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Abstract

Background/Objectives The purpose of this study was to evaluate macular ganglion cell layer-inner plexiform layer
(GCL-IPL) and choroidal thickness in early age-related macular degeneration (AMD) in eyes with subretinal drusenoid
deposits (SDD).

Subjects/Methods Comprehensive ophthalmological examination was performed. Near infrared reflectance and raster
images using enhanced depth imaging were acquired with spectral domain optical coherence tomography. Drusen and SDD
were diagnosed based on raster scans and near infrared reflectance. GCL-IPL maps were generated with automated seg-
mentation and choroidal thickness maps were obtained by manually delineating the choroid-scleral boundary.

Results Forty-eight eyes from 48 patients (mean age 77.5 +5.7, range 68-90 years) with a diagnosis of early AMD and 42
eyes of 42 age-matched control subjects (mean age 76.9 +5.7, range 67-88 years) were included. Of these, 28 eyes (58.3%)
had drusen alone, 4 eyes (8.3%) had SDD alone, and 16 eyes (33.3%) had drusen associated with SDD. Compared with
controls, average choroidal thickness was significantly decreased in AMD eyes (P <0.05). There was no significant dif-
ference in choroidal thickness in eyes with SDD with respect to those with drusen alone. GCL-IPL thickness was reduced in
an annular pattern at the 3 and 6 mm macular areas in AMD patients with respect to controls (P < 0.05). GCL-IPL thickness
at 3 mm was significantly reduced in eyes with SDD with respect to those with drusen alone (P = 0.03).

Conclusions The GCL-IPL is reduced in thickness with an annular pattern in early AMD and is significantly thinner in eyes
with SDD.

Introduction

Age-related macular degeneration (AMD) is one of the
foremost causes of legal blindness in developed countries.
Genetic and environmental risk factors together with oxida-
tive stress are among the multifactorial pathogenic factors
involved in this condition [1]. AMD predominantly involves
the outer retinal layers, where extracellular accumulation of
lipoprotein in drusen is associated with photoreceptor loss
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and thinning of the outer nuclear layer. However, inner ret-
inal layers, including the vascularized layers, such as the
retinal nerve fibre, ganglion cell, inner plexiform, inner
nuclear, and outer plexiform layers may also be involved
following photoreceptor degeneration [2, 3]. Recent classi-
fication of early AMD differentiates lipoprotein extracellular
accumulations in drusen localized below the retinal pigment
epithelium from subretinal drusenoid deposits (SDD) loca-
lized above the retinal pigment epithelium [4—6]. Drusen are
typically found in areas where cone density is higher in the
central macula contrary to the preferential location of SDD in
rod rich areas; superior and inferior to the macula [5, 7, 8].
However, SDD are frequently observed in conjunction with
drusen in the context of AMD [8-10].

The pathogenesis of SDD, otherwise called reticular
pseudodrusen, is not completely understood, however,
numerous authors have found a reduction of choroidal
thickness [5, 6, 11, 12]. The ganglion cell-inner plexiform
layer (GCL)-(IPL) has been reported to be thinner in AMD
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[2], but this layer has not been studied in eyes with SDD.
The vascularized retinal layers correlate positively with
choroidal thickness in normal eyes [13], owing to this
correlation, the present study aimed to evaluate both the
choroidal and macular GCL-IPL thicknesses in the presence
of SDD in an attempt to further understand the pathogenetic
mechanisms involved.

Subjects and methods

This was a prospective study where patients with early
AMD and age-matched healthy control subjects were
enrolled. The research was approved by the Ethical Board
of the “Sapienza” University of Rome and was carried out
according to the tenets of the Declaration of Helsinki. All
patients and subjects were informed of the study and gave
their written consent.

Inclusion criteria were patients with drusen and SDD
assessed by near infrared reflectance and spectral domain
optical coherence tomography (SDOCT) scans by two
investigators. Diagnosis of SDD was based on previous
guidelines on evidence of at least five SDD in more than
one raster line scan [14—16]. Diagnosis of drusen was made
when soft drusen were found in the central macular area.
Exclusion criteria were eyes with choroidal neovascular
membranes or geographic atrophy. Both patients and con-
trol subjects were excluded from the study in the presence
of glaucoma, systemic pathology, ocular disease, or phar-
macological therapy, which could affect retinal or choroidal
thickness values, history of previous ocular surgery, sphe-
rical equivalent beyond 3 diopters, or optical media opacity
that could interfere with SDOCT examination.

