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The lamina cribrosa (LC) is an active structure that responds to the strain by changing its morphology. Abnormal changes in LC
morphology are usually associated with, and indicative of, certain pathologies such as glaucoma, intraocular hypertension, and
myopia. Recent developments in optical coherence tomography (OCT) have enabled detailed in vivo studies about the archi-
tectural characteristics of the LC. Structural characteristics of the LC have been widely explored in glaucoma management.
However, information about which LC biomarkers could be useful for the diagnosis, and follow-up, of other diseases besides
glaucoma is scarce. Hence, this literature review aims to summarize the role of the LC in nonophthalmic and ophthalmic diseases
other than glaucoma. PubMed was used to perform a systematic review on the LC features that can be extracted from OCT images.
All imaging features are presented and discussed in terms of their importance and applicability in clinical practice. A total of 56
studies were included in this review. Overall, LC depth (LCD) and thickness (LCT) have been the most studied features, appearing
in 75% and 45% of the included studies, respectively. These biomarkers were followed by the prelaminar tissue thickness (21%), LC
curvature index (5.4%), LC global shape index (3.6%), LC defects (3.6%), and LC strains/deformations (1.8%). Overall, the disease
groups showed a thinner LC (smaller LCT) and a deeper ONH cup (larger LCD), with some exceptions. A large variability between
approaches used to compute LC biomarkers has been observed, highlighting the importance of having automated and stan-
dardized methodologies in LC analysis. Moreover, further studies are needed to identify the pathologies where LC features have
a diagnostic and/or prognostic value.

1. Introduction

The lamina cribrosa (LC) is a mesh-like structure localized in
the posterior scleral canal of the optic nerve head (ONH),
allowing retinal ganglion cell (RGC) axons to pass through
to the brain. It is a fenestrated complex that also accom-
modates vessels that nourish the retina. A large circum-
papillary ring of collagen and elastin fibers, in the immediate

peripapillary sclera, protects the LC against the mechanical
strain, such as that induced by an imbalance between in-
traocular pressure (IOP) and intracranial pressure (ICP)
[1, 2]. Due to its anatomical location, between two differently
pressurized compartments, there is a pressure gradient along
the LC, denominated translaminar pressure difference
(TLPD), which can be calculated as the difference between
IOP and ICP in the subarachnoid space (SAS) [3, 4]. Despite
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being an extremely relevant structure to the eye’s anatomy
and function, little is known about the LC. LC morphology
plays an important role in the development and progression
of ophthalmic pathologies, notably on glaucomatous optic
neuropathy, intraocular hypertension, and myopia [5-8].
The structural deformation and the correlated compression
across the LC lead to blockade of axonal transport and
eventually RGC death [9].

Recent advances in in vivo medical imaging techniques,
such as optical coherence tomography (OCT), have allowed
the visualization of deep connective tissues, including the
LC, in greater detail (Figure 1) [10, 11].

Specific developments in OCT software, such as en-
hanced depth imaging (EDI), and light-attenuation cor-
rection software such as adaptive compensation (AC)
significantly improved the visibility of the LC without
compromising acquisition time. EDI-OCT was originally
developed in order to improve the visualization of the
choroid, although it has also been adopted to improve cross-
sectional images of the LC. AC is a postprocessing technique
developed to remove blood vessel shadows and enhance
tissue contrast in order to facilitate posterior LC surface
detection [12, 13]. In addition to these software de-
velopments, several studies have shown that swept-source
OCT (SS-OCT) further improves the visualization of the LC
(14, 15].

While an increasing number of works have studied the
relevance of the LC (and its changes) in glaucoma [16], data
on other diseases are still scarce. Hence, this review intends
to provide a broader vision and a better comprehension of
the measurable laminar structural features that have been
identified as relevant for nonglaucomatous pathologies in
the published literature.

2. Methods

2.1. Study Selection. A literature search was conducted in the
MEDLINE (PubMed) bibliographic database on 15th May
2020. The search query was (optical coherence tomography
NOTangiography) AND (lamina OR cribrosa). Only articles
published in English were considered, and no publication
date restriction was added. The exclusion criteria were (i)
only included glaucomatous eyes in the experimental group;
(ii) not conducted in humans; (iii) review articles or case
reports; (iv) exclusive focus on imaging techniques and not
presenting clinical data; (v) no evaluation of the lamina
cribrosa; and (vi) no mention to LC structural parameters
and how they were measured/extracted. This led to a total of
408 references, which were narrowed down to 56 after title/
abstract screening, followed by a full-text screening (see
Figure 2). The 56 included studies provided quantitative
values for each of the analyzed features and described how
the quantification was performed.

2.2. Data Collection. In this review, our main aim was to
identify potential biomarkers in the morphology of the LC
that were associated with, and indicative of, certain pa-
thologies. Therefore, we have opted to only report those that

Journal of Ophthalmology

performed a statistical comparison between an experimental
and a control group. The extracted data for each paper
consist of the LC structural parameters, their mean and
standard deviation (SD), and the p values of the statistical
analysis performed between experimental and control
groups. Moreover, the image processing methodology ap-
plied to compute each feature was taken into account for
posterior comparisons.

For all the included articles, the following characteristics
are obtained and presented in Table 1: sample size, including
the number of patients and eyes per group; age and statistical
comparison (p value) between control and experimental
groups; OCT device model, manufacturer, and light-source
wavelength; cutoff value for the signal strength index (SSI) or
similar qualitative image criteria used to exclude patients/
eyes; and field of view of the OCT image [17]. Moreover, the
procedures followed to measure the LC features, and their
respective values, were also collected and compiled.

Data collection comprehended all structural compo-
nents related to the LC and the surrounding ONH region
that were included on the OCT B-scan images. Several lo-
cations, planes (superior, middle, and inferior), and sectors
were considered for the measurements. The sectors were
defined according to the Garway-Heath map [71]. The ap-
proach of data extraction by one investigator (ASP) with
further verification by a senior author (JBB) has been used,
as this has been demonstrated to be as accurate as double
independent data extraction [72].

2.3. Data Analysis. The obtained data were used to calculate
the frequency of each LC structural feature in the published
literature and to determine the mean values of the most
frequently reported features. Statistical relevance, given by
the p value, was also taken as a complement for study results
and to comprehend the relation and differences found be-
tween study groups. To average the data for each LC pa-
rameter, pooled mean and pooled SD were determined
according to equations (1) and (2), respectively, where N
represents the number of eyes included in the study, M the
mean value, SD the standard deviation, and n the number of
studies analyzed:

pooled mean = W) 0
i=1 i
Ly (N; = 1) x SD;
pooled SD = 2in aNz ) % SD; @)
\J Zi:l (N,' - 1)
3. Results

All structural LC features were analyzed, and the studies
were organized in three groups: healthy group (n=19),
nonophthalmic disease group (n=6), and ophthalmic
(nonglaucomatous) disease group (n=31). Overall, LC
depth (LCD) and LC thickness (LCT) have been the most
studied features, appearing in 75% and 44.6% from the total
articles. Other features, such as prelaminar tissue thickness
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(b)

F1GURE I: Retinal fundus photograph (a) and EDI-OCT B-scan at the optic nerve head (b). The green line denotes the location of the B-scan
in the fundus image. The yellow arrow points to the lamina cribrosa region.

Articles identified via
PubMed (n = 408)

Qualified articles based on the
title and abstract (n = 70)

Studies included in the
literature review (n = 56)

}—> (iii) Exclusive focus on
imaging techniques without

Excluded articles (n = 338)
(i) Only included glaucomatous
eyes in the experimental
group (n = 176)
(ii) No evaluation of the
lamina cribrosa (n = 93)

clinical data (n = 26)
(iv) Review article (n = 24)
(v) Not in humans (n = 10)
(vi) Case report (n = 8)
(vii) Not written in english (n = 1)

Excluded articles (n = 14)
(i) Without lamina cribrosa
structural features

Ficure 2: Flowchart of the collected data.

(PTT) (21.4%) studied in ophthalmic and nonophthalmic
diseases, and lamina cribrosa curvature index (LCCI) (5.4%),
LC global shape index (3.6%), LC defects (3.6%), slope of the
LC (3.6%), distance between the inner surface of the LC
(3.6%), SAS (3.6%), and LC strains/deformations (1.8%)
studied in ophthalmic diseases only, are also referenced but
in fewer studies.

One bar chart, summarizing the most studied features in
the ophthalmic and nonophthalmic disease groups, is pre-
sented in Figure 3. Hence, in the following sections, a de-
tailed analysis on how these two biomarkers have been

measured is provided. Moreover, a detailed explanation on
how LCD and LCT measurements were carried out in each
study is presented in Table 2. The normative values for the
groups are also presented and discussed. In cases where
more than one measurement was performed for the same
feature (e.g., in different planes (superior, middle, or in-
ferior), different scan directions (vertical and horizontal), or
2 eyes (left and right)), the pooled mean and SD were de-
termined according to equations (1) and (2).

Only diseases for which at least 20 eyes were included in
the studied group (cumulatively over all the evaluated
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FIGURE 3: Number of occurrences of each lamina cribrosa struc-
tural feature published in the literature. The value # corresponds to
the total number of studies for each group.

papers) were considered for the average calculations
(equations (1) and (2)).

3.1. LCT Measurements. LCT has been defined in the lit-
erature as the distance between the anterior and posterior
borders of the highly reflective region visible below the
optic disc cup in B-scan cross sections of the ONH (see the
red arrow in Figure 4) [18]. However, a discrepancy be-
tween the LCT measurements, namely, between the lo-
cations used to calculate the LCT average, has been
observed and reported in Table 2. For example, Lee et al.
[74] considered three locations in each eye (midhorizontal,
superior, and inferior midperipheral), with a separation of
100 ym between the points. Bartolomé et al. [19] de-
termined the points as close as possible to the vertical
center of the ONH, which was identified as the point where
the trunk of central retinal vessels extends from the ONH,
as reported by Park et al. [12]. Other authors, such as Xiao
etal. [20], considered LCT as the average of the central and
paracentral points (150 ym from the center point in the
horizontal and vertical directions).

3.2. LCD Measurements. In the literature, LCD (also named
as anterior lamina cribrosa depth in several studies) is de-
fined as the perpendicular distance from the BMO plane to
the maximum depth point of the anterior LC surface. All
articles included in this review provide the measurements
relative to Bruch’s membrane opening (BMO). Only the
measurements relative to BMO were considered for the
calculations since all articles provide the measurement
relative to this plane. Two studies, Rhodes et al. [21] and Luo
et al. [22], also considered the scleral plane and the ASCO as
the reference for depth measurements. These differences
have been shown to lead to measurement bias, as reported by
Luo et al. [22], who obtained 402 + 91 ym, 309 + 88 um,
and 332 + 96 ym for BMO, ASCO, and scleral reference
planes, respectively. The number of selected points and B-
scan planes to average the measure also influence the pre-
cision of the results. Other authors, such as Park et al. [23],
obtained measurements as the average from 11 equidistant
planes that divided the optic disc diameter into 12 equal
parts vertically in each eye. A line was drawn from each of
the two LC insertion points perpendicularly to the line
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connecting the two Bruch’s membrane edges (see line D in
Figure 4). The area surrounded by these two lines was
measured (see area S in Figure 4). The mean LCD was
approximated by dividing S by the length of D for each of the
11 horizontal OCT scans. Finally, Lee et al. [24] defined LCD
as the mean of 3 values obtained from the 3 upper B-scans
(1st to the 3rd scan), the 3 central B-scans (5th to the 7th
scan), and at the 3 lower B-scans (from the 9th to the 11th
scan) passing through the ONH. Commonly, temporal
adjacent points were selected because the maximally de-
pressed point was often close to the central vessel trunk, and
its shadow obscured the LC [25].

3.3. Features’ Applicability and Measurements. This section
details the mean values for the two dominating LC structural
features (LCT and LCD) in the three groups (healthy con-
trols, ophthalmic, and nonophthalmic diseases). The values
were calculated based on the articles presented in Table 2 for
each group and disease, and the mean and SD values for each
group are summarized in Figure 5.

3.3.1. Healthy Group Measurements. Analysis of healthy
subjects is very important to establish normative values for
the healthy population, and hence facilitate the diagnosis
and follow-up of the pathology. The studies that included
only healthy subjects, as well as those comparing patients to
a healthy control group, were selected, and the LCTand LCD
average values were determined. The observed averages were
261 + 39 um (range: 211-323 ym) and 386 + 91 ym (range:
293-441 um) for the LCT and LCD, respectively. Figures 5(a)
and 5(b) show a comparison between the three groups for
both features. These parameters seem to be influenced by
several factors, such as age and racial ancestry. Rhodes et al.
[21] conducted a study in healthy eyes and concluded that
the LC was significantly anteriorly displaced with increasing
age in those with European ancestry in contrast to those with
African ancestry.

3.3.2. Ophthalmic Disease Group Measurements. The oph-
thalmic disease group represented the largest group (n = 31)
and included a large number of conditions, the most
common being myopia, retinal vein occlusion (RVO),
nonarteritic anterior ischaemic optic neuropathy (NAION),
pseudoexfoliation syndrome (PXS), superior segmental
optic nerve hypoplasia (SSOH), compressive optic neu-
ropathy (CON), age-related macular degeneration (AMD),
autosomal dominant optic atrophy (ADOA), and diabetic
macular edema (DME). For ophthalmic patients, mean LCT
and LCD were 211 + 33 ym and 403 + 90 um, respectively
(Figure 5). The graphics in Figure 6 presents the mean values
for different ophthalmic diseases in comparison with the
healthy population (horizontal dashed green line). Re-
garding the LCT, its mean was lower for every pathology in
this group except for SSOH (Figure 6(a)). Overall, the studies
that reported LCD in nonglaucomatous ophthalmic diseases
showed a slightly higher mean LCD compared with healthy
controls (Figure 5(b)). Nonetheless, this trend is not
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FIGURE 4: OCT B-scan showing the points used to compute the LCD. Line D in blue connects the two Bruch’s membrane opening (BMO)
edges. The two lines perpendicular to D in green are defined from the BMO edges to the anterior LC insertion points. The anterior LC surface
is demarcated in yellow, enclosing the area S where the LC is measured. The red arrow measures the distance between the anterior and

posterior margins of the LC, defined as the LCT.

significant because the standard deviations of all the diseases
cross the standard deviation of the healthy LCD
(Figure 6(b)). For example, Rebolleda et al. [26] found
a lower average LCD in the superior, middle, and inferior
planes in eyes with NAION compared to healthy eyes
(p<0.001), which was also true between unaffected fellow
eyes when compared to healthy eyes (p <0.05). The maxi-
mum value for LCD was found in cases of Graves’ orbit-
opathy with proptosis and/or compressive optic neuropathy.
Seo et al. [27] conducted a study in these patients and re-
ported 462.79 + 95.96 ym and 621.39 + 78.39 ym values, at
baseline, for the muscle-dominant and fat-dominant group,
respectively.

3.3.3. Nonophthalmic Disease Group Measurements. The
number of studies in this group was smaller than in the other
groups. The registered diseases were diabetes mellitus [28],
Parkinson’s disease (PD) [29], obstructive sleep apnea
syndrome (OSAS) [30], Alzheimer’s disease (AD) [31, 32],
mild cognitive impairment (MCI) [31], and migraine [33].
The mean LCT and LCD were 234 + 36um and
390 + 68 um, respectively, as shown in Figure 5. The
graphics in Figure 7 presents LCT and LCD for each pa-
thology in comparison to the healthy population (horizontal
dashed green line).

LCT measurements seem to be lower relative to the
healthy group, with the exception of diabetes mellitus.
Akkaya et al. [28] described a significantly higher mean LCT
in diabetic patients when compared to a healthy group,
271.61 + 33.96pum vs. 24850 + 5.40um, respectively
(p<0.001). Regarding LCD, diabetes mellitus showed sig-
nificantly lower mean values in comparison to healthy
controls in one study [28] (351 + 59 um vs. 420 + 90 um;
p =0.003). The maximum mean LCD absolute value
(deepest ONH cup) was described in patients with migraine
(see Figure 7(b)). Sirakaya et al. [33] reported significantly
higher mean LCD values for both migraine groups

(412.15 + 58.80ym with aura and 405.57 + 55.39 yum
without aura) when compared to the healthy group
(355.34 + 65.53 um; p = 0.001).

