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Abstract

Purpose To evaluate the retinal and choroidal vas-
cular changes through optical coherence tomography
angiography (OCTA) in patients with macular telang-
iectasia type 2 (MacTel 2).

Methods Our study included 20 patients (40 eyes)
with MacTel 2, and age-matched and sex-matched 18
subjects (36 eyes) in the control group. Fundus color
photographs, fundus autofluorescence, fundus fluores-
cein angiography, spectral-domain optical coherence
tomography and OCTA were performed. Foveal
vascular density and parafoveal vascular density
(PFVD), and foveal retinal thickness and parafoveal
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retinal thickness, choroidal thickness (CT) and retinal
ganglion cell-inner plexiform layer (GCIPL) were
compared between MacTel 2 patients and normal age-
matched controls.

Results The retinal whole vascular density and
PFVD of the deep plexus were significantly lower in
patients with MacTel 2 than that of the control group
(56.93% vs. 58.54%, p =0.003; and 60.38% vs.
61.66%, p =0.045). The foveal avascular zone
(FAZ) of the deep plexus was significantly enlarged
in patients with MacTel 2 than that of the control
group (0.44 vs. 0.36, p = 0.009). There was a positive
and statistically significant correlation between the
FAZ of the superficial and deep plexus and CT in
patients with MacTel 2. There was a positive and
statistically significant correlation between retinal
whole, parafoveal temporal quadrant vascular density
of the superficial and deep plexus and GCIPL thick-
ness in patients with MacTel 2.

Conclusions Our study demonstrated that important
retinal vascular density and FAZ changes in MacTel 2
occur in the deep capillary plexus of the retina.

Keywords Optical coherence tomography
angiography - Macular telangiectasia type 2 - Vascular
density - Retinal ganglion cell-inner plexiform layer -
Choroidal thickness
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Introduction

Idiopathic macular telangiectasia type 2 (MacTel 2) is
bilateral disease characterized by Miiller cell dysfunc-
tion, changes in macular capillary network and neural
atrophy [1]. Early manifestations of the disease
include loss of retinal transparency, superficial retinal
crystalline deposits, right-angled venules and presence
of intraretinal cystoid spaces in the fovea. In later
stages, the intraretinal pigment migrates, forming
pigment plaques, and subretinal neovascular mem-
brane (SNV) develops. There is not usually lipid
exudation or hemorrhages associated with MacTel 2
unless SNV is present [2].

Fundus fluorescein angiography (FFA) has been
considered for many years the gold standard for
diagnosis of MacTel 2. The classic FFA finding is
telangiectatic vessels that leak dye in the parafoveal
area with fluorescein leakage not related to the cystic
spaces [3]. Spectral-domain optical coherence tomog-
raphy (SD-OCT) provides a useful visualization of the
retinal and choroidal changes in patients with MacTel
2. SD-OCT has shown neurodegenerative changes in
MacTel 2, including presence of hyporeflective spaces
in the inner or outer retina, foveal thinning, intraretinal
pigments, breaks in the ellipsoid zone with progressive
outer retinal atrophy in which the retinal layers interior
to the outer nuclear layer seemingly ‘collapse’ through
these breaks toward the retinal pigment epithelium
(RPE). Progression of the disease is characterized by
shrinkage of the outer retinal layers and reduction in
the central foveal thickness [4-6].

With the development of optical coherence tomog-
raphy angiography (OCTA), it is now possible to
noninvasively image the retinal and choroidal
microvasculature without the use of exogenous intra-
venous dye injection. Both structural and blood flow
information could be evaluated together via OCTA.
Superficial and deep capillary plexus, vascular density
and foveal avascular zone (FAZ) changes have been
started to be evaluated through OCTA, and an
effective imaging method has been obtained in the
clarification of the pathophysiology of MacTel 2
[7, 8]. Since the response to anti-VEGF in the
proliferative phase is good, OCTA seems to be more
advantageous than other imaging methods regarding
early detection of choroidal neovascularization (CNV)
and planning the treatment.
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In this study, we aimed to compare the superficial
and deep retinal capillary density, choroidal vascular
density, FAZ, choroidal thickness (CT) and ganglion
cell-inner plexiform layer (GCIPL) in patient with
MacTel 2 and control groups.

Materials and methods

Approval was obtained from the local ethics commit-
tee of University of Health Sciences, Antalya Training
and Research Hospital, where the study was conducted
and performed in compliance with the ethical stan-
dards set out in the Declaration of Helsinki. Before the
participants were included in this study, their written
informed consent was obtained.

