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Introduction

Diabetic Retinopathy (DR) is a microvascular complication of Diabetes Mellitus
(DM) that affects the retina. It is the leading cause of blindness among the working-
age population in developed countries.'6 The International Diabetes Federation
predicts that DM will affect 700 million people worldwide by 2045.7 In South Africa,
DM has a similar prevalence as the global average (around 8%), and studies have
found that DR affects between 26-39% of diabetics in the country.8-2 The high
prevalence of DR in South Africa presents a significant burden on the healthcare

system and the workforce.8

Diabetes mellitus (DM) affects the microcirculation of the retina, which consists of
two distinct layers: the superficial and deep plexuses. The superficial plexus is lo-
cated in the innermost nerve fibre layer of the retina, while the deep plexus is found
in the inner nuclear layer. In addition, the choriocapillaris provides a third blood
supply to the retina.3 The foveal region, which lacks blood vessels, is known as the
foveal avascular zone (FAZ). DM causes visual impairment through three primary
mechanisms: macular oedema, macular ischaemia (DMI), and complications of
retinal neovascularization.24 DMI can cause significant visual impairment including
central visual loss and difficulty reading due to reduced blood flow to the macula but
it may not be readily apparent during clinical examination.'0. |t is characterized by

the enlargement of the FAZ, with irregularities of its margin.2-6

DR is typically classified according to the modified Airlie House Classification of the
Early Treatment of Diabetic Retinopathy Study (ETDRS) (Table 1).12 Ophthal-
moscopy or colour fundus photography is usually employed to perform the
staging.'3 The gold standard for visualizing the retinal microcirculation is fluorescein
angiography (FA) which involves dye injection intravenously.® This technique has
good resolution and can highlight structural abnormalities such as filling defects of
the capillaries and areas of leakage.* However, FA has several limitations, such as
invasiveness, being time consuming, potential complications ranging from nausea
to fatal anaphylaxis, and the inability to differentiate the retinal circulation into super-
ficial and deep plexuses. In addition, FA may not accurately assess the FAZ in cas-

es of macular oedema where dye leakage can obscure the borders of the FAZ.2.6
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Table 1: The ETDRS Classification of Diabetic Retinopathy12

Grade Features

No DR?

Non-Proliferative DR

Very Mild NPDR2 Microaneurysms only

Mild NPDR Microaneurysms, retinal haemorhages, hard exudates, cotton wool spots.
No intra-retinal microvascular anomalies or significant beading

Moderate NPDR Severe retinal haemorrhages. Significant venous beading. Cotton wool
spots

Severe NPDR One of the following: Severe hemorrhages in all quadrants. Significant

venous beading in 2 quadrants. Intra-retinal microvascular anomalies
Very Severe NPDR  Two or more criteria for severe NPDR
Proliferative DR

Mild-Moderate PDR3 New vessel formation at disc (NVD) or new vessel formation elsewhere
(NVE)

High risk PDR Any NVD greater than a third of the disc area. NVD with vitreous
haemorrhage. NVE greater than half the disc area.

Advanced Diabetic Tractional retinal detachment. Significant persistent vitreous
Eye Disease haemorrhages. Neovascular glaucoma.

1 Diabetic Retinopathy, 2 Non-proliferative diabetic retinopathy, 3 Proliferative retinopathy

Optical Coherence Tomography Angiography (OCTA) is a novel technology that
eliminates the need for invasive dye injection, providing an advantage over FA.2 It is
a non-invasive three-dimensional imaging technique based on Optical Coherence
Tomography that enables high-resolution imaging of the retinal vasculature by de-
tecting the movement of the red blood cells in the capillary network.'4* OCTA can de-
tect areas of capillary dropout and non-perfusion with higher resolution than FA,
and it also allows for the separation of the image into the superficial, deep, and

choroidal vasculature.1.3-5

Prior studies investigating DR have found that microvascular changes are more
readily detected by OCTA at all stages of retinopathy, sometimes before they are
clinically visible, as well as in patients that are pre-diabetic.15.16 Several have de-
fined quantitative metrics using OCTA such as the foveal avascular zone and peri-
foveal vessel density and shown that these are associated with the severity of the
DR. Multiple studies have found that the FAZ is enlarged in patients with DM com-

pared with normal controls with some studies going further and detecting early FAZ
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enlargement in the deep capillary layers but not yet in the superficial layers. 45.17.18
This suggests that these metrics may be used as biomarkers in patients without
clinical detectable DR. Furthermore, since enlargement of the FAZ is a feature of

sight-threatening diabetic macular ischaemia, it is important to detect early.

