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Introduction

Purpose: To detect and quantify conjunctival microangiopathy with optical coherence
tomography angiography (OCTA).

Methods: Imaging was performed in the temporal and nasal quadrant of the conjunc-
tiva using a Heidelberg Spectralis spectral domain-OCT in OCTA mode adding a 25D
lens to the standard 30° fundus lens. Images were acquired within a 10° x 5° cube at
the limbus. Binary images were analyzed using ImageJ (Fiji software version 2.0) and an
average relative conjunctival vessel density was assessed.

Results: Thirty-two patients with diabetes mellitus type 1 and 2 and 42 healthy individu-
als were included. Vessel density in healthy individuals was 16.7 4= 5.2% in the nasal and
17.9 £+ 6.4% in the temporal quadrant. In patients with diabetes without retinopathy,
vessel density was 16.3 £ 6.7% in the nasal and 15.3 & 7.3% in the temporal conjunc-
tiva. In patients with diabetic retinopathy, vessel density was 13.7 £+ 4.3% in the nasal
and 15.2 + 6.5% in the temporal conjunctiva. There were statistically significant higher
values in both nasal and temporal measurements among healthy individuals than in
patients with diabetic retinopathy (P = 0.03 and P = 0.01, respectively).

Conclusions: Patients with diabetic retinopathy exhibit reduced vessel density, which
may suggest diabetic microangiopathy in the conjunctiva. Anterior sesgment OCTA may
detect conjunctival microangiopathy in patients with visual axis opacifications, where
retinal OCTA is not possible.

Translational Relevance: The findings of this study bridge the gap between experimen-
tal anterior segment OCTA imaging and clinical screening for diabetic complications.

Compared with the pathology of the retina, alter-
ations of the conjunctival vessels owing to diabetes
have not been investigated frequently, and quantita-

In patients with diabetes mellitus, diabetic retinopa-
thy (DR) represents a common microvascular compli-
cation. In fact, DR is the most frequent cause of blind-
ness in the working-age population of the industri-
ally developed countries.! The global prevalence of
diabetes mellitus was 6.4% in 2010 and is estimated
to increase to 7.7% in 2030. The pathophysiology of
DR is complex and depends on various factors, most
important hyperglycemia, hypertension, and duration
of diabetes mellitus.> The resulting microangiopathy
causes capillary permeability and blood vessel oblit-
eration leading to the proliferative retinal disease and
diabetic maculopathy.’
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tive results are limited. An overall decrease in vessel
density of the bulbar conjunctiva of patients with
diabetes using digital red-free images captured with
a standardized slit-lamp photography technique has
been observed and thus an association of decreased
vessel area and severity of retinopathy proposed.*
One of the latest diagnostic tools in ophthalmology
is optical coherence tomography angiography (OCTA)
allowing fast imaging to detect streaming blood and
thereby allowing to generate images of the underlying
vasculature.® It has been promoted as an alternative to
fluorescein angiography or indocyanine green angiog-
raphy. Compared with these classic invasive imaging
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modalities, OCTA 1is a dye-free imaging and therefore
has no risks to suffer from side effects of the dye.®

One limitation of OCTA is the inability to detect
vascular permeability. In contrast, it generates images
of higher contrast and resolution, owing to the lack
of diffuse hyperfluorescence resulting from the dye
leakage.’

In this study, spectral domain OCTA was used to
image the bulbar conjunctiva in patients with diabetes
mellitus and a healthy control group.

This study was conducted at the Department of
Ophthalmology, Inselspital, Bern University Hospital,
University of Bern, Switzerland, from December 2017
to February 2018. This study is registered at Clinical-
Trials.gov with the identifier NCT02811536.

Informed consent was obtained from every study
participant. The study design was approved by the
local ethics commission. This study is adherent to the
requirements of the Declaration of Helsinki.

The following patients and participants were
included into the following groups: (1) healthy individ-
uals without systemic diabetes mellitus, (2) patients
with systemic diabetes mellitus type 1 and 2 without
any signs of DR, (3) patients with diabetes with mild,
moderate and severe nonproliferative DR as well as
patients suffering from proliferative DR, according
to the Early Treatment Diabetic Retinopathy Study
severity grade.® The patients were assigned to each
group after previous clinical examination including
fundoscopy. Patients with anterior segment disorders
(i.e., pingueculum, pterygia, neoplasia, conjunctivitis),
history of ocular trauma or injury or receiving intrav-
itreal injections with anti-vascular endothelial growth
factor were excluded from our study.