4. Discussion

The present study highlights which LC structural parameters
have been analyzed in the literature with a focus on non-
glaucomatous diseases. Overall, the most commonly studied
parameters were LCD and LCT. The disease groups (oph-
thalmic and nonophthalmic) presented lower values for
mean LCT, relative to the healthy population (Figure 5(a)).
In parallel, mean LCD values were higher (deeper ONH cup)
for these groups (Figure 5(b)). An exception in the non-
ophthalmic disease group was DM, which presented
a shallower cup and thicker LC, when compared to healthy
subjects. Akkaya et al. proposed that this evidence supports
the “neuroprotective effect of DM on glaucomatous optic
neuropathy and suggests that LCT and lamina cribrosa
position mediate this protective effect.” [28]

This study shows that LC structural features are sig-
nificantly different between healthy patients and some
(nonglaucomatous) ocular and systemic pathologies. As
such, there is a potential to add them as additional clinical
features for clinical diagnosis. Nonetheless, being patient-
specific features, LC features might hold an even better role
for patient follow-up, signalling disease status’ change.
Unfortunately, we did not find any longitudinal studies
focusing on this matter in this review. This fact highlights the
need for longitudinal studies linking LC parameters and
diseases, similarly to what is now common in glaucoma-
related studies [75].

LC features are influenced by factors such as age, race,
and also by the way measurements are carried out.
However, these factors were not used as segmentation
criteria in this study due to the lack of this information in
several studies. For future works in this field, it is im-
portant to take into account these factors when analysing
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FiGUure 5: Comparison of lamina cribrosa (a) thickness (LCT) and (b) depth (LCD) between healthy controls, ophthalmic, and non-
ophthalmic diseases. The number in the circle represents the amount of studies used for calculating the averaged measurements for each
group. The color scale shows the number of eyes comprised in the studied groups, and the radius of each circle denotes the standard
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and comparing results between studies since they are
a potential source of bias. Moreover, the current methods
are heterogeneous (see Table 2), which may lead to im-
precise comparisons between studies. For depth mea-
surements, the consensus is to use the BMO plane as
a reference, but the way the feature is measured is not
consistent among research groups. One of the causes for
this heterogeneity is the fact that the analysis of LC features
still requires a considerable amount of manual input. This
causes measurement bias due to the inherent difficulty of
the manual delineation of the structure. This lack of au-
tomation increases the likelihood that each research group
adopts their own reference points and methods. Besides,

studies usually report averages of a limited number of B-
scans without capturing the whole LC. The distance be-
tween these B-scan slices, as well as their number and
position, may also be a source of discrepancies when
comparing studies. Finally, some authors have pointed out
the fact that the BMO reference place might be biased due
to choroidal thickness changes and that perhaps the an-
terior sclera reference plane would be better suited for
these calculations [76, 77]. Ideally, similar measurement
methods should be adopted across all research groups.
Currently, the measurement of the LC features is laborious
and time consuming. As such, automation might hold the
key to reduce bias in LC feature measurement. There is
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a need for easy-to-use software that can automatically
measure LC features (possibly starting with LCT and
LCD), ideally capturing all the information from OCT
volumes, instead of selecting some of the B-scans. Pro-
viding such a tool with a fast and repeatable computation
would contribute to making LC features a part of everyday
clinical practice.

The main limitation of this review is the reduced
number of studies, mainly in the nonophthalmic disease
group, which precludes definite conclusions. Moreover,
due to the lack of individual study data, it was not possible
to perform statistical comparisons between groups and
pathologies. As such, our results point towards differences
that need to be better clarified. Nonetheless, LC features’
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ability to discriminate between these groups is supported
by results presented by several individual studies, as re-
ported in Table 2. Lastly, it is noteworthy to mention that
the statistical analysis performed on groups (ophthalmic
and nonophthalmic diseases) may be biased by different
pathologies comprised in each group.

5. Conclusion

There is a growing interest in LC features outside the
glaucoma field. The results of this meta-analysis show

several promising features (mainly, LCT and LCD) that
may be relevant for clinical practice. Nevertheless, fur-
ther studies are needed to validate these findings, and
longitudinal data are needed to clarify the potential for
use in patient follow-up. Moreover, efforts should be
employed to develop automated tools that can capture
LC features from OCT data in a standardized manner,
thus allowing more accurate comparisons between
studies. These efforts should enable to further explore the
potential of LC parameters for use in daily clinical
practice.
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Purpose. In the present study, the retinal and choroidal vascular densities (VDs) in type 2 diabetes mellitus (DM) patients were
analyzed using optical coherence tomography angiography (OCTA). Methods. The study included 282 eyes of 152 patients with
type 2 DM (114 without retinopathy, 79 nonproliferative diabetic retinopathy (NPDR), 48 severe NPDR, and 41 proliferative
diabetic retinopathy (PDR) eyes). The superficial and deep retinal vessel, choriocapillaris, and choroidal VDs were measured using
a binarization method on OCTA images. VDs were compared based on retinopathy severity. Correlations among densities were
analyzed. Results. Retinal and choriocapillaris VDs were lower in PDR than in NPDR (all P < 0.05). Correlation analysis showed
significant positive correlations among densities of superficial and deep retinal vessels and choriocapillaris (all P <0.001).
Choroidal VD showed a negative correlation with superficial and deep retinal vessels and choriocapillaris (all P <0.001). Retinal
and choriocapillaris VDs showed a negative correlation with diabetic retinopathy (DR) grade (all P <0.001); however, the
choroidal VD showed a weak positive correlation (P = 0.030). Conclusion. Choroidal VD increased as retinal and choriocapillaris
VDs decreased, indicating that the outer layer of the choroid is less affected by DR severity and VD of larger choroidal vessels may
even be increased as a compensatory mechanism for decreased retinal and choriocapillaris VDs in type 2 DM patients.

1. Introduction

Diabetic retinopathy (DR) is a major cause of blindness in
adults worldwide [1]. Although the pathogenic mechanism
of DR is not fully understood due to its complexity, upre-
gulation of angiogenic cytokines and inflammatory medi-
ators caused by metabolic disturbances is considered a core
mechanism resulting in a chain of pathological processes in
DR [2]. Retinal vessels are influenced by a hypoxic state
which is caused by chronic hyperglycemic status in DR eyes.
Hypoxia-driven angiogenic factors, including vascular en-
dothelial growth factor (VEGF), cause vasodilation and
leakage of retinal capillaries and may eventually lead to
proliferation of new vessels [3].

Vascular involvement in DR pathogenesis has previously
been studied. In recent years, the introduction of optical
coherence tomography angiography (OCTA) has facilitated
investigations on retinal vessels as well as choriocapillaris and
large choroidal vessels. An important finding in vasculature
changes in DR using OCTA includes enlargement of the
foveal avascular zone [4]. In addition, lower retinal vascular
density (VD) in DR eyes has consistently been reported in
previous studies [5-7]. Furthermore, retinal VD was shown
associated with disease severity or visual function [6].

Although vascular features of the retina in diabetes
mellitus (DM) patients are similar to the above-described
changes, the VD change of retina and choroid and their
direct correlations have not yet been clarified. In the current
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study, superficial and deep retinal vessel, choriocapillaris,
and choroidal vessel densities in type 2 DM patients were
quantitatively analyzed using OCTA and compared based on
retinopathy severity. In addition, the correlation among
densities was investigated.

2. Materials and Methods

This retrospective cross-sectional case series study was
performed in the Department of Ophthalmology at Bucheon
St. Mary’s Hospital, The Catholic University of Korea
(Gyeonggi-do, Republic of Korea). The study was approved
by the hospital’s institutional review board and conducted
according to the Declaration of Helsinki. Informed consent
was waived due to the retrospective nature of the study.

2.1. Patients. The study group consisted of consecutive type 2
DM patients who visited the ophthalmology outpatient de-
partment at Bucheon St. Mary’s Hospital between December
2019 and February 2020. All patients included in the study were
diagnosed with type 2 DM by doctors in the endocrinology
department of the hospital. Type 2 DM was diagnosed if the
patient exhibited a fasting plasma glucose level of >126 mg/dl
or a 2 h postglucose level of >200 mg/dl after a 75 g oral glucose
tolerance test [8]. The severity of DR was evaluated in ac-
cordance with the Early Treatment Diabetic Retinopathy Study
standard grading protocols by two retinal specialists with an
experience in DR over 10 years (H.R. and ].B.) [9].

Each patient underwent a complete ophthalmologic
examination, including measurement of best-corrected vi-
sual acuity (BCVA), slit-lamp examination, and dilated
fundus examination using mydriatic ultra-widefield color
fundus photography (Optos California P200DTx icg; Optos,
Dunfermline, United Kingdom) and Heidelberg HRA2
Spectralis OCTA device (Heidelberg Engineering®, Ger-
many). DR grade was determined based on the modified
Early Treatment Diabetic Retinopathy Study grade [9].

Demographic and clinical data including age, sex, co-
existence of hypertension, duration of DM, systolic and
diastolic blood pressures, serum levels of random glucose,
and hemoglobin Alc (HbAlc) were collected.

Exclusion criteria were as follows: (1) low-quality images
due to signiﬁcant cataract, corneal opacities, vitreous hem-
orrhages, or poor cooperation and images with Q score lower
than 30; (2) eyes with diabetic macular edema (i.e., central
macular thickness (CMT) of 350 ym or more and/or eyes with
intra- or subretinal fluids) to eliminate interference of macular
fluid on the vessel density analysis; (3) receiving any prior
treatment for DR including anti-VEGF therapy, intraocular or
periocular steroid, laser photocoagulation, or vitrectomy; and
(4) presence of any significant retinal pathology other than
PDR (including pathologic myopia, retinal vessel occlusion,
other vasculitis symptoms, or retinal detachment).

2.2. Image Analysis. En face 3x 3 mm” macular area OCTA
images of superficial vascular complex (SVC), deep vascular
complex (DVC), choriocapillaris, and choroid, centered at
the fovea were obtained. Each slab was automatically
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obtained using predefined settings of Spectralis OCTA
system. SVC consisted of nerve fiber layer vascular plexus
and superficial vascular plexus, and DVC consisted of in-
termediate capillary plexus and deep capillary plexus.
Choriocapillaris slab is generated by segmentation of 10 to
30 um below Bruch’s membrane and choroid is defined as
choroidal areas below the choriocapillaris up to chorioscleral
junction. Image binarization was performed using Niblack’s
method with a 30” radius using FIJI software (an expanded
version of Image] version 1.51a, available at fiji.sc, free of
charge). The white region was considered the vascular area
in SVC, DVC, and choriocapillaris slabs and the black region
was considered vascular area in choroid slab. The number of
pixels was obtained and flow density was calculated by di-
viding the number of pixels of the vascular area by the total
region of interest (Figure 1). Choroidal VD on OCTA was
compared and validated with choroidal VD measured on the
structural en face image.

2.3. Statistical Analysis. Statistical analysis was performed
with SPSS for Windows (version 23.0.1; SPSS Inc., Chicago,
IL, USA). For statistical analysis, the Snellen BCVA was
converted to a logarithm of the minimal angle of resolution
(logMAR). Values of continuous variables are presented as
means + standard deviation. One-way analysis of variance
(ANOVA) was used to compare continuous variables among
and between groups. Mann-Whitney and Kruskal-Wallis tests
were used when a normal distribution could not be con-
firmed. Post hoc analysis was conducted using the Bonferroni
test. Categorical variables between groups were compared
using the chi-square test. Standardized adjustment was used
as the post hoc test after the chi-square test. Pearson’s cor-
relation analysis was used to determine the coefficients of
correlation between each VD and VDs and clinical param-
eters following confirmation of normal distribution. Spear-
man’s correlation was used when normal distribution was not
confirmed. Multivariate linear regression analysis was done
for relevant variables. A P value <0.05 was considered sta-
tistically significant.

3. Results

3.1. Demographic and Clinical Features. Of 295 consecutive
eyes, we excluded 7 eyes due to poor image quality and 6 eyes
due to concomitant macular diseases. In total, the present
study included 282 eyes of 152 type 2 DM patients. Among
the 282 eyes, 114 eyes did not show retinopathy, 79 had
nonproliferative diabetic retinopathy (NPDR), 48 eyes had
severe NPDR, and 41 eyes had proliferative diabetic reti-
nopathy (PDR). All patients were Korean. The mean age was
60.12 + 12.17 years, 57% were male, and 57% and 13% had
comorbid hypertension (HTN) and chronic kidney disease
(CKD), respectively. The mean duration of DM was
9.67 £7.91 years. The mean BCVA was 0.13 +0.29 logMAR.
Age, sex distribution, DM duration, comorbid HTN and
CKD, BCVA, random serum glucose level, and CMT did not
differ significantly between DR grades (all P>0.084). DM
duration was significantly shorter in patients without DR
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(b)

(d)

FIGURE 1: Vessel density measurements of each layer. En face 3 x 3 mm?2 optical coherence tomography angiography (OCTA) images of (a)
superficial vascular complex (SVC), (b) deep vascular complex (DVC), (c) choriocapillaris, and (d) choroid were analyzed. Each slab was
automatically obtained using predefined settings of the Spectralis OCTA system. SVC consisted of nerve fiber layer vascular plexus and
superficial vascular plexus, and DVC consisted of intermediate capillary plexus and deep capillary plexus. Choriocapillaris slab is generated
by segmentation of 10 to 30 um below Bruch’s membrane and choroid is defined as choroidal areas below the choriocapillaris up to
chorioscleral junction (first and second column). Image binarization was performed using Niblack’s method with a 30° radius (third
column). The white region was considered the vascular area in SVC, DVC, and choriocapillaris slabs and the black region was considered the
vascular area in choroid slab (forth column). The number of pixels was obtained, and flow density was calculated by dividing the number of

pixels of the vascular area by the total region of interest.

compared with other grades (all P <0.001) and longer in
patients with PDR than without DR or NPDR (P < 0.001 and
P =0.034, respectively). Baseline demographic and clinical
features of the study eyes are summarized in Table 1.

3.2. Comparing Vessel Densities of Different Retinal and
Choroidal Layers among DR Grades. The mean VD of each
layer was 0.28 +0.03, 0.31 £ 0.04, 0.32 +£0.02, and 0.69 + 0.02
for SVC, DVC, choriocapillaris, and choroidal vessels, re-
spectively. It was 0.69 + 0.2 for choroidal vessel measured in
structural en face image. The choroidal VDs measured in
OCTA and structural en face showed a strong positive

correlation with a high intraclass correlation coefficient of
0.852 (r=0.743; P <0.001). The ANOVA analysis showed
that VDs of SVC, DVC, and choriocapillaris differed based
on DR grade (all P<0.001). Post hoc analysis showed that
severe NPDR and PDR eyes had lower VDs of SVC and DVC
compared with their previous grades (all P<0.001, Fig-
ure 2). PDR eyes also showed lower choriocapillaris VD
compared with lower DR grades (all P <0.008).

3.3. Correlation between Vessel Densities and Clinical
Parameters. Vessel densities of SVC, DVC, and chorioca-
pillaris were negatively correlated with DR grade (r=-0.573,
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TaBLE 1: Clinical characteristics of study eyes.