Best-corrected visual acuity measurements were per-
formed with early treatment diabetic retinopathy study
(ETDRS) charts. Comprehensive ophthalmological evalua-
tion of all patients and healthy controls included slit lamp
examination, intraocular pressure measurement, and dilated
fundus ophthalmoscopy. Axial length was evaluated with
biometry (IOL Master 500 (Carl Zeiss Meditec, Dublin
CA). Spectralis OCT (Family Acquisition Module, V
6.0.11.0 Heidelberg Engineering, Germany) was used to
obtain near infrared images and macular scans with the
enhanced depth imaging mode with the raster 20° x 20°, 25-
line scan protocol with an interval between scans of 250 um
and 100 frames averaged for each scan. In order to avoid
bias due to diurnal changes in choroidal thickness, exam-
inations were performed between 12:00 noon and 3:00 pm
and measurements were carried out in a semi automatic
method by delineating the choroidal boundaries in a method
described in previous publications [13, 17]. In this manner it
was possible to obtain thickness maps using the automated
software. We did not calculate the interclass correlation

coefficient for measurements as our previous publications in
normal and pathological eyes in detecting the choroid-
scleral junction showed values of above 0.95 [18].

The ETDRS macular grid at 1, 3, and 6 mm was centred
on the fovea to evaluate retinal and choroidal thickness maps
in all sectors. The automated segmentation protocol of the
Spectralis OCT (Heidelberg Eye Explorer V1.9.10.0) was
used to measure retinal layer thicknesses according to the IN.
OCT Consensus guidelines for landmarks in OCT [19] and
segmentation was evaluated by two experienced investigators
to correct for any misalignment. Thickness measurements for
all retinal layers and the choroid in the 9 sectors of the
ETDRS macular grid at 1, 3, and 6 mm were recorded.

Data analysis

Statistical analysis was performed with the SPSS for win-
dows (V 17.0, SPSS). One eye of each patient with AMD or
each healthy control subject was used to perform the analy-
sis. Normal distribution of data was analyzed by the Kol-
mogorov—Smirnov test. Parametric variables were compared
using the unpaired #-test or the analysis of variance
(ANOVA), as appropriate. Levene’s test was used to verify
variance homogeneity. Non-parametric distributed values
were analyzed by the Mann—Whitney rank sum test. Cate-
gorical variables were compared using Fisher’s exact test.
OCT measurements between groups were compared using
the general linear model, including age, sex, axial length, and
spherical equivalent as covariates. P-values of less than 0.05
were considered as statistically significant.

Results

One eye of 48 patients (mean age 77.5 5.7, range 68-90
years) with a diagnosis of early AMD and one eye of 42
age-matched control subjects (mean age 76.9 +5.7, range
67-88 years) were included in this study. Figure 1 shows a
near infrared image with a superimposed raster scan and
cross-sectional SDOCT images of SDD lesions. We found
that 28 eyes (58.3%) had drusen alone, 4 eyes (8.3%)
had SDD alone, and 16 eyes (33.3%) had drusen associated
with SDD. Demographic characteristics of patients and
controls are shown in Table 1.

Compared with controls, average choroidal thickness
was significantly decreased in early AMD eyes at every
location (Table 2) with a percentage reduction of 24.3% at
1 mm, 24.1% at 3mm, and 17.8% at 6 mm (P <0.05,
adjusted for age, sex, axial length, and spherical equivalent).
However, there was no significant difference in choroidal
thickness between eyes with drusen alone and those asso-
ciated with SDD (P>0.05, adjusted for age, sex, axial
length, and spherical equivalent).
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Fig. 1 Near infrared reflectance
image with raster scan and
cross-sectional image of
subretinal drusenoid deposits
using spectral domain optical
coherence tomography.
Deposition of granular
hyperreflective material above
the retinal pigment epithelium
on cross-sectional image is
shown. Deposits intrude on the
ellipsoid zone and external
limiting membrane bands

Table 1 Demographic and
clinical data of patients and
healthy control subjects

Table 2 Macular ganglion cell
layer-inner plexiform layer
(GCL-IPL) thickness and
choroidal thickness in early age-
related macular degeneration in
healthy control eyes and eyes
with conventional drusen (CD)
or subretinal drusenoid deposits
(SDD)

SPRINGER NATURE

Early AMD eyes (n = 48) P-value® Control eyes P-value®
(n=42)
All CD SDD
(n=28) (n=20)

Age (years) 7715+57 77.1x6.6 78.0x43 0.6° 76.9+5.7 0.6
Gender (m/f) 23/25 16/12 713 0.2¢4 16/26 0.4¢4
Spherical equivalent +05+13 +06+x1.6 +05+09 0.7° +0.8+1.7 0.4°
(dioptres)
Phakic/Pseudophakic 24/24 13/15 11/9 0.8¢ 23/19 0.7
Axial length (mm) 235+1.1 23509 235x14 08¢ 23.7+0.5 0.3¢
BCVA (logMAR) +0.08 £ +0.06 = +0.1+£0.2 04° +0.006 +0.07 0.0001°¢

