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Abstract: Background and Objectives: Early diagnosis of the exudative form of age-related macular
degeneration (AMD) is very important for a timely first treatment, which is directly related to the
preservation of functional visual acuity over a long period. The goal of this paper was to examine
the correlation between the double-layer sign (DLS) and the presence of non-exudative macular
neovascularization (MNV). Materials and Methods: Our research included 60 patients with AMD,
exudative in one eye and non-exudative in the other eye. We analyzed only the non-exudative form
using optical coherence tomography (OCT) and optical coherence tomography angiography (OCT-A).
The patients were classified into three groups, depending on the duration of the disease (<2 years,
2 to 5 years, >5 years). The onset of the disease was deemed the moment of establishing a diagnosis of
exudative AMD in one eye. We defined the presence or absence of a DLS using OCT and the presence
of non-exudative MNV using OCT-A, both on 3 × 3 mm and 6 × 6 mm sections. DLS was used as
a projection biomarker for non-exudative MNV, with the aim of establishing a rapid diagnosis and
achieving early treatment of the disease. Results: We found that there was a statistically significant
correlation between the DLS diagnosed using OCT and non-exudative MNV diagnosed by OCT-A
for both 3 × 3 mm (p < 0.001) and 6 × 6 mm (p < 0.001) imaging. There was a statistically significant
difference between the frequencies of both DLS and MNV in Groups I and III on both 3 × 3 and
6 × 6 mm imaging. A statistically significant difference was also noted in the frequencies of DLS and
MNV on 6 × 6 mm imaging, but not on 3 × 3 mm imaging, between Groups I and II. No differences
were found between the frequencies of DLS and MNV between Groups II and III. Conclusions: The
DLS on OCT can be used as a projection biomarker to assess the presence of a non-exudative MNV.

Keywords: retina; OCT; OCT-A; neovascular membrane; double-layer sign; choroidal neovascular-
ization; age-related macular degeneration

1. Introduction

Age-related macular degeneration (AMD) is one of the leading causes of blindness in
developed countries, particularly in people older than 60 years [1]. The disease progresses
over time, so the final stage includes the presence of geographic atrophy or the emergence
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of neovascularization [2]. The introduction of anti-VEGF (vascular endothelial growth
factor) therapy in the treatment of neovascular AMD (nAMD) represented a milestone in
preserving visual acuity in these patients [3–5]. In order to have as good an effect of the
applied therapy as possible, it is vital to recognize the active membrane early and start
the treatment. With patients who already suffer from a neovascular membrane in one
eye, it is important to also observe the other eye, especially since the risk of occurrence
of macular neovascularization (MNV) in the other eye is deemed 42% within a period of
5 years following the occurrence of MNV in one eye [6].

Macular neovascularization is typically associated with the occurrence of exudation
and degradation of visual acuity. However, new diagnostic procedures have allowed for
the detection of non-exudative MNV as well. This form is characterized by the absence of
exudation and occurs in patients who are mostly asymptomatic [7–9]. Non-exudative MNV
most often refers to type 1 MNV, although other categories of neovascular membranes
can also be without exudation [10]. The significance of the non-exudative membrane is
reflected in the fact that the risk of exudation is higher, which makes intensive observation
of these patients significant [11].

The most relevant procedures for diagnosing nAMD are optical coherence tomography
(OCT), optical coherence tomography angiography (OCT-A), fluorescein angiography
(FA), and indocyanine green angiography (ICGA) in the case of polypoidal choroidal
vasculopathy. In exudative MNV, the presence of fluid in the macula can be clearly seen on
the OCT, as opposed to the non-exudative form with no visible fluid. With these patients,
MNV can be visualized using OCT-A [12–18].

In 2013, Querques et al. made the first description of non-exudative MNV using
OCT and ICGA (indocyanine green angiography) [8]. The presence of two hyperreflective
layers on OCT (RPE and Bruch’s membrane) or a shallow, irregular ablation of the RPE
is called the “double-layer sign” (DLS) (Figure 1). This term was first introduced by Sato
et al., and it was described in the presence of vascular network branching in polypoidal
choroidal vasculopathy [19]. In 2019, Shi et al. showed that the DLS detected by the OCT
was correlated with non-exudative MNV [20].