The aim of this study is to evaluate the FAZ using OCTA in diabetic patients with
various stages of DR compared to healthy controls. We also examined whether
OCTA metrics are related to HbA1C as well as urea and creatinine levels in diabet-

ics.

Methods

The study is a cross-sectional study of diabetic patients compared to normal con-
trols who presented to the Ophthalmology Clinic at Lenasia South Community
Healthcare Clinic (LSCHC) during the study period of February 2020 to February
2023. Ethical clearance was obtained from the Human Research Ethics Committee,
University of the Witwatersrand (M180814).

Inclusion criteria were (i) Age > 18 years, (ii) Patients with Type | or Type Il Dia-
betes, (iii) clear view of the fundus. The inclusion criteria for the control group were

(i) Age > 18 years (ii) Fundus clearly visible, iii) Random blood glucose < 8 mmol/l

The exclusion criteria for both groups are (i) Presence of media opacities that will
prevent adequate fundus visualisation/photography, (ii) History of glaucoma, (iii) his-
tory of intravitreal injections or laser to the eye, (iv) retinal diseases other than DR,
(v) history of vitreo-retinal surgery, (vi) poor quality or un-gradable OCT/OCTA im-
ages, or colour fundus images , vii) Patients unable to provide informed consent

e.g. due to mental disability.

Estimation of the sample size was based on the comparison of mean FAZ area be-
tween the four study groups. The calculation was based on data from Nesper et al
using the means of 0.269mm2 , 0.309 mm2 , 0.356 mm?2 and 0.493 mm?2 for the con-
trols, diabetic patients with no DR, patients with non-proliferative DR and severe
DR." Using the largest SD of the four groups of 0.24, an effect size of 0.35 was cal-
culated. Assuming balanced groups, the detection of such an effect size with 80%

power at the 5% significance level requires a sample size of 96 (with 24 per group).
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Sample size calculations were carried out in G*Power.19 Control patients were se-
lected once the study group had been finalised and were of the same age range as

the study group with a same ratio of male and female participants.

Consecutive diabetic patients who fulfilled the inclusion criteria were invited to par-
ticipate in the study on the day of their visit. A comprehensive ophthalmological ex-
amination was performed, and relevant patient data was collected using a data col-
lection sheet that included age, co-morbidities, duration of diabetes, smoking histo-
ry, and previous ocular surgery. The right eye of each participant was enrolled, and
if it was not feasible, the left eye was used. Uncorrected distance visual acuity (VA)
and pinhole VA were measured in decimal notation. The examination included slit
lamp biomicroscopy, dilated fundoscopy, and color fundus photography using a
handheld fundus camera. Blood samples were collected to determine glycated he-
moglobin (HBA1C) and renal function (urea and creatinine), which are predictors of
clinical outcomes and the course of diabetes. The patient's blood pressure was also
checked. Non-diabetic control patients underwent a finger prick blood glucose test
and a blood pressure measurement using a standard adult blood pressure cuff. All
participants underwent OCT and OCTA imaging using the Revo NX device (Op-
topol, Norway). OCTA images were captured over a 3 x 3 mm area centered around
the macula, which is known to have the best resolution in numerous studies. Built-in

software was used to separate the images into superficial and deep layers.

The fundus photographs were analysed by a retinal specialist to grade the severity
of DR according to the modified Airlie House classification. The OCTA images were
analyzed using the built-in software to define the avascular zone. The software pro-
vided quantitative measurements of the foveal avascular zone (FAZ) area and

perimeter.

Statistical analysis was conducted using STATISTICA v14.0 (TIBCO Software Inc).
A significance level of 5% was applied. Continuous variables were summarized us-
ing descriptive statistics such as means, medians, and standard deviations, while
categorical variables were summarized using frequency distributions and percent-
ages. The one-way Analysis of Variance (ANOVA) was employed to compare con-
tinuous variables between study groups, while the chi-squared test was used for

categorical variables.
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Results

During the study period, 79 eyes of diabetic patients who met the eligibility criteria
were enrolled, along with 16 control patients. Twenty-nine patients were excluded
from the study due to various reasons, such as diabetic macular edema (16), poor
imaging quality (9), previous treatment for proliferative diabetic retinopathy (2), and

vitreomacular traction (2).