0.1 0.1

BCVA best-corrected visual acuity

“Data analysis results comparing eyes with conventional drusen (CD) vs. eyes with subretinal drusenoid

deposits (SDD)

®Data analysis results comparing eyes with age-related macular degeneration (AMD) vs. control eyes

“Unpaired r-test with Levene’s correction

dFisher’s exact test

Early AMD eyes (n = 48) P-value* Control eyes P-value®
(n=42)

All CD (n=28) SDD (n=20)
1-mm GCL-IPL 19.6+7.1 20.1+7.4 18.9+6.7 0.6 173+3.2 0.1
thickness (um)
3-mm GCL-IPL 40.0£5.5 41450 37.9+5.6 0.03 45.1+34 0.04
thickness (um)
6-mm GCL-IPL 28429 289+2.7 27.6+3.1 0.2 312+23 0.03
thickness (um)
1-mm CT (um) 2124+784 2143+69.2 209.6+91.6 09 280.6+71.9 0.001
3-mm CT (um) 206.6+71.8 209.2+66.2 203.0+80.6 0.8 272.3+69.7 0.002
6-mm CT (um) 193.0+£61.8 196.4+58.8 188.4+67.1 0.7 234.9 +60.9 0.04

“Data analysis results comparing eyes with CD vs. eyes with SDD. Measurements between groups were
compared using the general linear model, including age, sex, axial length, and spherical equivalents as

covariates

"Data analysis results comparing eyes with age-related macular degeneration (AMD) vs. control eyes.
Measurements between groups were compared using the general linear model, including age, sex, axial
length, and spherical equivalents as covariates
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Fig. 2 Box-plots of macular ganglion cell layer-inner plexiform layer (nGCL-IPL) thickness in eyes with early age-related macular degeneration
and healthy controls in the 1, 3, and 6 mm ETDRS areas; (a, b, and c), respectively. P-values shown in the figure result from the general linear
model analysis adjusted for sex, age, axial length, and spherical equivalent as covariates

There was a significantly decreased GCL-IPL thickness
at 3-mm and 6-mm in patients with early AMD compared to
controls, with a reduction of 11.5 and 9%, 45.1 +3.4 vs.
40.0 5.5 and 31.2+£2.3 vs. 28.4 +2.9 for the 3-mm and 6-
mm-area, respectively, P < 0.05 (adjusted for age, sex, axial
length, and spherical equivalent). The GCL-IPL thickness at
3mm was significantly reduced in eyes with SDD with
respect to eyes with drusen alone (41.4+5.0 vs. 37.9 +5.6;
P =0.03, adjusted for sex, age, axial length, and spherical
equivalent), with a reduction of 8.5%. (Figs. 2 and 3)

There was no correlation of any thickness values with
best-corrected visual acuity.

Discussion

The present study showed that choroidal thickness, and the
macular ganglion cell layer-inner plexiform layer thickness
in the 3 and 6 mm areas is reduced in early AMD with

respect to normal eyes. The GCL-IPL layer is thinner in
eyes with SDD with respect to eyes with drusen alone.

The pathogenesis of SDD is still not completely under-
stood. A recent review by Sivaprased et al. discussed para-
inflammatory factors and heightened immune response
mechanisms, which lead to a reduced ability of the retina to
regulate damage from external noxious insults or endo-
genous tissue and cell stress [6]. Other hypotheses are based
on mitochondrial decline and retinal pigment epithelium/
photoreceptor damage linked to oxidative stress and lipid
peroxidation with aging [6]. Recent investigations have
shown a stronger association of SDD with retinal angio-
matous proliferation, and geographic atrophy, and a
reduction of choroidal thickness [5, 6, 11, 12].

Many authors have reported thinning of the choroid in
eyes with SDD, as observed with OCT, but it is not yet clear
if choroidal vasculature alterations are a primary pathoge-
netic factor [5, 6, 11, 12, 16, 20, 21]. Our data did not show
significant choroidal thinning in eyes with SDD. This could

SPRINGER NATURE
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Fig. 3 Box-plots of macular ganglion cell layer-inner plexiform layer (GCL-IPL) thickness in eyes with conventional drusen (CD) and subretinal
drusenoid deposits (SDD), (a, b, and c¢), respectively. P-values shown in the figure result from the general linear model analysis adjusted for sex,

age, axial length, and spherical equivalent as covariates

be due to differences in SDD classification in our study with
respect to other reports and also owing to the association of
drusen with SDD in most of the eyes in our cohort. Indeed,
SDD are frequently found in association with drusen and
Lains et al., similar to our results, reported on 186 eyes with
AMD where 47.3% of eyes had drusen alone, 5.4% had
SDD alone, and 45.2% had both SDD and drusen [9]. In a
recent study on 651 subjects, a major finding was that SDD
were frequently present in patients with early AMD in 49%
of cases and in intermediate AMD in 79% of patients [8].
Furthermore, Sarks et al. reported that only 2.7% of their
cases with SDD did not have signs of AMD [10].
Vongkulsiri et al. studied the relationship between SDD
and large choroidal vessels but did not find any correlations
[20]. Spaide et al. used enface SDOCT but did not report
diffuse alterations of the choriocapillaris layer [12]. How-
ever, recently it was reported that choroidal filling defects
during angiography were more frequent in eyes with
pseudodrusen [21]. Mrejan and Spaide, retrospectively