All patients and controls underwent a comprehen-
sive ophthalmologic examination, including measure-
ments of best-corrected visual acuity (BCVA), slit
lamp examination of the anterior segment, intraocular
pressure, dilated fundus examination and OCTA
imaging (Optovue RTVue XR 100 Avanti, Freemont,
California, USA) and SD-OCT (Cirrus HD-OCT, Carl
Zeiss Meditec, Dublin, CA, USA). Each patient with
MacTel type 2 underwent color fundus photography,
fundus autofluorescence (FAF) and FFA to confirm
the diagnosis.

Inclusion criteria for the patient group were all eyes
with either nonproliferative or proliferative MacTel
type 2. The exclusion criteria for groups were as
follows: Refractive error > =+ 3 spherical equivalent;
poor image quality < 60 due to unstable fixation;
intraocular pressure (IOP) > 21 mm Hg; preexisting
macular pathologies, such as age-related macular
degeneration, epiretinal membrane or macular hole;
other retinopathies, such as retinal vascular occlusion,
diabetic retinopathy or retinal dystrophy; preexisting
ocular diseases, such as glaucoma, optic neuropathy or
uveitis; previous vitreoretinal surgery or photody-
namic therapy, diabetes mellitus, systemic arterial
hypertension, cardiovascular diseases.

Spectral-domain optical coherence tomography

Spectral-domain OCT scans were obtained using the
Cirrus HD-OCT. The Macular Cube 512 x 128 scan
protocol was used for all subjects. The average,
minimum (lowest GCIPL thickness over a single
meridian crossing the annulus) and sectoral
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(superotemporal, superior, superonasal, inferonasal,
inferior, inferotemporal) GCIPL thicknesses were
measured in an elliptical annulus around the fovea.

Optical coherence tomography angiography

The imaging of all subjects was performed with a
commercial OCTA that had a scan rate of 70,000 A-
scans/s, scan beam wavelength of 840 + 10 nm and
bandwidth of 45 nm. This device can do the volumet-
ric scans of 304 x 304 A-scans at 70,000 A-scans/s
in around 3.0 s [9]. All measurements were taken
between 09:00 and 11:00 on the same day.

To evaluate the vascular structures, 3 x 3 mm
OCT angiogram software was used. Split Spectrum
Amplitude Decorrelation Angiography images were
obtained. Images that could not be evaluated due to the
low resolution were excluded. The OCTA images
were independently graded and assessed by two
clinicians. The software automatically segmented
these full-thickness retinal scans into the superficial
and deep inner retinal vascular plexuses, outer retina
and choriocapillaris. The vascular density in superfi-
cial and deep retinal vascular zone was calculated
automatically by this software, and FAZ was also
automatically identified. The area 3 pm beneath the
internal limiting membrane was defined as the starting
line of the superficial capillary, which had sufficient
thickness to contain the ganglion cell layer and the
capillaries bounding the foveal avascular zone in the
central macular region. The deep capillary plexus was
imaged starting from 15 pm beneath the outer border
of the inner plexiform layer and ending at 70 um
beneath the inner plexiform layer.

The same software also calculated the flow index
rates in a central circular zone of 3.144 mm? in the
outer retina and choriocapillaris segments.

Optical coherence tomography angiography was
graded according to the lateral extension of vascular
anomalies, using the foveal center as the main
landmark: OCTA grade 1, vascular anomalies in the
deep and/or superficial plexus temporal to the fovea;
OCTA grade 2, vascular anomalies in the deep and/or
superficial plexus temporal and nasal to the fovea;
OCTA grade 3, markedly diffuse circumferentially
vascular anomalies in the deep and superficial plexus;
and OCTA grade 4, neovascularization in the outer
retina with any OCTA signs of grade 1-3 [10].

Statistical analysis

Statistical analyses were performed using SPSS
Statistics, version 22 (SPSS, Inc. Chicago, IL).To
compare the groups, independent ¢ test and Mann—
Whitney U test were applied. The normality assump-
tion for the independent variables was checked with
Shapiro—Wilk test. The variables that were compliant
with the normality assumption were subjected to the
independent ¢ test, while those that do not meet the
normality assumption were subjected to Mann—Whit-
ney U test. For the analysis of correlation, Pearson
correlation coefficient and Spearman correlation coef-
ficient were used. p < 0.05 was considered significant.