The median age of the study group was 61 years (range 33-89), with 55 females
(69.6%) and 24 males (30.4%). This group was categorized into those without DR
(n=50, 63.3%), mild DR (n=20, 25.3%), and moderate to severe DR (n=9, 11.4%).
The control group (n=16) had a median age of 58 years (range 34-73), with 10 fe-
males (62.5%) and 6 males (37.5%).

4200

¥ (™)
J
—_—
—

pe

10540

- "
Mean FhL

0
cartrol NoO Dk Mid D+ MG, sev Dk

Figure 1: Decimal Visual Acuity of participants in each group

Visual acuity was significantly lower in patients with DM compared to controls, with

a worsening trend observed with increasing severity of DR (Figure 1).

The OCTA images were separated into SCP and DCP however due to poor resolu-
tion of the DCP with the Revo Nx resulting in inability to delineate an avascular
zone, the SCP measurements exclusively were used for measurement of the FAZ
area and perimeter. The overall test for differences in mean foveal avascular zone
(FAZ) area in the SCP between the groups was statistically significant (p=0.021),
but pairwise differences between each of the groups were not significant in the post
hoc tests. This could be attributed to the unbalanced groups. Measurements of FAZ
perimeter showed overall significant differences between all groups (p=0.015) and
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specifically between the control group and the moderate/severe DR group
(p=0.032).

There was no significant relationship found between HbA1c levels and FAZ area or
perimeter (p=0.21 and p=0.099), and no significant correlation was observed be-
tween urea and creatinine levels and FAZ area (p=0.37 and p=0.39) or perimeter
(p=0.92 and p=0.16).
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Figure 2: Mean FAZ perimeter comparison between groups (error bars denote

95% confidence interval for mean)

Discussion
Diabetic macular ischaemia represents a significant global health concern, empha-
sizing the need for annual screening and prompt intervention to prevent associated
morbidity. The management of diabetic retinopathy focuses on glycemic control and
subsequent targeted treatments for macular oedema and proliferative disease. Giv-
en the significant morbidity associated with this condition, it is crucial to identify ear-

ly markers of disease progression to facilitate timely interventions and prevent mor-
bidity.

This study investigated the relationship between the enlargement of the foveal
avascular zone (FAZ) and different stages of diabetic retinopathy. Study results in-
dicate that this enlargement is present in diabetic patients even without clinically ev-
ident diabetic retinopathy and increases as the disease progresses. The FAZ differ-

ences between the groups however, were not found to be statistically significant
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Table 2: Demographic information and measured data for all participants

p-value
Characteristic Moderate/ | (between-
Category Control | No DR’ | Mild DR | severe DR | group test)
n| % n % | n| % n %
n 16 50 20 9
57.9 60.6 61.4 0.78
Age (years) mean (SD) (11.6) (10.0) (13.7) 59.1 (9.6) ’
Male 6| 38 18| 37| 3| 15 2 22
0.28
Sex Female 10| 63 31| 63| 17| 85 71 78
HPT2 9 56| 41| 82| 15| 75 9( 100 0.058
Comorbidities | Other 3 19 13] 26 5| 25 2 22 0.95
Cholesterol 4 1
Renal 1 1
RVD 3 2
Asthma 1 1
CVA4 1
Arthritis 1
Other Not
comorbidities | specified 3 2 3 1
Smoker Yes 1 6 41 8| 1 5 1 11 0.94
HbA1c mean (SD) 8.4 (2.2) | 8.1 (1.5) [ 10.1 (1.3) 0.089
Normal 42| 84| 16| 94 9| 100
0.46
Urea Abnormal 8 16| 1 6
Normal 32| 65| 12| 71 6 67
0.98
Creatinine Abnormal 17 35 5 29 3 33
386 435
FAZ (mm2) | neansD) | (122) | 398 (148) | (165) | 554 (61) 0.021
FAZ Perimeter 2903 3035 3110 0.015
(mm) mean (SD) (531) (571) (628) 3658 (521) ’

1 Diabetic retinopathy, 2 Hypertension, 3 Retroviral disease (HIV), 4 Cerebrovascular accident (stroke), 5 Foveal Avascular Zone

during the post hoc analysis. This can be attributed to the unbalanced patient num-

bers between the groups. Although a large number of patients were screened for

inclusion into the study, patients with moderate or severe diabetic retinopathy were

often excluded from the study. These patients have a higher risk of significant
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cataracts, diabetic macular oedema, glaucoma and proliferative retinopathy (all ex-
clusion criteria), leading to the unbalanced groups. Even though not statistically sig-
nificant, these findings suggest that the enlargement of the FAZ may serve as an
early marker for diabetic macular ischaemia, even in the absence of clinically evi-

dent diabetic retinopathy.

