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Purpose: Analyses of quantitative features of optical coherence tomography angiogra-
phy (OCTA) in patients affected by extensive macular atrophy with pseudodrusen-like
appearance (EMAP).

Methods: In a prospective case-control study, patients and age- and gender-matched
healthy controls underwent complete ophthalmologic examination, including best
corrected visual acuity (BCVA) measurement, biomicroscopy, fundus autofluores-
cence and spectral-domain optical coherence tomography (Spectralis HRA; Heidelberg
Engineering GmbH, Heidelberg, Germany), and OCTA scans (DRI OCT Triton; Topcon
Corporation, Tokyo, Japan). Vessel density in the superficial capillary plexus and deep
capillary plexus (DCP) in the retina and choriocapillaris (CC) in themacula and optic disc
were measured. The one-way analysis of variance test with Bonferroni correction was
used for statistical assessments.

Results: Seven patients (14 eyes) and 10 controls were included in the study. The mean
follow-up period was 3 ± 0.8 years. The mean BCVA of patients at baseline was 0.81 ±
0.43 (logarithmof theminimumangleof resolution [LogMAR]) and1.05±0.38 (LogMAR)
at the final follow-up visit (P = 0.006). Quantitative analyses of retinal vessels revealed
significant alterations, especially in the DCP and CC, in both atrophic and junctional
zones in retina of EMAP patients compared with preserved zones and controls.

Conclusions: OCTA analysis characterized three different retinal regions in EMAP
disease, corresponding toprogressivelydeeperperfusiondefects. Further investigations
are warranted to explore the correlation between DCP changes and the extension of
atrophy.

Translational Relevance: By expanding our pilot study, wemay better define EMAP on
the basis of vascular changes and eventually recognize earlier the direction of enlarge-
ment of atrophy by means of OCTA analyses.

Introduction

Extensive macular atrophy with pseudodrusen-like
appearance (EMAP) is a rare macular disease charac-
terized by bilateral and symmetrical atrophic lesions
extending in a vertical axis, with or without foveal
sparing. Pseudodrusen are typically present in the
mid-periphery, whereas paving-stone degeneration is
detectable in the far periphery.

Compared with other forms of macular diseases, in
particular age-related macular degeneration (AMD),

EMAP has distinctive features, including earlier age
of onset in the fourth decade of life, a vertical axis of
extension, faster deteriorating visual loss, night blind-
ness, and photophobia.1

EMAP can be complicated with choroidal neovas-
cularization (CNV), which is more aggressive and less
responsive to antivascular endothelial growth factor
treatment.2,3

The initial description of EMAP reported no associ-
ation with other diseases, but there have been reports
of EMAP cases with a family history of AMD or
ABCA4 gene variation.3 Although previous studies
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were dedicated to the structural optical coherence
tomography (OCT) analysis of EMAP features, to date
few studies have described retinal vascular changes in
this retinal disease.4 The aim of the present study is
to describe the OCT angiography (OCTA) features in
patients affected by EMAP.

Methods

The study design was a prospective, observational
case series. All of the patients diagnosed with EMAP
in our center from January 2015 to December 2017
were considered in the study, along with a group
of healthy volunteers who were age- and gender-
matched as control subjects. Written informed consent
was obtained from all of the subjects included in
the study. The procedures adhered to the tenets of
the Declaration of Helsinki and were approved by the
ethical committee of the institute.

All patients underwent a complete ophthalmo-
logical examination every 6 months, including best
corrected visual acuity (BCVA) using standardETDRS
charts, slit-lamp examination, multimodal imaging
with color photography, spectral-domain optical coher-
ence tomography (SD-OCT) (Spectralis OCT, Heidel-
berg Engineering GmbH, Heidelberg, Germany),
Spectralis fundus autofluorescence (FAF), and OCTA
(DRI OCT Triton; Topcon Corporation, Tokyo,
Japan). Central atrophy was assessed within 2000 μm
according to the Consensus Definition for Atrophy
Associated with AMD for complete retinal pigment
epithelium (RPE) and outer retinal atrophy (cRORA),
incomplete RPE and outer retinal atrophy (iRORA),
complete outer retinal atrophy (cORA), and incom-
plete outer retinal atrophy (iORA)5.