Results

Our study included 20 patients (40 eyes) with MacTel
2, and age-matched and sex-matched 18 subjects (36
eyes) in the control group. The mean age + standard
deviation (SD) was 56.2 £ 8.8 years in patients with
MacTel 2 and 59.3 & 10.2 years in the control group
(p = 0.328).

Optical coherence tomography angiography pro-
vided detailed images of the retinal microcirculation in
all patients with MacTel 2. In these patients, the most
common findings on OCTA images were telang-
iectatic vessels, particularly evident in the deep
plexus, intervascular spaces involving the superficial
and the deep plexus in the foveal region, right-angled
venules, FAZ irregularity and neovascularization.

The most common findings on OCT images were
thinning and atrophy in the outer retina and inner
segment/outer segment (IS/OS) layers, intraretinal
hyporeflective cavitations, cystic formations in gan-
glion cell layer and inner nuclear layer, and internal
limiting membrane (ILM) drape.

In MacTel 2 eyes, 24 of 40 eyes showed intraretinal
hyporeflective cavitations; 8 eyes ILM drape; 31 eyes
IS/OS bant defect; 9 eyes neovascularization. 9
(22.5%) of 40 eyes showed a grade-1 OCTA
(Fig. 1); 18 eyes (45%) a grade 2 (Fig. 2); 4 eyes
(10%) a grade 3 (Fig. 3); and 9 eyes (22.5%) a grade 4
(Fig. 4). No significant comparison was able to be
performed between stages since there were not enough
patients with different stages.

The classic FFA finding is telangiectatic vessels,
dilated retinal capillaries and dilated blunted right-
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Fig. 1 Images from the
right eye of a patient with
the diagnosis of macular
telangiectasia type 2.

a Color fundus photography
shows parafoveal loss of
retinal transparency,

b fundus fluorescein
angiography, ¢, d optical
coherence tomography
angiography shows minimal
increase in space between
vessels in the superficial
capillary plexus and
increased space between
vessels and mild
telangiectatic changes in the
deep capillary plexus
temporal to the fovea
(OCTA grade 1), e, f B-scan
optical coherence
tomography imaging shows
intraretinal hyporeflective
cavitation and internal
limiting membrane drape
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angled veins in patients with MacTel 2. Twenty-three
eyes showed dilated retinal capillaries and telang-
iectatic vessels; 12 eyes dilated blunted right-angled
veins.

The retinal whole vascular density of the superficial
plexus was significantly lower in patients with MacTel
2 than that of the control group (50.89% vs. 52.58%,
p = 0.043). Foveal vascular density and parafoveal
vascular density (PFVD) of the superficial plexus were
not significantly different between the two groups
(26.83% vs. 26.63%, p = 0.687; and 53.54% vs.
54.64%, p = 0.223) There was a significant difference
between choroidal flow rate (p = 0.013) and choroidal
flow index (p = 0.013) in patients with MacTel 2 and
control group. The mean CT was 328.9 4+ 83.6 um in
patients with MacTel 2 and 290.6 &+ 77.5 um in
control group (p = 0.048) (Table 1). The retinal whole
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vascular density and PFVD of the deep plexus were
significantly lower in patients with MacTel 2 than that
of the control group (56.93% vs. 58.54%, p = 0.003;
and 60.38% vs. 61.66%, p = 0.045). The foveal
vascular density of the deep plexus was not signifi-
cantly different between the two groups (25.16% vs.
26.45%, p = 0.346). The foveal avascular zone of the
deep plexus was significantly enlarged in patients with
MacTel 2 than that of the control group (0.44 vs. 0.36,
p =0.009) (Table 2). There was a positive and
statistically significant correlation between the FAZ
of the superficial and deep plexus and CT in patients
with MacTel 2. There was a negative and statistically
significant correlation between the foveal vascular
density, full-inner—outer retinal thickness and CT in
patients with MacTel 2 (Table 3).
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Fig. 2 Images from the right eye of a patient with the diagnosis
of macular telangiectasia type 2. a Color fundus photography
shows parafoveal loss of retinal transparency, b fundus fluores-
cein angiography reveals parafoveal hyperfluorescence, ¢, d
optical coherence tomography angiography shows increase in
space between vessels in the superficial capillary plexus and

