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Abstract 48 

Purpose: Structural optical coherence tomography (OCT) images from eyes with non-49 

exudative age-related macular degeneration (AMD) were graded for the presence of a 50 

double layer sign to determine if the double-layer sign predicted subclinical macular 51 

neovascularization (MNV). 52 

Design: Prospective, observational study. 53 

Participants: Non-exudative AMD patients with and without subclinical MNV identified 54 

by swept source OCT angiography (SS-OCTA). 55 

Methods: Subjects were enrolled prospectively into a SS-OCTA imaging study. A set of 56 

test scans with and without subclinical MNV was compiled to assess the ability of 57 

trained graders to identify non-exudative type 1 MNV. The graders only evaluated the 58 

structural OCT B-scans of those eyes. The presence of a double-layer sign was used as 59 

a predictive sign for subclinical type 1 MNV. Sensitivity, specificity, positive predictive 60 

value (PPV), negative predictive value (NPV) from two separate gradings were 61 

calculated and compared.  62 

Main Outcome Measures: The association between the presence of a double-layer 63 

sign and subclinical type 1 MNV. 64 

Results: One hundred eyes with non-exudative AMD from 94 patients were used for 65 

this study. The test set contained 64 eyes with intermediate AMD (iAMD), which 66 

included 20 eyes with subclinical MNV, and 36 eyes with late AMD, which included 13 67 

eyes with subclinical MNV. Two junior graders read the scans separately then reached 68 

a consensus grading. They detected a double-layer sign in 24 out of 33 eyes with 69 

subclinical MNV and did not detect a double-layer sign in 56 out of 67 eyes without 70 

MNV. Their sensitivity, specificity, PPV, and NPV were 73%, 84%, 69%, and 86%, 71 

respectively. The senior grader detected a double-layer sign in 29 out of 33 eyes with 72 

subclinical MNV and did not detect a double-layer sign in 58 out of 67 eyes without 73 

MNV, achieving a sensitivity, specificity, PPV, and NPV as 88%, 87%, 76%, and 94%, 74 

respectively. For all graders, there were statistically significant associations between the 75 

type 1 MNV and the double-layer sign (P < 0.001).  76 
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Conclusions: The double-layer sign on structural OCT B-scans was associated with 77 

subclinical type 1 MNV and can be used to identify these lesions with good predictive 78 

values in eyes with non-exudative AMD.   79 
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Introduction 80 

Sato et al. were the first to describe the double-layer sign on optical coherence 81 

tomography (OCT) B-scans.1 Using a time domain OCT system (Stratus OCT; Carl 82 

Zeiss Meditec, Dublin, CA), they scanned 44 eyes with polypoidal choroidal 83 

vasculopathy (PCV) and found two highly reflective layers in 59% of these eyes and 84 

these layers corresponded to the regions with branching vascular networks identified by 85 

indocyanine green angiography (ICGA). The double-layer sign was comprised of two 86 

highly reflective layers that corresponded to a separation between the retinal pigment 87 

epithelium (RPE) and another highly reflective layer beneath the RPE, which was 88 

presumed to be Bruch’s membrane (BM). This double-layer sign represented a low lying, 89 

irregular pigment epithelial detachment.  90 

In subsequent OCT imaging studies, the double-layer sign was found to 91 

correspond to type 1 macular neovascularization (MNV) in eyes with non-exudative 92 

age-related macular degeneration (AMD).2-6 In 2013, Querques et al. observed 11 eyes 93 

with non-exudative AMD using multimodal imaging that included fluorescein 94 

angiography (FA), ICGA, and spectral-domain OCT (SD-OCT).2 The type 1 MNV was 95 

visualized using FA and ICGA. Meanwhile, at the site of subclinical MNV, SD-OCT 96 

imaging revealed an irregularly, slightly elevated RPE with moderately reflective 97 

material in the sub-RPE space that was distinct from the underlying BM layer.  98 

The presence of a double-layer sign appears to correlate with the presence of 99 

non-exudative type 1 MNV. However, direct visualization of these non-exudative 100 

neovascular lesions requires the use of ICGA or OCT angiography (OCTA).6-17 It is 101 

important to identify these lesions in routine clinical practice since AMD eyes with 102 

asymptomatic, subclinical type 1 MNV have a higher annual risk of exudation compared 103 

with eyes without these lesions.3 OCTA is a simple, safe, non-invasive strategy for the 104 

detection of type 1 MNV, which is much more practical than ICGA for routine screening. 105 