Making a correlation between the DLS as an OCT biomarker of present non-exudative
MNV and the presence of a neovascular membrane finding diagnosed by the OCT-A
method would speed up the diagnosis and, consequently, the period of treatment for these
patients. Furthermore, in developing countries or small regional centers, there may be a
lack of access to OCT-A, and recognition of the DLS on OCT and prompt referral may make
a difference in treatment outcomes.

In summary, macular neovascularization in AMD can be present without overlying
fluid, and this neovascular membrane can be detected with OCT-A even if inactive. The
presence of a double linear sign can be correlated with the existence of a non-exudative
macular neovascular membrane.

The goal of this study is to examine the correlation between the DLS detected using
OCT and the presence of non-exudative MNV through OCT-A in patients who have already
been diagnosed with MNV in one eye.
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Figure 1. Example images of OCT and OCT-A of one of our patients with a macular neovascular 
membrane. Images (A–D) represent OCT-A of different layers of the macular vascular network, 
specifically (A) superficial, (B) deep, (C) outer retina, and (D) choriocapillaris. A neovascular 
membrane can be seen in image (C). Image (E) shows an OCT B-scan of the macula with a present 
DLS. 

2. Materials and Methods 
A retrospective study was conducted at the Eye Clinic of the Military Medical 

Academy in Belgrade. The study was approved by the Ethics committee of the Military 
Medical Academy. The study included patients with exudative AMD in one eye and non-

Figure 1. Example images of OCT and OCT-A of one of our patients with a macular neovascular
membrane. Images (A–D) represent OCT-A of different layers of the macular vascular network,
specifically (A) superficial, (B) deep, (C) outer retina, and (D) choriocapillaris. A neovascular
membrane can be seen in image (C). Image (E) shows an OCT B-scan of the macula with a present DLS.

2. Materials and Methods

A retrospective study was conducted at the Eye Clinic of the Military Medical Academy
in Belgrade. The study was approved by the Ethics committee of the Military Medical
Academy. The study included patients with exudative AMD in one eye and non-exudative
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AMD in the other who underwent examinations at the Military Medical Academy from
October 2022 to June 2023 and whose medical records including OCT and OCT-A images
were stored. We analyzed only the eyes with the non-exudative AMD. We analyzed the
data of 60 patients (60 eyes). We classified the participants into three groups (20 participants
per group) according to the onset of the disease. The onset of the disease was deemed at
the moment when the diagnosis of exudative AMD in one eye had been established. The
first group consisted of participants suffering from the disease for less than two years, the
second group consisted of participants suffering from the disease for two to five years, and
the third group consisted of participants suffering from the disease longer than five years.
Exclusion criteria included any other diseases of the posterior segment and opacified media.
Moreover, the study included patients to whom anti-VEGF therapy was administered
because of active MNV in one eye, but only if the last administered dose was three months
prior to the OCT and OCT-A imaging in order to exclude any possible effects on the
other eye.

All eyes in the study underwent SS (swept-source) OCT and SS OCT-A imaging (Triton
DR 1000; Topcon, Tokyo, Japan). This device uses a central wavelength of 1.050 nm and a
scanning speed of 100,000 A-scans per second. The acquired scans are displayed simultane-
ously as separate “en face” images of the retinal microvasculature and choriocapillaris. It is
worth noting that the OCTARA (OCT-A ratio analysis) algorithm generates OCT-A images
by registering a B-scan repetition at each scan location and then computing a ratio-based
result between corresponding image pixels. This method preserves the integrity of the OCT
spectrum and does not result in compromised axial resolution, an inherent disadvantage of
other OCT-A technologies [21].

The absence of macular fluid was determined after a review of the retinal thickness
maps and B-scans from the SS OCT images. After the B-scans, each eye was evaluated for
the presence or absence of a DLS by two independent graders (authors D.R. and M.R.).

All eyes in this study were imaged using the 3 × 3 mm and 6 × 6 mm scan patterns,
so we observed not only different-sized areas of the macula but also different qualities of
the images. All scans were centered on the fovea, and the SMARTTrack motion correction
software (Topcon, Tokyo, Japan) was used during image acquisition. Non-exudative MNV
not fully contained or outside the 6 × 6 mm field of view were excluded from the study.

For the visualization of MNV, the boundaries we used in this study extended from the
outer retina to the choriocapillaris. No segmentation was manually altered for this study.