OCTA analysis included 9 × 9-mm acquisitions,
centered on the fovea and on the center of the optic
nerve head. Only high-quality images, assessed by
the Topcon image quality index (≥60),6 were consid-
ered. OCTA images were analyzed with the Topcon
full spectrum amplitude decorrelation angiography
algorithm. The superficial capillary plexus (SCP), deep
capillary plexus (DCP), and choriocapillaris (CC) were
segmented in the macula and the optic nerve head,
and the radial peripapillary capillary (RPC) plexus
segmentationwas also obtained at the optic nerve head.
Each automated segmentation was carefully reviewed
and manually corrected if necessary. All reconstruc-
tions were exported in the .tiff format and loaded
into ImageJ software (National Institutes of Health,
Bethesda,MD; available at https://imagej.net/Welcome
or http://rsb.info.nih.gov/ij/). Each imagewas binarized

through a mean threshold, and vessel density (VD) was
calculated on the final binarized images and compared
to controls. Quantitative analysis was performed on the
entire SCP, DCP, and CC reconstructions.

Furthermore, in order to detect vascular changes
occurring along the patients’ follow-up, we identified
and divided OCTA reconstructions into three differ-
ent areas with respect to the progression of the disease
(zones A, B, and C). These regions were detected by
baseline and final follow-up FAF images, with the
region of definitively decreased FAF being considered
to be atrophic (areas in which the level of darkness was
close to 100% in reference to the optic nerve head/blood
vessels). In particular, we defined zoneA as the atrophic
area visible at baseline, whereas zone C was where the
non-atrophic retina was detected at the end of the
follow-up. Zone B was the region surrounding zone
A that became atrophic at the end of the follow-up.
(Fig. 1)

For the separated OCTA quantitative analysis, we
co-registered the FAF images to en face OCTA recon-
structions by means of a rigid registration available in
ImageJ. In particular, we adopted as reference points
the optic nerve head and the large retinal vessels. In
this way, it was possible to over-impose and to use the
three different zones for the separate calculations of
VD.All VDmeasures were compared to the overall VD
quantification of healthy controls.

One-way analysis of variance statistical tests with
Bonferroni correction were used to assess signifi-
cant differences among the above-described measures,
separately considering zone A versus zone B versus
zone C versus controls. P values ≤ 0.05 were consid-
ered significant.

Results

Overall, a total of 7 EMAP patients (4 males,
3 females; 14 eyes) between the ages of 42 and
66 years (mean, 60.2± 10.52) were recruited. Themean
follow-up period was 3 ± 0.8 years (range, 2.0–4.0).
The mean BCVA of patients at baseline was 0.81 ±
0.43 (logarithm of the minimum angle of resolution
[LogMAR]; ranging from0.3 to 1.3 LogMAR) andwas
1.05 ± 0.38 LogMAR at the final follow-up visit (P =
0.006).

The medical histories were insignificant except for
one patient with a mutation in the PITPNM3 gene.
Anterior segment examination revealed no alteration.
Fundus examination showed geographic atrophy of
various sizes, from the posterior pole to the vascular
arcades, with a larger vertical diameter. The lesions
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Figure 1. Fundus autofluorescence images at (A) baseline and at (B) final follow-up. (C) The area surrounded by a blue line is the atrophic
zone visible at baseline (zone A), whereas the area outside the orange line is the non-atrophic retina detected at the end of the follow-up
(zone C). Zone B is the area between the blue and orange lines in (C).