This study’s finding of a significantly larger FAZ area in patients with moderate to
severe DR is consistent with previous studies that reported an enlargement of the
FAZ area in diabetic patients. The present study used the same means to estimate
the sample size as the study by Nesper et al and the results were consistent with
that study as well as several other studies..3.4.15-18.20.21 The most significant en-
largements were seen in those groups with moderate and severe retinopathy com-
pared to the control group as well as the no DR and mild DR groups. This study did
not find a significant difference between the FAZ area of patients with no DR and
the control patients as has been reported by some studies.®> Similar to what was
described by Mastropasqua et al, this may be related to the range of variation of

the FAZ area in the no-DR group as in normal control patients. 20

This study focused solely on measuring the FAZ in the SCP and did not include the
DCP . Although some research suggests that early enlargement of the FAZ occurs
in the DCP before the SCP,18 other studies indicate that separate measurement of
the DCP may not be essential.516.22 Due to limitations in the OCTA machine used in
the current study, the FAZ in the DCP layers could not be measured reliably. None-
theless, our results still revealed differences in the SCP measurement, which could

be more practical for real-world applications.

The study observed a significant increase in the perimeter of the foveal avascular
zone (FAZ) between the groups, with the most prominent differences observed be-
tween the control group and the moderate to severe diabetic retinopathy groups.
The statistical significance of these differences was confirmed by post hoc tests,
despite the unbalanced group sizes. This finding is also consistent with previous
studies, for instance, a study by Dimitrova et al. reported that patients with diabetes
had significantly larger FAZ perimeter than normal controls.22 The perimeter of the
FAZ is correlated with its area but may also indicate increasing irregularity or circu-

larity of this zone which has been suggested as another biomarker and an addition-
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al metric for evaluating its enlargement.2'.23 These findings reinforce the notion that
the enlargement of the FAZ can serve as a valuable clinical marker for the progres-
sion of diabetic retinopathy.

Prior investigations have not established a direct correlation between the size of the
foveal avascular zone (FAZ) or its perimeter and glycemic control, as measured by
HbA1c levels.24 HbA1c is reflective of more recent glucose control and not indica-
tive of previous levels, while FAZ enlargement is indicative of chronic, long-term
changes. Although our study observed a trend towards higher HbA1c levels among
individuals in the moderate/severe DR group, this difference was not statistically
significant (p=0.089) and did not correspond to larger FAZ measurements, even af-
ter controlling for age and sex. These findings suggest that glycemic control, as
measured by HbA1c, may not be directly associated with the size of the FAZ in dia-
betic retinopathy and it is not possible to draw conclusions about the the retinal mi-

crocirculation using a current HbA1c level.24

Previous studies have revealed a significant correlation between the severity of dia-
betic retinopathy and impaired kidney function.16.25 However, there is currently no
evidence demonstrating a direct association between kidney dysfunction, as deter-
mined by serum urea and creatinine levels, and the size of the foveal avascular
zone (FAZ). In this study, we found no significant relationship between serum urea

or creatinine levels and the enlargement of the FAZ.

Limitations

This study had several limitations. The sample size was relatively small and study
groups unbalanced due to many patients being excluded especially as those with
more severe retinopathy were more likely to have exclusion factors. Recruitment for

the study was also impacted by the Covid-19 pandemic and closure of clinics for a
large portion of the collection period. This resulted in smaller numbers across all

groups. Another limitation was the inability of the Revo Nx to provide high resolution
images of both the DCP and SCP.
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Conclusion

The present study is a cross-sectional study that aimed to investigate the differ-
ences in the foveal avascular zone (FAZ) area and perimeter as measured by
OCTA in diabetic patients compared to normal controls. The results showed that the
mean FAZ area was larger in patients with diabetes compared to controls and in-
creased with increasing severity of retinopathy with the overall test for differences in
mean FAZ area between the groups being statistically significant. Measurements of
FAZ perimeter also showed overall significant differences between control groups
and those with DM. These measurements have the potential to be used as bio-
markers of diabetic macular ischaemia, especially in those with no clinically dis-
cernible diabetic retinopathy. Blood tests such as HbA1C and renal function, whilst
an important part of the monitoring of diabetic patients, are not directly correlated
with DMI and an enlarging FAZ.

