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 71 

PRECIS:  72 

AS-related MNV is burdened by a high rate of visual impairment and a high propensity to fibrosis macular 73 

and atrophy. Our findings urge a shift from reactive to proactive treatment approaches, as a higher number of 74 

anti-VEGF injections may be protective for maintaining visual acuity. 75 

 76 

Abstract 77 

Objective: To estimate the incidence and risk factors of visual impairment and complications in eyes with 78 

macular neovascularization (MNV) due to angioid streaks (AS).  79 

Design: Longitudinal multicenter retrospective cohort study. 80 

Subjects: Patients with AS-associated MNV treated with anti-vascular endothelial growth factor (VEGF) 81 

agents and a follow-up >3 months.  82 

Methods: Clinical and MNV characteristics were collected at baseline. Visual acuity (VA) values and 83 

presence of atrophy or fibrosis were collected at each visit. 84 

Main Outcome Measures: Rate of VA change over time and associated factors. Incidence rate of moderate 85 

to severe visual impairment (MSVI) and blindness and hazard ratio (HR) of candidate risk factors for MSVI. 86 

Incidence rate of fibrosis and macular atrophy. 87 

Results: 84 eyes of 66 patients (39 males, 58%) with mean[standard deviation, SD] age 55.7[13.8] years 88 

were followed for a mean[SD] of 67.7[48.5] months. Median number of anti-VEGF doses per eye was 13. 89 

Average rate[95%confidence interval, CI] of visual loss was +0.04[0.02-0.06] LogMAR/year (p<0.001); 90 

visual loss was faster in non-naïve eyes (p=0.007) and those with better baseline VA (p<0.001); it was 91 

slower in eyes with pattern dystrophy-like features (p=0.04). Incidence rate[95% CI] of MSVI and blindness 92 

were 10.4[6.88-15]/100-eye-years and 2.33[1.12-4.29]/100-eye-years. A higher number of injections 93 

(HR[95% CI] =0.45[0.19-0.94] for receiving ≥13 injections vs. <13, p=0.03) was protective against MSVI. 94 

Incidence rates[95% CI] of fibrosis and macular atrophy were 24.1[17.5-32.3]/100-eye-years and 14.3[10.1-95 

19.6]/100-eye-years.  96 

Conclusion: Eyes with MNV-related AS had a high rate of visual impairment and propensity to macular 97 

fibrosis and atrophy. A higher number of injections yielded better chances of maintaining good visual acuity, 98 

suggesting the need for intensive treatment.  99 

 100 

 101 

 102 

 103 

 104 

 105 
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 107 

 108 

Introduction 109 

Angioid streaks (AS) represent peripapillary radial breaks in a calcified, thickened, and brittle Bruch's 110 

membrane, which can be idiopathic or associated with several systemic diseases, mainly pseudoxanthoma 111 

elasticum (PXE).1 Macular neovascularization (MNV) is one of the main causes of visual loss in AS.2 112 

Although patients with AS-related MNV positively respond to intravitreal anti-vascular endothelial growth 113 

factor (VEGF) agents,3,4 they tend to lose vision over time, seemingly due to macular atrophy, macular 114 

fibrosis, or both.5-7 A comprehensive review including 147 cases reported that visual acuity (VA) commonly 115 

drops to 20/200 or less around the fourth to the fifth decade of life.8 116 

In terms of risk of moderate to severe visual impairment (MSVI, VA worse than 6/18 but better than 3/609) 117 

and blindness (VA worse than 3/609), a cross-sectional study estimated that around 24% of AS-related MNV 118 

patients are MSVI and about 40% are blind by the age of 80.2 Nonetheless, the incidence rate of MSVI and 119 

blindness in this population and the factors affecting the visual decay are currently unknown, as longitudinal 120 

data have mostly reported on pooled changes in visual acuities at pre-determined time points.5-7 121 

This study aims to estimate the incidence rate of MSVI and blindness in eyes with AS and MNV undergoing 122 

anti-VEGF treatment and identify the clinical and demographic factors anticipating a faster rate of visual 123 

decline. Our data also served to calculate the incidence of fibrosis and macular atrophy, the commonest 124 

causes of end-stage disease in these eyes, and their risk factors. Finally, etiologic considerations on macular 125 

atrophy based on its enlargement rate were reviewed and discussed based on our findings. These facts could 126 

inform more accurate functional prognostication and assist in predicting the long-term visual outcomes of 127 