Data analysis was conducted in Python 3 using the Anaconda distribution and in-
cluded libraries. Because nominal data were collected, chi-squared or Fisher tests were
used, depending on the sample size. Sensitivity, specificity, and accuracy values were
calculated using their respective formulas.

3. Results

We analyzed the data of 60 participants split into three groups (20 participants per
group). The age ranged between 62 and 80 years (average of 73.6 years in the first, 73.9 in
the second, and 74.8 in the third group).

The presence or absence of DLS was analyzed on the B-scan obtained using OCT,
after which we compared the presence of MNV using the OCT-A method, namely in the
3 × 3 mm and 6 × 6 mm sections (Table 1).

Table 1 shows that the first group of patients recorded no presence of DLS or non-
exudative MNV on the 3 × 3 mm section. Nevertheless, seven patients within the same
group had a positive DLS on a 6 × 6 mm section, while no patients had non-exudative MNV.
In Group II, on the 3 × 3 section, DLS was present in three patients, in which non-exudative
MNV was also recorded. On the 6 × 6 mm section, DLS was present in 15 patients, whereas
11 patients had non-exudative MNV. In Group III, both DLS and non-exudative MNV
were present in 7 patients on the 3 × 3 section; DLS was present in 15 patients on the
6 × 6 section, while non-exudative MNV was also noted in 12 patients.
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Table 1. Frequencies of DLS and MNV detection in Groups I, II, and III on 3 × 3 and 6 × 6 mm OCT
and OCT-A imaging.

Groups Group I Group II Group III

Parameters OCT-A 3 × 3 OCT-A 6 × 6 OCT-A 3 × 3 OCT-A 6 × 6 OCT-A 3 × 3 OCT-A 6 × 6

DLS present
DLS absent

MNV present
MNV absent

0 (0%)
20 (100%)

0 (0%)
20 (100%)

7 (35%)
13 (65%)

0 (0%)
20 (100%)

3 (15%)
17 (85%)
3 (15%)

17 (85%)

15 (75%)
5 (25%)

11 (55%)
9 (45%)

7 (35%)
13 (65%)
7 (35%)

13 (65%)

15 (75%)
5 (25%)

11 (55%)
9 (45%)

We analyzed the distribution of the presence of DLS and non-exudative MNV on
OCT-A sections of 3 × 3 mm and 6 × 6 mm between each of the three groups separately
(Fisher’s exact test), i.e., every group according to the duration of the disease was tested
against the other groups. The results can be seen in Table 2.

Table 2. Comparisons between the frequencies of MNV and DLS on 3 × 3 and 6 × 6 mm images
on OCT and OCT-A for each group. The table contains the p-values from Fisher tests; statistically
significant values are in bold. Frequencies and percentages for each of the groups can be seen in
Table 1.

Variable MNV 3 × 3 DLS 3 × 3 MNV 6 × 6 DLS 6 × 6

Group I vs. Group II p = 0.231 p = 0.231 p < 0.001 p = 0.025

Group II vs. Group III p = 0.237 p = 0.237 p = 1 p = 1

Group I vs. Group III p = 0.008 p = 0.008 p < 0.001 p = 0.002

In Table 2, we can see that there is a statistically significant difference in the presence
of DLS and MNV on both 3 × 3 and 6 × 6 sections between Group I and Group III. A
statistically significant difference in the presence of MNV and DLS was also noted on
6 × 6 imaging between Groups I and II. No differences were found between Groups II and
III.

We used Fisher’s exact test to analyze the correlation between the DLS and non-
exudative MNV on a 3 × 3 mm field, as well as DLS and MNV on a 6 × 6 mm field for all
patients from the three groups combined. Values for sensitivity, specificity, and accuracy
were obtained according to their standard formulas. These results can be seen in Table 3.

Table 3. Values for sensitivity, specificity, and accuracy for DLS as a predictive marker for MNV on
3 × 3 and 6 × 6 mm images, as well as p-values for chi-square tests for correlation.