Parafoveal retinal thickness in all quadrants was
significantly different between the two groups
(Table 4). Ganglion cell-inner plexiform layer in all
quadrants was significantly lower in patients with
MacTel 2 than that of the control group (Table 5).
There was a positive and statistically significant
correlation between retinal whole, parafoveal tempo-
ral quadrant vascular density of the superficial and
deep plexus and GCIPL in patients with MacTel 2.
There was a negative and statistically significant
correlation between the FAZ of the superficial and
deep plexus and GCIPL in patients with MacTel 2
(Table 6).

increased space between vessels and telangiectatic changes in
the deep capillary plexus temporal and nasal to the fovea (OCTA
grade 2), e, f B-scan optical coherence tomography imaging
shows intraretinal hyporeflective cavitations, inner segment/
outer segment bant defect and internal limiting membrane drape

Discussion

MacTel 2 is an idiopathic neurodegenerative disease
which causes a change in macular capillary network as
well as vision loss. It is usually characterized by
nonspecific symptoms until the proliferative stage
[1, 3]. Although FFA is the gold standard imaging
method for showing the dilated parafoveal capillary of
the disease, it may be insufficient to show superficial
and deep capillary plexus changes and accompanying
subretinal neovascularization. OCTA has the typical
advantages of OCT imaging, including the ability to
detect abnormal microvascular structure in the paraf-
oveal region, to diagnose MacTel 2, and to monitor its
progression. OCTA is a noninvasive imaging method

@ Springer
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Fig. 3 Images from the left eye of a patient with the diagnosis
of macular telangiectasia type 2. a, b Optical coherence
tomography angiography shows markedly diffuse circumferen-
tial vascular anomalies with telangiectatic, distorted vessels in

which helps to understand complex pathological
changes [11]. This method shows the earliest changes
in the temporal parafoveal deep capillary plexus, and
these abnormalities extend circumferentially around
the fovea up to the superficial capillary plexus and
anastomotic choroidal extension. Additionally, data
obtained from these scans provide quantitative mea-
surements of the changes in retinal thickness [10, 12].

A study by Spaide et al. [13] showed changes in
superficial and deep retinal plexus and patched loss-
of-capillary vascular network in the advanced stages
as well as telangiectatic vessels with increased inter-
vascular spaces. Toto et al. [10] observed ectasia and
more severe vascular anomalies, particularly in deep
plexus.

In a study by Gass, telangiectatic vessels were
suggested to change the structure of capillary walls,
which prevents metabolic exchange [14]. The low-
grade chronic nutritional injury may cause atrophy and
degeneration of Miiller cells and photoreceptor cells.
Researchers later identified additional retinal
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the superficial and deep capillary plexus (OCTA grade 3), c,
d B-scan optical coherence tomography imaging shows marked
intraretinal hyporeflective cavitation, inner segment/outer seg-
ment bant defect and internal limiting membrane drape

abnormalities, and they emphasized the potential role
of Miiller cell abnormalities in MacTel 2 [15-17].

Miiller cells are known to play important roles in
the maintenance of foveal structural integrity, neu-
ronal support and continuity of the blood-retina
barrier [18, 19]. They provide many functions in the
retina [20]. Miiller cells manage liquid and electrolyte
concentrations in the retina [21], mediate several
effects caused by cytokines and growth factors [22]
and produce a wide variety of growth factors including
proangiogenic and antiangiogenic factors [23, 24].
Miiller cells provide nutritional and regulatory support
to both retinal neurons and vascular cells. Miiller cell
ablation causes both neuronal and vascular patholo-
gies including photoreceptor apoptosis, vascular
telangiectasis and eventual intraretinal neovascular-
ization [25]. Miiller cell is an important manager of
vascular endothelial growth factor in the retina and
loss, or defective function of Miiller cells may alter
growth patterns of intraretinal neovascularization
[24, 26].
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Fig. 4 Images from the right eye of a patient with the diagnosis
of macular telangiectasia type 2. a Color fundus photography
shows foveal pigment clumps with perilesional loss of retinal
transparency, b fundus fluorescein angiography reveals

As opposed to the first vascular theory proposed by
Gass et al. [27], degeneration of Miiller cells, which
support protective and supportive functions, is cur-
rently thought as a primary pathology, and retinal
layer damage, atrophy and vascular changes are
thought to be emerged secondarily [3].