AS-related MNV. 128 

 129 

Methods 130 

This multicenter cohort study included 84 eyes from 66 patients with AS and associated MNV treated with at 131 

least one anti-VEGF agents injection between January 2009 and March 2022. Participant sites were San 132 

Raffaele Hospital (Milan, Italy, n=35 eyes [42%]), Moorfields Eye Hospital NHS foundation trust (London, 133 

UK, n=15 eyes [18%]), LV Prasad Eye Hospital (Hyderabad, India, n=11 eyes [13%]),), University Hospital 134 

Zurich (Zurich, Switzerland, n=10 eyes [12%]), Hadassah-Hebrew University Medical Center (Jerusalem, 135 

Israel, n=9 eyes [10%]), and Federal University of Health Sciences (Porto Alegre, RS, Brazil, n=4 eyes 136 

[5%]). All the investigations were conducted in agreement with the Declaration of Helsinki for research 137 

involving human subjects. The Institutional Review Board of each institution granted ethical approval and 138 

exempted the study from written informed consent due to its retrospective and non-interventional design. 139 

Potentially eligible patients were identified on retrospective medical records review or were selected from 140 

prospective studies with a shorter follow-up.10  141 

The diagnosis of AS was made in the presence of radially-oriented peripapillary jagged linear defects of the 142 

retinal pigment epithelium (RPE) and Bruch's membrane complex with a brick red color on fundus 143 

photography, and supported by other typical findings, such as granular stippling of the posterior pole (peau 144 

d’orange), optic nerve drusen, and yellow reflective punched-out lesion in the retinal periphery (comet 145 

lesions).11,12 The diagnosis of MNV was made in the presence of early staining and late leakage on 146 

fluorescein angiography (FFA), corresponding to a hyperreflective lesion above the RPE, with associated 147 

subretinal and/or intraretinal fluid on spectral-domain optical coherence tomography (SD-OCT). 148 

Indocyanine angiography and OCT angiography supported the diagnosis of MNV when available. 149 
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We collected longitudinal data from the date of the first intravitreal injection (set as the baseline) to the last 150 

available visit. Retreatments were driven by VA loss and/or MNV activity (e.g., new macular hemorrhage on 151 

fundus exam, new or worsening subretinal or intraretinal fluid on SD-OCT, or new or worsening leakage on 152 

FFA) upon each physician's judgment. Inclusion criteria were VA of counting fingers or better at baseline 153 

and a follow-up longer than three months. We excluded patients with concomitant ocular conditions 154 

plausibly affecting vision (e.g., mature cataract). Both eyes of the same patient were included if eligible.  155 

From the baseline visit, we retrieved patient demographics, medical history, including diagnosis of PXE, 156 

ocular history, and MNV characteristics. The diagnosis of PXE was made at each center in the presence of a 157 

positive skin biopsy and/or genetic analysis or, in the absence of genotyping, in the presence of typical 158 

ocular and skin manifestations.13 The VA values and the anti-VEGF molecule administered (1.25 mg 159 

bevacizumab [Avastin; Genentech Inc/Roche], 0.5 mg ranibizumab [Lucentis; Novartis], 2 mg aflibercept 160 

[Eylea; Bayer] or Ziv-aflibercept [Zaltrap; Sanofi-Aventis]) were collected from all available visits.  161 

Baseline MNV characteristics 162 

Retina specialists at each center performed image analysis at baseline and follow-up according to standard 163 

images and definitions shared between participating centers. We recorded the MNV size (manually measured 164 

using the caliper tool) and location (sub/juxtafoveal vs. extrafoveal if located within or beyond 200 m from 165 

the fovea) using early frame FFA [Spectralis HRA, Heidelberg Engineering; Heidelberg, Germany]). We 166 

documented the presence of intraretinal or subretinal fluid, subretinal hyperreflective material (SHRM), and 167 

hemorrhages using SD-OCT and co-registered near-infrared (NIR) reflectance.14 The central macular 168 

thickness (CMT) was automatically extracted and the subfoveal choroidal thickness was manually measured. 169 

We used a combination of SD-OCT, FFA, and short-wavelength fundus autofluorescence (SW-FAF) to 170 

scrutinize the presence of pattern dystrophy-like features.15 Pattern dystrophy-like features were defined as 171 

vitelliform lesions or butterfly-shaped, diffuse, or reticular hypo-hyper RPE changes on SW-FAF at the 172 

posterior pole and the peripapillary area.15,16 173 

Longitudinal MNV characteristics 174 

Our definition of fibrosis was a clearly defined solid mound of tissue that appeared hyperreflective on SD-175 

