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Abstract 

Despite the success of antiangiogenic therapy in controlling exudation in neovascular age-

related macular degeneration (nAMD), the involvement of the outer retina in fibrosis results in 

gradual vision loss over time. The development of drugs that prevent or ameliorate fibrosis in 

nAMD requires that it is accurately detected and quantified with reliable endpoints and 

identification of robust biomarkers. Achievement of such an aim is currently challenging due to 

the lack of a consensus definition of fibrosis in nAMD.  

As a first step towards the establishment of a clear definition of fibrosis, we provide an extensive 

overview of the imaging modalities and criteria used to characterize fibrosis in nAMD. We 

observed variety in the selection of individual and combinations of imaging modalities, and 

criteria for detection. We also observed heterogeneity in classification systems and severity 

scales for fibrosis. The most commonly used imaging modalities were color fundus photography 

(CFP), fluorescence angiography (FA) and optical coherence tomography (OCT). A multimodal 

approach was frequently utilized. Our review suggests that OCT offers a more detailed, 

objective and sensitive characterization than CFP/FA. Thus, we recommend it as a primary 

modality for fibrosis evaluation.  

This review provides a basis for future discussions to reach a consensus definition using 

standardized terms based on a detailed characterization of fibrosis, its presence and evolution, 

and taking into consideration impact on visual function. Achieving this goal is of paramount 

importance for the development of antifibrotic therapies. 

 

Key words: 

fibrosis; neovascular age-related macular degeneration; ocular imaging; optical coherence 

tomography; definition; consensus; nomenclature 

 

Abbreviations: 

AMD, age-related macular degeneration; BCVA, best-corrected visual acuity; BM, Bruch’s 

membrane; CATT, Comparison of Age-Related Macular Degeneration Treatment Trials; CFP, 

color fundus photography; CNV, choroidal neovascularization; CONAN, Consensus on 

Neovascular AMD Nomenclature; ECM, extracellular matrix; ELM, external limiting membrane; 

EZ, ellipsoid zone; FA, fluorescein angiography; FAF, fundus autofluorescence; FS, fibrotic 

scar; HRM, hyperreflective material; IR, Infrared; IS/OS, inner segments/outer segments; IVAN, 

Inhibition of VEGF in Age-related choroidal neovascularization; MC, multicolor; MNV, macular 

neovascularization; MP, microperimetry; nAMD, neovascular age-related macular degeneration; 

NFS, non-fibrotic scar; OCT, optical coherence tomography; OCT-A, OCT-angiography; PDGF, 
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platelet-derived growth factor; PDT, photodynamic therapy; PED, pigment epithelial 

detachment; PS-OCT, polarization-sensitive OCT; RCT, randomized controlled trials; RPE, 

retinal pigment epithelium; SD-OCT, spectral-domain OCT; SHE, subretinal hyperreflective 

exudation; SHRM, subretinal hyperreflective material; SS-OCT, swept-source OCT; TD-OCT, 

time-domain OCT; UWF, ultra-wide field; VEGF, vascular endothelial growth factor. 

 

 

 

I. Introduction 

Despite the introduction of anti-vascular endothelial growth factor (anti-VEGF) therapies, the 

progression to fibrosis remains an important cause of vision loss in patients with neovascular 

AMD (nAMD). In long-term follow-up of large anti-VEGF trials half of all eyes developed fibrosis 

5 to 7 years after initiation of therapy.25,32,85 Fibrosis is an exacerbated wound-healing response 

of neovascular membranes driven by inflammation, cytoskeletal changes, de-differentiation and 

migration of retinal pigment epithelium (RPE) cells into a mesenchymal phenotype and 

recruitment of fibrocytes, ultimately resulting in collagen deposition and the formation of a 

scar.48,108 Fibrous tissue consists of cellular components (e.g. endothelial cells, RPE, 

macrophages, fibroblasts) and extracellular matrix (ECM) materials (e.g. collagens, laminins, 

fibronectin).48 

The term ―fibrosis‖ has its origins in histological examination of ocular tissues obtained at 

surgery or post mortem. On microscopic examination the criteria for the presence of fibrosis are 

clear: fibrosis is characterized by the excessive deposition of ECM components in locations 

where they should be physiologically scarce (e.g. internal to Bruch’s membrane, BM).45,98 Since 

a direct assessment of fibrosis in vivo is not possible, indirect and noninvasive assessments via 

ophthalmic imaging are applied. Certain features observed on clinical modalities in vivo were 

concordant with features of fibrosis on histology post mortem in clinicopathological correlations. 