We recommend further larger scale studies to fully ascertain the differences in the
FAZ with worsening retinopathy. Studies are further needed to look more closely at
the relationship between the enlarging FAZ and on other aspects of VA such as

contrast sensitivity and whether such relationships may provide tools for screening.
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Appendix B: Research Protocol

Research Protocol Summary

Researcher Name Dr Teimela Hussain
Supervisors' Names Dr Saadiah Goolam
Dr Naseer Ally
Co-Investigators’ Names Dr Naseer Ally
Dr Ismail Dindar
Research Department Lenasia South Community Hospital. Ophthalmology Outreach Program

attached to St John's Eye Hospital, affiliated with Department of
Ophthalmology at the University of the Witwatersrand

Title of Proposed Research  Evalating the Foveal Avascular Zone and Parafoveal Vessel Density

using Optical Coherence Tomography Angiography in patients with
Diabstes: A Case-control study

Glossary of Terms

Avascular Containing no blood vessels

Choriocapillaris The blood supply of the choroid, a layer of the eye beneath the retina. This
circulation provides nourishment to the macula which is an avascular zone

Fluorescein Angiogram An imaging technique wherein a fluorescent dye is injected intravenously and
the retinal vasculature is photographed as the dye passes through it. It
highlights vascular abnormalities, areas of ischaemia, oedema and leakage

Fovea The depression in the centre of the macula. This area provides the clearest
color vision

Macula The macua is located at the center of the back of the eye and has the highest
concentralion of cone cells that are responsible for color vision,

Macular Oedema Swelling at the macula which is associated with a decrease in vision

Microangiopathy A pathological process affecting the smallest vessels in the body (capillaries)

Neovascularisation New vessel formation

Optical Coherence OCT technology uses near-infrared light waves and scatter to collect

Tomography information about the structures in the eye to a sub-micrometer resolution.

Vitreous haemorrhage  Bleeding into the vitreous, a gel-like structure directly adjacent to the retina
making up 80% of the ocular volume.

Non-perfusion Lack of biood flow

Introduction

Diabetic Retinopathy (DR), one of the consequences of the microanaiopathy caused by
Diabetes Mellitus (DM), is known to be the leading cause of blindness in the income
producing population in the developed world."# According to the World Health
Organisation, the incidence of DM may reach 360 million people worldwide by 2030.1° In
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South Africa, DM affects +- 8% of the population (similar to the world-wide prevalence). A
2016 study found that the prevalence of DR in diabetics in South Africa was 24.9%. ' This
represents a large burden on our healthcare system as well as the work force. DR is a
preventable condition when measures such as good glucose control and management of
coexisting conditions is instituted. !

Literature Review

Diabetes affects the microcirculatory system of the retina. The retinal circulation is divided
into superficial and deep capillary plexusas. The superficial plexus lies in the innermost
nerve fibre layer of the retina and the deep plexus is found in the inner nuclear area of the
retina. A third blood supply is derived from the chonocarillaris. 4 The fovea is devoid of
blood vessels and this area is defined as the foveal avascular zone (FAZ) [Figure 1].12 The
parafnyeal area is the area immediately surrcunding the fovea. [Figura 2]

Macua lutea

Figwre 1. The Foves! Avascular Zons (rad Figurs 2: Fynpug photogreph siowing Me
aasinnd (NE) See N 3 FNARSSONT AN A of maruia, HVes AN el Zones W an o
& Awmal rehna, = WV aiADE NG retinapatty: @

There are 3 differant mechanisms by which DM is known to cause visual impairment.
These are (i) Macular cedema, (i) Complications of retinal neavascularisation (Retinal
detachments, vitreous haemorrhage and negyascular glaucoma), and (iii) Diabetic macular
ischaemia (DMI). Enlargement of the foveal avascular zone with iregularities of its margin