OCT and was hyperfluorescent on FFA due to staining.17 We classified atrophy as one or more patches of 176 

early hyperfluorescence on FFA due to a window effect, matching total RPE and outer retinal atrophy on 177 

SD-OCT and one or more patches of hypo-FAF on SW-FAF compared to the neighboring RPE.18 In eyes 178 

that developed macular atrophy, we measured the hypo-FAF area on each available SW-FAF imaging using 179 

Region Finder. A region of interest of 4 mm in diameter was centered on the optic nerve head to exclude 180 

peripapillary atrophy from the measurements.18 181 

Statistical analysis 182 

We summed categorical data as frequencies and proportions and continuous data as mean and standard 183 

deviation (SD) or median and interquartile range (IQR). We determined the following four quantitative 184 

outcomes:  185 

1) the incidence rate of MSVI and blindness in the study eyes, using Kaplan-Meier survival curves. We 186 

examined potential risk factors for MSVI, and we presented the hazard ratios (HR) and 95% confidence 187 

intervals (CI) for relevant predictors;  188 

2) the rate of VA change, utilizing linear mixed models. We presented the regression estimates and standard 189 

errors (SE) for relevant predictors;  190 

3) the incidence rate of fibrosis and macular atrophy, using Cox proportional regression models; 191 

4) the rate of macular atrophy expansion. 192 
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The statistical analyses accounted for heterogeneity between centers. Further details for each outcome 193 

measure are provided in the supplementary material. 194 

 195 

Results 196 

Of the 66 patients included, 39 were men (59%); mean age was 55.7±13.8 years (Table 1). Most patients 197 

(71%) were of Caucasian descent, and one-third had PXE (33%). For each eye, the mean follow-up was 198 

67.7±48.5 months, with 54 eyes (64%) having data for five years or longer (Figure S1.A-B). Each eye 199 

underwent a median of 9.50 visits, including SD-OCT (IQR 6-16). 200 

Baseline MNV characteristics and previous treatments 201 

Pooled data from all the participating centers are summarized in Table 1; data disaggregated by center are 202 

shown in Table S2. Most MNV lesions were sub-foveal or juxta-foveal (52 eyes, 70%). There was a positive 203 

association between pattern dystrophy-like features and PXE (61% vs. 20%, p=0.001). Eyes with pattern 204 

dystrophy-like features had lower figures of intraretinal fluid (39% vs. 74%, p=0.003) and lower baseline 205 

CMT (317.4±101.2 m vs. 374.0±129.9 m, p=0.04) than eyes without pattern dystrophy-like features 206 

(Table 1). 207 

Seventy-two eyes (86%) were treatment naïve; non-naïve eyes had received a mean of 6±4 injections before 208 

baseline. In the observation period, each study eye received a median of 13 injections (IQR 5-21), with an 209 

average of 4.4±3.3 injections in the first year, 2.9±3.2 in the second year, and 2.6±2.4 in the third year. After 210 

that, the frequency of injections per year gradually decreased (Figure S1.C). On average, eyes with pattern 211 

dystrophy-like features received more injections than eyes without pattern dystrophy-like features 212 

(22.06+22.4 vs. 13±12.9, p=0.03), though the data had a large dispersion. 213 

Most of the eyes received bevacizumab alone (40 eyes, 48%); 11 eyes (13%) received ranibizumab alone, 7 214 

eyes (8%) received aflibercept alone, and the remaining 26 eyes (31%) received a mixed combination of 215 

anti-VEGF drugs. 216 

 217 

Longitudinal visual change  218 

VA improved from baseline to the sixth month (0.53±0.48 vs. 0.47±0.57 LogMAR) but worsened from year 219 

1 onwards at a rate of +0.04 LogMAR for each follow-up year (95% CI 0.02 to 0.06, p<0.001) (Table S3) 220 

(Figure 2.A).  221 

Twenty-two eyes (26%) were MSVI, and 3 eyes (4%) were blind at baseline. The incidence rate was 222 

10.4/100-eye-years (95% CI 6.88 to 15) for MSVI and 2.33/100-eye-years (95% CI 1.12 to 4.29) for 223 

blindness ( Figure 2.B). The pooled survival analysis showed that the presence of pattern dystrophy-like 224 

features (HR=0.42, 95% CI 0.19 to 0.96, p=0.04) and a higher number of injections (HR=0.45 for receiving 225 