Variables Total eyes No DR NPDR Severe NPDR PDR P value
N 282 114 79 48 41

Age (years), mean + SD 60.12+12.17 59.16 £12.82 61.51 +11.47 59.31+12.19 61.05+11.73 0.537
Sex (male, 1) (%) 160 (57) 152 (54) 166 (59) 168 (60) 152 (54) 0.778
DM duration (years) 9.67+£7.91 6.12+6.33 10.59+7.34 12.42+6.92 14.51£9.73 >0.001"
HTN (1) (%) 160 (57) 147 (52) 178 (63) 149 (53) 200 (71) 0.084
CKD (n) (%) 37 (13) 28 (10) 54 (19) 42 (15) 20 (7) 0.175
BCVA (LogMAR), mean + SD 0.13+£0.29 0.15+0.33 0.09+0.21 0.12+0.28 0.18+£0.33 0.436
HbAlc (%), mean+ SD 719+1.43 6.84+1.37 7.49+1.5 7.34+141 7.39+1.35 0.009*
Glucose (mg/dL), mean + SD 152.67 + 60.66 147.13 £46.25 157.11+71.28 156.06 + 64.03 155.51£70.23 0.658
CMT (um), mean + SD 264.41 £43.24 262.96 £39.85 268.27 £42.2 268.35+44.46 256.41 +52.3 0.467

DR: diabetic retinopathy; NPDR: nonproliferative diabetic retinopathy; PDR: proliferative diabetic retinopathy; SD: standard deviation; DM: diabetes
mellitus; HTN: hypertension; CKD: chronic kidney disease; BCVA: best-corrected visual acuity; HbAlc: hemoglobin Alc; CMT: central macular thick-
ness.* Statistically significant value.*P value for DM duration should be < 0.001.
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FiGure 2: Comparison of vessel densities and grades of diabetic retinopathy (DR). Vascular densities (VDs) of superficial vascular complex
(SVC), deep vascular complex (DVP), and choriocapillaris differed based on DR grades (all P < 0.001). Post hoc analysis showed that severe
nonproliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy (PDR) eyes had lower VDs of SVC and DVC compared
with their previous grades (all P <0.001). PDR eyes also showed lower choriocapillaris VD compared with lower DR grades (all

P <0.008)." Statistically significant P value.

—0.441, and —-0.309, respectively; all P <0.001; Figure 3);
however, choroidal VD was positively correlated with DR
grade (r=0.129; P = 0.030). Age was negatively correlated
with VD of SVC (r=-0.120; P = 0.043). Vessel densities of
SVC and DVC were negatively correlated with DM duration

and comorbid HBP (r=-0.213 and -0.165; P<0.001 and
=0.005 for SVC, respectively, and r = —0.142 and —0.148; P =
0.017 and=0.013 for DVC, respectively). The correlation
between VDs and clinical parameters is summarized in
Table 2. Multivariate regression analysis including DR grade,
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FIGURE 3: Correlation between choroidal vascular densities (VDs) and VDs of other layers. Choroidal vascular density (VD) showed weak
negative correlations with VDs of other layers (r=-0.243, —0.189, and —0.220; P <0.001,=0.001, and < 0.001, for superficial capillary
complex (SVC), deep capillary complex (DVC), and choriocapillaris, respectively).

TaBLE 2: Correlation between vessel densities and clinical parameters.

Layers DR grade Age Sex DN.I HTN CKD BCVA HbAlc Glucose CMT
duration
Pearson X * _ * _ * _
VD; SVC e ~0.573* —0.120* 0.075 0.213 0.165* 0.023 -0.0092 0.047 0115 0.094
Sig. (2-tailed) <0.001 0043 0212  <0.001 0.005 0.696 0126 0436 0054 0.115
Pearson X ¥ * _
VDs DVC e ~0.441* -0.013 0073  -0.142 0.148* 0.002 -0.059 0.028 0.078 0.066
Sig. (2-tailed) <0.001  0.831 0224 0.017 0013 0967 0323 0640 0193 0267
VD; Pearson ~0.309* 0104 0010  -0.069  -0.035 0047 -0.022 0102 0057 0.022
choriocapillaris correlation
Sig. (2-tailed) <0.001  0.081 0.861 0.248 0554 0431 0715 0088 0343 0.715
. Pearson 0.129*  —0.008 —0.089  0.031 0.063 0060 0005 0032 0063 -0.017
VD; choroid correlation
Sig. (2-tailed) 0030  0.892 0.137 0.605 0288 0319 0937 0589 0290 0.777

DR: diabetic retinopathy; DM: diabetes mellitus; HTN: hypertension; CKD: chronic kidney disease; BCVA: best-corrected visual acuity; HbAlc: hemoglobin
Alc; CMT: central macular thickness; VD: vessel density; SVC: superficial vascular complex; DVP: deep vascular complex; CC: choriocapillaris. * Statistically

significant value.

age, DM duration, and HTN showed that DR grade was an
independent factor associated with VDs of SVC and DVC
(B=-0.019 and —-0.015; P<0.001 and < 0.001, resp.). Age
correlated with DM duration (r=0.343; P <0.001) and DM
duration correlated with DR grades (r=0.390; P <0.001).

3.4. Correlation between Vessel Densities of Different Retinal
and Choroidal Layers. Vessel densities of SVC, DVC, and
choriocapillaris were strongly positively correlated (all
P <0.001, Table 3). Negative correlations were observed
between choroidal VD and VDs of other layers (r=—0.243,
—0.189, and -0.220; P < 0.001, =0.001, and < 0.001, for SVC,
DVC, and choriocapillaris, respectively).

4, Discussion

Measuring VDs using OCTA is useful for investigating the
pathophysiology of retinal disease including DR in which
vascular changes are the main process of the disease. In the
present study, VDs of SVC, DVC, choriocapillaris, and
choroid were analyzed in type 2 DM patients. The results
showed a significant negative correlation between VDs of
retinal layers with DR grades. However, VDs of larger

choroidal vessels showed different association with the DR
grades. The association between each VD of retinal layers
and larger choroidal also revealed some differences.

The VDs of SVC, DVC, and choriocapillaris were sig-
nificantly decreased as the severity of DR increased. Age and
DM duration were also associated with VD which is in
agreement with findings from previous studies. Retinal VDs
were associated with DR severity, older age, higher HbAlc
level, and the presence of DME in previous studies [7, 10]. In
the present study, eyes with DME were excluded because
DME can affect VDs as well as causing inaccurate mea-
surement of VD. Age strongly correlated with DM duration
and DM duration strongly correlated with DR grades;
therefore, multivariate analysis showed that only DR severity
was an independent factor associated with VDs of SVC and
DVC. Definitive correlation was not observed between VDs
and HbAlIc level in the present study. This discordance
might have been caused by different medical management
strategies for DM. Further prospective controlled studies are
warranted to clarify the correlation between HbAlc and
VDs.

A significant association of DR with retinal, SVC, and
DVC VDs has been reported in many previous studies and
decreases in vessel densities in DR have been suggested
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TaBLE 3: Correlation between vessel densities of different retinal and choroidal layers.

Layers VD; SVC VD; DVC VD; CC VD; choroid
Pearson correlation® 1 0.714 0.439 -0.243

VD; SCP Sig. (2-tailed) 0.000 0.000 0.000
Pearson correlation® 0.714 1 0.611 -0.189

VD; DVC Sig. (2-tailed) 0.000 0.000 0.001
Pearson correlation® 0.439 0.611 1 -0.220

VD; CC Sig. (2-tailed) 0.000 0.000 0.000

VD: choroid Pearson correlation* —-0.243 —-0.189 -0.220 1

’ Sig. (2-tailed) 0.000 0.001 0.000

VD: vessel density; SVC: superficial vascular complex; DVP: deep vascular complex; CC: choriocapillaris. *Statistically significant value (P-value <0.05).

[7, 11, 12]. Because the retina has nonanastomotic end
arteries, the pathophysiology of DM affects retinal vessels
[13, 14]. However, choroidal vessels can also be affected by
DR status. Choriocapillaris perfusion was decreased in DM
patients even without retinopathy in studies using OCTA,
indicating that decreased choriocapillaris perfusion may
exist before clinically detectable DR [7, 12, 15, 16]. In ad-
dition, the decrease in choriocapillaris VD was correlated
with DR severity [7]. In the current study, choriocapillaris
VD also decreased with increasing severity of DR. This
finding is supported by other previous histopathological
study results showing that a decrease in the alkaline
phosphatase enzyme activity is associated with chorioca-
pillaris loss in DM eyes [17, 18].

Conversely, choroidal VD did not significantly differ
among various DR grades and even had a positive corre-
lation with DR grades based on correlation analysis. The
choroidal VD also negatively correlated with VDs of SVC,
DVC, and choriocapillaris; however, other layers were
positively correlated. Choroidal vascularity index (CVI) had
been calculated in DR eyes and decreased CVI in PDR eyes
was reported [19, 20]. In the current study, choriocapillaris
VD was decreased with increased severity of DR, similar to
other studies; however, choroidal VD was not decreased.
Measurement of CVI includes all layers of the choroid in-
cluding choriocapillaris as well as Sattler’s and Haller’s
layers. The feasibility of layer-by-layer analysis is a dis-
tinctive advantage of OCTA including analysis for choroidal
sublayer [21, 22]. The choroid slab used in the present study
included choroidal area under the choriocapillaris and,
therefore, represented the larger choroidal vessel status. In
addition, CVI measurements are usually performed in one
B-scan image which crosses the fovea. The en face image of
OCTA can represent the general status of the larger cho-
roidal vessel at a 3 x 3 mm2 macular area. The main phys-
iological function of the choroid is to provide oxygen and
nutrients to the highly metabolic outer retinal layers [23].
The positive correlation of choroidal VD with DR grade may
suggest a compensatory mechanism of deep choroidal
vessels in response to hypoxic status and hypoxic damage
occurs in the retina. Alternatively, dilation of choroidal
venule could be a reactive change to the occlusion chorio-
capillaris, as a shunt in retinal capillary occlusion may lead to
venous beading in the diabetic retina [24].

The present study had several limitations. First, due to
the retrospective design, factors that could affect clinical

parameters, such as HbAlc and glucose levels, could not be
controlled. Second, selection bias may have existed due to
the exclusion of eyes with DME; however, we believe that
disadvantages from excluding DME are outweighed by
improved clarity of analysis. Third, the sample size of the
current study was not large. Research with larger sample
sizes is required to validate the results of this study. In
addition, this study did not utilize an additional method for
projection artifact reduction or not analyze the impact of
signal strength, which can cause errors in VD analysis.
Nonetheless, we minimized the error by including images
with high Q score and excluding images with considerable
artifacts. Also, the Spectralis OCTA system itself provides
projection artifact removal. To the best of our knowledge, the
association between choroidal vessel and DR grades or direct
correlation among densities of retinal and choroidal vessels
has not yet been reported in any study. The correlation
between clinical parameters, as well as retinal and choroidal
VDs, is a strength of the current study.

In conclusion, choroidal VD increased as retinal and
choriocapillaris VDs decreased, indicating that the choroidal
large vessel layer is less affected by DR severity, and larger
choroidal vessel VD may even be increased as a compen-
satory mechanism for decreased retinal and choriocapillaris
VDs in type 2 DM patients. However, interpretation of the
results should be made with caution because the correlation
was not strong. We believe that the results of this study can
improve the understanding of the hemodynamics associated
with DR.
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Purpose. To study the clinicodemographic profile of dome-shaped maculopathy (DSM) eyes in the Indian population and
characterization using spectral-domain optical coherence tomography (SD-OCT). Methods. This observational cross-sectional
study included 25 eyes of 14 patients diagnosed with DSM. All eyes underwent SD-OCT for characterization of the dome profile
and also to measure central macular thickness (CMT), subfoveal choroidal thickness (SFCT), and dome height (DH) and to detect
the presence of subretinal fluid (SRF). Results. The mean age of patients was 48.36 + 14.23 years (range, 28-65 years). Eleven
patients had bilateral involvement. Mean axial length of all eyes was 24.25 + 1.95 mm and mean spherical equivalent —4.23 + 3.79
DS. Overall, 11/25 eyes (44%) had round domes, 9/25 eyes (36%) had horizontal domes, and 5/25 eyes (20%) had vertical domes,
with a mean dome height at fovea of 500.54 + 291.58 yum. Vertical domes had higher DH compared to horizontal or combined
domes (p = 0.02). Six eyes (6/25, 24%) showed the presence of SRF; 60% of vertical domes had SRF, and 22.2% of horizontal
domes had SRF. The eyes having SRF had significantly higher CMT (p = 0.017) and DH (p = 0.001), especially in horizontal
domes (p = 0.023). The eyes with thicker SFCT tended to have higher DH and poorer visual acuity. Conclusion. Indian DSM eyes
may have relatively lesser amounts of myopia. Choroidal thickening may play a role in development of DSM and may also be
related to development of subretinal fluid in such eyes.

1. Introduction

Myopia is one of the leading causes of visual morbidity
around the world [1, 2], with a particularly high prevalence
in the Eastern and the southeastern global population [3-9].
Dome-shaped maculopathy (DSM) is an unusual clinical
entity, first described in 2008 by Gaucher and associates as
an abnormal forward convex bulge of the macula within
concavity of posterior staphyloma in highly myopic eyes
[10-12]. Although the prevalence of DSM has not been
reported by any population-based study, incidence of DSM
in highly myopic eyes has been estimated as 20% in Japan
[13], 16% in Turkey [14], and 11% in Europe [15]. DSM has
been documented in adults, adolescents, and children in

many other parts of the world, namely, Canada [11], USA
[16, 17], UK [18, 19], Europe [10, 15, 20, 21], Korea [22, 23],
and Japan [16, 24]. Although, DSM was initially believed to
occur exclusively in high myopic eyes with staphyloma, it
has also been described in emmetropes, hypermetropes [18],
and eyes without staphyloma [16]. The field of retinal im-
aging by optical coherence tomography (OCT), especially
enhanced depth imaging and swept source OCT for deeper
penetration into choroid and the sclera, has especially aided
in describing the topographic attributes of DSM [16, 24].
After a thorough literature review, we came to the con-
clusion that no study has been performed to describe the
clinical and demographic profile of DSM in the Indian
population. Hence, the current study was performed with the
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purpose of providing an insight into the clinical picture of
dome-shaped maculopathy and relationship between its
structural profile and visual function in the Indian population.

2. Methodology

This observational cross-sectional study was performed at a
tertiary care ophthalmic center in South India. The study
adhered to the Declaration of Helsinki, and ethical clearance
was obtained from the Institutional Ethics Committee. Any
eye diagnosed as DSM between January 2018 and December
2019 was included for evaluation. Eyes with macular de-
generation due to any cause, macular holes, diabetic reti-
nopathy, and significant media opacity obstructing image
capturing and patients with subretinal fluid due to any
specific retinal conditions such as choroidal neo-
vascularization and diabetic macular edema were excluded.

A complete ophthalmological examination was per-
formed for all subjects, including best corrected visual acuity
(BCVA) with Snellen chart and anterior and posterior
segment examination and spectral-domain optical coher-
ence tomography (SD-OCT) with enhanced depth imaging
(Heidelberg Spectralis, Heidelberg, Germany). All cases of
DSM with SRD detected on SD-OCT underwent simulta-
neous fluorescein angiography and indocyanine green an-
giography (Heidelberg Spectralis, Heidelberg, Germany) to
rule out any underlying choroidal neovascularization. SD-
OCT examination was performed in both the eyes of each
subject. SD-OCT images were analyzed for measuring the
central macular thickness, subfoveal choroidal thickness,
dome height, and subretinal fluid height if present. The OCT
thickness measurements were all performed between 10am
and 2pm during the day for all included patients, to rule out
variability of choroidal thickness. Axial length of each eye
was measured using partial coherence interferometry
(IOLMaster 500, Carl Zeiss Meditec, Jena, Germany).