Thus clinicians adopted the histological term ―fibrosis‖ to describe findings visible on clinical 

examination, despite the term not being directly transferable: historical clinical definitions of 

fibrosis were based on color fundus photography (CFP) and fluorescein angiography (FA).10 

The introduction of high resolution spectral-domain optical coherence tomography (SD-OCT) 

has allowed detailed visualization of the posterior pole of the eye and in particular the macular 

retina. Therefore, the ability of repeated, easy and rapid imaging of the macular retina during 

clinical visits has permitted a better understanding of the pathological features of nAMD at onset 

and subsequently during treatment. New terms such as subretinal hyperreflective material 
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(SHRM) were proposed and linked to the imaging characteristics of fibrosis that were previously 

described on CFP and FA.107 SHRM however can consist of fibrin, whole blood, and 

neovascular complexes, of which fibrosis may only be a subset.92 Thus, the relevance and 

optimal definition of these features on clinical imaging requires investigation. Newer imaging 

modalities (e.g. polarization-sensitive OCT, PS-OCT) may be helpful to more completely 

characterize the fibrotic process.84  

The definitions and modalities applied for fibrosis detection may impact at what rates the 

prevalences of fibrosis are estimated. A clear definition of fibrosis as an endpoint in clinical trials 

is a prerequisite for the development of anti-fibrotic therapies, but is challenging for multiple 

reasons: the molecular mechanisms leading to fibrosis in nAMD are poorly understood because 

of the lack of good animal models, there is no consensus for the clinical definition of fibrosis and 

there is no agreement on the optimal imaging modalities and imaging biomarkers to assess 

fibrosis. As a first step towards a clearer definition and understanding of fibrosis in nAMD, we 

have conducted an extensive literature review of the terms and criteria used to characterize 

fibrosis or fibrosis-related processes in nAMD, taking into account the availability of different 

imaging modalities. This work can serve as the basis for further steps and consensus meetings. 

 

II. Results 

Our literature search retrieved 104 publications that had specified criteria for the presence of 

fibrosis, a description of fibrosis-related features and/or a classification for fibrosis on clinical 

imaging. 

A. Terms used to refer to “fibrosis” 

The terms used to refer to fibrosis identified in our results included: 

―(subretinal/subfoveal/macular) fibrosis‖, ―(subretinal) fibrous tissue‖, ―fibrovascular/fibrotic 

tissue‖, ―fibrotic lesion‖, ―scarring‖, ―(subfoveal/macular) scar‖, ―scar tissue‖, ―natural/disciform 

scar‖, ―fibrotic disciform/fibrocellular lesion‖, ―fibrotic/non-fibrotic/fibrovascular/fibrous scar‖, 

―fibrotic CNV‖ and ―fibrous tissue complex‖. Two main term groups were identified: ―scar‖-related 

terms (―scar‖, ―fibrotic scar‖ etc.) and ―fibrosis‖-related terms (―fibrosis‖, ―fibrous tissue‖ etc.), 

with the latter appearing more frequently (unique use of ―fibrosis‖ vs. ―scar‖: 43.3% vs 22.1%, 

see Supplementary table S1), especially after the introduction of anti-VEGF therapy. In 34.6% of 

the publications both term groups were used. 
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B. Fibrosis on clinical imaging - definitions per modality 

The majority of the criteria retrieved were based on CFP (including biomicroscopy, clinical 

examination, ophthalmoscopy), FA and OCT. The criteria were more homogeneous for the 

traditionally used modalities CFP and FA, as compared to OCT, that showed more variability. 

The details for each publication can be found in Supplementary table S2. 

1. Color fundus Imaging 

Characterization of fibrosis on CFP addressed mainly color, elevation and delineation of the 

margins: Fibrosis color was usually reported as white(ish), yellow(ish) and/or gray(ish).56,79 On 

ultra-wide field CFP (UWF-CFP) fibrosis was described as green-yellowish,29 and on multicolor 

imaging (MC) as bright lime-green or yellowish.29,40,77  

We observed consensus on the delineation of the margins of fibrosis, with terms like ―well-

defined in shape‖, ―well-demarcated‖, ―well-circumscribed‖, ―well-delineated‖.12,21,56,A  Fibrosis 