≥13 injections, 95% CI 0.19 to 0.94, p=0.03) were associated with a lower risk of MSVI. A frailty survival 226 

model, accounting for heterogeneity between centers, revealed the associations were significant at a 227 

confidence level of 𝛼 = 0.1. 228 

Clinical associations between baseline VA and its rate of change are presented in Table 4. Multivariable 229 

linear regression analysis showed that baseline VA was worse in naïve eyes (regression estimate= 0.05 230 

LogMAR vs. non-naïve, SE 0.11, p=0.02) and in those with a sub- or juxtafoveal MNV (regression 231 

estimate= 0.15 LogMAR vs. extrafoveal, SE 0.09, p=0.02)(Figure S3). The baseline VA tended to be better 232 

in eyes with pattern dystrophy-like features (regression estimate= -0.15 LogMAR, SE 0.08, p=0.06). A 233 

sensitivity analysis including eyes having four years or more of follow-up confirmed the pooled results 234 

(Table S5). 235 
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The rate of visual loss was faster in non-naïve eyes (p=0.007) and in those with better VA (p<0.001) or 236 

lower CMT at baseline (p=0.001). Eyes with pattern dystrophy-like features had a slower visual decline 237 

(p=0.04). 238 

 239 

Incidence of macular fibrosis and atrophy 240 

Seven eyes (8%) had fibrosis, 14 eyes (11%) had atrophy, and 5 eyes (6%) had both fibrosis and macular 241 

atrophy at baseline. The incidence rates were 24.1/100-eye-years (95% CI 17.5 to 32.3) and 14.3/100-eye-242 

years (95% CI 10.1 to 19.6) for fibrosis and atrophy, respectively (Figure 4). 243 

Eyes that developed fibrosis, macular atrophy, or both had a worse vision at baseline than those with no 244 

complications (19 eyes, 22%) (regression estimate= 0.18 LogMAR vs. non-complicated eyes, SE 0.09, 245 

p=0.08). Nonetheless, the visual acuity scores in eyes with uncomplicated MNV regression approximated 246 

those of eyes with fibrosis, macular atrophy, or both by the fifth year (Figure S3.C). 247 

Greater risk of fibrosis was associated with younger age (HR=0.74 for 10-year increase, 95% CI 0.56 to 248 

0.97, p=0.03), a larger MNV area (HR=1.51 for each 1-mm2 increase, 95% CI 1.07 to 2.12, p=0.02), and a 249 

sub- or juxtafoveal MNV location (HR=2.39 vs. extrafoveal, 95% CI 0.93 to 6.12, p=0.06). The presence of 250 

pattern dystrophy-like features was protective against macular fibrosis (HR=0.48 if present, 95% CI 0.22 to 251 

1.03, p=0.06)(Table 6).  252 

Eyes presenting with SHRM at baseline (HR=3.13, 95% CI 0.99 to 8.59, p=0.05) and those with a larger 253 

MNV area (HR=1.18 for each 1-mm2 increase, 95% CI 1.02 to 1.40, p=0.03) were at higher risk of macular 254 

atrophy (Table 6). Subretinal fluid was a protective factor (HR=0.46, 95% CI 0.21 to 0.94, p=0.03). The 255 

frailty survival analysis, accounting for heterogeneity between centers, revealed all the associations, except 256 

SHRM, were significant at a confidence level of 𝛼 = 0.1. 257 

 258 

Pattern of macular atrophy 259 

We calculated the rate of atrophy expansion in 17 eyes (20%) that had repeated SW-FAF imaging at center 260 

1. We obtained a rate of 1.03 mm2/year (95% CI 0.64 to 1.44, p<0.001) (Figure S5). We identified two 261 

patterns of atrophy growth. In 12 eyes (71%), atrophy was adjacent to the MNV, starting at its borders and 262 

propagating circumferentially to the MNV lesion. This pattern was characterized by curvilinear, scalloped 263 

edges and a winding extension resembling RPE rips (Figure 6). In 5 eyes (29%), the atrophy was 264 

multilobular with smoothed borders. It had a centrifugal expansion and was not adjacent to the MNV (Figure 265 

7). These patterns were consistent with those described by Sawa et al.11 In our cohort, we found multilobular 266 

atrophy pattern expanded faster than RPE rip-associated macular atrophy (interaction term= -0.52 mm2/year, 267 

