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Abstract

Background: Diabetic macular edemais one of the most
common causes of vision loss in patients with diabetes.
Fluorescein Angiography (FA) provides valuable additional
information compared to clinical examination or fundus
photography but it has many contraindications. It requires
venipuncture and intravenous injection of adye that has a
moderate risk of nausea and arare but well documented risk
of anaphylaxis and death. Optical Coherence Tomography
Angiography (OCTA) isanon-invasive modality that generates
three-dimensional, depth encoded images of blood flow within
the eye by using motion contrast. It offers an alternative
angiographic technique without the drawbacks of FA. Areas
of capillary loss obscured by fluorescein leakage on FA were
more clearly defined on OCTA.

Aim of Study: To describe the Optical Coherence Tomog-
raphy Angiography (OCTA) findings in diabetic patients with
macular edema.

Patients and Methods: A cross sectional study was carried
out on 46 eyes of 30 diabetic patients with macular edema
diagnosed by Optical Coherence Tomography (OCT). The
findings of the OCT and OCTA were correlated. The presence
of microaneurysms and neovascularization was studied in
OCTA. Macular perfusion was quantified using OCTA images
by 3 parameters. Foveal Avascular Zone (FAZ) area and
Vascular Area Density (VAD) at 2 levels; Superficial Capillary
Plexus (SCP) and Deep Capillary Plexus (DCP) and Vascular
Density Map (VDM).

Results: Thereis astatistically significant difference
between the number of microaneurysmsin the DCP and SCP
(more in the DCP). A significant negative correlation between
the duration of hypertension and the vascular area density of
superficial capillary plexus. There is asignificant difference
between eyes with normal and eyes with abnormal inner
retinal integrity [Disorganization of the Retinal Inner Layers
(DRIL)] asregards the FAZ of superficial and deep capillary
plexuses (larger in eyes with DRIL), the vascular area density
of superficia capillary plexuses (lessin eyeswith DRIL) and
the vascular density map center 3mm (more in eyes with
DRIL). Although one of the strengths of the OCTA isits
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ability to assess vasculatures and structures of DCP separately
from SCP, thisis limited by projection artifacts from the
superficial structures onto deeper layers.

Conclusion: Correlation between OCT and OCTA images
is mandatory to explain the OCT and OCTA findings. The
presence of microvascular abnormalities, hemorrhages, cotton
wool spots and hard exudates gives falaciesin OCTA images
interpretation. The significant correlation between the presence
of DRIL by OCT and diabetic macular ischemia by OCTA
alows for OCT to be sufficient when FFA cannot be done
and OCTA isunavailable.

Key Words: Optical coherence tomography angiography —
Diabetic macular edema.

I ntroduction

VISUAL impairment due to Diabetic Retinopathy
(DR) isarising world wide problem. Diabetic eye
disease is now the fifth most common cause of
blindness[1].

DR is a microangiopathy that causes vascu-
lar hyperpermeability, capillary occlusion, and
neovascularization in the retinal vasculature [2].
One of the most common causes of vision lossin
patients with diabetes is Diabetic Macular Edema
(DME) [3].

Fluorescein Angiography (FA) provides valua-
ble information and has certain drawbacks. It
requires venipuncture and intravenous injection of
adye that has a moderate risk of nausea and may
cause anaphylaxis and death [4]. Also, a stand-
ard protocol FA acquiresimages over 10 minu-
tes with repeated exposure to avery bright light
source, which can cause significant discomfort for
patients [5].

Optical Coherence Tomography Angiography
(OCTA) isanew non-invasive modality that gen-
erates three-dimensional, depth encoded images
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of blood flow within the eye by using motion
contrast. It is based on rapid Optical Coherence
Tomography (OCT) scanning of the eye and com-
pares repeated scans acquired at the same position
in the retinato look for changes in the scan [g]. It
offers an alternative angiographic technique without
the drawbacks of FA. Areas of capillary loss ob-
scured by fluorescein leakage on FA were more
clearly defined on OCTA [7].