Moreover, SS-OCTA provides better visualization of the full extent of the type 1 MNV 106 

compared with SD-OCTA imaging.3, 4, 10, 18 However, these OCTA instruments are more 107 

expensive and not as widely available in clinical practices as the routine structural OCT 108 

instruments.  109 
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In order to determine whether structural OCT images can be used to detect 110 

subclinical MNV reliably, this study tests the predictive value of a double-layer sign seen 111 

on structural OCT B-scans for the detection of subclinical MNV compared with SS-112 

OCTA imaging in eyes with intermediate and late non-exudative AMD.  113 

 114 

Material and Methods 115 

Patients with non-exudative AMD were enrolled in a prospective OCT study at 116 

Bascom Palmer Eye Institute from April 2016 through January 2018. The institutional 117 

review board of the University of Miami Miller School of Medicine approved this study. 118 

Informed consent was obtained from all patients. The study was performed in 119 

accordance with the tenets of the Declaration of Helsinki and complied with Health 120 

Insurance Portability and Accountability Act of 1996.  121 

SS-OCTA (PLEX® Elite 9000; Carl Zeiss Meditec, Inc, Dublin, CA) images were 122 

acquired using a 6x6 mm scan pattern centered on the fovea. The SS-OCT laser 123 

operates at a central wavelength of 1060 nm (1000-1100 nm full width) and a speed of 124 

100,000 A-scans per second. At the level of the retina, the full width at half-maximum 125 

axial resolution is approximately 5 microns with an estimated lateral resolution at the 126 

retinal surface of appropriately 14 microns. In the 6x6 mm scan pattern, a single B scan 127 

consisted of 500 A-scans and two B-scans are repeated at each of 500 B-scan 128 

positions. En face flow images were generated by the instrument using the OCT 129 

microangiography (OMAG) algorithm, as previously described.17, 19, 20 For the 130 

visualization of the MNV, a custom segmentation strategy was used to create slabs 131 

extending from the RPE to BM. This feature is available on the commercial instrument 132 

and allows the reviewer to select pre-specified boundary layers, and in this study, the 133 

boundary layers selected for segmentation were the RPE and the RPE-fit, also known 134 

as BM. Obvious artifacts in the boundaries generated by the automated segmentations 135 

were corrected using the editing tool. 136 

In addition to SS-OCTA, all the patients underwent routine clinical examination. 137 

All AMD eyes included in this study had no evidence of exudation based on the 138 

absence of macular fluid after review of the retina thickness maps and B-scans from the 139 

SSOCT images. Non-exudative AMD eyes were classified by clinical examinations as 140 
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either intermediate AMD (iAMD) or late AMD.21 Eyes with drusen of at least 125 microns 141 

in diameter or pigmentary changes, but without evidence of geographic atrophy (GA) or 142 

exudation, were defined as iAMD. Late AMD was defined by the presence of GA, 143 

defined as complete RPE and outer retinal atrophy (cRORA), in the absence of 144 

exudation.22 The diagnosis of subclinical MNV was based on SS-OCTA imaging as 145 

previously described.3, 4 Eyes with subclinical MNV, which included eyes with both iAMD 146 

and late AMD, were chosen based on the knowledge that the graders had not 147 

previously evaluated these cases. The eyes without MNV were chosen based on the 148 

presence of intermediate or late non-exudative AMD and their clinical characteristics 149 

were similar to the eyes with MNV. Eyes with GA, which not fully contained within the 150 

6X6 mm scan area were excluded.  151 

Three graders (PJR, RG and ZY) graded the study cases without any prior 152 

knowledge or review of the cases and whether subclinical MNV was present. Prior to 153 

the official grading, the senior grader (PJR) with experience in visualizing MNV on SS-154 

OCTA imaging trained two junior graders (RG and ZY) to recognize double-layer sign 155 

using a small training set of cases that were separate from the grading set of cases. 156 