DR is staged according to the Early Treaiment Diabelic Retinopathy Study (ETDRS- The
modified Airlie House Classification) An abbreviated version is set out below in Table 1.
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Table 1: The ETDRS Classification of Diabetic Retinopathy!¢

Grade Features

Very Mild NPDR Microzneurysms only

Mild NPDR Microzneurysms, retinal haemorhages, hard exudates, cotton wool
spots. No intra-retinal microvascular anomalies or significant beading

Moderate NPOR Savere ratinal haemarrhagas (About 20). Significant venous beading.
Cotten wocl spots

Severe NPCR Cne of the following: Severe hemorrhages in all guadrants. Significant
venous beading In 2 quadrants. Intra-retinal microvascular anomalas

Very Severe NPCR  Two or more critera far severe NPDR

Mild-Mcderate New vessal formation at disc (NVD} or new vessal formation
POR elsewnera (NVE)
High risk PCR Any NVD greater than 1/3 of the disc area. NVD with vitreous

haemorrhage. NVE greatar than 1.2 disc area.

Advancad Diabatic  Traclional refinal detachmant. Sianificant parsistent vittaous
Eye Disease haemorrhages. Neovascular glaucoma,

Currently, ophthalmascapy and colour fungdus photography are the standard for the staging
of DR.'= Fluorescein angiography (FA), involving the injection of fluorescein dye, has been
the gold standard for imaging the retinal vascular network and detecting the extent of ratinal
isehagmia in many conditions. 4'517 it has good rasolution and provides information about
structural abnormalities, filling defects of capillaries as well as problems such as leakage
from the vessels.* This technique has several downfalls. It is an invasive, time consuming
technique with potential complications ranging from nausea to potentially fatal anaphylaxis.
233 Additionally. FA is not able to provide information about the superficial, deep and
chaoroidal plexuses separataly since it provides a two dimensional image. #4.54.16'8 FA also
may not assess the FAZ accurately. For example, in patients with macular oedema, the
borders of the FAZ are obscured by the leakage of the fluorescein dye *

Optical Coherence Tomography Angiography (OCTA) is a three-dimensional technique
based on Optical Coherence Tomography that allows for high-resolution imaging of the
vasculature of the retina by following the movement of the red blood cells in the capillary
network. '6 OCTA is an emerging technology that can image the retina and its vasculature
without the need for invasive dye injection, providing an advantage over the more invasive
FA.2 OCTA obtains multiple A and B scans concurrently over time and collates them to
allow for yisyalization of retinal flow and retinal structure simultaneously. 21t is capable of



delineating areas of capillary dropout and non-perfusion with higher resolution than FA. It
also allows for the separation of the image into the superficial, deep and choroidal
vasculature. *46

Prior studies using OCTA in the investigation of DR have found that microvascular changes
are more readily detected at all stages of retinopathy, with some changes such as micro
aneurysms being detected before they are clinically visible. s Muliple studies have found
that the foveal avascular zone is enlarged in patients with DM compared with normal age-

OCTA images inta deep and superficial layers, FAZ enlargement could be detected in the
deep layers but not the superficial layers. In this case, had the images noil been separated,
these enlargements would have been missed. 2021 Several other studies have also
highlighted the importance of examining the deep layer in DR. 12722

|

Some studies have found that the parafQveal vessel density decreases in the early stages
of disease and may be prasent befora enlargement of the FAZ accurs. This decrease may
aven be prasent in patients with no clinical DR, which would be very useful in the early
screening and management of these patients. 41915 The reduction in the parafoyeal vessel
density was shown to affect all layers, but the deep capillary layer was affected earier in
the disease process. 15 Enlargement of the FAZ and a decrease in parafoyeal vessel
density are important to detect early as they are the features of sight-threatening diabetic
macular jschaemia.

Problem Statement

Diabetic retinopathy is a preventable cause of blindness worldwide. Fluorescein
angiography is the gold standard for imaging and grading of DR (along with fundgescopy
and golor fundys photography) but it is invasive and time consuming and may not detect
early changes. OCTA pravides quick, non-invasive images of retinal vasculature that may
aid in the detection of microvascular changes, perhaps even before they are clinically
detectable and may be an invaluable screening tool. There are no studies in the South

patients with different stages of DR compared to naormal subjects.