Aim of the work:

The aim of the work isto describe the Optical
Coherence Tomography Angiography (OCTA)
findings in diabetic patients with macular edema.

Patients and M ethods

A cross sectional study was carried out on 46
eyes of 30 diabetic patients with macular edema
diagnosed by (OCT). The study excluded patients
with hazy media or/and poor fixation interfering
with agood quality OCT and OCTA images and
images with severe degrees of OCTA artifacts that
prevent proper interpretation. This study was con-
ducted in Nour Eldin Center-Tanta from August
2017-August 2018.

All patients were subjected to: Detailed history
taking, Best Corrected Visual Acuity testing (BC-
VA) [Snellen visual acuity was converted to Dec-
imal notation VA for the purpose of statistical
analysis], comprehensive eye examination includ-
ing anterior and posterior segment examination
and OCT & OCTA imaging.

OCT and OCTA were performed using spectral
domain-OCT system (Heidelberg Engineering) and
swept source-OCT system (Topcon OCT Triton)
respectively.

Asregards OCT, spectral domain-OCT system
(Heidelberg Engineering) was used using macular
line scans analyzed by:

1- Overview report protocol: The "inner retina’
was defined as the space lying between the inner
aspect of the Internal Limiting Membrane (ILM)
and the inner border of the Outer Plexiform
Layer (OPL), while the "outer retind" was de-
fined as the space lying between the inner border
of the OPL and the inner aspect of the Retinal
Pigment Epithelium (RPE). The choroid was
defined as the space between the outer border
of the RPE/Bruch's membrane complex and the
inner border of the sclera.

2- Retina single exam report protocol to measure
the central fovea thickness.

OCTA Findings in Diabetic Patients with Macular Edema

Regarding OCTA imaging, 6 X 6mm scanning
areas centered on the fovea were used. Segmenta-
tion of the retina and choroid within the macular
areawas done into 4 areas: The Superficial Capil-
lary Plexus (SCP) that extends from the ILM to
the Inner Plexiform Layer (IPL), the Deep Capillary
Plexus (DCP) that extends from the IPL to the
(OPL), the outer retinawhich is normally avascular
and extends from the OPL to the Retinal Pigment
Epithelium (RPE) and the choriocapillaries: A
20um thick dlab starting 10um below the RPE-
Bruch's Membrane (BM) complex.

The ischemic areas seen by OCT were also
evauated for structural changes using OCT as
regard outer retinal and inner retinal changes. Outer
retinal changes were defined as any of the follow-
ing: Interruption or disruption of the External
Limiting Membrane (ELM) and/or inner segment-
outer segment (1S/OS) junction. While inner retinal
changes included thinning, or Disorganization of
the Retinal Inner Layers (DRIL) which is defined
as an area where any boundaries between Ganglion
Cell Layer (GCL), IPL, Inner Nuclear Layer (INL),
and OPL were poorly identified in the macular
scans.

Using OCTA, macular ischemiawas defined
as enlargement or irregularity of Foveal Avascular
Zone (FAZ) or the presence of areas of capillary
non flow within the macular areathat are not
continuous with FAZ. In order to quantify the
OCTA findings within the,macula, 3 parameters
were used: FAZ areainum , Vascular area density
(VAD) and Vascular Density Map (VDM).

1- FAZ area measuring was done by outlining the
FAZ in both SCP and DCP images and the area
was then estimated by the device.

2- VAD isdefined as the percentage of the area
occupied by vessels in the ssgmented area (6 X
6 millimeter squares scanned area centered on
the fovead). It was then quantified after converting
the obtained images into binary forms using
Image J software and analyzing its particles
(Image J 1.48v; National Institutes of Health,
Bethesda, Maryland, USA).

3- VDM evauates the density of vasculaturein 1,
3mm zones automatically.