Dome-shaped maculopathy was defined as a convex el-
evation of the sclero-choroido-retinal macular complex seen
in horizontal and/or vertical SD-OCT scans. Three-dimen-
sional OCT topography was used to identify the orientation of
the dome in the posterior pole in addition to the raster scans,
and accordingly, types of domes were defined as horizontal
oval (when dome was more convex along the vertical axis),
vertical oval (when dome was more convex along the hori-
zontal axis), and round (when dome was symmetric along the
vertical and horizontal axis). This was performed based on the
classification by Caillaux et al. [20]. Dome height (DH) was
determined by drawing a line passing through the center of
the fovea (line 1), perpendicular to another line (line 2)
passing horizontally tangential to the outer border of the line
corresponding to the retinal pigment epithelium (RPE) at the
edges of the dome [20]. DH was defined as the distance
between the intersection of line 1 with RPE and intersection of
lines 1 and 2 (Figure 1).

2.1. Statistical Analysis. Data were entered in a Microsoft
Excel spreadsheet. Data normality was checked using his-
tograms. Statistical analysis was performed using SPSS for
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Windows software (version 20.0, International Business
Machines Corp.). Mean (+standard deviation) and fre-
quency (percentage) were used to describe continuous and
categorical variables, respectively. Quantitative data were
compared using the t test for parametric and Man-
n-Whitney U test for nonparametric variables. Statistical
significance was taken at 2-tailed p value of less than 0.05.

3. Results

We analyzed 25 eyes of 14 patients who presented to our
center between January 2018 and December 2019 and di-
agnosed as having dome-shaped maculopathy. The mean age
of patients was 48.36 + 14.23 years (range, 28-65 years).
Eleven patients had bilateral involvement (22 eyes). Baseline
visual acuity of all eyes was 0.33+0.3 logMAR (Snellen
equivalent 6/9). Mean axial length of all eyes was
24.25+1.95mm (range, 21.4-28.7 mm). The mean spherical
equivalent (SE) of 25 eyes was —4.23+3.79 DS (range,
+0.50--13 DS). 44% of eyes (11) had myopia less than —3 DS.
The mean SE of 22 eyes showing bilateral involvement was
—4.65+3.86 DS (median, —3.50 DS). Three eyes showing
unilateral involvement had a median SE of —1.25 DS. 23 eyes
had myopia, 1 eye had hyperopia, and 1 eye had no sig-
nificant refractive error. Demographic characteristics of the
study population are summarized in Table 1.

The mean dome height at fovea was 500.54 +291.58 ym
(range, 116-1311um). None of the eyes exhibited vitre-
omacular traction, and only 1 eye had an epiretinal mem-
brane. A total of 11/25 eyes (44%) had round domes, 9/25
eyes (36%) had horizontal domes, and 5/25 eyes (20%) had
vertical domes. On comparison of clinical characteristics
among the three different types of domes (Table 2), we
observed that the domes differed significantly in terms of
dome height, with vertical domes having higher dome height
as compared to horizontal or combined domes (p = 0.02).
There was no difference in the dome height between hori-
zontal domes and round domes (p = 0.9). Rest all clinical
parameters among the groups were comparable.

A total of 6/25 eyes (24%) showed the presence of
subretinal fluid (SRF) and associated neurosensory de-
tachment. 60% of vertical domes had SRF, and 22.2% of
horizontal domes had SRF. Only 1 eye with round dome had
SREF. The clinical summary of eyes based on presence of SRF
is shown in Table 3.

We observed that eyes having SRF showed significantly
higher CMT (p =0.017) and dome height (p = 0.001),
especially in horizontal domes (p =0.023). The overall
dome height was significantly higher in the eyes having SRF,
and this difference was significant in horizontal domes, and
vertical domes also showed a trend towards higher dome
height in the presence of SRF (Table 2). Of the eyes with SRF,
3 eyes were treated with subthreshold micropulse yellow
laser and 2 eyes were injected with 1.25mg/0.05mL of
intravitreal bevacizumab. After a follow-up period of 3
months, the SRF had reduced in all of these eyes, however,
still persisted. One eye with SRF was observed, and the SRF
persisted till the last follow-up.
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FiGure 1: Horizontal (a and c) and vertical (b and d) spectral-domain optical coherence tomography (SD-OCT) scans at the fovea of a
vertical dome (upper panel) and a horizontal dome with subretinal fluid (SRF) (lower panel). (d) Measurement of dome height in a
horizontal dome with SRF on SD-OCT scan—line 1 is a line passing through the center of the fovea, perpendicular to line 2 passing
tangential to the outer border of the retinal pigment epithelium (RPE) at the edges of the dome. The distance between the intersection of line
1 with RPE and intersection of lines 1 and 2 represents the dome height.

TasLE 1: Clinical characteristics of study population.

Variable Mean + SD Range
Number of eyes/number of patients 25/14 —
Sex 8 female/6 male —
Age (years) 48.36 +14.23 28-65
Best corrected visual acuity (logMAR) 0.33+0.30 0-1
Spherical equivalent (DS) -4.23+£3.79 -13.0-0.5
Axial length (mm) 24.25+1.95 21.4-28.7
Subfoveal choroidal thickness (um) 275.08 + 82.83 83-422
Central macular thickness (ym) 256.76 +108.17 70-455
Dome height (um) 500.54 + 291.58 116-1311
TaBLE 2: Comparison of parameters among different orientations of myopic domes.
Variable Horizontal Vertical Round p value
Number of eyes 9 5 11 —
Sex 5M/1F 1M/2F 5F —
Age (years) 42.33+15.98 48 +14.93 55.8+10.15 0.318
Best corrected visual acuity (logMAR) 0.35+0.28 0.2+0.44 0.36 +0.26 0.198
Spherical equivalent (DS) -3.78+4.99 -4.2+£3.25 -4.61+3.14 0.413
Axial length (mm) 23.75+2.34 24.06 +2.06 24.74+1.59 0.312
Subfoveal choroidal thickness (um) 234.0 £97.01 303.6 + 66.82 295 +69.15 0.181
Central macular thickness (ym) 2452 +116.88 318.2+111.86 238.2+98.80 0.627
Dome height (ym) 412.22 +247.97 811.2+338.5 424.7 +209.49 0.02*
Subretinal fluid (present/absent) 2/7 3/2 1/10 0.095
Foveoschisis (present/absent) 0/9 0/5 2/9 0.670

*Bonferroni post hoc test for dome height: horizontal vs. vertical, —0.03; vertical vs. combined, —0.03; horizontal vs. combined, —0.9.

We tried to find an association among different eye
characteristics. We found that logMAR visual acuity
showed a trend towards a negative association with the
subfoveal choroidal thickness (SFCT) (p=0.307), indicat-
ing that with an increase of choroidal thickness, VA tended

to worsen (Figure 2(a)). Moreover, dome height showed a
trend towards a positive association with both SFCT
(p=0.366) and CMT (p=0.401) (Figures 2(b) and 2(c)).
The associations were, however, not found statistically
significant.
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TaBLE 3: Impact of SRF on morphological and functional parameters.

Overall Vertical Horizontal

SRF » SRF , SRF
No Yes No Yes No Yes p

Number 19 6 2 3 7 2
VA (logMAR) 029+024 0444047  0.69 0 033+058 099 029+017  059+0.59 0.67
Spherical ~441+401 -3.67+325 073 -1+035 = —633+2.02 02 -471+534 —05+071 022
equivalent (DS)
Central macular )¢ o0\ o6 46 3523349079 0.017 242+141  369+123.89 0218 20971410615 369.5+4455 0.028

thickness (#m)
Subfoveal choroidal
thickness (um)
Dome height (ym)

264.37 £86.61 309 +64.12

0.201 299.5+30.41

306.33+91.87 0.914 218.43+105.48 289.5+26.16 0.15

361.16 £160.5 900.5+211.96 0.001 495.5+21.92 1021.67 +250.64 0.066 309.14 +156.28 773+103.23 0.023

VA, visual acuity; SRF, subretinal fluid. * Analysis of round dome was not performed since only 1 eye had presence of SRF. The values in bold are statistically

significant at p < 0.05.
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FIGURE 2: (a) Visual acuity (logMAR) showing a negative trend with subfoveal choroidal thickness (p = 0.307). (b)-(c) Dome height showing

a positive trend with SFCT (p=0.366) and CMT (p =0.401).

4. Discussion

In this study, we have documented the clinical charac-
teristics of Indian eyes with DSM. A noteworthy propor-
tion of DSM eyes, in our study, is that 44% had myopia less
than -3 DS, signifying the fact DSM in Indians may be
present in low to moderate myopic eyes as well, which may
be a different presentation as has been observed in the

Eastern countries. Previously, authors have reported re-
fractive errors of —13.6 DS, —15.5 DS, and —15.8 DS in
Asian eyes [13, 16, 25].

The pathomechanism of DSM remains ambiguous with
several theories postulated: rigid alteration in the scleral
biomechanics with progressing staphyloma, dynamic vit-
reomacular traction (VMT), locally confined subfoveal
choroidal thickening, scleral infolding through collapse of
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the posterior portion of the eyewall, compensatory mech-
anism to myopic globe expansion, adjustment to minimize
defocus at the macula, and hypotony in the area of staph-
yloma [10, 16, 26-28]. Imamura et al. [16] suggested DSM is
linked with a localised variation of subfoveal scleral thick-
ness, while it was confirmed later by Ellabban et al. [29] that
DSM in high myopes is indeed associated with parafoveal
scleral thinning. Thickened sclera can compress the un-
derlying choroidal vasculature with subsequent alterations
in retinal pigment epithelium and eventual atrophy [16].
Probably in Indian eyes, localised macular choroidal
thickening seems to play a role, as around 1/4™ of domes in
our series had underlying SFCT greater than 350 ym. Our
data also show that our population may have DSM at a lesser
refractive error, which goes against the concept of DSM
development secondary to defocus at the macula [27].
Moreover, normal intraocular pressure in all eyes of our
series along with the absence of biomicroscopic/OCT signs
of vitreomacular traction contravenes the theories of
hypotony, scleral collapse, and tangential VMT behind
development of DSM. Hence, the pathogenesis of DSM in
the Indian population may be different.

OCT imaging has proven to be pivotal in diagnosis of
DSM, as domes can be easily missed on routine fundu-
scopic examination [10, 30]. Caillaux et al. affirmed the
relevance of methodical multidirectional SD-OCT scans
with at least one horizontal and one vertical scan to di-
agnose and optimally image the topographic attributes of
DSM [20]. In their report, 21% of eyes had round domes,
16% of eyes had vertically oriented oval dome, and 63% of
eyes had horizontally oriented oval dome [20]. In our
study, round dome was seen to be the most common DSM
morphology (44% of eyes), followed by horizontal dome
(36% of eyes) and vertical dome (20% of eyes). Contrary to
the previous finding that horizontal domes are the most
commonly observed DSM pattern [13, 14, 20], we found
them to beless common than round domes in our Indian
cohort. This might represent a regional variation, although
only studies with larger sample size can confirm this ob-
servation. We compared the clinical parameters between
the three different morphological dome patterns. There was
no difference in BCVA and CMT among the three types of
domes. The dome height varied among the groups but was
significantly higher in vertical domes. The other clinical
characteristics were comparable between the groups.

DSM can be associated with a diverse spectrum of vision-
threatening macular complications that include serous
retinal detachment (SRD), choroidal neovascularization
(CNV), pigment epithelial detachment (PED), retinal pig-
ment epithelium (RPE) atrophy, foveoschisis, macular hole
(MH), and lamellar MH (LMH) [13, 16, 20, 24, 26, 30-32].
DSM has been observed in about 18% of eyes with myopic
choroidal neovascularization [33]. SRD as a macular com-
plication is reportedly very frequent in eyes with DSM
[16, 26, 32, 34]. It is also seen commonly in DSM eyes
without choroidal neovascularization [20, 31].

A review of literature suggests that there is a marked
variation in the incidence of SRF in DSM eyes among different
studies, ranging from 1.8% to 66.7% [10, 13, 20, 24, 26, 30, 34].

In our study, SRF was present in 24% of eyes at baseline.
CNVM was ruled out by angiography. Lorenzo et al. [11]
observed that a lower magnitude of myopia (less than —6 D)
may be an important factor influencing the development of
SRF. 64% of our study eyes had myopia less than -6 D. We
found contrasting results of refractive error in vertical and
horizontal domes with SRF (Table 3). Overall, the eyes with
SRF were likely to have a significantly greater dome height.
Horizontal domes had a significantly lower dome height
compared to the vertical domes; however, horizontal domes
with a higher dome height were found to be more likely to be
complicated by the presence of SRF. For vertical domes, there
was no difference in clinical parameters between the eyes with
SRF and the eyes without SRF, except for a higher dome
height. In keeping with other reports [20, 34], there was a high
proportion of vertical domes with SRF (60%). Contrary to the
report by Pilotto et al. [34], SRF was least frequently found in
round domes in our study (9%).

The precise mechanism behind accumulation of SRF is
uncertain. It may be attributable to higher dome height, as
suggested by our study. Some of the hypotheses put forward to
explain SRF in DSM include altered dynamics of choroidal
blood flow and RPE function consequent to a local subfoveal
scleral thickening and a central serous chorioretinopathy-like
mechanism, wherein locally confined subfoveal choroidal
thickening can further enhance slow fluid leakage across the
RPE [16]. In our series, although 24% of eyes showed choroidal
thickness greater than 350 ym, only 2 of these eyes had SRF at
baseline; hence, it would be difficult for us to exactly establish
the relationship between SRF and choroidal thickness.

The various treatment approaches pursued to resolve
DSM-related SRF with variable results include observation,
anti-VEGF, photodynamic therapy, subthreshold micro-
pulse laser, and mineralocorticoid receptor antagonists
[11, 19, 21, 35-37]. A combined treatment approach has
been proposed to target both choroidal and RPE dysfunction
using half-fluence and half-dose PDT followed by sub-
threshold 577 nm micropulse laser therapy, wherein SRF
diminished in all cases and had completely resolved in 45.4%
of the eyes at 6 months [38]. In our series, 5/6 eyes with SRF
were given some form of treatment; however, SRF still
persisted at the final follow-up of 3 months.

Interestingly, our results also suggest that SRF is not
likely to influence visual acuity. There have been contrasting
reports regarding outcome of SRF on visual acuity
[11, 20, 21, 29, 31, 32, 34, 36, 39, 40]. It has been postulated
that shallow serous retinal detachments in DSM eyes might
aid sustenance of photoreceptors by ensuring adequate
oxygen and nutrient diffusion from the choriocapillaris to
the photoreceptors [36]. When the presence of SRF did not
significantly impact the vision compared to eyes without
SRF in our series, any attempt to reduce SRF by treatment
can be questionable. However, only longer periods of follow-
up may confirm these findings in a real-world scenario.

5. Conclusions

In summary, dome-shaped maculopathy in Indian pop-
ulation may be seen in eyes with relatively less myopia than



seen globally. Optical coherence tomography helps us in not
only characterizing DSM but also in identifying specific
features which may be associated with the prognosis of these
eyes like the dome height. Choroidal thickening may play a
role in development of DSM and may also be related to
development of subretinal fluid in such eyes.
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Purpose. We aimed to describe the visual prognosis of eyes with ectopic inner foveal layers (EIFLs) after epiretinal membrane
(ERM) surgery. Methods. This retrospective study enrolled patients diagnosed with stage 3 ERM based on the EIFL staging scheme
who underwent ERM surgery with a minimum follow-up period of 12 months. Central foveal thickness (CFT), EIFL thickness,
and the length of the ellipsoid zone defect were evaluated at baseline and at 1 month, 6 months, and 12 months after surgery based
on pre- and postoperative swept-source optical coherence tomography (OCT) images. The association of EIFL thickness and other
OCT parameters with pre- and postoperative best-corrected visual acuity (BCVA) was analyzed. Results. Sixty-nine eyes with stage
3 ERMs were analyzed. Preoperative BCVA was correlated with preoperative CFT (r=0.517, p <0.001) and preoperative EIFL
thickness (r=0.652, p <0.001). At 12 months, postoperative BCVA was correlated negatively with preoperative CFT (r=0.470,
p =0.016) and preoperative EIFL thickness (r=0.582, p = 0.004). The improvement in BCVA was not associated with post-
operative reduction in CFT (p = 0.06), although it was significantly associated with postoperative reduction in EIFL thickness
(r=0.635, p = 0.007). Conclusions. EIFL thickness should be considered a negative prognostic factor for postoperative anatomical

and functional recovery in patients with stage 3 ERMs.