The graders only graded whether the B-scans contained a double-layer sign.  The 157 

double-layer sign term used in this study was characterized by a low-lying irregular RPE 158 

detachment with reflective material in sub-RPE space, which was above the highly 159 

reflective layer identified as BM. Each grader reviewed the eyes in the validation set, in 160 

a random order, using only the en face total retina structure image and structural B-161 

scans, but without any flow information. The eyes in the validation set were graded for 162 

the presence or absence of a double-layer sign, furthermore the numerical positions of 163 

the B-scans corresponding to the double-layer sign was recorded. When there was 164 

disagreement between the two junior graders, they were asked to reach a consensus 165 

grading.  166 

Two sets of gradings, the consensus results from the two junior graders and the 167 

one from the senior grader, were analyzed separately and then compared. Sensitivity, 168 

specificity, positive predictive value (PPV), and negative predictive value (NPV) of the 169 

double-layer sign for identifying subclinical MNV were calculated. Proportions were 170 

compared with the Fisher exact test and agreement between ratings was quantified with 171 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

percent agreement and Cohen’s Kappa statistic. Kappa adjusts percent agreement for 172 

marginal prevalence and a guide to its interpretation is: < 0.40, poor agreement; > 0.75, 173 

excellent agreement; 0.40 to 0.75, fair to good agreement.23  174 

 175 

Results 176 

One hundred eyes with non-exudative AMD from 94 patients were graded for the 177 

presence of subclinical MNV based on structural OCT information alone (Table 1). Of 178 

the 100 eyes enrolled in this study, 64 eyes were in the iAMD group and 36 eyes were 179 

in the late AMD group. Of the 64 eyes with iAMD, 20 eyes were diagnosed with 180 

subclinical MNV and 44 eyes did not contain subclinical MNV. Of the 36 eyes with late 181 

AMD, 13 eyes were diagnosed with subclinical MNV and 23 eyes did not contain 182 

subclinical MNV (Table 1).  183 

The senior and junior graders agreed on the presence of a double-layer sign in 184 

24 eyes out of the 33 eyes with subclinical MNV. In 4 eyes with subclinical MNV, both 185 

gradings agreed on the absence of a double-layer sign. There was disagreement 186 

between the junior and senior graders on 5 eyes with subclinical MNV (Table 2).  187 

The two gradings agreed on the absence of a double-layer sign in 52 out of the 188 

67 eyes without subclinical MNV. In 5 eyes without subclinical MNV, both gradings 189 

agreed on the presence of a double-layer sign. There was disagreement between the 190 

junior and senior graders on 10 eyes without subclinical MNV (Table 2). Agreement 191 

between the senior grader and junior graders was excellent for iAMD (% agreement = 192 

89%, Kappa=0.761), moderate for advanced AMD (% agreement = 78%, kappa = 193 

0.546), and intermediate for all AMD (% agreement = 85%, Kappa=0.677). 194 

The sensitivity, specificity, PPV, and NPV of the junior graders were 73%, 84%, 195 

69% and 86% respectively. The sensitivity, specificity, PPV and NPV of the senior 196 

grader were 88%, 87%, 76% and 94%, respectively. Overall, the association between 197 

the double-layer sign and subclinical neovascularization for both gradings was found to 198 

be highly statistically significant (P < 0.001). However, the two gradings showed that the 199 

double-layer sign was a better predictor of subclinical MNV in eyes with drusen (P < 200 

0.001) than eyes with GA (P = 0.056 for the junior grading, P = 0.001 for the senior 201 

grading) as shown in Table 3. 202 
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Figure 1 shows two eyes with iAMD and subclinical MNV in which both gradings 203 

identified a double-layer sign. SS-OCTA en face images show the MNV using a custom 204 

slab that extended from the RPE to BM. A color-coded B scan also demonstrates the 205 

flow information under the RPE that correlated with the MNV. Structural B scans 206 

through the lesion show a typical double-layer sign as a low-lying, irregular elevation of 207 

the RPE above BM. Within the sub-RPE space, moderately reflective material is 208 

detected. Figure 2 shows examples of two eyes with subclinical MNV in which both 209 

gradings did not identify a double-layer sign. SS-OCTA en face imaging showed small 210 

foci of MNV that corresponded to drusen-like elevations of the RPE seen on B-scans. 211 