To differentiate between macular edema and
ischemia, we used criteria used by de Carlo et al.
[8] which defined edemain OCTA as cystic spaces
with regular borders completely devoid of OCTA
signal and ischemia as grayish hue (decreased
signal) with irregular borders. The en face images
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were used also for this purpose. Microaneurysms
in OCTA appears as hyper-reflective vascular
lesions surrounded by an area of non-perfusion.
In cases of PDR, we used the slab extending from
TOPto ILM to detect neo-vessels within the mac-
ular area that appears as hyper-reflective vascu-
lar tufts.

Satistical analysis:

The collected data were organized, tabulated
and statistically analyzed using SPSS version 19
(Statistical Package for Social Studies) created by
IBM, lllinois, Chicago, USA. For numerical values
the range mean and standard deviations were cal-
culated. The differences between two mean values
were used using student's (t) test. For numerical
datawhen the normal distribution was not guaran-
teed, Mann-Whitney test (Z) was used to compare
difference in mean values instead of (t) test. For
categorical variable the number and percentage
were calculated and differences between subcate-
gories were tested by Monte Carlo exact test. The
correlation between two variables was cal cul ated
using Pearson's correlation coefficient. The level
of significant was adopted at p<0.05.

Results

The study was conducted on 46 eyes of 30
diabetic patients with macular edema (16 patients
with bilateral edemaand 14 unilateral). The patients
included 17 males (56.7%) and 13 females (43.3%),
with amean age + SD of 59.28+7.75. The median
duration of DM for the patients was 17 years (range
7-25) sixteen of the patients (53.3%) were hyper-
tensive. The mean BCV A for the patients was
0.24+0.13 (range 0.1-0.5 decimal). Fortythree eyes
(93.5%) were phakic and only 3 eyes (6.5%) were
pseudophakic. Two out of the pseudophakic eyes
have Cystoid Macular Edema (CME) with neuro-
sensory detachment and one has CME. According
to the grade of retinopathy, 30 eyes (65.2%) were
non-proliferative diabetic retinopathy and 16 eyes
(34.8%) were proliferative. OCT findings reveal
that there is no detectable abnormality at the vitreo-
retinal interface in 41 eyes (89.1%) and 5 eyes
only (10.9%) show vitreo-retinal traction. Macular
edemaisdiffusein 9 eyes (19.6%), cystoid in 33
eyes (71.7%) and cystoid with neuro-sensory de-
tachment in 4 eyes (8.7%). The outer retinal integ-
rity isabnormal in 16 eyes (34.8%) and normal in
30 eyes (65.2%). Theinner retinal integrity is
abnormal in 11 eyes (23.9%) and shows no detect-
able abnormality in 35 eyes (76.1%). The neovas-
cularization of the disc is present in 9 eyes (19.6%)
and absent in 37 eyes (80.4%). The neovasculari-
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zation elsewhereis present in 7 eyes (15.2%) and
absent in 39 eyes (84.8%).

Asregards the duration of diabetes mellitus,
thereisasignificant positive correlation with the
vascular density map center 1Imm, insignificant
negative correlation with the BCVA, number of
aneurysmsin superficial and deep capillary plex-
uses, VAD of SCP, FAZ in superficial and deep
capillary plexuses and insignificant positive corre-
lation with CFT, VAD of DCP and choio-capillaries
and the VDM center 3mm.

Regarding the presence or absence of hyperten-
sion in the diabetic patients, there is a significant
difference in the number of aneurysmsin deep
capillary plexus (p-value=0.001) and the vascular
area density of chorio-capillaries (p-value=0.013)
between diabetic non hypertensive and diabetic
hypertensive patients; the number of aneurysms
in the DCP is more in diabetic non hypertensive
patients and the vascular area density of chorio-
capillariesislessin the diabetic non hypertensive
patients. An insignificant difference in the BCVA,
CFT, number of aneurysmsin SCP, VAD of super-
ficial and deep capillary plexuses, FAZ in superfi-
cial and deep capillary plexuses and VDM center
1mm and 3mm between diabetic and diabetic hy-
pertensive patients.