presence was often reported as an ―(elevated) mound‖, or ―raised clusters of tissue‖ on 

stereoscopic photography or biomicroscopy.58,98  

A solid appearance and an obscuration of the underlying choroid and/or RPE 56,79 were reported 

less frequently. One publication described fibrosis as a ―stranded appearance with tension lines, 

curved edges, occasional pigment infiltration and an outline that is more irregular than that 

produced by expanding fluid‖.7  

The Comparison of Age-Related Macular Degeneration Treatment Trials (CATT) group 

introduced the concepts of ―fibrotic scars‖ and ―non-fibrotic scars‖.26 CATT defined fibrotic scars 

as ―well-demarcated elevated mounds of yellowish white tissue‖, in line with the above 

description, whereas ―non-fibrotic scars‖ were defined as ―flat, depigmented lesions with varying 

amounts of signet-shaped peripheral dark pigmentation that conformed to the baseline CNV 

area‖, the latter being distinct from the commonly used characterization of fibrosis. 

2. Fluorescein angiography and fundus autofluorescence 

On FA, fibrosis has usually been described as a region of blocked fluorescence and/or staining, 

with minimal or no leakage in late angiographic frames.10,28,96 The blocked fluorescence or 

(early) hypofluorescence can be explained by the obstruction of the fluorescence signal from the 

underlying choroid due to the presence of fibrotic tissue. Staining is characterized by a well-

demarcated hyperfluorescence without progressive leakage in the late phase of the angiogram. 

Chuang et al. included a description in angiographic dynamics describing an ―even and slow 

appearance of hyperfluorescence corresponding with the scar‖.22 ―If accompanied by CNV, 
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scars also may demonstrate leakage on angiography‖10 as stated in the ―Guidelines for 

evaluation and treatment in the Macular Photocoagulation Study‖.10 Miere et al. specified 

―minimal leakage‖ as ―leakage of less than 50% of lesion area‖ in the late phase. They further 

detailed the shape of the lesion on FA as ―heterogeneous lesion with concave borders‖.69 

The angiographic properties of ―fibrotic scars‖ described in CATT were in concordance with the 

above mentioned criteria: ―early hypofluorescent and minimally stained in the late-phase‖. ―Non-

fibrotic scars‖ showed a fluorescence pattern that corresponded to the depigmented (early and 

persistently hyperfluorescent) and hyperpigmented areas (hypofluorescent) on CFP.26 

On fundus autofluorescence (FAF), fibrosis was associated with a decreased autofluorescence 

signal compared to normal RPE. The regions surrounding the fibrotic area can show increased 

autofluorescence due to irregular pigmentation, which is formed by multilayered RPE.6  

3. Optical coherence tomography 

Fibrosis was almost invariably described to be ―(highly) hyperreflective‖ on OCT,86 with a 

location ―between neurosensory retina and RPE/Bruch’s membrane (BM)‖, ―in the subretinal or 

sub-RPE space/compartment‖ or ―at the RPE level‖.8,63,94 Early publications using time-domain 

OCT (TD-OCT) described only a ―highly reflective band‖ and its approximate location in relation 

to the RPE. The advent of SD-OCT (and later swept-source OCT, SS-OCT) allowed for a more 

granular characterization. This included internal structure, reflectivity, delineation of the margins, 

extent, detailed location in relation to the RPE and intactness of adjacent retinal structures. 

Fibrosis was commonly characterized as a ―dense/compact/uniform/sheet-like/homogeneous‖ 

material 14,65,69,94,95 with ―well-demarcated/well-defined/well-delineated/sharp borders‖,11,53,54,99 

and a ―uniform, spindle-shaped or fusiform‖,65 ―lamellar‖ 88 or ―multilaminar‖ 97 shape. Sub-RPE 

fibrosis in particular was referred to as a ―multilayered PED‖,73 a specific appearance of chronic 

fibrovascular pigment epithelial detachment (PED) receiving serial anti-VEGF therapy.  