Based on the presence of dilated retinal arterioles
and subretinal blood, Gass and Oyakawa [2] have
suggested that neovascularization associated with
MacTel 2 may develop anastomosis through choroidal
circulation. OCTA imaging shows the relationship
between subretinal neovascular complexes and chor-
oidal circulation [9]. In previous studies, subretinal
neovascularization was considered to be due to
primarily from the retinal circulation. However,

subfoveal hyperfluorescence, ¢ optical coherence tomography
angiography shows markedly neovascular proliferation in the
outer retina (OCTA grade 4), d B-scan optical coherence
tomography imaging reveals neovascularization

nowadays, the neovascular complex has been found
to communicate frequently with both retinal and
choroidal circulation [11]. In a study by Engelbrecht
et al. [28], eyes with MacTel 2 were evaluated, and
chorioretinal anastomosis was reported to occur
always before the subretinal neovascularization.
Whether MacTel 2 patients have increased chor-
oidal thickness is controversial. While Chhablani et al.
[29] did not observe any significant difference in the
choroidal thickness of 41 MacTel 2 patients from India
as compared to sex- and age-matched controls, Nunes
et al. [30] found the mean choroidal thickness to be
41 pum greater in a cohort of 62 MacTel 2 patients in
the USA than a group of sex- and age-matched
controls. Nunes et al. [30] suggested that a thick
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Table 1 Foveal and

. Patients with MacTel 2 Control group p value®
parafoveal vasF:ular density (n = 40 eyes of 20 (n = 36 eyes of 18
of the superficial plexus, subjects) subjects)
and choroidal flow rate
eva}ua[ed F’y OCTA in Vascular density of the superficial plexus (%)
patients with MacTel 2 and Whole 50.89 + 3.02 5258 + 2.56 0.043
control group
Fovea 26.83 £ 4.18 26.63 £+ 4.93 0.687
Parafovea 53.54 £+ 3.69 54.64 £+ 3.38 0.223
Superior hemisphere 51.98 £ 8.51 54.60 £ 3.35 0.189
Inferior hemisphere 53.83 +£3.44 54.69 £ 3.60 0.199
Temporal 52.83 +£3.92 53.71 £ 3.26 0.327
Superior 53.75 £ 5.28 55.79 £ 3.63 0.181
Nasal 52.98 £+ 4.72 54.03 £ 3.62 0.372
Inferior 54.44 £+ 3.38 55.09 £ 4.21 0.199
Bold value represents Foveal avascular zone (mm?) 0.41 £+ 0.16 0.34 4+ 0.08 0.089
statistical significance Choroidal flow rate 1.90 + 0.06 1.93 + 0.05 0.013
OCTA optical coherence Choroidal flow index 0.614 + 0.06 0.610 + 0.04 0.013
tomography angiography . .
a : Choroidal thickness (pm) 328.9 4+ 83.6 290.6 + 77.5 0.048
“Mann—Whitney U test
Table 2 Foveal and . Patients with MacTel 2 Control group p value
parafoveal vascular density (n = 40 eyes of 20 (n =36 eyes of 18
of the deep plexus evaluated subjects) subjects)
by OCTA in patients with
MacTel 2 and control group Vascular density of the deep plexus (%)
Whole 56.93 £+ 2.27 58.54 £ 2.22 0.003*
Fovea 25.16 £+ 6.18 26.45 £+ 4.88 0.346%
Parafovea 60.38 + 2.7 61.66 + 2.52 0.045*
Superior hemisphere 60 +£ 3.36 61.31 £ 2.77 0.169°
Inferior hemisphere 60.75 £ 2.69 61.71 £ 2.66 0.132%
Temporal 58.90 £ 3.32 60.84 £ 2.60 0.009*
Bold value represents Superior 60.98 + 4.46 62.74 + 2.94 0.222"
statistical significance b
. Nasal 59.28 + 4.32 60.79 £ 2.95 0.157
OCTA optical coherence . a
tomography angiography Inferior 61.83 £+ 2.78 62.46 £+ 3.02 0.365
Foveal avascular zone 0.44 £ 0.13 0.36 £+ 0.09 0.009*

“Independent 7 test

b . (mmz)
Mann—Whitney U test

choroid may be an early manifestation of MacTel 2
eyes and may be useful for diagnosis. While the role of
the choroid in MacTel 2 is unknown, it is plausible that
Miiller cell dysfunction may lead to compensatory
choroidal changes. Another explanation may be that
the choroidal thickness may increase in response to an
increase in the outward production of the vascular
endothelial growth factor by RPE. Kumar et al. [31]
reported the co-occurrence of MacTel 2 with pachy-
choroid group of disorders. It is possible that a subset
of these patients of MacTel with thick choroid go on to

@ Springer

develop clinical manifestations of pachychoroid

disorders.