Table 1. Qualitative Analysis of SD-OCT Images in
Vertical and Horizontal Axes and Division of Macular
Involvement in Number of Eyes Affected by EMAP at
Baseline and Final Visit

Axis cRORA iRORA cORA iORA

Baseline Vertical 3 9 0 2
Horizontal 1 9 0 4

Final Vertical 7 6 0 1
Horizontal 5 6 0 3

turned out to be symmetrical in both eyes. In two
patients, the atrophy progressed to the peripapillary
and nasal retina during the follow-up period. All
of the patients showed pseudodrusen surrounding
the atrophy. Peripheral paving-stone degeneration was
visible in all eyes. No eye developed CNV over the
follow-up. Multimodal imaging features of EMAP are
shown in Figure 2.

On FAF imaging, the atrophic areas appeared to be
hypoautofluorescent and well delineated, with foveal
sparing atrophy in 10 eyes (71%) at baseline and in
6 eyes (42%) at the end of the follow-up. Some smaller
atrophic areas were also present close to the central
atrophy.

By comparing the multimodal imaging acquired
at the baseline and the last follow-up visit of our
patients’ cohort, we detected remarkable progression
of the atrophic process, involving both macula and
peripheral posterior pole regions (Fig. 3). Structural
OCTdocumented the progression of atrophy. SD-OCT
assessment of central atrophy at baseline and follow-
up revealed the number of eyes with cRORA, iRORA,
and iORA stages (Table 1).5 Pseudodrusen appeared as
diffuse thickening above the RPE.

OCTA showed an almost preserved SCP in all zones,
when compared with controls, with extension of CC

impairment and less evident changes of DCP, mainly
related to an already diffuse involvement at baseline
(Fig. 3).

On the other hand, VD analyses in both DCP and
CC showed significant alterations. All data are shown
in Table 2. Remarkably, DCP and CC were unaltered
only in preserved retinal zones with respect to controls.
Analysis of the optic nerve head showed no significant
differences between patients and controls except in the
nerve choriocapillaris (nCC). BCVA severity was not
related to nCC rarefaction.

Discussion

EMAP is differentiated from AMD on the basis of
its development at a younger age and its symmetric
involvement of both eyes. A progressive night blind-
ness is followed by a rapid loss of central vision, leaving
EMAP patients legally blind within only a few years.7

In AMD, pseudodrusen can be present in the
subretinal space or between the RPE–photoreceptor
layer; however, in EMAP, the pseudodrusen phenotype
is characterized by diffuse subretinal thickening that is
not limited to the posterior pole but also involves the
mid-periphery.7–9 A different inflammatory reaction
in EMAP patients, as documented in other studies,
could be a leading factor of faster disease progression
and pseudodrusen formation. Moreover, an associa-
tion between pseudodrusen and decreased choroidal
thickness has been documented, suggesting that blood
flow impairment also occurs in this disease.7,10,11

In the present study, we reported an extensive
involvement of retinal vascular network in EMAP
patients, detected by means of OCTA. In particu-
lar, SCP showed unremarkable alterations, whereas
DCP and CC were strongly involved. It is worth
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Figure 2. Multimodal retinal imaging of EMAP. (A) Fundus color photography shows atrophic zones extending vertically to the vascular
arcades and the presence of small zones of pigmented alterations. (B) Fundus autofluorescence shows posterior pole hypoautofluorescence
surrounded by a hyperautofluorescent margin. (C) Infrared autofluorescence reveals larger choroidal vessels through an atrophic retina.
OCTA reconstructions of the retinal vascular network show (D) preserved superficial capillary plexus and (E) strongly altered deep capillary
plexus and (F) choriocapillaris. (G) SD-OCT shows extensive loss of the outer retinal layers with a prominent barcode effect and thinned
choroid.