SPRINGER NATURE

investigated highly myopic eyes with reduced choroidal
thickness but did not find development of SDD concluding
that there is no conclusive evidence to support a causative
relationship between choroidal thickness and SDD forma-
tion [16].

Our results of GCL-IPL thinning in early AMD are in
agreement with those of other authors [3, 22, 23]. The
choroid and the GCL-IPL become thinner with age and are
positively correlated [13]. The oxygen supply to the retinal
layers depends on the retinal and choroidal circulation [24].
It has been hypothesized that hypoperfusion and chronic
vasculature failure due to macular aging are determining
factors in post receptor damage [1, 25-27]. In advanced
AMD, photoreceptor damage could chronically reduce
input to the inner retinal layers and cause trans-neural
degeneration leading to apoptosis of neurons [3]. Studies in
the animal model have shown impairment of the inner
plexiform and ganglion cell layer in retinal degeneration
[27]. Zucchiatti et al. reported GCL-IPL thinning in patients
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with early intermediate AMD [3]. Similar to our findings of
thinning of the GCL-IPL in the 3 and 6 mm ETDRS areas,
Lee et al. reported an annular pattern of GCL-IPL thinning
around the fovea in early AMD [23]. This annular pattern
could be linked to the anatomical structure of the macula,
which shows gradual thinning of the inner retinal layers,
including the vascularized retinal layers, as they approach
the fovea to terminate in the central foveal avascular zone
[27]. The annular pattern could also be linked to the vas-
cular supply characteristics of the foveal vs. the perifoveal
region. The superficial retinal vascular network pre-
dominantly supplies the ganglion cell layer whereas the
deep vascular plexus, prevalently of the inner nuclear layer,
constitutes the perifoveal vascular ring and terminates closer
to the central fovea [28].

It is difficult to speculate on the reasons for a thinner
perifoveal GCL-IPL in patients with SDD as this is a novel
finding and requires further investigation. Lee et al. found
an inverse relationship between drusen load and average
GCL-IPL thickness [23] but, to our knowledge, there is no
standardised methodology to calculate SDD load. The
preferential site of localization of SDD in the rod rich
perifoveal areas may be implicated [5, 7, 8] and our results
showed that the GCL-IPL thickness in the perifoveal area is
significantly reduced. Interestingly, SDD are found at sites
of choroidal watershed zones, suggesting a possible topo-
graphical hypoperfusion pathogenesis [29, 30]. If choroidal
alterations and thinning do play a causative role in SDD
formation, we could tentatively speculate that thinning of
the GCL-IPL layer, which is correlated with choroidal
thickness [13], could be part of a generalised spectrum of
vascular alterations of the choroid and retina. SDD could be
a manifestation of enhanced hypoperfusion and chronic
vasculature failure of macular aging associated with AMD
[1, 25-27]. This conceptive hypothesis could be worthy of
reflection and could be supported by the fact that SDD is
encountered in older individuals and that neovascularisation
and geographic atrophy are more frequently associated with
the condition.

Studies on a larger number of patients using OCT
angiography are warranted in order to evaluate the deep and
superficial vascular networks in SDD. Most importantly,
longitudinal investigation is necessary to evaluate the
implications of choroidal thinning and thinning of the vas-
cularised retinal layers in the pathogenesis of SDD.

We acknowledge that our study has some shortcomings
in that we enrolled a limited number of patients. In order to
measure choroidal thickness, we used a semi automatic
method, which however, had previously shown good inter-
observer repeatability. Finally, our study cannot clarify the
cause-effect relationship of choroidal and retinal layer
thinning in the pathogenesis of SDD as this would require
further research and longitudinal analysis.

Summary
What was known before

e Recent classification of early age-related macular
degeneration differentiates lipoprotein extracellular
accumulations in drusen localized below the retinal
pigment epithelium from SDD localized above the
retinal pigment epithelium.

e The pathogenesis of SDD is not completely understood
although choroidal thinning is reported.

What this study adds

e In eyes with early age-related macular degeneration
associated with SDD there is thinning of the macular
ganglion cell layer-inner plexiform layer.

e This layer is vascularised and correlates positively with
choroidal thickness suggesting a possible pathogenetic
implication of generalised choroid/retinal vascular
alterations.
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