In our study, the choroid was found to be signif-

icantly thicker in patients with MacTel 2 than in
control group. There was a positive and statistically
significant correlation between the foveal avascular
zone of the superficial and deep plexus and choroidal
thickness in patients with MacTel 2. Therefore, we
believe that the increase in choroidal thickness in the
patient group has been developed as a compensator
against the disease. A thickened choroid may be an
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Table 3 Correlation between choroidal thickness and OCTA
parameters

r p value

Vascular density of the superficial plexus (%)

Whole — 0.008 0.949*

Fovea —0.242 0.037*

Parafovea 0.083 0.479*
Foveal avascular zone (mm?) 0.322 0.005*
Vascular density of the deep plexus (%)

Whole 0.074 0.534°

Fovea — 0.234 0.054°

Parafovea 0.212 0.076"
Foveal avascular zone (mmz) 0.331 0.005°
Choroidal flow rate 0.036 0.761*
Choroidal flow index 0.034 0.771%
Full thickness - 0.510 0.00*
Inner thickness —0.528 0.00*
Outer thickness — 0.336 0.003*

Bold value represents statistical significance
OCTA optical coherence tomography angiography
“Spearman’s correlation coefficient test

®Pearson correlation coefficient test

early manifestation of MacTel 2, and it may be a
valuable diagnostic clue to identify these patients.

In addition, our study demonstrated that the retinal
whole vascular density and parafovea and temporal
quadrant vascular density of the deep plexus were

significantly lower in patients with MacTel 2 than that
of the control group. The temporal parafoveal deep
capillary plexus is the first area affected with progres-
sive capillary rarefaction and dilation and abnormal
capillary anastomosis. Secondary changes extend to
the entire fovea and the superficial plexus, with
abnormal dilated anastomoses between both the
plexuses [32]. Muller cells are involved in the control
of angiogenesis and the regulation of retinal blood
flow. The lesions of Muller cells eventually result in
extensive abnormal changes in retinal blood vessels,
such as the loss of capillary density [33]. Muller cells
degeneration may play an important role in capillary
vascular density.

In the present study, the parafoveal retinal thickness
and GCIPL thickness decreased in all quadrants in
patients with MacTel 2. There was a positive and
statistically significant correlation between retinal
whole, temporal quadrant vascular density of the
superficial and deep plexus and GCIPL in patients
with MacTel 2. Our study demonstrated that in eyes
with MacTel 2, there was significant RGCs degener-
ation. These findings are suggestive of neurodegener-
ation in MacTel 2. Ganglion cells degeneration may
play an important role of MacTel 2 pathogenesis as
well as Muller cells.

Neurons, glia (Muller cells and astrocytes) and
blood vessels interact during all aspects of metabolic
function to form a functional energy unit. The ordered

Table 4 Parafoveal
thickness evaluated by
OCTA in patients with

Patients with MacTel 2
(n = 40 eyes of 20 subjects)  (n = 36 eyes of 18 subjects)

Control group p value®

MacTel 2 and control group Full thickness

Parafovea-nasal
Parafovea-superior
Parafovea-temporal
Parafovea-inferior
Inner thickness
Parafovea-nasal
Parafovea-superior
Parafovea-temporal
Parafovea-inferior
Outer thickness

Bold value represents
statistical significance

Parafovea-nasal
Parafovea-superior
OCTA optical coherence

. Parafovea-temporal
tomography angiography

Parafovea-inferior

228.53 £ 42.01 248.5 £ 26.49 0.004
293.45 £+ 27.71 317.72 £ 21.39 0.00
293 £ 33.59 317.39 £ 21.35 0.00
278.55 + 27.41 303.89 £ 22.74 0.00
289.08 £ 22.04 314.36 £ 19.09 0.00
65.18 &+ 18.51 68.5 £+ 14.38 0.225
109.9 £ 14.29 128.31 + 12.66 0.00
116.7 £ 18.05 130.33 £+ 13.18 0.00
109 £ 14.80 120.19 + 14.80 0.001
110.93 £+ 13.44 128.97 + 11.16 0.00
163.3 & 28.77 179.89 £ 15.47 0.00
183.5 £ 17.51 190.31 £ 18.93 0.151
176.23 £+ 24.84 187.08 £+ 15.13 0.001
169.65 + 14 180.97 + 21.28 0.00
175.63 £ 21.1 185.89 + 11.97 0.011