noting the different behavior of DCP and CC alter-
ations when comparing retinal zones A and B with
respect to the corresponding regions in control eyes.
DCP was not significantly altered in preserved retina
compared with controls, and it showed no significant

difference between junctional and atrophic zones. In
contrast, CC was normal in the preserved retina but
showed statistically significant differences among all of
the analyzed subregions (preserved vs. junctional vs.
atrophy). This means that DCP changes occur earlier
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Figure 3. Progression of retinal changes over the follow-up. Color photography, fundus autofluorescence, and infrared autofluorescence
clearly show the atrophic progression from baseline (A–C, respectively) to the last follow-up (D–F, respectively), oriented both vertically and
close to the macular region. OCTA documents a still-preserved SCP (G and J) and further worsening of the DCP (H, K) and CC (I, L). Structural
OCT shows the increasedbarcodeeffect at the follow-up, secondary to further loss of theRPE/photoreceptors complex, togetherwith further
retinal thinning (M, N).



OCTA in EMAP TVST | February 2020 | Vol. 9 | No. 3 | Article 2 | 6

Table 2. Correlation Analyses among OCTA Parameters

Quantitative OCTA Analysis

SCP DCP CC

Measure in Macula Mean SD Mean SD Mean SD

EMAP preserved retina 0.41 0.03 0.42 0.03 0.50 0.01
EMAP junctional zone 0.41 0.04 0.38 0.05 0.48 0.01
EMAP atrophic retina 0.39 0.03 0.37 0.04 0.47 0.01
Controls 0.41 0.01 0.43 0.01 0.50 0.01

nSCP nDCP nCC RCP

Measures in optic nerve Mean SD Mean SD Mean SD Mean SD

EMAP 0.35 0.04 0.44 0.05 0.49 0.02 0.4757 0.02
Controls 0.34 0.01 0.44 0.02 0.51 0.02 0.462 0.03

t-Test macula SCP DCP CC

Preserved retina vs. controls >0.05 >0.05 >0.05
Preserved retina vs. junctional zone >0.05 <0.01 <0.01
Preserved retina vs. atrophic retina >0.05 <0.01 <0.01
Junctional zone vs. controls >0.05 <0.01 <0.01
Junctional zone vs. atrophic retina >0.05 >0.05 <0.01
Atrophic retina vs. controls >0.05 <0.01 <0.01

t-Test optic nerve nSCP nDCP nCC RPC

EMAP vs. controls >0.05 >0.05 <0.01 >0.05

Bold numbers indicate statistically significant data. nSCP, nerve superficial capillary plexus; nDCP, nerve deep capillary
plexus; nCC, nerve choriocapillaris.

in EMAP and are almost the same in the junctional
zone when compared with the atrophic retina. On the
other hand, CC changes seemed to be more progres-
sive, resulting in a consequential loss of integrity from
the preserved retina to the junctional zone and up to
the atrophic area. The non-significant changes in VD
based on Optic Nerve head (ON) analysis and the
absence of correlation between nCC rarefaction and
the severity of visual acuity suggest that the pathology
is primarily macular and without ON involvement.

Our results regarding the SCP can be considered
somehow expected, as EMAP is considered to be
an outer retinal pathology, leading to inner retinal
alterations only in secondary stages. Furthermore, the
finding of an earlier, stronger impairment of DCP
is supported by the evidence of a greater sensitivity
of this plexus to blood flow changes compared with
SCP and CC.12,13 Indeed, the progressive loss of RPE
cells leads to downregulation of the trophic factors
necessary tomaintain retinal vascular integrity, causing
increased distress to the DCP and CC with consequent
perfusion loss.

We acknowledge that the present study has many
limitations, especially bearing in mind the limited

number of patients, the short and uneven follow-
up, and the technical limitations typical of OCT and
OCTA.14

Nevertheless, our study can serve as a pilot study
to pave the road to further investigations attempt-
ing to better characterize a rare disease. Our pilot
study found three different retinal regions in EMAP
disease, as characterized by OCTA, corresponding to
progressively deeper perfusion defects. Future studies
are warranted to correlate the degree of DCP damage
and the extent of atrophy.
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