For some groups the characterization of fibrosis depended on its extent or thickness, e.g. ―more 

than 50% of (the lesion) area was occupied by a compact, hyperreflective material‖,69,95,110 or 

―fibrotic scar thicker than 100 μm‖,69 or ―lamellar subfoveal lesion of at least 25-μm elevation 

from Bruch membrane‖.88 

In relation to the surrounding retinal tissue, fibrosis has been described to have ―either obscured 

or replaced the normal reflectivity and banding of the neurosensory retina and RPE/Bruch's 

membrane complex‖.60 Several publications outlined a potential impact of fibrosis on the 

overlying photoreceptors and the adjacent RPE in the form of ellipsoid zone (EZ) and external 

limiting membrane (ELM) disruption, RPE loss, and/or outer nuclear layer thinning,7,37,54,62,69,96,101 
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highlighting the deleterious effect of fibrosis to vision.Our analysis demonstrated a large 

variability in the level of detail when fibrosis was characterized on SD-/SS-OCT (see table 1).  

 

SHRM has been proposed as an important OCT biomarker and surrogate for fibrosis.12 

Subretinal tissue (―any hyperreflective material in the subretinal space‖) was introduced in 

2007,51 and subsequently CATT used the term ―SHRM‖30 that has become entrenched within 

the literature. The Consensus on Neovascular AMD Nomenclature (CONAN) group defined 

SHRM as ―exudation in the subretinal space of material that is hyperreflective as compared with 

fluid‖.97 The composition of SHRM can include macular neovascularization (MNV) components, 

blood, lipids, vitelliform material, fibrin and fibrotic tissue.92  

There is inconsistency in the use of the term ―SHRM‖. De Rosa and coworkers applied the term 

"SHRM" only to a hyperreflective lesion when it was a ―moderately hyperreflective deposit with 

fuzzy edges (...), often associated with other signs of CNV activity (...) and a dynamic aspect‖29 

(i.e. change over time), with characteristics similar to ―subretinal hyperreflective exudation‖ 

(SHE). Shah and coworkers introduced the term ―SHE‖ and defined it as ―a homogeneous 

accumulation of material with a level of hyperreflectivity greater than that of subretinal fluid but 

less than that seen with subretinal fibrosis, pigment hyperplasia, and lipid‖.92 

Other groups used SHRM 76 or HRM 11 as a more generic term and distinguished between an 

undefined HRM (―... with low reflectivity and whose borders were less well distinguishable from 

surrounding neural components‖) and a well-defined HRM (―... with high reflectivity whose 

boundaries can be clearly delineated from the surrounding neural components of the retina‖). 

De Rosa did not use the term ―well-defined SHRM‖, but instead called it ―fibrosis‖ when 

detecting a ―well-delineated, highly hyperreflective lesion whose edges are well defined and 

whose aspect is not as dynamic as the SHRM’s from one visit to another‖.29 

Aside from these linguistic observations, the studies from Casalino 11 and Pokroy 76 on SHRM 

dynamics supported the use of well-defined persistent hyperreflective material on OCT as a 

proxy for fibrosis. Using OCT alone, Kherani defined fibrosis presence when SHRM was ―highly 

reflective with well-demarcated, sharp borders and loss or disruption of overlying ellipsoid zone 

and external limiting membrane‖.54 

4. Infrared Imaging, en face OCT, OCT-angiography and polarization-sensitive OCT 

Few publications reported the use of en face infrared images (IR) to identify fibrosis, described 

as hyperreflective regions on this imaging modality.5,77 One publication specified en face OCT 
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findings in fibrosis, where ―bright regions were visible due to light scatter from the 

hypopigmented fibrotic scar‖.71 

The presence of fibrosis is inherently linked to neovascularization. Miere and coworkers used 

OCT-angiography (OCT-A) to distinguish 3 features of neovascularization inside a fibrous scar: 

―pruned vascular tree, tangled network, (and) vascular loop‖.69 The latter two could also be 

grouped into a ―blossoming tree‖ phenotype. Fibrotic or atrophic disciform scars have been 

associated with a hyper-mature vascular pattern (―dead tree‖ morphology) with long, straight, 

dilated filamentous vessels.109 

Polarization-sensitive OCT (PS-OCT) is a high-resolution imaging modality that can detect 

changes in the polarization state of light as a consequence of its interaction with tissue. This 

increases contrast and allows a better separation of the different layers.44 Birefringence was 

uniformly mentioned as the characteristic property of fibrosis on PS-OCT. Some listed, in 

addition, other related properties like ―(optic axis) uniformity‖ 39,72,B
 and ―(local) phase 

retardation‖.39,68,C  PS-OCT was reported to be able to distinguish fibrosis from other 

hyperreflective features (MNV, blood, lipids, fibrin etc.) and the RPE.72  

C. Fibrosis on clinical imaging - unimodal vs. multimodal approaches 

We analyzed whether the selected studies used a single imaging modality or multiple imaging 

modalities for fibrosis detection. For this, we included only publications that specified the 

imaging modalities used to determine the presence of fibrosis (e.g. introduced with ―the 

presence of fibrosis was defined on CFP as […]‖), and excluded publications that described 

imaging findings in the context of fibrosis, but did not use the features that they described as a 

criterion for reporting the presence of fibrosis (24 publications). We have described the criteria 

for each imaging modality above, and they can also be found in Supplementary table S2. 