DLS for MNV on 3 × 3 mm DLS for MNV on 6 × 6 mm

Sensitivity 100% 100%

Specificity 100% 62.2%

Accuracy 100% 76.6%

p-value <0.001 <0.001

We observed a statistically significant correlation between DLS and non-exudative
MNV on both the 3 × 3 mm images and 6 × 6 mm images. On the 3 × 3 images, the DLS
was a perfect biomarker of MNV according to our results, having an accuracy of 100%. For
the 6 × 6 images, while a high sensitivity was noted (100%), the specificity of DLS was only
62.2% because of the emergence of false positive results (eyes in which a DLS was recorded
but not MNV). There were no false negative results, meaning no patients had MNV on
OCT-A without the presence of a DLS.
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4. Discussion

Treatment of the exudative form of AMD through the administration of anti-VEGF
therapy was introduced almost 20 years ago [4,22,23]. In order to reach the best possible
therapeutic outcomes, it is important to recognize exudative MNV in time and start treat-
ment as soon as feasible. Considering the fact that the disease progression over a time span
of five years, from the early or intermediate stage to the late stage, ranges from 0.4% to as
much as 53%, depending on the stage of the disease, it is obvious how important it is to
find predictive biomarkers that can help us in early diagnosis of non-exudative MNV [24].
Modern diagnostic procedures, such as OCT and OCT-A, are of great significance for
reaching the rapid diagnosis of MNV by defining specific biomarkers for the detection
of non-exudative MNV and observing its progression. One such biomarker that can be
deemed the golden projection standard in the detection of non-exudative MNV is DLS
obtained using the OCT method [24].

Yang et al. described that the emergence of non-exudative MNV in one eye in patients
in whom exudative MNV had been diagnosed in the other eye equaled 13.2%, which was
higher than findings by Paleywala et al., which had equaled 6.25% [11,25]. Moreover, Yang
et al. stated in their study that the risk of exudation increased with the extending duration
of the disease (from 24% after one year of observing to 34.5% after two years of observing),
which is why we also divided our patients into three groups depending on the duration of
the disease and found that the frequency of occurrence of a non-exudative MNV increased
with the extension of the disease duration, which can be followed up by an increase in the
frequency of DLS with patients whose disease lasted longer.

In our study, we observed various stages of AMD, primarily related to the disease
duration, and we compared the finding of DLS on OCT (presence or absence) with the
finding of non-exudative MNV diagnosed using the OCT-A method (presence or absence).

OCT-A is the only diagnostic procedure that is capable of diagnosing MNV even when
fluid is absent on OCT or on fluorescein angiography (FA) [12,25].

The diagnosis of non-exudative MNV increased significantly by using OCT-A. Laig-
inhas et al. described this in their paper and stated that it ranged from 6.25% to 27% in
patients who suffered from exudative AMD in the other eye [26]. Further on, we found in
our study that the number of patients with non-exudative MNV was higher in Groups II
and III relative to the first group, where we did not have a single non-exudative MNV.

If we compare the risk of transition from non-exudative to exudative MNV, such risk
ranges from 21.1% with patients diagnosed with exudative AMD in one eye to 5.4% with
patients with no exudative AMD in either eye [8,25,26]. This is precisely why we decided
to observe patients who already suffered from an exudative form of AMD in one eye.

Analysis of earlier OCT-A studies showed that non-exudative type 1 MNV correlates
with DLS on OCT B-scan [11,14–18]. This correlation, which we also observed in our study,
is very significant because it speaks in favor of the prognostic role of DLS in the diagnosis
of non-exudative MNV. This was also a topic of the study written by Shi et al. [20].

We applied the OCT-A as the golden standard for the detection of non-exudative MNV
in our study and then compared this finding with the presence of DLS found through OCT.
Our results showed that not all eyes where we found DLS suffered from the non-exudative
MNV as well. In the first group of patients, with a disease period of less than two years, we
found no DLS or non-exudative MNV on 3 × 3 mm images. However, for the 6 × 6 mm
images, we detected a number of false positives, the reason for the drop in specificity for
the 6 × 6 mm fields. We would also expect a drop in sensitivity and specificity values
in larger sample sizes since, for certain groups in our research, no false positives or false
negatives were found, which is something that we would expect to find.

Why did we get different values for 3 × 3 mm relative to 6 × 6 mm imaging? Despite
the known fact that 3 × 3 mm scans cover smaller area of the macula, the resolution is better
than with 6 × 6 mm OCT-A scans. The difficulty in enlarging the field without sacrificing
resolution is a significant issue for the development of OCT-A technology, as its field of
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view is significantly smaller than modalities such as FA [27]. It is possible that a worse
resolution might have been a reason for our inability to recognize non-exudative MNV.