Figure 3 shows examples in which there was a disagreement between graders as to 212 

whether a double-layer sign was present. This disagreement existed even though the B-213 

scans through the MNV showed an apparent double-layer sign.  Figure 4 shows two 214 

eyes with iAMD in which MNV was not diagnosed based on SS-OCTA en face and B-215 

scan flow imaging, yet a double-layer sign was identified. Both gradings identified a 216 

double-layer sign in the eye shown in panels A through D. In panels E through H, there 217 

was disagreement between the gradings as to whether a double-layer sign was present. 218 

Figure 5 shows two eyes with late AMD and subclinical neovascular lesions in which 219 

both gradings identified a double-layer sign. SS-OCTA en face images show the MNV 220 

using a custom slab that extended from the RPE to BM. A color-coded B scan also 221 

demonstrates the flow information under the RPE that correlated with the MNV. 222 

Structural B scans through the lesion show the double-layer sign that is adjacent to the 223 

GA.  Figure 6 shows two eyes with late AMD in which MNV was not present based on 224 

SS-OCTA en face and B-scan flow imaging, yet a double-layer sign was identified. Both 225 

gradings identified a double-layer sign in the eye shown in panels A through E. In 226 

panels F through J, there was disagreement among the gradings as to whether a 227 

double-layer sign was present.   228 

 229 

Discussion 230 

Previous OCTA studies have shown that subclinical type 1 MNV corresponded to 231 

a double-layer sign on structural OCT B-scans.3, 4, 10, 11, 24, 25  However, it was not known 232 

if the presence of this double-layer sign on structural OCT images could be used to 233 
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predict the presence of subclinical neovascularization. In our current study, we used 234 

SS-OCTA imaging as the gold standard for the detection of MNV, we found that all the 235 

eyes with subclinical MNV did show a double-layer sign, and the graders correctly 236 

identified the MNV based on the presence of the double-layer sign seen on structural B-237 

scans in most of these eyes. While the sensitivity and specificity were good, we feel the 238 

positive and negative predictive values, which take into account the prevalence of MNV, 239 

are more useful.26 These reflect the real world scenarios in which the absolute truth of 240 

the presence of MNV is not known and the clinician wants to gauge how likely it is that 241 

the presence or absence of a double-layer sign finding predicts the presence or 242 

absence of MNV. In this study, the subclinical MNV prevalence was 33%. If in a 243 

different clinical setting the prevalence were lower, say 10%, then the senior grader’s 244 

PPV for the presence of double-layer sign in iAMD would be reduced to 59%, but the 245 

NPV for the absence of double-layer sign would increase to 99%.  246 

At the beginning of the study, we had assumed that graders would have more 247 

difficulty in identifying a double-layer sign in eyes with drusen compared with eyes that 248 

had GA, since both drusen and type 1 MNV cause elevations of the RPE. Thus, we 249 

expected that the presence of drusen in the eyes with iAMD would be a confounding 250 

feature for the graders compared with the presence of GA in late AMD. However, this 251 

was not the case. For the most part, graders were able to distinguish typical drusen as 252 

focal elevations of the RPE and distinguish these small RPE detachments or focal 253 

double-layer signs from the more irregular double-layer sign associated with MNV.  254 

While the graders did miss small focal areas of MNV that had configurations similar to 255 

drusen, they were better at identifying true double-layer signs associated with MNV in 256 

iAMD than in eyes with GA. This came as a surprise. While most MNV in eyes with GA 257 

can be found along the margin of the GA, the graders also identified areas at the 258 

margins of GA that contained a presumed double-layer sign, but did not contain MNV 259 

based on SS-OCTA imaging. This feature of GA, which may be a consequence of the 260 

ongoing degeneration of the outer retina and RPE at the margins of the lesions, may be 261 

a confounder when assessing for a double-layer sign associated with MNV or may 262 

serve as a potential space for the subsequent growth of MNV. Another possibility is that 263 