Image Acquisition

All participants underwent ophthalmic imaging
using the Heidelberg spectral domain OCTA system
(Spectralis SD-OCT, Heidelberg Engineering, Heidel-
berg, Germany). This imaging device is designed to
perform retinal imaging. In order to image the anterior
segment including OCTA, a 25-diopter lens was added
to the 30°lens of the spectral domain OCT.

All images were taken in the temporal and nasal
quadrant of each eye, always by the same operator
(HF). The focus was adjusted to the anterior segment.
The images were taken in high resolution mode using
a 10 x 5° cube (approximately 1370 x 680 pixels) with
512 A-scans per B-scan, 250 B-scans per volume scan,
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ciliary body iris,

Figure 1. Assessment of conjunctival vessels using anterior OCTA.
(A) En face OCT of the temporal quadrant of a right eye correspond-
ing to the conjunctival slab in B. Green and blue arrows refer to the
position of the OCT scan. (B) OCT image in the position of the green
arrow in A. The two red dotted lines show the depth of the OCTA
slab (100 um depth, 50 um thickness). (C) En face OCTA revealing
the vascular meshwork of the conjunctival slab. (D) OCTA scan in the
position of the green arrow in A. The two red dotted lines show the
depth of the OCTA slab (100 um depth, 50 um thickness). The reflec-
tivity of vessels is shown in yellow within the OCT scan.

automatic real time set to nine images averaged per B-
scan. Time of acquisition was approximately 30 to 45
seconds per quadrant.

The software automatically creates en face OCTA
images. In the software the contrast of each OCTA
image was set to 1:5 to improve the image quality. So
far, no specific algorithm exists for the segmentation of
conjunctival vessels with OCTA imaging. Considering
the OCTA projection artifacts as described,’ the slab
for the projected OCTA image was chosen at a depth
of 100 to 150 um from the surface of the conjunc-
tiva. The movement of the tear film on the bulbar
conjunctiva causes the software to interpret it as flow
(Fig. 1 D), leading to a misinterpretation of the en
face OCTA image when choosing the slab within the
conjunctiva. Therefore, a slab was chosen including
the conjunctiva and the episclera/Tenon’s capsule. We
concluded this as the best choice to illustrate the
conjunctival vascular bed of the anterior segment.
The generated OCTA image was then exported as a
portable network graphic file (Fig. 1). Reasons for
exclusion of an image from our analysis were scan
acquisition failure, insufficient fixation, or motion
artifacts that made the image nongradable.

Imaging Analysis

Using Fiji-software (ImageJ, National Institutes of
Health, Bethesda, M D) files were converted into binary
images in which all the pixels with values higher than
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Figure.2. OCTAimaging of conjunctival vessels in healthy subjects
(patient 69 [P69]), patients with diabetes without retinopathy
(patient 73 [P73]) and patients with DR (patients 4 and 78 [P4, P78]).
(A) Top row showing optical coherence tomography (OCT) scans
with the corresponding angiography slabs (dotted red lines with
transparent red) chosen at 100 um depth, 50 um thickness and corre-
sponding en face OCTA images (B). (C) Binary image after standard-
ization of the brightest vessels. The rim of the limbal vessels is demar-
cated with a red line. Red squares show the measured ROI.

a predefined value were marked as 1 (vessel pixels),
the remaining as 0 (background pixels). Brightness was
adjusted in a standardized way in order to highlight
only bright vessels. Three regions of interest (ROI) in
each image were selected. Every ROI consisted of a
square of 200 x 200 pixels. The three ROI were aligned
contiguous along the limbus at a distance of about
200 pixels (approximately 2-3 mm). For each ROI the
percentage area of black pixels on the binary image was
measured. This value represents the vessel area in this
particular ROI. By averaging the value of three ROI,
the average relative density of the conjunctival vessels
for each image was calculated. (Fig. 2)

Statistical Analysis

For statistical analysis, both nasal and temporal
values were analyzed separately. An unpaired ¢-test
was applied to compare healthy data with data of
patients with DR and without DR. Multivariate regres-
sion analyses were used for the covariables found to
be significant. A P-value of < 0.05 was considered to
be statistically significant. Data analysis was performed
using Sigma Plot (Version 14, Systat Software GMBH,
Erkrath, Germany) and GraphPad Prism version 5.02
for Windows (GraphPad Software, La Jolla, CA).