Concerning with the duration of hypertension
(Table 1), there is a significant negative correlation
with the vascular area density of superficial capil-
lary plexus Fig. (1), insignificant negative correla-
tion with BCVA, CFT, number of aneurysmsin
DCP, VAD of choriocapillariesand VDM center
3mm and insignificant positive correlation with
the number of aneurysmsin SCP, VAD of DCP,
FAZ in superficial and deep capillary plexuses and
the VDM center Imm.

Table (1): Correlation between duration of hypertension and
BCVA, CFT and OCTA findings.

Duration of
hypertension
inyears

r p

Visual acuity decimal equivalent -0.210 0.304
Central foveal thickness —0.004 0.983
Number of aneurysmsin superficial capillary plexus 0.119 0.532
Number of aneurysmsin deep capillary plexus -0.088 0.669
Vascular area density of superficial capillary plexus —0.465 0.017*
Vascular area density of deep capillary plexus 0.098 0.635
Vascular area density of chorio-capillaries -0.280 0.166
Foveal avascular zone in superficial capillary plexus 0.326 0.105
Foveal avascular zone in deep capillary plexus 0.154 0451
Vascular density map center 1mm 0.174 0.395
Vascular density map center 3mm -0.079 0.702

*: Significant.
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Fig. (1): Correlation between duration of hypertension in
years and vascular area density in superficial capillary
plexus.

Asregards the BCVA, thereisin significant
correlation between the BCVA and the OCTA
findings. Insignificant negative correlation is found
between BCV A and the number of aneurysmsin
deep capillary plexus, VAD of DCP, FAZ in super-
ficial and deep capillary plexuses and VDM center
Imm and 3mm. Insignificant positive correlation
is present between BCV A and the number of aneu-
rysmsin SCP and the VAD of chorio-capillaries.

There is no significant difference between eyes
with Non-Proliferative Diabetic Retinopathy (NP-
DR) and eyes with proliferative (PDR) regarding
the OCTA findings. The FAZ of superficial and
deep capillary plexusesis seen larger in NPDR
than in PDR but the difference is not significant.

Regarding the correlation between the CFT and
the FAZ in superficial and deep capillary plexuses,
Figs. (2,3) show asignificant positive correlation.
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OCTA findings. The number of aneurysmsin deep
capillary plexusis more in eyes with abnormal
outer retinal integrity, FAZ in superficial and deep
capillary plexusesislarger in eyes with abnormal
retinal integrity and the VAD of superficial and
deep capillary plexusesislessin eyes with abnor-
mal retinal integrity. The VDM center 3mm is
found to be larger in eyes with abnormal outer
retinal integrity.
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Fig. (3): Correlation between CFT and FAZ in deep capillary
plexus.

Table (2): OCTA parametersin eyes with normal and abnormal
outer retinal integrity.

Outer retinal integrity
OCTA parameters z P
Normal Abnormal

* Number of aneurysmsin 3.13+2.05 3.12¢1.96 0.070 0.944
superficial capillary
plexus

* Number of aneurysmsin 7.90+3.27
deep capillary plexus

» Foveal avascular zone of 528+204
superficial capillary
plexus

* Foved avascular zone of 1263+881
deep capillary plexus

» Vascular areadensity of 70.22+2.86 68.55+4.15 1.234 0.217
superficial capillary
plexus

» Vascular areadensity of 68.16+2.15 67.94+2.94 0.819 0.413
deep capillary plexus

* Vascular areadensity of 50.17+3.62 50.29£3.51 0.392 0.695
chorio-capillaries

* Vascular density map
center Imm

* Vascular density map
center 3mm

9.00+2.22 1.102 0.270

799+1061 0.784 0.433

2299+3338 0.381 0.704

18.35+4.53 18.72+5.25 0.669 0.504

43.33+2.09 44.05+2.08 1.061 0.289

400.00 600.00 800.00

Central Foveal Thickness

Fig. (2): Correlation between CFT and FAZ in superficial
capillary plexus.