When a unimodal approach was reported (33.8%), CFP was the most common modality (used 

over many decades), followed by OCT (Supplementary table S3). The use of FA, MC and PS-

OCT on their own was rare.  

Amongst multimodal approaches (63%), there was a predominant use of CFP together with FA, 

followed by CFP + OCT and CFP + FA + OCT (Supplementary table S4). In our analyzed set of 

publications, the combination of CFP and FA was the only one used up to 2007 inclusive, but 

with the introduction of OCT, this modality also became gradually included from 2009 on. From 

2015 on, OCT was commonly used for fibrosis detection, in combination with either CFP (most 

frequently), FA, or both. 
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In more recent publications, PS-OCT was also suggested as a primary modality, either in 

combination with CFP and OCT 83 or with CFP and FA.82 PS-OCT, however, is not currently 

commercially available. 

Only 2 studies used functional assessments, in addition to imaging modalities, for defining 

fibrosis. In one publication, the characteristic findings on CFP and OCT had to be ―combined 

with low BCVA when the lesion was subfoveal‖.39 In the other, microperimetry (MP) was referred 

to when CFP, FA and PS-OCT showed disagreement, and reduced retinal sensitivity values 

were used as indicative for the presence of fibrosis.82 

The CONAN group suggested the following multimodal definition for fibrosis: ―white or yellow-

white accumulation of material, usually in the subretinal or sub-RPE space. On OCT the 

material is hyperreflective and may have a multilaminar appearance.‖ 97 

Figure 1 shows examples of multimodal imaging in eyes with fibrosis in nAMD. 

D. Gradings and classification systems for fibrosis 

We found several approaches for a classification or a grading of fibrosis, based on a variety of 

imaging modalities or combinations of those (table 2). The graded features varied, and included 

presence/absence of fibrosis, severity, morphology, progression stages and response to 

treatment. 

E. Reported prevalence of fibrosis 

In order to investigate if and how the definitions and imaging modalities for fibrosis detection 

influenced prevalence estimates, we analyzed a subset of 39 publications, where prevalence 

was reported. This subset was extracted from the 104 publications that were retrieved in the 

initial literature search, that selected publications providing a clear definition of fibrosis. We only 

considered one entry in cases where prevalences of the same study were reported in several 

publications. We calculated the prevalence by dividing the number of eyes reported as having 

fibrosis vs. the total number of eyes for the publications that reported this data. The confidence 

intervals were obtained using the Wilson score interval. 

The treatment of nAMD prior to the anti-VEGF era was by thermal laser or photodynamic 

therapy (PDT). Our results showed that the prevalence of fibrosis prior to the availability of anti-

VEGF treatment ranged from 13.5% to 100% (Supplementary Table S5). Subsequently, on 

introduction of anti-VEGF biologicals, several large multi-center post-licensing trials (e.g. CATT, 

IVAN, HARBOR) reported a range of fibrosis prevalence of 43.3% to 79.5% after 2 years of 
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treatment (Supplementary table S6). The prevalence reported in some real-world datasets or 

smaller prospective or retrospective datasets showed a wider range, from 5.1% to 82.8% in 

treatment-naive eyes after anti-VEGF therapy (Supplementary Table S7), but the observation 

periods differed widely. Cross-sectional studies (Supplementary Table S8) also exhibited 

considerable heterogeneity in terms of prevalence of fibrosis, ranging from 9.1% to 93.3%. 

Table 3 shows the prevalence estimates of fibrosis by imaging modality after the introduction of 

anti-VEGF therapies. Overall, we observed greater heterogeneity when only CFP and/or FA 

were used, compared to studies where OCT was included. The average prevalence estimates 

were overall similar between en face imaging modalities and OCT. 