Research Question
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Setting
lLenasia South Community Healthcare Clinic, Ophthalmology Department. This department
is an outreach of St John's Eye Hospital at Chris Hani Baragwanath Hospital.

Study Participants
The study will include a sample of diabetic patients with diabetes presenting to the eya
clinic at LSCHC during the study period who fulfil the inclusion and exclusion criteria. A
group of non-diabetic controls with normal eyes (i.e. no retinal pathology) will be selected

from the eye dinic as well.

Study Sample
The study sample size of 160 patients (40 per group) was calculated using a one-way
analysis of variance (ANOVA) using the means of 0.269mm?2 0.309 mm?2 0.356 mmz 0.493
mmz2 for the controls, diabetic patients with no DR, patients with NPDR and PDR
respectively. The with-in group variance was set at 0.1 with 80% power to detect a
difference at an alpha level of 0.05. The following graph illustrates the sample size required
for differant within group variances.

Estimated sample size for one-way ANOVA
F test for group effect
Ho:&=0 versus H,: 8#0

1504

100

Sample size (N)

50+

0 .02 .04 0§ .08 A
Error variance (Ce. )

Parameters: o = .05, 1-p = .8 N, = 4., = .27, pz = .31, gs = .26, p: = .49, 0,,” = .0071

Age and sex matched cantrals will be selected as well.
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Is there a significant difference in the size of the FAZ and parafoveal vessel density
between diabetic patients and healthy non-diabetic controls?

Aim

The aim of this study is to evaluate the foveal avascular zone and parafoyeal vessel density
(PFVD) using OCTA in diabetic patients compared to healthy controls at Lenasia South

Clinic

Objectives

Primary
1. To assess if there is a significant difference between the FAZ and PFVD in diabetic
patients with no DR, non-proliferative DR and proliferative DR compared to normal non-
diabetic controls. We postulate that there will be an increase in size of the FAZ and

decrease PFVD as the severily of DR increases.

Secondary
1. To assess if there is an increase in the size of the FAZ as the severity of DR increases.

DR increases.

Exploratory
1. To assess if there is a relationship between glycated haemaglobin {HbA1C) and FAZ &
PFVD in diabetic retinopathy.
2. To assess if there is a relationship between the urea & electrolytes and FAZ & PFVD in
diabetic retinopathy.

Study Design and Methods

Study Design
The study is a cross-sectional study of diabetic patients compared to normal controls who
present to the Ophthalmology Clinic at Lenasia South Community Healthcare Clinic
(LSCHC) during the study period.
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Inclusion and Exclusion Criteria

The inclusion criteria are (i) Age = 18 years, (ii) Patients with Type | or Type |l Diabetes, (iii)

Fundus and macula are clearly visible. One eye will be enrolled. The inclusion criteria for

the control group is (i) Age > 18 years (ii) Fundus clearly visible, iii) Random blood glucose

<8

The exclusion criteria for both groups are (i) Presence of media opacities that will prevent

inrraviygsl injections or laser to the eye, (iv) other retinal diseases. (v) history of yjireq:

refinal surgery, (vi) poor quality OCT images. vii) Patients unable to provide informed

consent e.g. due to mental disability.

Methods

*

Consecutive diabetic patients who meet the above inclusion and exclusion criteria will
be identified and invited to pariicipate in the study on the day of the wvisit.

A full history will be taken including the patients age, history of other co-morbidities,
duration of diabetes, smoking history and previous ocular surgery.

The uncorrected distance visual acuity as well as pinhole visual acuity will be measured
in decimal notation.

Only one eye per patient will be used for the study. They eye will be selected using a
cannot be used for some reason, the fellow eligible eye will be used. The severity of DR
will be graded according to the madified Airlie House classification.

The patient's blood pressure will be measured

This will be followed by a clinical eye examination including siit lamp higmicrpseapy and

A blood sample will be taken for glygated hemealokin (HBA1C) and renal function (U &
E) (both predictors of clinical outcome and course of disease in diabetes). This is
standard of care for diabetic patients.

Non-diabetic control patients will have a finger prick blood glucose test as well as a
blood pressure measurement using a standard adult blood pressure cuff. This is
standard of care in patients presenting to primary healthcare clinics.