200.00

Asshown in (Table 2), there is no significant
difference between eyes with normal and eyes with
abnormal outer retinal integrity as regards the

Thereisasignificant difference between eyes
with normal and eyes with abnormal inner retinal
integrity [Disorganization of the Retinal Inner
Layers (DRIL)] asregards the FAZ of superficia
and deep capillary plexuses (larger in eyes with
DRIL), the VAD of SCP (lessin eyeswith DRIL)
and the VDM center 3mm (more in eyes with
DRIL) (Table 3).
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Table (3): OCTA parametersin eyes with normal and abnormal
inner retinal integrity.

Inner retinal integrity
OCTA parameters z p
Normal DRIL

* Number of aneurysmsin 3.09+1.99 3.27+2.10 0.156 0.876
superficial capillary
plexus

* Number of aneurysmsin 8.09+3.07 8.91+2.66 0.904 0.366
deep capillary plexus

» Foved avascular zone of 473+179
superficial capillary
plexus

» Foved avascular zoneof 1037651 3489+3690 2.073 0.038*
deep capillary plexus

» Vascular areadensity of 70.48+2.87 66.95+3.75 2.511 0.012*
superficial capillary
plexus

 Vascular areadensity of 68.13+2.14 67.92+3.28 0.670 0.503
deep capillary plexus

* Vascular areadensity of 50.52+3.62 49.25+3.26 1.069 0.285
chorio-capillaries

* Vascular density map
center Imm

* Vascular density map
center 3mm

1097+1205 2.022 0.043*

18.92+3.95 17.07+6.73 0.760 0.447

43.15+2.01 44.95+1.83 2.318 0.020*

*: Significant.

Fig. (4A): Colored photo shows hard exudates.
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A case of diabetic retinopathy with hard exu-
dates seen in colored photo Fig. (4A) and pseudo-
flow of the hard exudates seen at the level of DCP
in OCTA Fig. (4B).

Diabetic hypertensive patient with cotton wool
spot seen in colored photo Fig. (5A), hyper-
reflective inner retinal infarction with underlying
shadowing seen in OCT image Fig. (5B) and areas
of devoid flow at the level of SCP corresponding
to the cotton wool spots with underlying shadowing
at the level of DCP and chorio-capillaries layer
Fig. (5C).

Diabetic patient with Disorganization of Retinal
Inner Layers (DRIL) seenin OCT image Fig. (6A)
corresponding to the areas of devoid flow at the
level of Superficial Capillary Plexus (SCP) and
Deep Capillary Plexus (DCP) Fig. (6B).

Diabetic hypertensive patient with hard exudates
seen in colored photo Fig. (7A), cystoid macular
edema and hard exudatesin OCT image Fig. (7B)
and OCTA images Fig. (7C).

Fig. (4B): OCTA shows pseudo-flow of the hard exudates
seen at the level of DCP.

Fig. (5A): Colored photo shows cotton wool Fig. (5B): OCT shows hyper-reflective inner retinal infarction with underlying

spots (arrow).

shadowing (arrow).
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Fig. (5C): OCTA shows areas of devoid flow at the level of SCP corresponding to the cotton wool spots (arrow) with underlying
shadowing at the level of DCP (head arrow) and chorio-capillaries layer (striped arrow).

Fig. (6A): OCT shows Disorganization of Retinal Inner Layers (DRIL) (white arrow).

SCP DCP
Fig. (6B): OCTA shows Ischemia at the level of SCP and DCP (arrow).
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Fig. (7A): Colored photo shows hard
exudates.

SCP
Fig. (7C): OCTA images show:
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Fig. (7B): OCT shows cystoid macular edema with hard exudates.

DCP Chorio-capillaries

1- Areas of pseudoflow correspond to hard exudate at the level of DCP (arrow).
2- Shadowing effect to the overlying hard exudates on the chorio-capillaries layer (striped arrow).

3- Cystoid macular edema (arrow head) and macular ischemia at the DCP (striped arrow). The former appears as cystic spaces
with regular borders completely devoid of OCTA signals and the later appears as greyish hue with irregular borders.