MNV could have been present in these areas with a double-layer sign and just not 264 
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detected using SS-OCTA imaging. To determine which possibility is likely, ongoing 265 

natural history studies using SS-OCTA to follow eyes with late AMD should provide 266 

answers.  267 

The ability of graders to distinguish typical drusen from a double-layer sign 268 

associated with MNV suggests that the differences between these two types of RPE 269 

detachments can be easily learned based on certain structural OCT characteristics. The 270 

double-layer sign term used in this study was characterized by two highly reflectively 271 

layers (RPE and BM) seen on OCT imaging, an irregular contour of the RPE, an 272 

elevation with a width usually greater than typical drusen as seen on OCT B-scans, and 273 

an internal reflectivity within RPE detachments harboring MNV that appeared different 274 

from the reflectivity seen with typical non-vascularized drusen (as showed in Figure 5, 275 

panel J). However, there may be other subtler features that are used to distinguish 276 

drusen from double-layer signs associated with MNV. The next obvious step would be 277 

to try to establish a machine-learning algorithm that might be able to better identify MNV 278 

based on the above-mentioned B-scan features and other subtler structural OCT 279 

features associated with subclinical type 1 MNV.  280 

Previous studies have shown that eyes with chronic central serous 281 

chorioretinopathy (CSC) and PCV also contain double layer signs detectable on B-282 

scans, which have been correlated with type 1 MNV.27-30 While Bousquet et al.29 found 283 

that only one third of these double-layer signs in CSC correlated with type 1 MNV (CNV), 284 

Dansingani et al.28 found that in eyes with PCV, the double layer sign was a good 285 

diagnostic predictor of a branching vascular network or type 1 MNV. These results may 286 

be related to different features of these diseases and different imaging strategies, but 287 

the presence of drusen and GA in AMD present their own unique set of challenges. 288 

In AMD, the ability to identify subclinical MNV is important when recruiting 289 

patients into clinical trials, especially when the outcome of the trial depends on 290 

preventing exudation or slowing disease progression.31, 32 Whether to exclude such 291 

eyes from participation in trials will be at the discretion of the study organizers, but it 292 

stands to reason that these subclinical lesions are common and need to be studied. 293 

Consequently, we believe these eyes should be included and stratified between groups 294 

in a randomized trial. Moreover, subclinical MNV will arise during the course of any 295 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

AMD trial, so it will be important to detect them and determine if the treatment under 296 

study affected their formation or progression to exudation. Therefore, it is important to 297 

use OCTA in all AMD trials to identify and monitor these lesions. In the absence of 298 

OCTA, our study suggests that reviewing B-scans for the presence of a double-layer 299 

sign might suffice, but it is labor intensive, small lesions will be missed, and double-layer 300 

signs at the edge of GA might be misinterpreted as MNV. If the aforementioned 301 

machine-learning algorithm can be developed to identify subclinical MNV, then it will be 302 

a more objective, efficient, and cost-effective way of screening for subclinical MNV in 303 

clinical trials where OCTA is not performed. In addition, in clinical practices without 304 

OCTA capability, an algorithm capable of identifying subclinical type 1 MNV would be 305 

very useful to use in conjunction with routine structural OCT imaging to identify these 306 

lesions that are at risk for exudation.  307 

A limitation of this study was the use of SS-OCTA as the gold standard for the 308 

diagnosis of type 1 MNV.  While ICGA is the historical gold standard for the detection of 309 

these subclinical lesions, our experience is that SS-OCTA is as good as or better than 310 

ICGA for the detection of these lesions.2-6, 10, 12, 14, 30, 32  However, it is possible that 311 

ICGA might have detected a small subclinical neovascular lesion that was not detected 312 

using SS-OCTA, but since ICGA is not routinely performed or reimbursed when used to 313 

screen for subclinical MNV in eyes with non-exudative AMD, this limitation isn’t clinically 314 

relevant since ICGA imaging would not have been performed. Moreover, if SS OCTA 315 

were available, then ICGA would be riskier, more time consuming and more expensive 316 

for patients with non-exudative AMD. Another limitation of this study is that we used SS 317 

OCT images to exclude cases in which subtle leakage might have been detected using 318 

fluorescein angiography (FA). Even if FA is the golden standard for detecting leakage 319 

from MNV, it is not routinely performed in the absence of intra- or sub-retinal fluid seen 320 

on structural OCT imaging. We don’t routinely perform FA to detect subtle leakage in 321 

the absence of OCT structural changes, and a recent study has shown that FA provides 322 

no additional benefit for the management of exudative AMD compared with OCT 323 

imaging alone.33
  In the worse case scenario, our study correlates the presence of a 324 

double-layer sign seen on structural OCT B-scans with the presence of subclinical MNV 325 

detected using SS-OCT angiographic technology. In the best-case scenario, SS-OCTA 326 
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imaging is the gold standard for the detection of these lesions, and while the 327 

correlations between structural B-scans and SS-OCTA images are good, SS-OCTA 328 

imaging is superior to structural B-scans for the detection of subclinical MNV.  329 