Patients’ eyes will be dilated for the examination. All details will be recorded onto a
patient data sheet (See Appendix A).
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An OCT will be performed to be used as a reference when gnalyzing the OCTAto
identify any arlefacts. The OCT device used is the Beyvo NX (Qntopol, Nonway).

+  OCTA will be performed. The images will be of a 3 x 3 mm area centred around the
macula (this was found ta have the best resplution in numerous studies). The images
are separated by the software into superficial and deep layers and all images are
provided. The images will be downloaded for later analysis.

«  Asimilar procedure will be followed for identified control patients, however they will not
have any blood samples taken.

Data Analysis

« Data will be stored using the Wits REDCAP software. Statistical analysis will be
performed using STATA 15.1 (STATACorp, Texas USA). A p value of <0.05 will be
regarded as significant. Descriptive statistics such as the means, medians and standard
deviation will be used for continuous variables and frequency distribution and
percentages will be used for categorical variables.

« The unpaired t-test or YWilcpian rank sum test will be used to test whether there is a
significant difference between the FAZ and PFVD between diabetics and non-diabetic
controls respectively. The one-way Analysis of Variance (ANOVA) test will be used to
assess the effect of increasing severity of DR on the FAZ and PFVD. Univariate and
mullivariate linear regression will be used to assess if there is an effect of HbA1C, U&E,
age and sex on the FAZ and PFVD.

«  Fundys photos will be goalyzed by two observers ta stage the patient's DR.

OCTA images will also be gnalyzed using custom made MATLAB (MathWorks, Inc.,
Natick, MA, USA) code. The images will be exported into MATLAB. Image processing
techniques will be used to define the FAZ, The Qisys clustering technique will first be
used 1o segment the image to allow the FAZ to be outlined. The area within the border
is then calculated by the software.

To assess parafoyeal density, the images of the superficial layer, the deep layer and the
full thickness image will be exported into MATLAB code. The parafeyeal zone is defined
as an annulus gentared on the fovea with inner and outer ring diameters of 1 and 3 mm.
Vessel density will be calculated using a grayscale OCTA image. The percentage of
pixels occupied by blood vessels in the defined region will be calculated using Otsus
clustering pixel thresholding and expressed as a percentage of the whole image.

Ethical Issues

Risks : Patients will experience blurriness of vision and an inability to read after their

ayes are dilated. This is the standard of care for all diabetics that present to the clinic far
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fundoscopy. The effect is transient and the pupils return to their normal diameter within
4-6 haurs. There will be some pain when taking the routine bload samples from the
(the principal investigator/phlebataomist) and not auxiliary staff. Approximately S s of
blood will be taken. There is a risk of minimal bleeding after the venipuncture as well as
a small risk of infection at the wound siie after the blood is taken. Fundys photography
and OCTA can cause the patient minor discomfort as they are asked to look directly into
a lens which uses red light to take the picture. This is transient with no permanent long-
term sequelae.
Confidentiality: All patients will be identified solely fiy a unique study ID code and no
identifying data such as names, telephones numbers etc, will be kept with the scans
and clinical data. All links between the codes and names of patients will be kept and
stored separately. OCT and OCTA images will be identified by Study ID as well.
Patients will only be known to the principal investigator. Only de-identified data will be
presented 1o co-investigators.

+ Cost io patients: Patients will not incur any costs by participating in the study.

+ Ethics: The protoceol will be submitted to the Universily of the Witwatersrand Human
Research Ethics Committee for clearance befare the study is commenced. Permission

will also be obtained from the CEO at LSCHC before commencement of the study.

Resource Requirements

Visual acuity charts using the decimal sysiem are available at the clinic. The fungdys camera
belongs to the principal investigator and is available to use. The OCTA machine is available
at LSCHC.

All stationery will be provided by the principal investigator.

Na further funding will be necessary

Study Timeline
Protocol Data Data Writeup Writeup Submission
committee  collection collection  begins complete to journal
commences | complete
July 2019
September
2019
February
2020
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March 2020
Junez020

July 2020

Supervision

General Hospital and Dr Naseer Ally at St John Eye Hospital.

Dissemination

The aims are to

« Present an intemal report to the Department of Ophthalmology, University of the
Witwatersrand.

- Publish the data in a scientific journal

« Present findings at the congress for the Ophthalmic Society for South Africa

- To use as a basis for further studies on the use of OCTA for screening DR
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