Discussion

DR and DME are leading causes of blindness
in the working-age population of most devel oped
countries. The increasing number of individuals
with diabetes worl dwide suggests that DR and
DME will continue to be major contributors to
vision loss and associated functional impairment
for yearsto come. The control of diabetes-asso-
ciated metabolic abnormalities (i.e., hyperglycemia,
hyperlipidemia, and hypertension) is also important
in preserving visual function because these condi-
tions have been identified as risk factors for both
the development and progression of DR/DME [9].

OCTA isanovel non-invasive imaging modality
for 3-dimensional visualization of retinal and optic
nerve capillary networks. OCTA was found to
detect microvascular changes early in diabetes
mellitus, even before they become clinically evi-
dent. Morphologica and qualitative assessment of
vascular changes can help to determine the patho-

physiological processes, activity, treatment, and
follow-up of DR [10].

In this study 46 eyes of 30 diabetic patients
with macular edema (16 bilateral and 14 unilateral)
wereincluded, all of type 2 diabetes. Males were
more than female with amean + SD age of 59.28+
7.75. Thisisin agreement with Liew study which
stated that the mean age of patients with diabetic
macular edema was 58.2 and 56.8% of patients
were male [11].

Asregards the duration of the diabetes mellitus:

In this study the significant positive correlation
between the duration of diabetes and the VDM
center Imm is not anticipated. Thisfinding can be
explained by the presence of microvascular abnor-
malities as clustered capillaries, dilated capillary
segments, tortuous capillaries, abnormal capillary
loops, and hard exudates in this zone [12,13]. The
pseudo-flow of the hard exudates in this zone can
explain this significant positive correlation [14].
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In the present study the insignificant correlation
between the duration of diabetes mellitus and
BCVA and OCTA findings is matched with Ciloglu
et al. study [15]. This can be explained by:

« Unreliable patient history should be considered.

* Duration of the diabetes mellitusis one of the
risk factors. There are many risk factors as hy-
pertension, dyslipidemia, renal dysfunction and
genetic factors. Line of treatment of DM (type
of insulin/and or type of hypoglycemic drugs
may be afactor.

» Although patients have different duration of
diabetes, they have nearly similar clinical find-
ings.

The negative correlation between the duration
of diabetes mellitus and the VAD of SCPin this
study is anticipated. The insignificant correlation
can be referred to the smaller number of the studied
patients.

Both hypertension and diabetes may have some
underlying causes in common, and they share some
risk factors. They also contribute to aworsening
of each other's symptoms. The ways of managing
both conditions also overlap [16].

In the current study hypertension is present in
53.3% of the diabetic patients. Thisis consistent
with the Sowers study [17] who stated that the
hypertension is present in more than 50% of patients
with diabetes mellitus. Diabetes and hypertension
share several pathophysiologic mechanisms includ-
ing: Inappropriate activation of the renin angi-
otensin aldosterone system, oxidative stress sec-
ondary to excessive production of reactive oxygen
species, inflammation, impaired insulin-mediated
vasodilatation, increased sympathetic nervous
system activation, dysfunctional innate and adap-
tive immune responses and abnormal renal handling
of sodium [2,3].

As regards the duration of hypertension in
diabetic hypertensive patients, there is a significant
negative correlation with the vascular area density
of SCP and negative correlation with vascular area
density of choriocapillaries. Thisis aligned with
Leeet a., who stated that the vascular density is
decreased in chronic hypertension [18]. The positive
correlation with the VAD of DCP is not anticipated
and can be referred to the pseudoflow of the hard
exudates present in this zone [14].

In the present study there is a significant dif-
ference between the number of microaneurysms
in the DCP and SCP (morein the DCP) in all

OCTA Findings in Diabetic Patients with Macular Edema

studied patients. Thisis matched with Peres et al.,
study [19]. A significant difference in the number
of microaneurysms in DCP between diabetic and
diabetic hypertensive patient is present; the number
of MAsin the DCP is morein diabetic non hyper-
tensive patients. Estimation of the number of MAs
has a prognostic value in the treatment. Fewer
MAsin both SCP and DCP is associated with a
better response of Diabetic Macular Edema (DME)
to anti-vascular endothelial growth factor (anti-
VEGF) therapy [20].