SE 0.14, p=0.04).  268 

 269 

Discussion 270 

This study summarized the long-term functional and morphologic outcomes of patients with AS-related 271 

MNV undergoing anti-VEGF injections. AS patients lost vision over time, despite treatment, and we 272 

estimated the incidence rate of visual loss. We sought the demographic and clinical characteristics 273 

anticipating the functional outcomes and the onset of macular complications. Finally, we compared the 274 

imaging features and the rate of expansion of two patterns of macular atrophy, and we hypothesized two 275 

possible different mechanisms for their development. 276 
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The short-term effectiveness of intravitreal anti-VEGF agents in improving or maintaining visual acuity in 277 

eyes with AS-related MNV is undisputed.3,4,8 On the other hand, only a few studies provided data over 36 278 

months or longer5,6,19-21  and a gap of knowledge exists in quantifying the long-term visual burden of these 279 

patients. In this study, we observed only a modest visual gain in the first months of treatment and a 280 

significant visual decline over time. Instead of relying on averaged VA scores at pre-determined time points, 281 

which are prone to biases due to loss to follow-up22 and fluctuations in VA due to MNV activity, we used 282 

survival analyses and individual visual trajectories to tackle the issues of retrospective clinical-practice data 283 

collections.23  284 

Adopting time-to-event analyses, we evaluated the rate by which patients with good baseline visual acuity 285 

may expect irreversible visual loss. We found a rate of 10.4 new cases of MSVI every 100 eyes per year and 286 

2.33 new cases of blindness every 100 eyes per year. Our data align with a retrospective multicenter French 287 

study on AS-related MNV patients where the incidence of severe visual impairment (visual acuity worse 288 

than 6/60 but better than 3/609) was 22% at 4 years.18 Given the rate of loss of patients drop off, we were not 289 

able to provide cumulative incidence at different time points (e.g., 1 year, 4 years, 5 years, etc.). Cumulative 290 

incidence values are flawed by the proportion of eyes lost to follow-up and are unreliable in cohorts with 291 

varying observation times. For both MSVI and blindness, we reported the proportion at presentation (study 292 

entry) and the incidence rate during follow-up, which accounted only for the time each eye was part of the 293 

study cohort.24 Nonetheless, these projections are clinically relevant, given that AS-related MNV 294 

preferentially affects a working-age population.5,16  295 

A higher number of injections yielded higher chances of maintaining good visual acuity over time. In other 296 

words, higher treatment intensity was associated with better long-term outcomes, as found in neovascular 297 

age-related macular degeneration (nAMD).25 There is no evidence of a specific treatment regimen for AS-298 

related MNV. However, most literature includes retrospective observational cohorts treated pro-re-nata,4,26,27 299 

and prospective studies using treat-and-extend regimens are scarce.28,29 Moreover, criteria for retreatment are 300 

yet to be universally approved,14 and additional studies exploring proactive treatment regimens are 301 

encouraged based on our results. 302 

Eyes with pattern dystrophy-like features had better presenting visual acuity, a slower rate of VA decay, and 303 

a lower risk of attaining MSVI than those without pattern dystrophy-like features. This contradicts the 304 

hypothesis of a more widespread RPE and photoreceptor impairment in AS eyes with pattern dystrophy-like 305 

features.30 Good therapeutic responses to intravitreal anti-VEGF agents have been reported in this rare subset 306 

of eyes.3,16,21 This may be due to less aggressive characteristics of pattern dystrophy-related neovascular 307 

lesions.28 Contrariwise, it may be related to the lower prevalence of intraretinal fluid -a biomarker of 308 

intraretinal disruption,29 the lower risk of fibrosis, and the higher number of injections administered over 309 

follow-up. Due to the relatively low number of events, multivariable survival analyses were not pursued to 310 

avoid model overfitting, and we could not correct analyses for possible confounders.  311 