Baseline Characteristics

Seventy-four individuals were included in this study.
The mean age of all participating individuals was 47.82
years (range, 20-87 years). Forty-one patients were
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male, 33 patients were female. In group 1 (healthy
individuals), 42 individuals were included; group 2
(patients with diabetes without retinopathy), 9 patients;
and in group 3 (patients with diabetes with retinopa-
thy), 23 patients (Table 1). Multivariate regression
analysis accounting for age or gender using stepwise
regression did not show a significant predictor for
vessel density in our measurements. For each group,
the mean vessel density of the temporal, as well of the
nasal conjunctiva was calculated as described elsewhere
in this article (Fig. 3). In group 1, there were 74 images
of the temporal conjunctiva and 75 images of the
nasal conjunctiva; in group 2, there were 12 images of
the temporal conjunctiva and 11 images of the nasal
conjunctiva; and in group 3, there were 36 images of
the temporal conjunctiva and 26 images of the nasal
conjunctiva were analyzed (Table 2).

Metrics in Healthy Eyes (Group 1)

The average vessel-density of the temporal conjunc-
tiva in healthy eyes was measured to be 17.94% =+ 6.4%.
In the nasal conjunctiva, mean vessel density was 16.68
+ 5.2%. The unpaired ¢-test revealed no statistically
significant difference between the temporal and the
nasal quadrant of healthy eyes regarding the conjunc-
tival vessel density (P = 0.07).

Metrics of the Eyes of Patients with Diabetes
without Retinopathy (Group 2)

For group 2, the average vessel density of the tempo-
ral conjunctiva was 15.28 £ 7.3%, the nasal conjunc-
tiva had an average vessel density of 16.25 £+ 5.2%.
Even though the measured average vessel density of
patients with diabetes not suffering from retinopa-
thy was slightly lower compared with healthy eyes,
there was no statistically significant difference between
groups 1 and 2, neither for the temporal, or for the nasal
conjunctiva (P = 0.1942 and P = 0.8043, respectively).

Metrics of Eyes with DR (Group 3)

Measurements in group 3 resulted in a mean vessel
density of 15.21 £ 6.5% for the temporal conjunctiva
and 13.73 £ 4.3% in the nasal conjunctiva. Unpaired
t-test on mean conjunctival vessel densities in healthy
subjects (group 1) were significantly higher compared
with vessel densities in patients with diabetes and DR
(group 3) for both the temporal (P = 0.0386) and nasal
conjunctiva (P = 0.0103) (Fig. 3, Table 2).
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Table 1. Baseline Characteristics
N Age, Years (Range) Male (n) Female (n)
Total included individuals 74 47.82 (20-87) 41 33
Healthy individuals 42 39.38 (20-77) 23 19
DM without RP 9 64.11(43-81) 5 4
DM with RP 23 58.13 (22-87) 13 11
DM, diabetes mellitus; RP, retinopathy.

Table 2. Vessel Densities Score and P Values

Temporal Nasal
Vessel Density Score n Average SD n Average SD
Group 1: Healthy 74 179 6.4 75 16.7 5.2
Group 2: DM without RP 12 15.3 7.3 11 16.3 6.7
Group 3: DM with RP 36 15.2 6.5 26 13.7 43

Temporal P Value Nasal P Value

Group 1 vs. group 2 0.1942 0.8043
Group 2 vs. group 3 0.9737 0.1744
Group 1 vs. group 3 0.0386 0.0103

Vessel density scores are given in arbitrary units. Healthy = group 1; DM without RP = group 2; DM with RP = group 3.
P values of unpaired t-test between all groups group are listed below. DM, diabetes mellitus; RP, retinopathy; SD, standard

deviation.

Although OCT and OCTA are already established
retinal imaging modalities, studies applying OCTA
protocols to the anterior segment of the eye are
relatively uncommon. One study quantified iris vascu-
lature using anterior segment OCTA in patients with
acute anterior uveitis.'? The quantification of the iris
vessels was achieved by using an automated algorithm
through a combination of different filters and inten-
sity threshold to remove nonspecific, noncontiguous
voxels. This algorithm allowed the quantitative visibil-
ity of the progressive decrease of the vessel caliper and
dilation with the therapeutic control of the inflamma-
tion. In our study, we applied a similar algorithm to
identify the conjunctival vessels. Although iris vessel
analysis would be an interesting read out in patients
with diabetes mellitus as well, it is prone to errors owing
to constant movement of the iris musculature.

Other studies have investigated conjunctival vessels
in patients with diabetes.!""!3 The vessel analysis
algorithm in infrared images of the conjunctiva
revealed a decrease in tortuosity and loss of capil-
laries in patients with longer disease duration. It is
known that disease duration plays a key role on the

microangiopathic effects of diabetes on the conjuncti-
val vasculature.*'* It has been suggested that conjunc-
tival hypoxia may explain the higher risk of infectious
conjunctivitis in patients with diabetes compared with
individuals without diabetes, because acute infectious
conjunctivitis is more common among patients with
diabetes mellitus.?