In the current study there is a significant differ-
encein the VAD of chorio-capillaries between
diabetic and diabetic hypertensive patients; it is
less in diabetic non-hypertensive patients. Thisis
not anticipated because hypertensive choroidopathy
adds to the non-perfused areas [21]. This may be
referred to the shadows from hard exudates which
givesfalse decrease in the VAD in choriocapilla-
ries[22].

In this study FAZ in the SCP and DCP is larger
but not significant in diabetic hypertensive patients
than diabetic patientsonly and also the VDM center
Immisless but not significant in diabetic hyper-
tensive patients. Thisis consistent with Lee WH
et a., study which stated that hypertension affects
the OCTA parametersincluding increase in the
FAZ and decreasein VDM [18].

Regarding the correlation of the BCVA and the
OCTA parameters, the positive correlation of the
BCVA with the VAD of chorio-capillaries and the
negative correlation between the BCVA and the
FAZ in both SCP and DCP is matched with Lu Y
et a., study that established the relation of the FAZ
with the foveal ischemiaand visual acuity potential
[23]. The outer retinaincluding the photoreceptors
not only supplied by the chorio-capillaries but also
by the DCP [24].

The negative correlation between the VAD of
DCP and the BCVA in this study is not anticipated.
Although one of the strengths of the OCTA isits
ability to assess vasculatures and structures of DCP
separately from SCP, thisislimited by projection
artifacts from the superficial structures onto deeper
layers. Projection-Resolved Optical Coherence
Tomography Angiography (PR-OCTA) uses a novel
Reflectance-Based Projection-Resolved (RBPR)
algorithm that augments the flow signal and over-
comes projection artifacts [25].

In this study there is no significant difference
between eyes with NPDR and eyes with PDR
regarding the OCTA findings. Thisis not anticipated
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and can bereferred to the limited number of the
studied patients. The larger FAZ of the SCP and
DCP and the VDM center 1mm zonein NPDR
eyes can be explained by the fact that the NPDR
eyeswith foveal CME give falseincreasein the
FAZ measurements even with good correlation
between the OCT and OCTA findingswhichisa
must. The falseincreasein the FAZ of the DCPis
also explained by the projection artifacts of the
superficial hard exudates in the foveal zone. CME
can be mistaken as a non-perfused area by either
its displacement of the surrounding capillary plex-
uses or the presence of low intensity OCTA signals
observed inside cystoid spaces which are due to
the presence of corpusculated material pouring out
from blood-ocular barrier. The former appears as
awell-defined hypo-reflective lesions and the later
appears asagrey signals [26].

In the current study the positive correlation
between the CFT and the FAZ in the SCP and DCP
isin agree with Reznicek et al., study [27] that
concluded that retinal thicknessis significantly
increased in ischemic areas and not in agreement
with the study conducted by Sim et al., [28] that
reported the association between macular ischemia
and macular thinning at different levels. The former
study explains macular thickening by the following
[27]:

* Thickening of the inner retinal layers (NFL-GCL-
IPL) are due to edematous swelling of the non-
foveal GCL prior to atrophic damage caused by
ischemia.

» Thickening of the middle retinal layers (INL-
OPL-ONL) either by DME, CME or exudates
are due to accumulation of extra-cellular fluids
from leaking ischemic capillaries or/and neo-
vessals. Intra-cellular accumulation of fluidsin
ischemic retinal areas also occurs leadsto cellular
swelling with consecutive retinal thickening.

* Thickened ischemic retina due to primarily thick-
ened middle retinal layers suggest an edematous
process as a possible stage before advanced irre-
versible atrophic changes occur.

The patients of later study are diabetic popula-
tion with a greater severity of disease. Macular
thinning occurs mainly in the outer retina, RNFL
and GCL. Thickening of the Haller's large vessel
layer of the choroid is also observed [2g].