A pooled analysis of different studies on AS-related MNV undergoing anti-VEGF treatments showed more 312 

favorable results in patients with less advanced alterations.8 Accordingly, we found that eyes presenting with 313 

better vision maintained better visual scores than eyes starting with worse visual acuity. However, we 314 

observed a significant vision decline also in eyes with a better starting VA, with a slope of vision loss that 315 

was similar to patients with a worse starting VA. The progressive worsening trend could be related to MNV-316 

related events, such as its expansion despite treatment,5,26 the occurrence of macular complications, such as 317 

fibrosis or atrophy, or other AS-related ocular and non-ocular comorbidities, such as acute retinopathy, optic 318 

disc drusen, or cognitive issues.31 Nonetheless, we cannot exclude a floor effect among eyes starting from 319 

worse vision, i.e., they may have had less room for worsening given the initial low vision scores, or a 320 

regression towards the mean phenomenon in those starting from good vision, according to which extreme 321 

outcomes tend to be followed by more "average" ones if measurements are taken from the same sample.32 322 
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Fibrosis and macular atrophy are the leading causes of irreversible visual loss in patients with AS.21 Our 323 

study is uniquely positioned to provide their incidence and risk factors in a longitudinal cohort. The 324 

incidence rate of fibrosis in AS-related MNV eyes was nearly three-fold than estimated in nAMD patients 325 

(11% vs. 26% at 12 months, 17% vs. ~50% at 24 months, and 21.3% vs. ~60% at 36 months),33 plausibly 326 

due to the higher figures of type 2 MNV in AS. Younger patients were at higher risk of fibrosis; differences 327 

in the cellular and molecular responses leading to fibrotic scarring in the macula according to age may 328 

explain this association.34 The incidence rate of macular atrophy (10% vs. 5% at 12 months, 17.9% vs. 23% 329 

at 24 months, and 24.5% vs. 27% at 36 months)33 and its risk factors (such as the presence of SHRM and the 330 

absence of subretinal fluid)35 were comparable to nAMD. Under the hypothesis that anti-VEGF agents may 331 

promote atrophy progression by leaching into the choroid through BM fractures,3 we failed to find any 332 

association between the number of injections and the risk of atrophy.  333 

Different patterns of macular atrophy have been identified in patients with AS. Sawa et al. and Finger et al. 334 

described three possible configurations of RPE loss: (1) RPE rips, characterized by rounded or angular 335 

borders; (2) multilobular atrophy, similar to geographic atrophy seen in AMD but without the increased 336 

autofluorescent borders; and (3) ill-defined atrophy.11,15,36 While RPE rips were closely associated with 337 

MNV, multilobular and ill-defined atrophy were unrelated to MNV lesions and could also occur in the 338 

midperiphery. For this reason, previous authors conjectured RPE tears may develop in response to 339 

fibrovascular MNV contraction in the presence of a fragmented RPE and a genetically altered Bruch’s 340 

membrane.11 Our results agree with the previous descriptions. We compared the rate of RPE loss between 341 

RPE rips and multilobular atrophy, and we found a slower rate of enlargement in eyes with RPE rips than 342 

multilobular atrophy. The different rates of atrophy expansion may confirm a dissimilar nature of macular 343 

atrophy in AS eyes (i.e., mechanical in RPE tears and degenerative in multilobular atrophy). Nonetheless, we 344 

cannot exclude other causes contributing to retinal atrophy, such as secondary photoreceptors’37 and 345 

choroidal inflammation.38 As our sample size was small, dedicated studies with a larger sample size are 346 

warranted to corroborate these findings. 347 

Our study has strengths in the relatively large sample size, the robust statistical analysis, and the long follow-348 

up. On the other hand, our study might be limited by selection, misclassification, and statistical biases. We 349 

found that AS patients with MNV have poor long-term visual outcomes. However, only worse cases could 350 

be referred to a tertiary center, and we could have missed those patients with better responses to intravitreal 351 

anti-VEGF agents. We also found a higher number of injections was associated with higher visual acuity. As 352 

all patients were treated pro-re-nata, we cannot exclude patients with poor vision not being adequately 353 

injected due to the perceived futility of the treatment. We acknowledge the absence of a comparative group 354 

treated with a fixed regimen as a limit for the results' generalizability.  355 

Although all the physicians participating in the study were retinal specialists, biases in the data collection 356 

and grading and a consequent loss of statistical power were possible. The proportion of patients with definite 357 

PXE was relatively low, but not all the study subjects underwent genetic analysis. It is possible that 358 

individuals with relatively mild skin disease and negative family history would not have been tested for 359 