In healthy individuals, good repeatability and inter-
observer agreement was found in a previous OCTA
study of the corneal limbus vascularization. Although
a statistical significant difference in temporal and nasal
quadrant vascularization was found in this previous
report,'® no such difference was observed in our study.
This may be explained by the choice of the size of
the ROI and/or the area of the measurement (corneal
limbus vs. conjunctiva). Nevertheless, we analyzed
nasal and temporal quadrants separately.

Because OCTA is depth resolved, an additional
advantage using this technology for anterior segment
pathologic features is the simultaneous assessment
of the abnormal vasculature, as well as the exact
depth of the lesion.'® Furthermore, different vascular
layers are individually evaluated by obtaining different
depths of the tissues. Analysis of infrared imaging or
color photography of the conjunctiva may be biased
by submerged vessels, therefore leading to increased
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Figure. 3. Box and whisker plots (minimum to maximum) plot of

the relative vessel density score. The relative vessel density score
is given in arbitrary units. Box and whiskers plots for the temporal
(A) and nasal (B) measurements. There was a statistical difference
in vessel density between group 1 and group 3 for the temporal
(P = 0.0386), as well as the nasal (P = 0.0103) side (*). (Healthy, n
= 42; diabetes mellitus without retinopathy [DM without RP], n =
9; diabetes mellitus with retinopathy [DM with RP], n = 23; NPDR,
nonproliferative DR; PDR, proliferative DR).

vessel density. As such OCTA has a clear advantage
compared with conventional imaging, for posterior as
well as anterior segment imaging. In patients with
diabetes, swept source OCTA revealed a higher detec-
tion rate of intraretinal microvascular abnormalities
compared with Early Treatment Diabetic Retinopathy
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Study imaging. In fact, a more severe state of DR than
suggested by color fundus grading was found.!”

As OCTA images are generated through motion
contrast of flowing blood, they generate high resolu-
tion stationary image of the vascular bed.'®?® The
depth resolution of the OCT enables the segmenta-
tion of different layers, which is a vast advantage to
fluorescein angiography. Nevertheless real time dynam-
ics (i.e., leakage) are only visible by injection of a dye.
A disadvantage of the OCTA are artifacts that compli-
cate the evaluation of the image. Projection artifacts
from superficial layers create false artefactual images of
vessels seen deeper than they actually inhibit.” There-
fore, conclusions from OCTA should only be made by
experienced physicians.

Our study has several limitations. The OCTA is
currently predominantly used to image the retina.
Thus, imaging of the anterior segment with OCTA
remains exploratory. The majority of the vessels visible
in the anterior segment OCTA are precapillary vessels.
Nevertheless, we found a significantly lower vessel
density in patients with DR compared with healthy
individuals and patients without DR. There are several
possible explanations for these findings. The most
obvious would be that the precapillary vessel density
diminishes with the general rarefication of the conjunc-
tival vessels. Another explanation is that the lower
vessel density seen in the precapillary vessels is due to
decreased blood velocity and flow, because of changes
in blood rheology.?’-** Conjunctival vessels show a high
variability. We suspected to find a difference in vessel
density between nasal and temporal measurements, but
no significant difference was found. Nevertheless, we
analyzed both nasal and temporal quadrants separately
to avoid a possible difference in vessel density. Artifacts
causing poor image quality are a major issue. Most
segmentation and movement artifacts involve areas of
the conjunctiva in the image periphery and such ROI
within the image center should be chosen for analy-
sis. In our study, we only included ROI within 2 to 3
mm from the anatomic limbus. Furthermore, images
were carefully evaluated for artifacts causing interfer-
ence with our measurements. A challenge to increase
image quality is eye tracking. Although the devices use
markers of the retinal anatomy such as the optic nerve
or the macular vessels to track the eye, for anterior
imaging, the pupil or the conjunctival vessels could be
used in anterior segment devices. Another limitation
lies in the small sample size of our cohort in patients
with diabetes without retinopathy and a potential bias
owing to different age range between healthy individ-
uals and diabetics. As such, the lack of effect sizes of
interest such as between groups 1 and 2 should be inter-
preted with caution. The reason for the small sample
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size in this group was the exclusion of patients receiv-
ing anti-vascular endothelial growth factor owing to
diabetic macular edema. Furthermore, in our cohort
we did not find an age dependency of conjunctival
vessel density. Nevertheless, our study is the first to
investigate the conjunctival slab in healthy and patients
with diabetes with OCTA.

In conclusion, OCTA imaging of the anterior
segment remains exploratory. However, we show
a significant decrease in vessel density in patients
with diabetes with DR, compared with healthy
individuals.
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