1. Introduction

The epiretinal membrane (ERM) is a common macular
disorder characterized by fibrocellular proliferation on the
inner retinal surface, which causes morphologic distortion
and affects central vision [1]. ERM cases that involve de-
creased or distorted central vision require treatment with
surgical procedures such as pars plana vitrectomy with ERM
peeling. Microincision vitrectomy has been widely used
recently and has shown higher rates of anatomical success
[2, 3]. However, these anatomical outcomes do not corre-
spond with better visual prognosis. Visual prognostic factors
for ERM surgery, using spectral-domain optical coherence
tomography (OCT), have consequently been published
[4-7].

Previously published visual prognostic spectral-domain
OCT findings regarding ERM surgery may be divided into
inner and outer segment factors. The inner segment factor
associated with poor visual prognosis after ERM surgery is
foveal inner retinal layer thickness [8, 9]; outer segment
factors associated with poor visual prognosis include an
outer nuclear complex, cone outer segment tip defect length,
and ellipsoid zone (EZ) defect length [10, 11].

Govetto et al. [12] recently suggested a new OCT-based
grading system to classify ERMs based on the presence of a
continuous ectopic inner foveal layer (EIFL) as a new finding
in advanced stages (i.e., stages 3 and 4). They also suggested
the presence of the “central bouquet” on OCT images that
refers to a foveal bulge at the level of the outer retina. Stage 3
was defined as the presence of an ERM with a continuous


mailto:cuteyg2000@catholic.ac.kr
https://orcid.org/0000-0002-4489-6895
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/9861086

EIFL, whereas stage 4 was defined as significant retinal
thickening with anatomical disruptions in the macula
(Figure 1).

Previous reports have described relative associations
between inner retinal thickness, EIFL thickness, and post-
operative visual acuity in idiopathic ERMs [13, 14]. How-
ever, EIFL thickness measurements in patients with stage 4
ERMs are unreliable because of the remarkable preoperative
disruption of the retinal layers. Therefore, we excluded
patients with stage 4 ERMs. The aim of the current study was
to investigate the relationship between OCT parameters and
visual prognosis in stage 3 ERM patients who underwent 25-
gauge vitrectomy.

2. Materials and Methods

2.1. Study Design. In this study, we retrospectively reviewed
data of consecutive patients who presented to the Depart-
ment of Ophthalmology of Seoul St. Mary’s Hospital, Korea,
between January 2018 and January 2019 with a confirmed
diagnosis of primary idiopathic stage 3 ERM and were
treated with 25-gauge vitrectomy for ERM with indocyanine
green- (ICG-) assisted internal limiting membrane peeling
by a single surgeon (YGP).

All procedures were conducted according to the tenets of
the Declaration of Helsinki and its later amendments. The
study was approved by the ethics committee of Seoul St.
Mary’s Hospital and the Catholic University of Korea. The
need to obtain informed patient consent was waived because
of the retrospective study design.

Patients who underwent ERM removal surgery for
unilateral idiopathic stage 3 ERM and have been followed at
least 12 months after surgery were included. Those with
stage 4 ERM, secondary or bilateral ERM, and any other
ocular disease that could affect visual function (e.g., glau-
coma, age-related macular degeneration, and refractive error
>5 diopters), severe media opacity (e.g., lens opacity owing
to cataract or thick asteroid hyalosis), or those lost to the
follow-up after ERM surgery were excluded.

All patients and controls initially underwent measure-
ment of their best-corrected visual acuity (BCVA) using the
standard Snellen chart. The results were converted to the
logarithm of the minimal angle of resolution (logMAR)
values for statistical analysis. The patients then underwent
standardized fundus examination, which included mea-
surements using swept-source OCT (DRI OCT Triton;
Topcon, Tokyo, Japan). SS-OCT was performed before and
at 1, 6, and 12 months after surgery.

2.2. Swept-Source OCT Imaging and OCT Parameters.
Swept-source OCT utilizes a wavelength of 1,050 nm and
reaches a scanning speed of 100,000 A-scans per second,
with 8 ym and 20 ym axial and transverse resolution in tissue
[15]. The devices produce OCT B-scan images derived from
512 x 256 axial scans over a scan area of 12x9mm?®. This
high-quality fundus imaging technique relies on active eye
tracking. Only images with a quality score of more than 60
were included. We used image viewer software (IMAGEnet
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FIGURE 1: An ectopic inner foveal layer (EILF). The EIFL (asterisk)
on the optical coherence tomography image indicates the presence
of continuous hyporeflective and hyperreflective bands extending
from the inner nuclear layer and inner plexiform layer across the
foveal region.

6, version 1.24; Topcon), and the thickness was determined
by consensus between two observers (YGP and YJR) who
were blinded to all clinical information.

OCT parameters included central foveal thickness
(CFT), outer nuclear layer thickness (ONL), EIFL thickness,
and length of the EZ defect. When the foveal depression was
absent, the foveal center was identified by the point of the
greatest outer nuclear layer thickness and the bulge-like
structure of the IS/OS junction at the fovea. The ONL
thickness measured from the inner border of the retinal
pigment epithelium to the border of the ONL, and the EIFL
thickness, defined as the distance between the inner border
of the ONL and the ILM at the foveal center [16]. The EZ
defect was considered to be the extent with the loss of the
hyperreflective signal that characterizes the layer at the
horizontal one passing through the fovea [17]. Previous
reports have demonstrated a relationship between vision loss
associated with ERM and disruption of the EZ and outer
photoreceptor segments [9, 18]. Disruption of the EZ has
been widely recognized to be related with visual prognosis in
various macular diseases, such as macular holes and edema
[19-21]. We therefore measured the length of EZ disruption.

2.3. Surgical Treatment. All surgeries were performed by a
single surgeon (YGP). A three-port 25-gauge trans-
conjunctival sutureless vitrectomy was performed to remove
the ERM. After vitrectomy, the ERM was removed using
end-gripping forceps (Alcon, Fort Worth, TX, USA). After
removing the ERM, internal limiting membrane peeling was
performed with 0.25% indocyanine green dye. ERM and
internal limiting membrane peeling were started at the outer
region around the fovea, particularly in the parafoveal area.

2.4. Statistical Analysis. The normal distribution of data was
assessed using the Shapiro-Wilk test. For normally distributed
data, Pearson’s correlation and regression tests were per-
formed. The analysis of variance was performed for each pa-
rameter. For nonparametric data, Spearman’s rank correlation
test was used. All analyses were conducted using SPSS (IBM
SPSS Statistics, version 24.0; IBM Corporation, New York, NY,
USA). A p value <0.05 was statistically significant.
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TaBLE 1: Baseline demographics.

Characteristic

Number of patients (n) 69

Sex (male : female) 25:44
Age (y) 67.78 + 6.69
Combined cataract surgery 52 (75.4%)
BCVA (logMAR) 0.47+0.16
CFT (um) 480.08 +60.47
ONL thickness (ym) 163.04 +46.3
EIFL thickness (ym) 183.41 +89.50
Length of the EZ defect (um) 480.3+162.1

18 (26.1%)

BCVA, best-corrected visual acuity; CFT, central foveal thickness; ONL,
outer nuclear layer thickness; EIFL, ectopic inner foveal layer; EZ, ellipsoid
zone.

Cotton ball sign

3. Results

We reviewed clinical records of 69 patients diagnosed with
stage 3 ERMs; the patients comprised 25 (36.2%) men and 44
(63.8%) women. The mean age of the patients was
67.78 £ 6.69 years; 52 of 69 eyes (75.4%) exhibited mild
cataract (2.06+0.64 using the lens opacity classification
(LOCS III) scale) [22] and underwent combined phaco-

emulsification. The mean preoperative BCVA was
0471016 logMAR, and the mean CFT was
480.08 £60.47 ym. The mean EIFL thickness was

183.41 +89.50 ym, and the mean ONL was 163.04 + 46.3 ym;
the mean EZ defect length was 480.3 +162.1 yum. Baseline
characteristics of the patients at presentation are summa-
rized in Table 1.

3.1. Preoperative Visual Acuity and OCT Parameters. The
preoperative BCVA correlated with preoperative CFT
(r=0.517, p<0.001) and preoperative EIFL thickness
(r=0.652, p<0.001). The preoperative CFT was relatively
strongly correlated with preoperative EIFL thickness
(r=0.54, p = 0.001). Thus, these variables shared an effect on
BCVA. On multiple regression analysis, only EIFL thickness
(p<0.001) was significantly associated with worse preop-
erative BCVA.

3.2. Postoperative Visual Acuity and OCT Parameters.
The mean preoperative and postoperative BCVA at 1, 6, and
12 months are listed in Table 2. The CFT and EIFL thickness
also significantly decreased at 1, 6, and 12 months post-
operatively, as shown in Table 2. However, the ONL
thickness and length of the EZ defect did not show a sig-
nificant difference (all, p>0.05).

Postoperative changes in EIFL thickness and CFT were
greatest in the first month after surgery, and the postop-
erative BCVA continued to improve slightly until 12 months
postoperatively (Figure 2). The postoperative BCVA im-
proved gradually until the end of the follow-up period
(Figures 3 and 4). At 12 months, the postoperative BCVA
correlated negatively with the preoperative CFT (r=0.470,
p=0.016) and preoperative EIFL thickness (r=0.582,
p = 0.004). However, the ONL thickness and length of the

EZ defect showed no significant difference (all, p>0.05)
(Figure 4).

To identify OCT parameters whose improvement after
ERM surgery was associated with visual improvement, a
correlation analysis was conducted between the amount of
postoperative BCVA improvement and changes in OCT
parameters. BCVA improvement was not associated with
postoperative CFT reduction (p = 0.06), although it was
significantly associated with a postoperative decrease in EIFL
thickness (r=0.635, p = 0.007).

At 12 months after surgery, the EIFL persisted post-
operatively in most patients and was present in 54 (78.3%) of
69 eyes. Cotton ball signs existed in 18 (26.1%) of 69 eyes at
baseline; however, all of these signs disappeared during the
postoperative follow-up period. No serious intra- or post-
operative complications were recorded during the follow-up
period.

4. Discussion

ERM is one of the most common macular diseases, and its
prevalence tends to increase with age [23, 24]. Patients with
ERM may experience problems such as metamorphopsia
and decreased visual acuity. To resolve these symptoms,
surgical removal of ERM is recommended as standard
treatment [25]. However, the desired visual outcomes are
not always achieved, even with apparently successful ERM
removal. Clinicians need to measure the severity of ERM and
predict parameters for visual prognosis.

Recent advancements in OCT have led to a greater
interest in assessing retinal microstructures using this
technology. Therefore, the identification of reliable prog-
nostic biomarkers with OCT is important for improving
prediction of postoperative outcomes in patients with idi-
opathic ERMs. Many published spectral-domain OCT
studies have demonstrated a relationship between retinal
microstructural alterations such as the disruption of EZ or
outer photoreceptor segments and vision loss in ERMs
[13, 26-28].

The role of the inner retina in visual acuity loss has been
studied more closely. Govetto et al. [12] suggested a new
OCT-based grading system to classify ERMs, with advanced
ERMs showing the presence of a preoperative continuous
EIFL. As the ERM stage increases, the progression of this
anatomical finding correlates with decreased visual acuity
[29]. This factor may also be associated with visual acuity in
patients with idiopathic ERM formation. Our study focused
on stage 3 ERM to ascertain the influence of EIFL. Patients
with stage 4 ERM had an extensive EIFL that covered the
entire foveal area. Their retinal layers were noted to be
significantly distorted and disorganized and were not clearly
identified with OCT. Therefore, we excluded patients with
stage 4 ERM and only included cases with stage 3 severity.

Preoperative BCVA correlated with preoperative CFT
and preoperative EIFL thickness. However, the preoperative
CFT was relatively strongly correlated with preoperative
EIFL thickness. These variables shared an effect on BCVA; it
may be explained by the fact that the EIFL is a key factor
underlying increased CFT. The primary finding of this study
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TaBLE 2: Comparison of preoperative and postoperative BCVA, CFT, and the thickness of EIFL in patients with idiopathic epiretinal

membranes.
) . BCVA (logMAR) CFT (um) The thickness of EIFL (ym)

Time point a a a
Mean + SD p value Mean + SD p value Mean + SD pvalue

Preoperative 0.47 £0.16 480.08 £ 60.47 183.41+£89.5

Post-1M 0.38+0.18 0.008* 384.03 £41.55 <0.001* 104.18 +46.13 0.012*

Post-6M 0.25+0.14 0.001* 360.03 +£44.84 <0.001* 93.25+27.1 0.028"

Post-12M 0.20+0.13 <0.001* 342.63 £42.46 <0.001* 80.5+37.3 0.003*

*P value vs. preoperative; BCVA, best-corrected visual acuity; CFT, central foveal thickness; EIFL, ectopic inner foveal layer.
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FIGURE 2: Optical coherence tomography images from a patient diagnosed with an epiretinal membrane (ERM). (a) Stage 3 ERM was
diagnosed based on swept-source optical coherence tomography findings: the central fovea contains continuous ectopic inner foveal layers
(EIFLs). (b) At 1 month after surgery, a thick EIFL persists over the outer nuclear layer. (c) At 12 months after surgery, the EIFL persists,
although significant thinning has occurred. Visual acuity changed from 0.39 logMAR to 0.1 logMAR at 12 months after ERM surgery.
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FiGure 3: Functional and anatomical changes occurring from baseline to the 12 months postoperatively. (a) The best-corrected visual acuity
(BCVA) significantly improved in the postoperative follow-up period (p <0.001). (b) In the follow-up period, the central foveal thickness
(CFT) decreased significantly with a noticeable effect at 1 month after surgery (p = 0.001). (c) Similar to the CFT, the thickness of the
ectopic inner foveal layers (EIFLs) decreased significantly with a prominent effect in the first month after surgery (p = 0.003).
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FIGURE 4: a, b Correlation analysis between postoperative best-corrected visual acuity (BCVA) and the central foveal thickness (CFT) and
ectopic inner foveal layer (EIFL) thickness at 12 months after surgery. Optical coherence tomography parameters are significantly associated
with postoperative BCVA (CFT: r = 0.470 and p = 0.016; EIFL: r = 0.582 and p = 0.004). logMAR, logarithm of the minimum angle of

resolution.

was that preoperative CFT thickness and EIFL thickness
were significantly associated with poor postoperative visual
prognosis in patients with stage 3 ERM. In addition, only
preoperative EIFL thickness was significantly associated with
BCVA improvement. Thus, inner retinal OCT findings as-
sociated with EIFL thickness were more significantly asso-
ciated with visual prognosis after ERM surgery.

Alkabes et al. [30] demonstrated that EIFL thickness and
CFT correlated significantly with metamorphopsia, demon-
strated by M-CHARTS in the advanced stages of ERM (stages 3
and 4) based on the OCT-based grading scheme [12] which
included a new OCT parameter such as EIFL (both p < 0.0001).
They only included 37 eyes with advanced ERMs; however, the
results indicated that EIFL thickness could be a good indicator
for metamorphopsia. Gonzalez-Saldivar et al. [16] used the
EIFL staging scheme as a visual prognostic factor and assessed
final BCVA based on the stages. They found that earlier stages
were associated with better visual outcomes preoperatively and
postoperatively in patients undergoing ERM surgery (stage
2> stage 3 > stage 4, p < 0.001). They also noted that surgery in
patients with stage 2 ERM results in significantly better visual
outcomes. In our study, we also noted that the thickness of the
preoperative EIFL was negatively associated with postoperative
BCVA.