ABCC6 mutations, underestimating the prevalence of PXE in our cohort. 360 

We handled VA calculations with linear regression models, assuming the change in VA was continuous and 361 

followed a linear trajectory. This seldom occurs in real-life practice, and VA change may follow more 362 

complex patterns requiring different statistical approaches. The survival analysis for MSVI partly solved this 363 

limitation, providing a more realistic concept of visual decline in this disease. Finally, as the study was 364 

retrospective, the readers must consider the variability in treatment and follow-up patterns among different 365 

centers. We accounted for this heterogeneity by including a nested random intercept in the linear models and 366 

a frailty factor in the survival analysis specific to each center. Additional limitations include we did not 367 

correct for the refraction effect on OCT measurements and differences between various OCT machines. 368 
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In conclusion, the relatively young population, the high rate of visual impairment, and the propensity to 369 

macular fibrosis and atrophy make AS-related MNV remain a therapeutic challenge. Our findings emphasize 370 

the need to reflect upon the choice of treatment regimen, as a reactive regimen could not effectively control 371 

the disease progression. Furthermore, identifying eyes at higher risk of visual loss could lead to a more 372 

accurate functional prognostication.  373 

 374 
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 467 

Figure legends 468 

Supplementary Figure 1: Data availability and number of injections over follow-up. 469 

A. Horizontal bar chart showing the percentage of missing data for the variables included in the analysis. 470 

B. Vertical bar chart showing the number of eyes at each follow-up year. 471 

C Boxplot showing the median number of injections for each follow-up year. 472 

 473 

Figure 2:  Longitudinal functional evaluation and incidence of vision impairment. 474 

A. Scatterplot showing the LogMAR visual acuity (VA) values recorded over time. Each dot corresponds to 475 

a single value or an averaged value if more than one measurement was taken at that timepoint. A locally 476 
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weighted scatterplot smoothing (LOESS) regression curve, a non-parametric smoothening technique for 477 

scattered data, is added to show the global trend. 478 

B. Kaplan-Meier survival plot for time from starting treatment to moderate-to-severe visual impairment. The 479 

dotted line represents the median time (90 months). The table includes the eyes at risk, excluding those 480 

already MSVI or blind at baseline. 481 

 482 

Supplementary Figure 3: Longitudinal functional evaluation according to clinical features. 483 

A-E. Scatterplot showing the LogMAR visual acuity values recorded over time according to the naïve status 484 

(A), macular neovascularization (MNV) location (B), development of macular complications (C), pattern 485 

dystrophy-like features (D), and baseline VA (E). Each dot corresponds to a single value or an averaged 486 

value if more than one measurement was taken at that timepoint. A locally weighted scatterplot smoothing 487 

(LOESS) regression curve, a non-parametric smoothening technique for scattered data, is added to show the 488 

global trend. 489 

 490 

Figure 4: Incidence of fibrosis and macular atrophy.  491 

A. Kaplan-Meier survival curve showing the cumulative incidence of macular fibrosis over the follow-up. 492 

The dotted line represents the median time (18 months). 493 

B. Kaplan-Meier survival curve showing the cumulative incidence of macular atrophy over the follow-up. 494 

The dotted line represents the median time (60 months). 495 

 496 

Supplementary Figure 5: Rate of atrophy area expansion. 497 

Spaghetti plot representing the individual trajectories of macular atrophy expansion for all the included eyes 498 

(17 eyes). 499 

 500 

Figure 6: Clinical examples of macular atrophy secondary to retinal pigment epithelium (RPE) rips. 501 

Short-wavelength fundus autofluorescence of four eyes, two without pattern dystrophy-like features (A-B) 502 

and two with pattern dystrophy-like features (C-D) showing the progression of RPE rips (white arrowhead). 503 

Atrophy started at the periphery of the macular neovascularization, had curvilinear borders, and propagated 504 

circumferentially. 505 

 506 

Figure 7: Clinical examples of multilobular macular atrophy. 507 

Short-wavelength fundus autofluorescence of four eyes with multilobular atrophy. In these eyes, the atrophy 508 

area had a lobular area with round borders. It usually started away from the macular neovascularization and 509 

eventually included the central foveal location. 510 

 511 
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Patients' characteristics  Total (n=66) Pattern dystrophy-

like features (n=23) 

No pattern dystrophy-

like features (n=43) 

p-

values 

Age (years) 55.7±13.8 57.3±11.6 54.8±14.8 0.4 

Gender: 

• Male 

• Female 

 

39 (59%) 

27 (41%) 

 

12 (52%) 

11 (48%) 

 

27 (63%) 

16 (37%) 

0.4 

Ethnicity: 

• Caucasian 

• Middle Eastern 

• African 

 

47 (71%) 