Asregards the correlation between the OCTA
parameters and the presence of interruption in the
outer retinal layers, the present study shows that
the disruption in the outer retinal integrity isrelated
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to the larger FAZ in both SCP and DCP, to the eyes
with lessVAD in SCP, DCP and eyes with more
aneurysmsin DCP. Thisisin agreement with
Scarinci et a., who confirm that the DCP ischemia
contributes to disruption of the outer retinainclud-
ing thinning of the outer nuclear layer and photore-
ceptors and establish the role of DCP in the oxygen
requirements of the photoreceptors in addition to
the chorio-capillaries [24]. Scarinci et d., in their
study ruled out the contribution of the chorio-
capillaries to the disruption in the outer retinal
layers because the OCTA images of the chorio-
capillaries are highly subjected to artifacts from
inner retinal changes, including retinal vascular
shadows or shadows cast by retinal exudates and
hemorrhages making it difficult to completely
evaluate the chorio-capillaries[24]. The relation of
the larger FAZ and less VAD in the SCP to the
disruption in the outer retinal layersincluding the
photoreceptor layer can be explained by the recent
experimental evidence of Yi et a., who suggest
that during systemic ischemia, the inner retinal
vascular contribution to the metabolic needs of the
outer retina become more significant, as the choroi-
dal vasculature fails to auto-regulate its blood
supply in the setting of hypoxia[29]. The previous
relation can be also explained by early studies
which stated that the Intermediate Capillary Plexus
(ICP) and DCP are supplied by vertical anastomoses
from Superior Vascular Plexus (SVP) which is
supplied by the central retina artery and composed
of large arteries, arterioles, capillaries, venules and
veins vessels primarily in the Ganglion Cell Layer
(GCL) [30]. Theinsignificant difference of the
OCTA parameters between eyes with and without
interruption in the outer retinal layers can be at-
tributed to the small sample of the patients.

Regarding the correlation between the OCTA
parameters and the presence of DRIL, the present
study shows a statistically significant positive
correlation between the FAZ of both SCP and DCP
and the presence of DRIL and a statistically signif-
icant correlation between the presence of DRIL
and theless VAD of the SCP. Thisisin agreement
with the study of Onishi et al., who found a strong
correlation between retinal ischemiaat multiple
levelsand DRIL [31]. Theterm DRIL was first
described by Sun et ., as an OCT biomarker and
important predictor of vision in eyes with DME
[32]. The statistically significant positive correlation
between the presence of DRIL and the more vas-
cular density map center 3mm in this study is not
anticipated and can be explained by the prese-
nce of peri-fovea exudates which gives pseudo-
flow [33].
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Conclusion:

1-

Correlation between OCT and OCTA imagesis
mandatory to explain the OCT and OCTA find-
ings.

The presence of microvascular abnormalities,
hemorrhages and hard exudates gives fallacies
in OCTA images interpretation.

3- Although one of the strengths of the OCTA is

the ability to access vasculatures and structures
of DCP separately from SCP, thisis limited by
projection artifacts from superficial structures
onto deep layers.

The number of MAsin DCPis morethanin
SCP on both diabetic and diabetic hypertensive
patients.

The presence of hypertension and its longer
duration in diabetic patients increases the
ischemic element. This finding must be put into
consideration in the management of diabetic
hypertensive patients with macular edema.

6- The decreasein the VAD of the SCP, DCP and/or

in the VDM evidenced by OCTA must be cor-
related to the OCT images to exclude the pres-
ence of CME which gives false decrease.

7- The significant correlation between the presence

of Disorganization of Retinal Inner Layers
(DRIL) by OCT and DMI by OCTA allow for
OCT to be sufficient when FFA cannot be done
and OCTA isunavailable.

Recommendations;

The use of the OCTA in addition to the OCT

in diabetic patients because of its value to diagnose
the ischemic element especially when FFA is con-
traindicated.
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