ERM is an inner retinal disease, and OCT findings showing
improvement after surgery are mostly observed in the inner
retina. Several recent studies have evaluated inner rather than
external retinal biomarkers as prognostic factors for ERM
surgery [8, 31-33]. In our study, as an outer biomarker, EZ
disruption was not significantly correlated with poor visual
prognostic factors. Conversely, the EIFL thickness of the inner
retinal OCT parameters was more significantly associated with
the visual prognosis of ERM surgery in patients with advanced
ERM stages. The EIFL thickness, which is based on OCT
images, is a more practical and reproducible tool for obtaining
visual prognosis in patients with ERM. Therefore, it is essential
that EIFL formation is taken into consideration during deci-
sion-making for ERM surgery.

This study had some limitations. First, data collection
was performed retrospectively by reviewing medical records.
Second, we used a relatively small sample and included
patients with and without a history of cataract surgery.
Third, VA values may be affected by different degrees of lens
opacity. Fourth, OCT images were analyzed by a skilled
retinal specialist; however, the use of manual measurements
instead of automatically provided absolute values, which
could have introduced bias. Finally, we used ICG dye for
staining during internal limiting membrane peeling. ICG
dye is associated with retinal toxicity; therefore, we
attempted to reduce the exposure time to a relatively short
duration.

5. Conclusions

We observed that the postoperative visual outcome of eyes
with stage 3 ERM significantly correlated with preoperative
EIFL thickness and CFT at baseline. Moreover, the length of
the EZ defect at baseline did not significantly correlate with
postoperative visual acuity. These findings may help retinal
surgeons determine the surgical indications and optimal
timing for surgical treatments. Further clinical studies are
required to validate the findings of this study.
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Objective. To determine the influence of phacoemulsification on choroidal vasculature in patients with diabetic retinopathy
(DR) undergoing cataract surgery using swept-source optical coherence tomography (SS-OCT). Methods. The study was
conducted in 23 eyes of 23 cataract patients with mild/moderate nonproliferative diabetic retinopathy (NPDR) without
diabetic macular edema (DME) and 23 age-matched controls. Choroidal thickness (CT) and choroidal vascularity index (CVT)
were measured at baseline and 1 week, 1 month, and 3 months after surgery. Results. The baseline CVI in the DR group was
significantly lower than that in the control group (P =0.001). CVI in DR patients after surgery significantly increased
compared with preoperative values (all P <0.001 for 1 week, 1 month, and 3 months after surgery). Postoperative increase of
CVIand CT in the DR group was more than in the control group, and the difference was significant 1 month and 3 months after
surgery (all P <0.05). Conclusion. Patients with mild/moderate NPDR have reduced CVI compared with nondiabetic patients
at baseline; diabetic cataract surgery tended to induce more increase in CVI and CT as compared with nondiabetic patients.
This trial is registered with NCT04499768.

1. Introduction surrounding stromal tissue. Choroid is the major blood
supply to the retina, supplying nutrients and oxygen to the
Diabetes is considered to be a risk factor of cataract incidence retina. Thus, choroid with normal structure and function is
and development; diabetic patients usually develop cataracts  important for maintaining normal retinal physiology [4, 5].
earlier [1]. Cataract extraction using phacoemulsification  Diabetic choroidopathy (DC) was firstly reported by Hidayat
usually results in remarkable visual acuity outcomes and is  and Fine, and it was reported that there existed arterio-
one of the most common and safe ophthalmic surgical  sclerotic choroidal arteries, luminal narrowing, basement
procedures. However, diabetic cataract surgery sometimes  membranes thickening, and choriocapillaris dropout in DC
could be complicated by macular edema, and progression of ~ [6]. It was pointed out that DC may play a role in the pa-
diabetic retinopathy [2, 3], and these complications also lead thology of DR [6, 7].
to poor visual acuity recovery, so the right timing of cataract With the advent of optical coherence tomography
surgery of diabetic patients should be considered. (OCT) technology, choroidal thickness (CT) was widely
The choroid is one region with high blood circulation =~ measured and it was noted that most patients with senile
ratio, predominantly composed of blood vessels and  cataract were expected to maintain increased choroid
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thickness at least for several months after cataract surgery
[8-10]. Recently, CVI is used to distinguish lumens of
choroidal vasculature from surrounding stroma and has
been proposed as a marker for vascular health of choroid
[11-15]. Choroidal vasculature might be involved in the
diabetic eyes and change with duration of diabetes, and a
reduced CVI has been recently noted in DR [13, 16]. But the
influence of the cataract surgery on the choroidal vascular
structures in DR patients is not clear.

The new generation swept-source optical coherence
tomography (SS-OCT) system penetrates deeper into the
tissue and provides high-resolution images, so it is thought
to have advantages for the assessment of the choroid [17, 18].
In this study, we aimed to determine the influence of
phacoemulsification on choroidal vascular structures in
patients with DR undergoing cataract surgery through the
follow-up values of CT and CVI using this SS-OCT system.

2. Methods

2.1. Study Subjects. This study included 23 eyes of 23 cataract
patients with mild/moderate NPDR without DME, and 23
age-matched nondiabetic patients were also enrolled in this
study. All individuals underwent comprehensive ophthal-
mologic examination, including a dilated fundal examina-
tion, measurements of IOP, best-corrected visual acuity
(BCVA), axial length (AL), and SS-OCT. IOP was measured
using noncontact tonometry (TX-20, Canon, Japan) at all
visits; BCVA was measured using a standard logarithmic
visual acuity chart to calculate the logarithm of reciprocal
decimal visual acuity (logMAR VA) at baseline and 3
months after surgery; AL was measured using ocular bi-
ometry (LenStar LS-900, Haag-Streit AG, Switzerland) at
baseline; and SS-OCT was measured at all visits. The stage of
NPDR was graded based on the international clinical disease
severity scale for DR [19]. All cataract patients undergoing
uncomplicated phacoemulsification surgery were recruited
consecutively (from June 2018 to June 2019) from the
Ophthalmology Department of Ruijin Hospital North and
signed the consent forms. The study was adhered to the
provisions of the Declaration of Helsinki and was approved
by the Ethical Review Committee of Ruijin Hospital North.
If both eyes of one patient were operated, only the eye which
was operated on first was enrolled.

The inclusion criteria were as follows: aged >40 years,
intraocular pressure (IOP) < 21 mmHg in both eyes, and
spherical refractive error <6 diopters spherical equivalent.
The exclusion criteria were as follows: previous retinal
surgery, glaucoma, uveitis, age-related macular degenera-
tion, arterial or vein occlusions, macular hole, or other
ocular diseases that could interfere the CT and/or CVI
measurement, severe systemic diseases, such as leukemia,
rheumatic disease, malignant tumors, uncontrolled hyper-
tension, obstructive sleep apnea, etc., and decreased media
transparency precluding appropriate OCT imaging.

2.2. Cataract Surgery. The phacoemulsification cataract
surgeries were performed by the same skilled surgeon using
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the Infinity Vision System (Alcon Laboratories, Inc.). None
of the patients had operative complications. All patients had
hydrophilic acrylic intraocular lens (Softec HD, Lenstec, Inc.
USA) implanted into their capsular bags and had one month
of topical steroids. The cumulative dissipated energy (CDE)
was documented. Postoperative treatment consisted of
tobramycin dexamethasone eyedrops administered 4 times a
day for 1 week and then prednisolone acetate 1.0% and
levofloxacin 0.5% eyedrops administered 3 times a day for 3
weeks.

2.3. §S-OCT Data Acquisition. All study subjects were im-
aged using the SS-OCT (Triton DRI-OCT, Topcon, Inc,
Tokyo, Japan) preoperatively and at 1 week (W1), 1 month
(M1), and 3months (M3) postoperatively, and the OCT
scans were tracked at all follow-up visits. All images were
acquired in the morning considering the diurnal variation of
choroid vasculature. Images with a signal strength index of
more than 40 and no residual motion artifacts were saved for
further analysis. CT was defined as the distance between the
outer boundary of retinal pigment epithelium/Bruch’s
membrane and the chorioscleral interface, and the CT values
were obtained with the built-in software of the SS-OCT
device (Topcon FastMap, version 10.13.003.06). The foveal
CT was defined as the CT value in the center circle in the
standard ETDRS grid; the parafoveal CT was defined as the
arithmetic average value of CT in subregions in the annulus
with an outer diameter of 3.0 mm and an inner diameter
of 1.0 mm in the standard ETDRS grid; the perifoveal CT was
defined as the arithmetic average value of CT in subregions
in the annulus with an outer diameter of 6.0mm and an
inner diameter of 3.0 mm in the standard ETDRS grid.

2.4. Procedures of Image Binarization. CVI was acquired
through the method described as follows. Images were
analyzed by one public domain software, Image J (version
1.52a, provided in the public domain by the National In-
stitutes of Health, Bethesda, MD, USA; http://imagej.nih.
gov/ij/), using the protocol as previously described with
modifications [11, 12, 20]. Briefly, 9 mm scan images passing
through the fovea horizontally were chosen. The region of
interest (ROI) was manually selected using the polygon tool
and added to the ROI manager. The images were adjusted by
the Niblack auto local threshold. The binarized image was
converted to the RGB image, and the luminal area was
determined using the threshold tool. The dark pixels rep-
resented the luminal or vascular area, and the light pixels
were defined as stromal or interstitial area (Figure 1). CVI
was defined as the proportion of vascular area to total
circumscribed area.

2.5. Inter-Rater and Intra-Rater Agreement. Two indepen-
dent graders masked from patient information initially
segmented 46 images from all the subjects. The same images
were segmented by one of the above two graders after an
interval of one week to determine intra-rater reliability. The
inter-rater reliability and intra-rater reliability for image
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Stromal or interstitial area

Luminal or vascular area

FiGure 1: The dark pixels (arrow head) represented the luminal or vascular area and the light pixels (arrow) were defined as stromal or
interstitial area. (a) SS-OCT scan image. (b) Image was converted with the auto local threshold tool. (c) The dark pixels were selected using
the threshold tool. (d) An overlay image of ROI of the binarized segment of the choroid on SS-OCT scan.

TaBLE 1: Demographic and clinical characteristics of the eyes included for analysis.

Control (n=23) DR (n=23) P value
Age, years (mean + SD) 67.0£9.5 66.2+7.6 0.758
Male 13 (56.5) 12 (52.2) 0.767
0,
Gender, n (%) Female 10 (43.5) 11 (47.8)
B 0.56+0.17 0.54+0.14 0.58
BCVA, log MAR (mean +Sd) M3 0.04+0.09 0.03+0.1 0.665
B 15.6 +2.8 16.1+2.7 0.574
W1 13.8+3.8 142+2.7 0.672
IOP, mmHg (mean +SD) Ml 13.7+2.8 13.8+2.5 0.974
M3 13.5+2.5 13.7+2.6 0.763
AL, mm (mean + SD) 23.3+1.0 232+1.0 0.794
CDE (mean + SD) 6.4+4.6 5.7+4.4 0.616
FBS, mmol/L (mean + SD) NA 7.48 +1.00 NA
HbAlc, % (mean+ SD) NA 7.36+0.78 NA
Cr, ymol/L (mean + SD) NA 80.39 +15.99 NA

B: baseline; W1: 1 wk postop; M1: 1 mo postop; M3: 3 mo postop; CDE: cumulative dissipated energy; AL: axial length; SD: standard deviation; FBS: fasting

blood sugar; HbAlc: glycated hemoglobin Alc; Cr: creatinine.

binarization were indicated by the absolute agreement
model of the intraclass correlation coefficient (ICC), per-
formed using IBM SPSS statistics version 21.0. The ICC value
of 0.81-1.00 indicates good agreement.

2.6. Statistical Analysis. Statistical analyses were performed
using GraphPad Prism 7.0 (GraphPad Software, CA). Nor-
mally distributed data were expressed as mean + standard
deviation (SD). The preoperative and postoperative mea-
surements were compared by the paired ¢-test. The difference
between two groups was compared by the unpaired t-test.
Pearson correlation analyses were performed to determine the

relationships between CVI/CT and related factors. P <0.05
was considered to be statistically significant.

3. Results

A total of 46 eyes of 46 subjects were recruited in the study;
the DR group included 23 mild/moderate NPDR patients (12
males and 11 females) and the control group included 23
nondiabetic patients (13 males and 10 females). Table 1
shows patients’ demographic and clinical characteristics,
and the DR group included 14 moderate NPDR patients and
9 mild NPDR patients; 3 patients had coronary heart disease
and 7 patients had well-controlled hypertension in the DR
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TaBLE 2: CVI of the patients with mild/moderate NPDR (DR) and nondiabetic patients (control) at four visits (mean + SD).

) Postop
Baseline 1 wk postop 1 mo postop 3 mo postop
CVI CVI P value CVI P value CVI P value
Control (%) 62.77+1.73 63.64+£1.97 0.136 64.25+2.61 0.044~ 63.74+1.86 0.044"
DR (%) 60.76 £1.85 62.5+1.8 <0.001" 63.82+1.3 <0.001" 63.03 +£1.54 <0.001"

*P <0.05. SD: standard deviation.
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FIGURE 2: The choroidal vascularity index for patients with mild/
moderate NPDR (DR) and nondiabetic patients (control) at the
four visits (mean + SEM). W1: 1 wk postop; M1: 1 mo postop; M3: 3
mo postop.

group. There was no significant difference in age, gender,
BCVA, IOP, AL, or CDE between the DR group and the
control group.

After the cataract surgery, the BCVA was significantly
improved and IOP significantly decreased. The baseline IOP
in DR and control groups was 16.1+0.6mmHg and
15.6 + 0.6 mmHg, respectively. After surgery, the IOP of the
control group significantly decreased (P = 0.019, <0.001,
and <0.001 for 1 week, 1 month, and 3 months after surgery
compared with the preoperative values). After surgery, the
IOP of the DR group also significantly decreased (P = 0.002,
<0.001, and <0.001 for 1 week, 1 month, and 3 months after
surgery compared with the preoperative values).

3.1. Inter-Rater and Intra-Rater Agreement for CVI. The
inter-rater agreement for CVI was 0.932 (95% confidence
interval (CI): 0.877-0.962) for average measure and 0.872

(95% CI: 0.781-0.927) for single measure; the intra-rater
agreement for CVI was 0.951 (95% CI: 0.911-0.973) for
average measure and 0.906 (95% CI: 0.837-0.947) for single
measure. These ICC values above indicated a significantly
high agreement for the image segment.

3.2. CVI. The baseline CVI in the DR group was signifi-
cantly lower than that in the control group; there was a
significant difference between the two groups (mean
difference =2.00% and 95% CI: 0.94%-3.07%). After
surgery, the CVI of the control group was significantly
increased at 1 month and 3 months postoperatively. The
CVI of the DR group significantly increased at 1week,
1 month, and 3 months postoperatively (Table 2 and
Figure 2). CVI at any visit did not correlate with age, AL,
CDE, or IOP in the DR group and control group (Sup-
plementary Table 1).

After surgery, increase of CVI in DR group was more
than that in the control group, and the difference was
significant at 1 month and 3 months after surgery (mean
difference =1.57%; 95% CI: 0.04-3.09% for 1 month after
surgery; mean difference = 1.29%; 95% CI: 0.12%-2.46% for
3 months after surgery) (Table 3 and Figure 3).

3.3. CT. The baseline CT of the fovea, parafovea, and per-
ifovea of the DR group was not significantly thinner than
that of the control group (P = 0.423, 0.254, and 0.133 for
fovea, parafovea, and perifovea, respectively).

A significant increase in CT was found after surgery in
the DR group. The CT of the DR group significantly in-
creased at 1 week, 1 month, and 3 months postoperatively in
all regions (Figure 4 and Table 4).

In the control group, CT was found to increase in some
parts of the macula. The CT of fovea at 3 months post-
operatively, the CT of parafovea at 1 week, 1 month and 3
months postoperatively, and the CT of perifovea at 1
month and 3 months postoperatively were found signif-
icantly thicker than the baseline CT (Figure 4 and Table 4).
CT did not correlate with AL, CDE, or IOP at any region in
the control group and DR group (Supplementary Tables 2
and 3).