In summary, we found that the double-layer sign on structural OCT B-scans 330 

could predict the presence of subclinical MNV in most eyes with non-exudative AMD 331 

identified by SS-OCTA imaging. Confirmatory prospective natural history studies of 332 

eyes with iAMD and late AMD are ongoing and the development of a machine-learning 333 

algorithm to identify subclinical MNV based on structural OCT is underway. 334 
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FIGURE LEGENDS 432 

Figure 1: Two eyes with intermediate age-related macular degeneration (AMD) and 433 

subclinical macular neovascularization (MNV) where all graders agreed on the presence 434 

of the double layer sign on structural B-scan images. A, E: 6x6 mm en face 435 

angiographic image of MNV from a slab with segmentation boundaries extending from 436 

the retinal pigment epithelium (RPE) to Bruch’s membrane (BM) showing CNV pattern; 437 

B, F: 6x6 mm en face structural images using the same slab as in panels A and E; C, G: 438 

OCT structural B-scans through the subclinical type 1 MNV with color-coded flow using 439 

red for the retinal microvasculature and green for flow under the RPE. Yellow dashed 440 

lines represent the slab boundaries from the RPE to BM. D, H: OCT structural B-scans 441 

through the lesion showing a double layer sign (yellow arrow). 442 

 443 

Figure 2: Two eyes with late age-related macular degeneration (AMD) and subclinical 444 

macular neovascularization (MNV) where none of the graders identified a double layer 445 

sign. A, E: 6x6 mm en face angiographic image of MNV from a slab with segmentation 446 

boundaries extending from the retinal pigment epithelium (RPE) to Bruch’s membrane 447 

(BM) showing small foci of CNV pattern; B, F: 6x6 mm en face structural images using 448 

the same slab as in panels A and E; C, G: OCT structural B-scans through the 449 

subclinical type 1 MNV with color-coded flow using red for the retinal microvasculature 450 

and green for flow under the RPE. Yellow dashed lines represent the slab boundaries 451 

from the RPE to BM. D, H: OCT structural B-scans through the lesion showing small 452 

elevation of RPE (yellow arrow).  453 

 454 

Figure 3: Two eyes with late age-related macular degeneration (AMD) and subclinical 455 

macular neovascularization (MNV) where some graders did not identify a double layer 456 

sign. A, E: 6x6 mm en face angiographic image of MNV from a slab with segmentation 457 

boundaries extending from the retinal pigment epithelium (RPE) to Bruch’s membrane 458 

(BM) showing CNV pattern; B, F: 6x6 mm en face structural images using the same 459 

slab as in panels A and E; C, G: OCT structural B-scans through the subclinical type 1 460 

MNV with color-coded flow using red for the retinal microvasculature and green for flow 461 

under the RPE. Yellow dashed lines represent the slab boundaries from the RPE to BM. 462 
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D, H: OCT structural B-scans through the lesion showing a double layer sign (yellow 463 

arrow).  464 

 465 

Figure 4: Two eyes with intermediate age-related macular degeneration (AMD) without 466 

macular neovascularization (MNV). A – D shows one eye in which all the graders 467 

identified the presence of a double layer sign; E – H shows one eye in which junior and 468 

senior graders did not reach an agreement as to whether a double layer sign was 469 

present. A, E: 6x6 mm en face angiographic image using a slab with segmentation 470 

boundaries extending from the retinal pigment epithelium (RPE) to Bruch’s membrane 471 

(BM) showing no CNV pattern; B, F: 6x6 mm en face structural images using the same 472 

slab as in panels A and E; C, G: OCT structural B-scans with color-coded flow using red 473 

for the retinal microvasculature and green for flow under the RPE. Yellow dashed lines 474 

represent the slab boundaries from the RPE to BM. D, H: OCT structural B-scans 475 

showing double layer sign (yellow arrow).  476 

 477 

Figure 5: Two eyes with late age-related macular degeneration (AMD) and subclinical 478 

macular neovascularization (MNV) where all graders agreed on the presence of the 479 

double layer sign on structural B-scan images. A, F: 6x6 mm en face structure image 480 

using a slab with segmentation boundaries extending from 64 microns to 400 microns 481 