Min Gao et al. also commented that poor segmentation leads to errors in the cor-
responding en face OCT-A images with false positive or negative flow signals. They
suggested that, in these situations, a manual adjustment of the layer segmentation should
be performed to optimize OCT-A scans to aid clinical interpretation [27].

Shi et al., Narita et al., and Ghanci et al. showed that DLS of high sensitivity (83–100%)
and specificity (74–94%) correlates with the presence of non-exudative MNV [20,28,29].
In our paper, we obtained sensitivity, specificity, and accuracy for DLS as a marker for
non-exudative MNV on 3 × 3 mm images of 100%, while the specificity and accuracy
differed on 6 × 6 mm images and equaled 62.2% and 76.6%, respectively, with sensitivity
remaining at a 100%. A high sensitivity for DLS as a sign of MNV makes it a very good
screening test in situations where OCT-A or FA is unavailable.

It is also worth noting that some authors have noted different types of DLS, specifically
a “thick” and “thin” DLS, and studies have shown that a thick DLS specifically was a strong
predictor for exudative MNV, while a thin DLS was deemed not to be a risk factor [30]. No
such distinction was made in this study.

In our study, patients with present DLS but absent non-exudative MNV do not rep-
resent a significant portion, but it could represent a problem in everyday practice. This
research would be most significant for regional ophthalmological centers where there is
no access to OCT-A, but there is access to OCT. Recognition of the DLS can be a reason
for prompt referral to a tertiary center where OCT-A is available and thus may result in
better treatment outcomes because of early recognition of MNV, something that might not
be otherwise possible.

A large number of authors have tried to find characteristic parameters that can predict
the transition from non-exudative to exudative MNV. In the existing literature, one can see
that approximately 25% of non-exudative MNV translates into exudative in a period of 6 to
20 months [26].

Relying upon the data that showed that, in a period of 6–8 months, there was a high
risk for the occurrence of exudation in the presence of non-exudative MNV, Invernizzi
et al. [31] suggested a shorter period between check-ups.

Additional studies are needed to examine whether other biomarkers can be included,
which, together with the DLS, can help in the rapid diagnosis of non-exudative MNV
and/or predict its transition to the exudative form.

One of the limitations of our study was our inability to track these patients until
their likely transition into exudative AMD, and thus, we were unable to follow up on the
emergence of exudation and the OCT findings related to it. Another limitation is the small
sample size in each group due to a large number of patients being excluded because of
either having exudative AMD in both eyes or because they received anti-VEGF therapy
less than 3 months before the initial OCT and OCT-AA imaging. Another limitation of
the study that is also important to note is that, even though it is used as a gold standard
test in this study, previous studies have shown that OCT-A is not capable of detecting all
NVM and that the addition of FA as a diagnostic tool together with OCT has shown better
results at detecting neovascularization than OCT-A alone [32]. Inoue et al. showed in their
paper that factors that correlate with the sensitivity of OCT-A are the signal strength, the
height of PEDs, and previous treatment. In this study, no pre-selected cut-off value for the
signal strength was used. However, since these scans were performed as a part of regular
patient examination, it was left to the discretion of the examiner to repeat the scan if needed,
whether that was due to improper segmentation or inadequate signal strength.

5. Conclusions

In summary, we found that the double-layer sign on structural OCT B-scans could
predict the presence of subclinical MNV in most eyes with non-exudative AMD identified
through SS OCT-A imaging with a high sensitivity.
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By combining DLS as an OCT biomarker and observing the activity of non-exudative
MNV through OCT-A, we can recognize MNV and follow up with patients on a more
frequent basis or refer them to an appropriate tertiary institution in order to start anti-
VEGF treatment in due time, owing to the fact that the MNV exudation is detected earlier,
preserving the functional visual acuity of the patients for as long as feasible. However, we
expect the greatest benefit from this in community hospitals and in smaller regional centers
where only OCT, and not OCT-A, is available.

Considering, on the one hand, the risk of loss of central visual acuity and the quality
of life and, on the other hand, the benefit of anti-VEGF therapy, especially if commenced in
time, our recommendation based on our findings and existing literature is to perform OCT-
A on patients with a DLS on OCT, and for those patients, we recommend more frequent
check-ups and self-control at home by using an Amsler grid.
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