After surgery, increase of CT in the DR group was more
than that in the control group, 1 month, and 3 months after
surgery in all regions of macula (Table 3 and Figure 3). The
difference between the two groups was significant for 1
month and 3 months after surgery at fovea (mean dif-
ference =15.86; 95% CI: 3.46-28.26 for 1 month after
surgery; mean difference = 12.39; 95% CI: 3.77-21.01 for 3
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TaBLE 3: Changes of CVI and CT after cataract surgery (mean + SD).
W1 M1 M3
Control DR P value  Control DR P value  Control DR P value
CVI (%) 0.871+2.697 1.736+1.495 0.204 1.486+3.331 3.051+1.436 0.044" 0.974+2.19 2.267+1.72 0.035"
Fovea 7.174+18.85 14.00+18.48 0.222 6.587+26.36 22.45+13.27 0.013* 7.435+14.95 19.83+14.05 0.006"
CT (um) Parafovea 6.609+13.11 14.37+18.52 0108 9.935+16.25 21.26+15.76 0.021* 7.641+12.36 17.86+13.84 0.011*
Perifovea 4.065+14.66 11.46+14.82 0.096 6.978+15.66 18.08+12.89 0.012" 7.848+14.33 17.02+11.92 0.023"

W1: 1 wk postop; M1: 1 mo postop; M3: 3 mo postop. *P <0.05 . SD: standard deviation.

months after surgery); the difference was also significant
for 1 month and 3 months after surgery at parafovea (mean
difference=11.33; 95% CI: 1.81-20.84 for 1 month after
surgery; mean difference =10.22; 95% CI: 2.42-18.02 for 3
months after surgery) and was significant for 1 month and
3 months after surgery at perifovea (mean differ-
ence =11.1; 95% CI: 2.57-19.62 for 1 month after surgery;
mean difference=9.17; 95% CI: 1.34-17.01 for 3 months
after surgery).

4. Discussion

Cataract extraction has been identified as a risk factor for DR
progression [21, 22]. However, less DR progression was
reported in patients undergoing phacoemulsification as
compared with intracapsular cataract extraction and
extracapsular cataract extraction [23], and Squirrell et al.
even concluded that uncomplicated phacoemulsification
cataract surgery does not cause acceleration of diabetic
retinopathy postoperatively [24]. There seems to exist some
controversies.

In the present study, we focused on quantitatively
evaluating changes of the choroidal structures through
SS-OCT-based CT and CVI measurements in patients
with DR and controls undergoing phacoemulsification,
aiming to make clear the possible influence of cataract
surgery on changes of choroidal structure in patients with
DR, which might play an important role in the patho-
genesis of DR.

CVI has been found to be a relatively stable index to
monitor the progression of choroidal diseases [13, 25, 26]
and provide us more information on the proportion of
vascularity in the choroid [11]. The significantly low CVI
might reflect the narrowing and/or closure of choroidal
vessels. In this study, baseline CVI was found to be sig-
nificantly lower in patients with mild/moderate NPDR as
compared with the controls, which seemed to be a hint of the
existence of diabetic vasculopathy in DR patients, despite the
result that no significant difference had been found between
DR patients and controls in the baseline CT in this study.
These results were similar to the previous studies [13, 16].
Tan et al. have reported a significantly lower CVTI in diabetic
patients with DR and without DR as compared with con-
trols, but they found no significant differences in the CT
between patients with DM and controls [13]. CVI seems to
provide us more information on diabetic vasculopathy in DR
and be more sensitive in monitoring the changes of cho-
roidal vascularity in DR.

The influence of surgery on the choroidal structure is
uncertain in the diabetics in previous studies. A number of
publications have reported that phacoemulsification may
cause a significant increase in choroid thickness [27-29].
However, some studies found no CT variation after cataract
surgery in diabetics [30, 31].

In our study, CVTI of the patients with mild/moderate
NPDR was found to increase significantly at all visits after
surgery; in contrast, the CVI of the control group had no
significant increase 1 week after surgery, but it was found
to increase 1 month and 3 months after surgery; therefore,
the increase of CVI seemed to occur earlier in the patients
with mild/moderate NPDR than in the controls. In ad-
dition, we also found that the variation in CVI and CT
before and after surgery in patients with mild/moderate
NPDR was more than that in the controls 1 month and 3
months after surgery. Obviously, for the first time, our
present study showed that diabetic cataract surgery tended
to induce more increase in the CVI and CT as compared
with the controls. All the results above implied that cat-
aract surgery seemed to have more influence on the
choroidal vascularity in mild/moderate DR patients than
in nondiabetic patients.

It has been experimentally verified that cataract sur-
gery induces the expression of some proinflammatory
cytokine in the choroid; it was detected that IL-1f and
CCL2 gene expression and protein expression were
upregulated in the choroid [32]. In addition, the upre-
gulation of vascular endothelial growth factor (VEGF) was
observed in the diabetic choroid, and VEGF may con-
tribute to increased vascular permeability and angio-
genesis during retinopathy [33]. The high levels of
proinflammatory cytokines and VEGF in the preoperative
choroid of patients with DR may be one of the underlying
mechanisms of the upregulating expression postopera-
tively, which is likely to induce more increase in CT and
CVIin mild/moderate NPDR patients than in nondiabetic
patients.

In addition, the increased ocular perfusion pressure
caused by reduced IOP may induce increased CT in the early
period after phacoemulsification [28]. In our study, the IOP
of patients with mild/moderate NPDR and controls both
significantly decreased after surgery and no significant
difference existed between the two groups. The reduced IOP
might not be one of the underlying causes of the difference in
the variation of CT and CVI following cataract surgery
between the patients with mild/moderate NPDR and
nondiabetic patients.
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FIGURE 3: (a) Changes of CV1, (b) changes of foveal CT, (c) changes of parafoveal CT, and (d) changes of perifoveal CT for patients with
mild/moderate NPDR (DR) and nondiabetic patients (control) at 1 week, 1 month, and 3 months postoperatively (mean + SEM). W1: 1 wk
postop; M1: 1 mo postop; M3: 3 mo postop. *P <0.05.

One limitation of our study is the relatively small sample  confounding effects. Another limitation is that the follow-up
size, but the individuals enrolled in had homogeneous eth-  time is short, so the long period influence on choroid could
nicity and similar gender distribution, which reduced some  not be observed in this study. A long-time follow-up should
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TaBLE 4: The choroid thickness of the patients with mild/moderate NPDR (DR) and nondiabetic patients (control) at four visits

(mean + SD).

. Postop
Baseline 1 wk postop 1 mo postop 3 mo postop

CT CT P value CT P value CT P value

Fovea 217.6+105.2 223.3+108.1 0.106 223.8+109.2 0.269 224.7 £ 112 0.031*

Control (ym) Parafovea 213.8+99.9 221.9+104.4 0.025* 224.2+106.6 0.006* 221.8+£105.7 0.006"

Perifovea 189.6 £82.9 193.6 +88.5 0.2 196.5+88.2 0.044" 197.4+90 0.015*

Fovea 198.4+61.2 212.4+68.2 0.002* 220.9 +66.4 <0.001" 218.3+64.3 <0.001"

DR (um) Parafovea 184.9+57.3 199.2+63.7 0.001* 206.1 +60.1 <0.001* 204.1+58.7 <0.001*
Perifovea 158.7 +50.1 170.1 £54.6 0.001" 176.7 +50.1 <0.001" 175.7 +51.6 <0.001"

*P <0.05. SD: standard deviation.

be needed in future studies to make clear how long the in-
crease in CVI and CT following cataract surgery would last.
Therefore, a large population sample with a longer follow-up
should be recommended in future studies.

5. Conclusion

For the first time, the present study showed that cataract
surgery tended to induce more increase of CVI and CT in
patients with mild/moderate NPDR as compared with
nondiabetic patients. Therefore, the cataract surgery seemed
to have more influence on the choroid vasculature in DR
patients than in nondiabetic patients, which might imply the
underlying impact of cataract surgery on the progression of
the choroidopathy in DR patients. Meanwhile, baseline CVI
was found to be significantly lower in DR patients as

compared with the nondiabetic patients. Therefore, CVI
could be reckoned as a biomarker for vascular health of
choroid in DR patients and might have the potential to be a
predictor of progression of DC following cataract surgery.
Furthermore, whether changes of CVI and/or CT could be the
predictors of progression of DR following cataract surgery at
subclinical stages should be focused on in future studies.
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Purpose. This study aims to find out which tool, fundus autofluorescence (FAF) or spectral domain optical coherence tomography
(SD-OCT), is more sensitive in detecting retinal pigment epithelium (RPE) demise overlying drusen and can, therefore, help
predict geographic atrophy (GA) appearance in Age-Related Macular Degeneration (AMD). Methods. A single-site, retrospective,
observational, longitudinal study was conducted. Patients with intermediate AMD (1IAMD) (large (>125um) or intermediate
(63-125ym) drusen with hyper/hypopigmentation) with a minimum follow-up of 18 months were included. Drusen with
overlying incipient RPE atrophy were identified on SD-OCT defined as choroidal hypertransmission or nascent geographic
atrophy (nGA). These selected drusen were, then, traced backwards in time to determine if incipient RPE atrophy overlying
drusen was observed on FAF (well-demarcated region of absence of autofluorescence) before, simultaneously, or after having
detected the first signs of incipient RPE atrophy on SD-OCT. The number of drusen in which signs of incipient RPE atrophy was
detected earlier using FAF or SD-OCT was compared. The time elapsed from the identification with the more sensitive method to
the other was recorded and analyzed. Results. One hundred and thirty-three drusen in 22 eyes of 22 patients were included. Of
these, 112 (84.2%) drusen showed choroidal hypertransmission and 21(15.8%) nGA. Early signs of atrophy overlying drusen were
found simultaneously on SD-OCT and FAF in 52 cases (39.1%, 95% CI 30.8-47.9%), earliest on FAF in 51 (38.3%, 95% CI
30.0-47.2%) and first on SD-OCT in 30 (22.6%, 95% CI 15.8-30.6%; p < 0.05). Statistically significant differences were found
between both techniques (p = 0.005), with FAF detecting it earlier than SD-OCT. When RPE atrophy was found first on FAF, the
median time to diagnosis with SD-OCT was 6.6 months (95% CI 5.5 to 8.6), while if detection occurred earlier on SD-OCT, the
median time until identification with FAF was 12.6 months (95% CI 6.0 to 23.4; p = 0.0003). Conclusions. In iAMD cases in which
early atrophy overlying drusen is not detected simultaneously in FAF and SD-OCT, FAF was significantly more sensitive.
Nevertheless, a multimodal approach is recommended and required to evaluate these patients.

1. Introduction the basement membrane of the retinal pigment epithelium

(RPE) and the inner collagenous layer of Bruch’s membrane
The hallmark of the intermediate stage of age-related [2]. They can cause mild metamorphopsia and decreased
macular degeneration (AMD) is the presence of drusen [1].  sensitivity in microperimetry or dark adaptation, among
Drusen are deposits of extracellular material located between  other clinical symptoms. As drusen increase in number or
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size, the disease progresses and the risk of vision loss in-
creases. In the late stages of AMD, the disease advances
towards neovascular AMD and/or geographic atrophy (GA)
usually inducing great vision worsening [3, 4].

In the last two decades, new imaging techniques have
been incorporated to study AMD, and one of such tech-
niques is fundus autofluorescence imaging (FAF), which
provides information about RPE integrity in a noninvasive
way [5]. Different studies have shown that, in early or in-
termediate stages of the disease, the FAF image has the
capacity to show RPE alterations in normal-appearing
tundus regions [5-8]. On FAF, GA appears as a well-de-
marcated region of marked hypoautofluorescence due to the
absence of the fluorophore lipofuscin contained within the
RPE [7-11]. GA usually appears in the central or parafoveal
macula and spreads centrifugally [8, 12]. New areas of at-
rophy may show a relatively lower intensity of hypoauto-
fluorescence. FAF imaging is especially valuable in GA
because it better delineates the areas of discrete or small GA
in comparison with other imaging modalities [11, 13].

On the other hand, spectral domain optical coherence
tomography (SD-OCT) facilitates in vivo high-resolution
evaluation of the retina [14]. GA has been extensively studied
with SD-OCT, and alterations within the atrophic area and
its borders have been described in detail, hypertransmission
of OCT'signal below Bruch’s membrane being one of the best
recognized findings [14-18]. Besides, Guymer et al. used SD-
OCT to describe precursors of GA. They defined nascent
geographic atrophy (nGA) by the presence of either the
subsidence of the outer plexiform layer (OPL) and the inner
nuclear layer (INL) and/or a wedge-shaped band within the
boundaries of the OPL [18-20].

Additionally, Wu et al. investigated FAF in areas of nGA
and areas of drusen-associated atrophy and concluded that
areas of nGA can present as both hyper- and hypoauto-
fluorescent changes, while in drusen-associated atrophy,
most often appeared as hypoautofluorescent areas [19].

Currently, GA has no treatment, but detecting its earliest
signs can help understand its natural course and assist in the
characterization of the disease spectrum. This would also
improve the design of clinical trials to develop preventive or
therapeutic strategies. Therefore, knowing which one of two
commonly used imaging methods for monitoring GA, FAF,
and SD-OCT is more sensitive for detecting the earliest signs
of the disease is relevant for future advances in this field.

In the present study, we aim to compare two imaging
techniques, SD-OCT and FAF, to determine which one is
more sensitive to detect incipient RPE atrophy overlying
drusen in patients with iAMD.

2. Materials and Methods

2.1. Design and Participants. This is a retrospective, obser-
vational, longitudinal study conducted at the Institut de la
Macula (Hospital Quirén Teknon; Barcelona, Spain). The
study adhered to the tenets of the Declaration of Helsinki
and was approved by the Fundacién Quirén Salud Ethics
Committee. All patients signed informed consent.

Journal of Ophthalmology

Charts of patients with a diagnosis of iAMD visited
between January 2010 and October 2014 were reviewed, and
the last date of follow-up was July 2017. The drusen type of
interest was soft drusen.

All patients met the following inclusion criteria: male or
female patients, over 50 years of age, diagnosed with iAMD
(AREDS stage 2 or 3: large (>125um) or intermediate
(63-125ym) drusen and associated hyper-/hypo-
pigmentation), with a minimum follow-up of 18 months
after diagnosis. Patients were excluded if the studied eye
included any prior history of neovascular AMD, >0.5 disc
areas of RPE atrophy (1.27 mm?), other concomitant mac-
ular diseases (macular edema and retinal dystrophies),
spherical equivalent greater than + 6’00 D, previous history
of intraocular treatment (laser photocoagulation and
intravitreal injections) or surgery (with the exception of
phacoemulsification), concomitant use of medications
known to be toxic to the retina (chloroquine, hydroxy-
chloroquine, and tamoxifen), or SD-OCT image quality < 20.
The presence of reticular drusen in the studied eye was not
considered a reason for exclusion.

2.2. Procedures. All patients received a complete ophthalmic
examination by an experienced retina specialist. The
checkup included medical history, best-corrected visual
acuity (BCVA) measured in logMAR, and intraocular
pressure measured with Goldmann applanation tonometry
and indirect fundus ophthalmoscopy. Imaging exam
entailed FAF (excitation 488 nm, absorption >500 nm) and
SD-OCT imaging (Heidelberg Spectralis™ HRA +OCT,
Heidelberg Engineering, Heidelberg, Germany), alongside
fovea-centered nonstereoscopic 30° color fundus retinog-
raphy (TRC-50DX, Topcon Medical Systems, Tokyo, Japan).
The SD-OCT exam was performed using a high-resolution
volumetric scanning protocol centered on the fovea (19 or 37
horizontal ~ B-scans). Alongside, a  high-resolution
(1536 x 1536 pixels) infrared FAF image covering a 30° angle
of the fundus and centered on the fovea was recorded.