17 (26%) 

2 (3%) 

 

21 (91%) 

1 (4.5%) 

1 (4.5%) 

 

26 (60%) 

16 (37%) 

1 (3%) 

0.5 

PXE 22 (33%) 14 (61%) 8 (20%) 0.001 

Eyes' characteristics  Total (n=84) Pattern dystrophy-

like features (n=31) 

No pattern dystrophy-

like features (n=53) 

 

Naïve 72 (86%) 24 (77%) 48 (91%) 0.1 

MNV location:^ 

• Subfoveal/Juxtafoveal 

• Extrafoveal 

 

52 (70%) 

22 (30%) 

 

19 (61%) 

12 (39%) 

 

33 (77%) 

10 (23%) 

0.2 

MNV area^ (mm2) 2.00±2.03 2.14±2.66 1.89±1.42 0.07 

SHRM^ 49 (68%) 22 (73%) 27 (64%) 0.4 

Intraretinal fluid^ 43 (59%) 12 (39%) 31 (74%) 0.003 

Subretinal fluid^ 50 (68%) 23 (74%) 27 (64%) 0.4 

Hemorrhage^ 35 (51%) 10 (43%) 25 (56%) 0.4 

CMT (m) 352.9±122.6 317.4±101.2 374.0±129.9 0.04 

CT (m) 197.9±86.8 202.1±103.4 193.1±65.1 0.6 

Table 1. Baseline demographic and clinical characteristics of study patients stratified by the presence 

of pattern dystrophy-like features.  

CT: choroidal thickness; MNV: macular neovascularization; PXE: pseudoxanthoma elasticum; SHRM: 

subretinal hyper-reflective material; SCT: subfoveal choroidal thickness 

Quantitative data are expressed as their mean ± standard deviation; qualitative data are expressed as their 

absolute count and percentage proportion.  

^ missing data 
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 Baseline VA VA change 

Parameter Regression estimate (SE) p-value Regression estimate (SE) p-value 

Pattern dystrophy-like features 

(ref: no) 

-0.15 (0.08) 0.06 -0.003 (0.001) 0.04 

Baseline VA (for 1-LogMAR 

increase) 

/ / -0.013 (0.002) <0.001 

Sub/Juxtafoveal MNV location 

(ref: Extrafoveal) 

0.15 (0.09) 0.02 -0.001 (0.002) 0.5 

Baseline CMT (for 100-m 

increase) 

0.06 (0.03) 0.8 0.002 (0.0007) 0.001 

Naïve (ref: no) 0.05 (0.11) 0.02 -0.005 (0.002) 0.007 

Fibrosis, macular atrophy, or both 

(ref: no) 

0.18 (0.09) 0.08 0.002 (0.002) 0.3 

Table 4. Factors associated with baseline visual acuity (VA) and its longitudinal rate of change. 

Regression estimates and standard error (SE) are presented. CMT: central macular thickness; MNV: macular 

neovascularization 
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 Macular Fibrosis 

Variable HR 95% CI p-value 

Age (for 10-year increase) 0.74 0.56-0.97 0.03 

MNV size (for 1-mm2 increase) 1.51 1.07-2.12 0.02 

Pattern dystrophy-like features 0.48 0.22-1.03 0.06 

Sub/Juxtafoveal MNV location (ref: Extrafoveal) 2.39 0.93-6.12 0.06 

 

 Macular Atrophy 

Variable HR 95% CI p-value 

MNV size (for 1-mm2 increase) 1.18 1.02-1.40  0.03 

SHRM 3.13 0.99-8.59 0.05 

Diagnosis of PXE 1.73 0.90-3.96 0.09 

Subretinal fluid 0.46 0.21-0.94 0.03 

Number of anti-VEGF injections (for 10 

injections) 

1.00 0.98-1.02 0.7 

 

Table 6. Risk factors for developing fibrosis or macular atrophy over follow-up.  

Hazard ratio (HR) and 95% confidence interval (CI) are reported for each variable.  

MNV: macular neovascularization; PXE: pseudoxanthoma elasticum; SHRM: subretinal hyperreflective 

material; VEGF: vascular endothelial growth factor 
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PRECIS:  

Macular neovascularization in patients with angioid streaks has a high rate of visual impairment and a high 

rate of fibrosis and atrophy. We recommend a shift from reactive to proactive treatment approaches, as a 

higher number of anti-VEGF injections may be protective for maintaining visual acuity. 
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