*Mann—Whitney U test
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Table 5 Ganglion cell- Patients with MacTel 2 Control group p value®
inner plexiform layer (n = 40 eyes of 20 subjects) (n = 36 eyes of 18 subjects)
evaluated by SD-OCT in
patients with MacTel 2 and GCIPL location (pm)
control group Average 7118 + 13.08 83.44 + 4.2 0.00
Minimum 65.11 £+ 15.07 78.31 £ 6.2 0.001
Bold value represents Superior 73 £ 135 84.81 £ 6.5 0.00
statistical significance Inferior 72.04 £+ 13.07 79.94 £+ 4.9 0.004
GCIPL ganglion cell—inner Superotemporal 72.07 &£ 13.13 82.62 + 7.4 0.002
plexiform layer, SD-OCT Inferotemporal 73.21 £+ 13.13 83.06 £ 3.7 0.001
spectral-domain optical Superonasal 71.43 £ 14.89 84.19 £ 5.6 0.00
coherence tomography
Inferonasal 70.89 £ 15.46 8344 £ 45 0.00

“Mann—Whitney U test

functioning of the metabolic unit may arguably be
critical for the RGCs; impaired functioning secondary
to Muller cells loss may lead to structural alterations
and degeneration of the neurosensory retina, including
RGCs [34]. Additionally, after photoreceptor degen-
eration, there is a progressive retinal degeneration that
affects all retinal layers, displacement of the inner
retinal vessels that cross the nerve fiber layer, dragging
the RGC axons. Finally, due to vessel traction of their
axons, there is an impairment of the axonal transport
and the RGCs die [35]. It is not known exactly which
mechanisms of degenerative events have begun, but it
can be considered that the mechanisms act jointly and
increase the effectiveness of each other.

The classic FFA finding is telangiectatic vessels,
dilated retinal capillaries and dilated blunted right-
angled veins in patients with MacTel 2. Garcia et al.
[36] demonstrated that statistical analysis did not
indicate significant difference between area measure-
ments obtained with FFA and OCTA in patients
diagnosed with diabetic macular ischemia. There is
very limited literature on natural history of MacTel 2
coexistent with diabetes mellitus. Additional systemic
associations (e.g., hypertension) are likely to con-
tribute to the progression of MacTel 2 [37].

Our study has some limitations. One of the most
important limitations is that this study was conducted
with a small cohort of patients. No significant
comparison was able to be performed between stages
since there were not enough patients with different
stages. To our knowledge, this is the first study that
evaluated the correlation between retinal vascular
density, FAZ changes, CT and GCIPL.

In conclusion, OCTA provides valuable informa-
tion regarding disease severity, disease progression

@ Springer

Table 6 Correlation between GCIPL and OCTA parameters

r p value®

Vascular density of the deep plexus (%)

Whole 0.404 0.007
Fovea 0.19 0.228
Parafovea 0.298 0.053
Superior hemisphere 0.252 0.103
Inferior hemisphere 0.343 0.024
Temporal 0.495 0.001
Superior 0.074 0.638
Nasal 0.157 0.326
Inferior 0.207 0.182

Foveal avascular zone (mm?) —0.304 0.048
Vascular density of the superficial plexus (%)
Whole 0.370 0.015
Fovea — 0.05 0.748
Parafovea 0.241 0.12
Superior hemisphere 0.273 0.077
Inferior hemisphere 0.238 0.125
Temporal 0.314 0.04
Superior 0.138 0.379
Nasal 0.094 0.555
Inferior 0.19 0.221
Foveal avascular zone (mm?) — 0.356 0.019
Choroidal flow rate 0.334 0.029
Choroidal flow index 0.336 0.028

Bold value represents statistical significance

GCIPL ganglion cell-inner plexiform layer, OCTA optical
coherence tomography angiography

4Spearman’s correlation coefficient test

and follow-up, and neovascularization activity in
patients with MacTel 2. Our study demonstrated that
the earliest changes were shown to be observed in deep
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capillary plexus, parafovea and temporal quadrant
vascular density, foveal avascular zone of the deep
capillary plexus, GCIPL and choroid. Further studies
are needed to validate the prognostic value of these
findings.
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