under Bruch’s membrane (BM) showing geographic atrophy (GA); B, G: 6x6 mm en 482 

face angiographic image using a slab with segmentation boundaries extending from the 483 

retinal pigment epithelium (RPE) to BM showing CNV pattern; C, H: 6x6 mm en face 484 

structural images using the same slab as in panels B and G; D, I: OCT structural B-485 

scans through the subclinical type 1 MNV with color-coded flow using red for the retinal 486 

microvasculature and green for flow under the RPE. Yellow dashed lines represent the 487 

slab boundaries from the RPE to BM. E, J: OCT structural B-scans through the lesion 488 

showing double layer sign adjacent to GA (yellow arrow). 489 

 490 

Figure 6: Two eyes with late age-related macular degeneration (AMD) and evidence of 491 

double layer signs on structural B-scans, but no evidence of subclinical macular 492 

neovascularization (MNV) on swept-source optical coherence tomography angiography 493 
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(SS-OCTA). A – D shows one eye in which all the graders incorrectly identified as 494 

subclinical MNV based on the presence of double layer sign; E – H shows one eye in 495 

which junior and senior graders did not reach an agreement as to whether a double 496 

layer sign was present. A, F: 6x6 mm en face structure image using a slab with 497 

segmentation boundaries extending from 64 microns to 400 microns under Bruch’s 498 

membrane (BM) showing geographic atrophy (GA); B, G: 6x6 mm en face angiographic 499 

image showing no CNV pattern using a slab with segmentation boundaries extending 500 

from the retinal pigment epithelium (RPE) to BM; C, H: 6x6 mm en face structural 501 

images using the same slab as in panels B and G; D, I: OCT structural B-scans with 502 

color-coded flow using red for the retinal microvasculature and green for flow under the 503 

RPE. Yellow dashed lines represent the slab boundaries from the RPE to BM. E, J: 504 

OCT structural B-scans showing double layer sign adjacent to GA (yellow arrow). 505 

 506 
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Table 1: Presence of subclinical macular neovascularization in test eyes with 

non-exudative age-related macular degeneration 

Group 
Intermediate AMD 

N = 64 

Late AMD 

N = 36 

Presence  

of subclinical MNV 

N = 33 

20 13 

Absence  

of subclinical MNV 

N = 67 

44 23 

MNV = macular neovascularization; AMD = age-related macular degeneration 
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Table 2: Identification of a double layer sign in test eyes with non-exudative age-

related macular degeneration  

Group 

Double layer sign 

present for junior 

and senior graders 

Double layer sign 

absent for junior 

and senior graders 

No agreement 

between junior 

and senior 

graders 

Presence  

of Subclinical MNV 

N = 33 

24 4 5 

Absence  

of Subclinical MNV 

N = 67 

5 52 10 

MNV = macular neovascularization 
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Table 3: Sensitivity, specificity, and predictive values of double layer sign for identifying subclinical macular 

neovascularization in non-exudative age-related macular degeneration 

Values 

AMD 

N = 100 

Intermediate AMD 

N = 64 

Late AMD 

N = 36 

Consensus 

from junior 

graders 

Results from 

senior 

grader 

Consensus 

from junior 

graders 

Results from 

senior 

grader 

Consensus 

from junior 

graders 

Results from 

senior 

grader 

Sensitivity 24/33 (73%) 29/33 (88%) 17/20 (85%) 18/20 (90%) 7/13 (54%) 11/13 (85%) 

Specificity 56/67 (84%) 58/67 (87%) 37/44 (84%) 41/44 (93%) 19/23 (83%) 17/23 (74%) 

PPV 24/35 (69%) 29/38 (76%) 17/24 (71%) 18/21 (86%) 7/11 (64%) 11/17 (65%) 

NPV 56/65 (86%) 58/62 (94%) 37/40 (93%) 41/43 (95%) 19/25 (76%) 17/19 (89%) 

P-value <0.001 <0.001 <0.001 <0.001 0.056 0.001 

AMD = age-related macular degeneration; PPV = positive predictive value; NPV = negative predictive value 
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Précis 

The double layer sign seen on structural OCT B-scans can predict the 

presence of subclinical type 1 macular neovascularization in non-exudative 

age-related macular degeneration, but swept source OCT angiography is 

better at identifying these lesions. 

 


