report
changes in the inner retinal layer. The current authors believe
that their finding of similar CMT measurements in CD patients
compared to healthy subjects may be related to the absence of
change in the FAZ area. This situation may also be explained
by the fact that the patients” CD was newly diagnosed, and
thus they lacked the significant damage to vascular structures
associated with longer, untreated disease courses.

According to the current data, the central VDs and VDd
sector values were significantly higher in the CD group than

in the healthy group. An increased VDd central value may be
influenced by an increased VDs central value because the deep
vascular plexus is anastomosed with the superficial vascular
plexus.?” However, no statistical differences were found for
VDs and VDd in sectors other than the central sector. Therefore,
it may be inferred that CD causes little change to the inner
retinal circulation.

The posterior and anterior ciliary arteries, which originate
from the ophthalmic artery, supply the choriocapillaris plexus,
the retinal pigment epithelium, and the photoreceptors
through the blood-retina barrier.®” The choroidal circulation
accounts for 85% of the total blood flow in the eye.”!1 It is likely
to be affected by systemic diseases or inflammatory conditions
due to high vascular flow. For instance, alteration in choroidal
flow and thickness has been seen in cardiovascular diseases
and neurodegenerative diseases related to vascular flow
disturbances.?*?! In the current study, the VD measurements
of the temporal and nasal sectors were significantly decreased
in patients compared to healthy subjects at the level of the
choriocapillaris plexus. Immune activation and circulating
autoantibodies can affect the choroidal vasculature.? Gluten
can trigger structural and inflammatory changes in CD, !
and CD autoantibodies can reduce endothelial branching,
increase endothelial permeability, and increase lymphocyte
adhesion to the endothelium."*! Therefore, it is possible to
say that CD may affect vascular structures. As the patient
population consists of newly diagnosed celiac patients, the
local compensatory mechanisms seem to be sufficient to
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Figure 2: The subfoveal choroidal thickness of a patient with celiac disease (a) and a healthy subject (b) quantitatively measured by swept-source

OCT using a built-in software

Table 1: The demographic characteristics, OCT-A
parameters, and choroidal thickness of CD patients and
healthy participants

Celiac Disease Group
Meaniss /n-% Median

Control Group
Meaniss /n-% Median P

Age 1202 + 29 125 136 + 23% 14 m
Gender Female 24 45.5% 27 614% “
Male 20 54.5% 17 386%
FAZS 2383 + 9172 230.98 2384 + 9741 227.8 0997 ¢
FAZd 317.9 * 1107 299,004 3362 + 1165 3057 Q428 ™
VDs Central 2605 + 603 2475 229 * 429 2294 0006 !
VDs Superior 51.77 + 5906 50.305 53.2 % 7.285 5153 234 ™
VDs Temporal 4736 + 4611 47.675 481 + 4241 4843 Qa3 ¢
VDs Inferior 4868 + 5.63 48185 48,95 + 4552 4962 (0805
VDs Nasal 4507 + 5.243 45.755 453 + 4633 4607 (730 ¢
VDd Central 2498 + 6622 23.16 208 * 4305 1996 g1
VDd Superior 5451 * 6.021 53.715 543 % 2771 5463 Q421 ™
VDd Temporal 4928 + 5113 49.81 50.8 * 4091 5103 0125 ¢
VDd Inferior 50.38 + 6.012 50.03 517 + 4246 5217 0254 ¢
VDd Nasal 49 & 5583 488 49.4 + 4408 4962 (0284 ™
VDc Central 2563 + 6.288 24.005 315 + 1514 2445 g5gp ™
VDc Superior 51.87 * 5782 50.485 523 % 254 5213 ogg2 ¢
VDc Temporal 4734 + 46 47.675 60.6 * 76.17 4995 Q035 ™
VDc Inferior 48.86 + 5.629 48.255 501 * 461 5083 0256
VDc Nasal 4568 + 5212 45.385 472 + 5627 47.08 185
cMmT 183 + 1468 180 1836 + 1341 183 Qg5 ™
SECT 267 + 7425 264 3134 + 538 309 ooz

™Mann-Whitney u test/‘Independentsamplettest/chhi-squared test. Sd: standart deviation;
FAZs:superficial foveal avascular zone; FAZd: deep foveal avascular zone; VDs: superficial vascular density;
VDd: deep vascular density; VDcc: choriocapillaris vascular density;CMT: central macular thickness;

SFCT: subfoveal choroidal thickness.

Italicized bold values represent p<0.05.

maintain retinal VD in the early period of CD, which supports
the hypothesis that retinal vascularization is auto-regulated by

the local factors released from endothelial cells.***1 SECT was
also found to be significantly lower among the CD patients.
However, Bolukbasi et al.' (2019), using the enhanced
depth imaging (EDI) mode of spectral-domain OCT, report
enlargement of the choroidal vessels and increased choroidal
thickness following adherence to a GFD in adult patients. They
believe that it is caused by systemic inflammation due to CD,
and they state that patients following GFDs experience high
levels of choroidal thickness, reduced disease activity, or the
disease healing process.""’ However, Dogan et al.’! (2019), using
SD-OCT, show that a longer GFD duration is associated with
adherence difficulty and lower choroidal thickness in pediatric
patients. In the present study, the authors thought that the
decrease in SFCT could be associated with disease activity,
since the sample was made up of newly diagnosed patients,
who had not yet begun a GFD. Circulating autoantibodies
stimulated by gluten exposure are considered to be the cause
of choroidal thinning following the inflammatory process.
Since the current authors obtained SFCT values quantitatively,
using the choroidal thickness measurement mode of the
swept-source OCT, they believed that they obtained more
reliable results.

Although CD is more common in females, disease presence
did not differ according to gender in this study.” However, this
research may support the idea that the clinical presentation of
CD is not the same in males and females. Choroidal thickness
was found to be much lower in the female CD patients than
in the male CD patients. Therefore, CD activity may vary
by gender. The authors believed that the lower average
SFCT value in the sampled females was caused by greater
autoimmune-related damage.
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The findings in this report have some limitations. First,
these data apply only to newly diagnosed CD patients. Second,
subgroups that were positive for specific autoantibodies
and HLA-DQ2 and HLA-DQ8 haplotypes could not be
created and examined here because the sample size was not
large enough. Another study may address this issue. Third,
changes in the OCT-A parameters and choroidal thickness
after GFD initiation could not be evaluated because this was
a cross-sectional study, and there was no follow-up period.
In addition, indocyanine green angiography, a useful test
to evaluate choroidal inflammation and ischemia, could not
be performed in the hospital study conducted. In this study,
iron-deficiency parameters, Vitamin A and Vitamin B12,
which may affect the OCT-A parameters, could not measured.
The current study may guide a new study to evaluate these
parameters as a subgroup analyses, which may show the
specific results. Vascular parameters and/or choroidal thickness
may be follow-up marker(s) in terms of disease activity and
compatibility with GFD. Further studies should be performed
concerning ocular parameters before and after GFD initiation.
In the long term, the authors will continue to follow these
sampled patients by recommending GFDs and, subsequently,
examining and presenting the results for the effect of those
GFDs on the patients” OCT-A parameters.

Conclusion

Ocular involvement may be asymptomatic in CD patients.
Among the examined OCT-A parameters, an increase was
observed in the central sector of the superficial and deep
vascular plexuses, whereas a decrease was observed in
the temporal and nasal sector VD measurements for the
choriocapillaris plexus. The authors, therefore, determined
that there might be a relationship between choroidal thinning
and CD activity with gluten exposure. Since choroidal thinning
is more evident in females, it may also be concluded that the
course of CD may have gendered differences and be worse
in females.
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