Upon review of the Heidelberg Spectralis database of the
Institut de la Macula, an experienced observer (AR) selected
and classified the patients with iAMD who met the afore-
mentioned eligibility criteria. Then, individual soft drusen
showing early signs of RPE atrophy overlying them were
identified. This was defined by the presence of any of the
following:

(1) Hypertransmission: drusen that show increased
hypertransmission signal below Bruch’s membrane
on SD-OCT, which indicates a loss of overlying RPE
(Figure 1(a))

(2) Nascent GA (nGA): subsidence of the outer plexi-
form layer (OPL)/inner nuclear layer (INL) and/or a
hyporeflective wedge-shaped band within the
boundaries of the OPL (Figure 1(b))

RPE atrophy on FAF was defined as a well-demarcated
region of absence of autofluorescence (Figure 2).

The color fundus retinography was used to verify that the
absence of autofluorescence was not caused by pigment
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FiGUre 1: SD-OCT features. (a) B-scan of SD-OCT where drusen with hypertransmission are observed; (b) B-scan of SD-OCT showing

nascent geographic atrophy.

FIGURE 2: An example of retinal pigment epithelium atrophy by
fundus autofluorescence. The yellow circle shows a region of ab-
sence of autofluorescence.

clumping over drusen. Drusenoid pigment epithelium de-
tachments (defined in the AREDS studies as a well-defined,
pale yellow or white, large mound consisting of many large
drusen or confluent drusen with >350 ym in the narrowest
diameter) [21] were excluded.

When a drusen presented hypertransmission or nGA,
previous and subsequent SD-OCT and FAF images were
reviewed. The first data in which the absence of auto-
fluorescence on FAF was observed was, then, recorded.
There were three possible scenarios:

(i) The first time that the absence of autofluorescence
on FAF was observed coincided with the date in
which atrophy of the RPE was first detected by SD-
OCT. Thus, the diagnosis of incipient RPE atrophy
overlying drusen was simultaneous with both im-
aging methods.

(ii) The absence of autofluorescence on FAF was
present before RPE atrophy was detected by SD-
OCT. Thus, FAF identified incipient RPE atrophy
overlying drusen earlier than SD-OCT.

(iii) The absence of autofluorescence on FAF was ap-
preciated after RPE atrophy detection by SD-OCT.
Thus, SD-OCT identified incipient RPE atrophy
overlying drusen earlier than FAF.

When in doubt, a second experienced observer (AS)
reevaluated the case and the decision of the second
evaluator was taken as the outcome for the analysis.

2.3. Main Outcome Measures. 'The primary endpoint was the
comparison of the number of drusen in which there was
incipient RPE atrophy overlying drusen detected earlier by
FAF than by SD-OCT vs. the number of drusen in which this
occurred earlier on SD-OCT than on FAF. The number of
drusen in which RPE atrophy was detected simultaneously
on both imaging modalities was also recorded.

The secondary endpoint included the time elapsed from
the identification with the more sensitive method to iden-
tification with the other in cases of nonsimultaneous
identification of early atrophy overlying drusen.

2.4. Statistical Analysis. Univariate statistics were used to
describe the sample using mean and standard deviation (SD)
for quantitative and number and percentage for categorical
variables. The unit of analysis was each soft drusen contained
in the 20° x 30, fovea-centered SD-OCT macular grid. The
percentage of time in which RPE atrophy overlying drusen
was detected earlier by SD-OCT or by FAF was determined
and compared using Fisher’s exact test.

2.5. Secondary Endpoints. When one imaging method de-
tected incipient RPE atrophy overlying drusen earlier than
the other, the Kaplan-Meyer plots were used to estimate the
median time to detection with the second, less-sensitive tool.
The time when one method detected RPE atrophy for the
first time (either FAF or SD-OCT) was considered time 0.
The logrank test was used to compare both curves.

In cases where FAF detected RPE atrophy earlier than SD-
OCT, the time to detection of RPE atrophy with SD-OCT, using
either the definition of hypertransmission or nGA, was deter-
mined. The results were again compared using the logrank test.

The intra- and interobserver agreement for FAF detec-
tion of RPE atrophy were determined using the kappa index
(k) in a randomly selected sample of 35 drusen. The K
measures agreement between categorical observations was
adjusted for chance.

Data analysis was conducted using Stata IC, version 15.1
(StataCorp, Texas, USA). A two-tailed p value <0.05 was
considered statistically significant.



3. Results

One hundred and fifty-one drusen from 22 eyes in 22 pa-
tients with iAMD showed hypertransmission or nGA after a
minimum follow-up of >18 months and were initially en-
rolled. Eighteen of these drusen (seven patients) were ex-
cluded: eight could not be assessed by being present in a
region with dense macular pigment and ten by incomplete
clinical information. Therefore, 133 drusen from 22 patients
were finally included in the analysis. The mean age of these
patients was 71.1 +6.9 years, 93.3% being female and all
being Caucasian. The number of drusen included per eye
ranged from 1 to 27, with a mean of 13.9 +8.8. The mean
baseline BCVA of the studied eyes was 0.11 +0.13 logMAR
(equivalent to approximately 20/25 in Snellen notation).
Eighteen out of the 22 eyes (81.8%) were phakic at baseline,
and the rest were pseudophakic. Only one phakic eye (1/18,
5,6%) became pseudophakic during the follow-up. Given the
small number of pseudophakic eyes, the results were largely
driven by the phakic sample and no stratified analysis could
be conducted.

Incipient RPE atrophy overlying drusen was observed
simultaneously on both tests in 52/133 drusen (39.1%, 95%
CI 30.8% to 47.9%), while early RPE loss was detected first by
FAF in 51/133 (38.40%, 30.1% to 47.2%) and first by SD-
OCT in 30/133 (22.6%, 95% CI 15.8% to 30.6%), as seen in
Table 1 and Figure 3. Statistically significant differences
between early detection with FAF or using SD-OCT were
found (p = 0.005), being FAF more sensitive.

Considering only cases in which atrophy detection was
not simultaneous in both imaging modalities, the median
time from initial detection with FAF to subsequent detection
with SD-OCT was 6.6 months (95% CI, 5.5 to 8.6 months);
and it was 12.6 months (95% CI, 6.0 to 23.3 months) from
detection with SD-OCT to later detection with FAF.
Figure 4(a) shows these differences being statistically sig-
nificant (p-value =0.0003).

Taking into account only the detection of incipient at-
rophy wusing SD-OCT, we found choroidal hyper-
transmission in 112/133 of the cases (84.5%, 95% CI 76.9% to
90.0%) and nGA in 21/133 (15.5%, 95% CI 10.0% to 23.1%).
Therefore, the odds ratio (OR) of identifying incipient RPE
atrophy overlying drusen by choroidal hypertransmission in
comparison with nGA was 5.33 (95% CI 3.16 to 9.01, p value
<0.0001).

Considering only cases in which atrophy detection was
not simultaneous in both imaging modalities, detection
through choroidal hypertransmission was made with a
median of 6.5 months after the detection of incipient atrophy
with FAF (95% CI, 4.9 to 8.6 months) and detection through
nGA after a median of 6.7months (95% CI, 2.5 to
27.3 months; p value =0.09), differences not being statisti-
cally significant (Figure 4(b)).

Finally, the consistency within and between observers in
grading the presence or absence of incident RPE atrophy as
measured with FAF was determined by the kappa index. The
intraobserver agreement, determined for just one of the
evaluators (AR), was 100%, with kappa =1.00 (95% CI, 1.00
to 1.00; p value < 0.0001). The interobserver agreement was
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TaBLE 1: Percentage of drusen showing incipient atrophy of the
retinal pigment epithelium detected first with each imaging tool.

Imaging exam detecting first GA " Percentage*
signs (95% CI)
Fundus autofluorescence 15 ;é 38.4 (30.1 to 47.2)
30/
SD-OCT 133 22.6 (15.8 to 30.6)
. 52/
Simultaneously on both exams 133 39.1 (30.8 to 47.9)

*Percentages do not add up to 100% due to rounding. CI: confidence
interval; SD-OCT: spectral domain optical coherence tomography.

91.4%, with kappa=0.62 (95% CI, 0.23 to 1.00; p
value < 0.0001).

4. Discussion

This study compared FAF and SD-OCT in the detection of
incipient RPE atrophy overlying drusen in patients with
iAMD. We chose to compare FAF with SD-OCT because
they are the standard diagnostic tests used in the detection,
evaluation, and monitoring of GA. Atrophic AMD does not
have treatment, so understanding the evolution at the early
stages of the disease with current imaging techniques may be
key to future advances.

The results of this study show that detection of early
atrophy overlying drusen was observed simultaneously on
both imaging techniques about 40% of the time
(Figure 3(a)). Therefore, in 60% of the occasions, one
method detected signs of incipient atrophy earlier than the
other (Figures 3(b) and 3(c)). This suggests that a multi-
modal approach including both FAF and SD-OCT would be
recommendable for early detection of atrophy overlying
drusen.

When atrophy was detected just on one imaging method,
FAF detected it earlier than SD-OCT (38.4% vs 22.6%,
p =0.005). True differences favoring FAF may be related to
the advantages of using an en face modality to visualize
changes in the retina as opposed to the cross-sectional
nature of structural SD-OCT, in which protocols with wide
interscan distances may miss the point of early atrophy if the
B-scan is not located precisely in the location of the RPE loss.
Given that even very dense protocols have a distance be-
tween adjacent B-scans in the range of tenths of microns,
combined use of FAF with SD-OCT increases the likelihood
of detection of early signs of GA. We also excluded the
drusen located closer to the foveola due to the impossibility
to differentiate the absence of autofluorescence caused by
macular pigment absorption from that caused by true early
atrophy, and this fact may have favored an increased sen-
sitivity of detection using FAF.

Also, once atrophy was detected only with one imaging
modality, time to detection with the other method differed
markedly (p = 0.0003). It took approximately 6 months to
detect incipient atrophy with SD-OCT after FAF detected it,
while detection with FAF once it was detected with SD-OCT
took approximately 12 months. These differences are not



Journal of Ophthalmology

14/12/2010

08/07/2015

04/11/2010

09/06/2011

FIGURE 3: Examples of simultaneous detection, earlier detection with FAF, and earlier detection with SD-OCT. FAF: fundus auto-
fluorescence; RPE: retinal pigment epithelium; and SD-OCT: spectral domain optical coherence tomography. (a) Simultaneous detection
(the incipient RPE atrophy was observed at the same time with both exams). In the top image (14/Dec/2010), the selected druse (yellow
arrow) showed normal autofluorescence on FAF and no hypertransmission on SD-OCT. In the next visit (16/Jun/2011), incipient atrophy of
the RPE by both imaging techniques was observed. (b) Earlier detection with FAF (RPE atrophy overlying drusen is detected earlier on FAF
than on SD-OCT). The top image (08/Jul/2015) shows that while a marked area of absence of autofluorescence appears on FAF, no signs of
RPE atrophy were detected with SD-OCT. In the bottom image (31/Jan/2017), after 18 months, signs of atrophy on SD-OCT can be observed
and the area of atrophy on FAF increased in size. (c) Earlier detection with SD-OCT. In the top image (04/Nov/2010) there is SD-OCT
hypertransmission (yellow arrow), but normal FAF. Seven months later (09/Jun/2011), the absence of autofluorescence was noticeable

(bottom image).

easily explained taking into account that, in almost half of
the sample, the detection of atrophy was simultaneous with
both imaging modalities. Certainly, differences between the
follow-up times of each patient hinder the estimation of the
precise moment in which atrophy appears on each of the
individual drusen. On the other hand, we can speculate that
the underlying mechanism leading to RPE loss may differ
between distinct drusen, making some imaging modalities to
be more readily apt to detect incipient atrophy than other. In
fact, using fluorescence lifetime imaging ophthalmoscopy

(FLIO) eyes with drusen showed longer autofluorescence
lifetimes than healthy controls, and different lifetime values
were found in different drusen, suggesting a heterogeneous
ultrastructural composition in phenotypically similar lesions
[22].

In the vast majority of cases in which atrophy was de-
tected with SD-OCT, choroidal hypertransmission was
observed more frequently than nGA (84% vs. 16%,
p<0.0001), although the median time to detection with
either phenomenon was not significantly different. This
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FIGURE 4: Comparison of time to secondary detection of incipient GA. FAF: fundus autofluorescence; nGA: nascent geographic atrophy;
SD-OCT: spectral domain optical coherence tomography. (a) On the left-hand side, the Kaplan-Meyer curves of time to detection with SD-
OCT when FAF detected atrophy earlier (blue) and with FAF when SD-OCT detected atrophy earlier (red) are shown. (b) On the right-hand
side, the Kaplan-Meyer estimates compare if earlier detection was made by showing choroidal hypertransmission or nGA when SD-OCT

detected the atrophy.

suggests that hypertransmission may be a precursor of nGA.
This could be expected since hypertransmission arises as an
immediate consequence of tissue loss, whereas nGA is de-
tected after subsidence of inner retinal tissue and the ap-
pearance of the hypereflective wedge-shaped band, which
arise as a consequence (not as a primary cause) of a certain
amount of tissue loss. Besides, like other authors [23], here,
we demonstrate that nGA is a predictor for GA providing
supportive evidence of the potential value of nGA as a
surrogate endpoint in future intervention trials for the early
stages of AMD.

Everyone agrees that multimodal imaging is the gold
standard nowadays to study AMD. Other new techniques
that should be evaluated and compared in the future with
those tested here would include the optical coherence to-
mography angiography (OCT-A) and the en face OCT.
OCT-A allows for three-dimensional visualization of retinal
blood flow and, in recent studies, has shown choriocapillaris
flow alterations particularly associated with the development
of GA that exceed atrophy boundaries spatially and that are a
prognostic factor for future GA progression. Besides, OCT-
A may be helpful to differentiate GA from mimicking
diseases [24]. Furthermore, en face OCT imaging could also
be useful for identifying areas suspicious for nGA, in dif-
ferential diagnosis, study design, and patient assessment
[25, 26].

However, this study has limitations that need to be
acknowledged. First, this is a retrospective study, although
the fact that patients are studied backwards to the time when
the retinal images were normal provides some prospective
nature to the study. Second, the number of eyes was small,
but our unit of analysis was the numerous individual drusen
observed. Third, drusen within the foveal area were excluded
to avoid interference caused by the presence of the luteal

pigment in the evaluation of the FAF, so the detection of
incipient atrophy in this region may be easier with SD-OCT
because its signal is not interfered as much by the luteal
pigment as it is with FAF. Also, detection with SD-OCT
could have been improved by the use of more dense volume
protocols (decreased distance between B-scans that may
have had an increased chance of crossing a focal area of RPE
loss), but anyway, this is always a limitation with a cross-
sectional device. It remains to be determined if the use of en
face strategies at different heights could have improved the
SD-OCT detection rate. Pseudofaquia influence could not be
checked because of the small number of pseudophakic eyes.
Finally, the patients were visited at irregular intervals, and
therefore, estimates of time to appearance of RPE atrophy
may be overestimated.

In any case, FAF imaging allows greater accuracy of
border identification, revealing patterns predictive of growth
rates once the GA is stated in advanced AMD [27], but here,
we demonstrate that it is also the best tool to detect it early.
Our study suggests that FAF is more sensitive that SD-OCT
as a biomarker that could help to predict individual disease
progression from early to advanced AMD. These finding
could be useful to plan artificial intelligence diagnostic tools
and to test new treatments for atrophic AMD.

5. Conclusions

In summary, 40% of the drusen in the iAMD showed signs of
incipient RPE cell loss over them simultaneously in the FAF
and SD-OCT. Incipient GA was initially detected only in one
of the two imaging methods in 60%. In the latter case, the
FAF detected signs of atrophy earlier than SD-OCT showing
the absence of autofluorescence. While SD-OCT can detect
signs of atrophy indistinctly through the observation of both,
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choroidal hypertransmission or nGA, we should learn to
recognize these patterns. Therefore, multimodal imaging in
the iAMD including both examination tools is recom-
mended to detect signs of incipient GA as soon as possible.
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