 

III. Discussion 

 

In this extensive literature review, we retrieved 104 publications that characterized fibrosis in 

nAMD eyes using clinical imaging. The imaging modalities used were CFP, FA, OCT, OCT-A, 

PS-OCT, en face OCT, IR, FAF and MC. Only a few publications took into account functional 

parameters (i.e. MP, BCVA). Around 34% of the reports defined the presence of fibrosis using 

just one single modality (commonly CFP or FA or OCT). A multimodal approach was more 

common (66%), with the most frequent combination being CFP and FA, due to their availability 

throughout all decades. OCT became increasingly included, representing the main imaging 

modality in recent years.  

We found that certain terms appeared frequently when referring to fibrosis, such as 

―white/yellow tissue‖, ―elevated mound‖, ―well-demarcated‖ and ―solid‖ appearance on CFP, and 

―blocked fluorescence‖ or ―early hypofluorescence and late staining‖ on FA. On OCT, almost 

without exception the focus was on the ―(highly) hyperreflective‖ nature of fibrosis.  

Linguistically, we observed that there was a large variety of terms used to refer to fibrosis, 

mostly derived from ―scar‖ or ―fibrosis‖. These 2 groups may represent different aspects, i.e 

―scar‖ addressing the entire lesion or an end-stage of the disease, and ―fibrosis‖ describing the 

underlying biological process and histological lesion component (i.e. collagen deposition). 

However, they have been used interchangeably, complicating the definition of fibrosis.  

Prior to the introduction of biologicals that inhibit VEGF into routine clinical care (i.e. up to 2006) 

fibrosis was common, with most eyes affected by nAMD evolving into exhibiting large disciform 

(i.e. disc-shaped) macular scars, and there was a consensus that it reflected ―end-stage 

disease". CFP and/or FA were used to determine the presence of fibrosis, and the criteria 

applied were uniform. The main features described on CFP were color, delineation of the 
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margins and elevation (on stereo imaging and for the detection of elevation of tissue within the 

macular lesions).  

The first reports of fibrosis on TD-OCT were published in the context of PDT.86 With the advent 

of anti-VEGF therapy combined with the widespread use of SD-OCT, studies increasingly 

reported and described findings that were considered a proxy for fibrosis. SD-OCT offered 

additional possibilities such as analysis of reflectivity, identification of the boundaries, internal 

structure, quantification of the extent in three dimensions, location in relation to the RPE and the 

intactness and delineation of the adjacent RPE and photoreceptor layers. Our analysis retrieved 

a large variety of criteria used to determine the presence of fibrosis on OCT - from the mere 

presence of hyperreflective material to a detailed description that includes all of the above 

mentioned features. Our work supports the view that a robust reporting of the presence of 

fibrosis requires a detailed assessment of potential OCT-detected biomarkers and well agreed-

on criteria. While many reports referred to the ―high‖ reflectivity of SHRM in fibrotic lesions, there 

is still a need to precisely define what is sufficiently ―high‖. Other considerations such as the 

thickness and opacity of SHRM may also need to be accounted for. 

The traditional imaging techniques CFP and FA suffer from considerable limitations. Both have 

high inter-grader variability in interpretation, and a high dependency on image quality, which in 

turn relies on optical media clarity and pupil dilation. FA carries risks associated with dye 

administration, and it is difficult ―to distinguish between staining and leakage‖.105 CFP may lead 

to an overestimation of the presence and extent of fibrosis due to misinterpretation of atrophy, 

fibrin and lipids. Furthermore, the visibility of fibrosis on CFP relies heavily on the opaqueness 

and thickness of fibrotic lesions and thus this modality may be insensitive for the reliable 

detection of small regions of thin fibrosis. We contend that the correlation between HRM 

dimensions and visibility of fibrosis on CFP and FA requires systematic investigation.  

OCT has the advantage of being non-invasive and shows potential to detect early and subtle 

forms of fibrosis and enabling machine learning-based image analysis to facilitate automated 

detection and, even more importantly, (volumetric) quantification of fibrosis. It is generally 

accepted that fibrosis, when detected by CFP or FA, appears as a hyperreflective lesion on 

OCT. Conversely, hyperreflective lesions on OCT are not always defined as fibrosis on CFP/FA, 

especially when applying the most widely accepted criteria (i.e. white color, FA staining). The 

CATT study differentiated between ―fibrotic scars‖ and ―non-fibrotic scars‖, based on CFP and 

FA. Both were associated with hyperreflective material on OCT, consistent with fibrosis,26 

however only fibrotic scars would fulfill the widely accepted criteria on CFP and FA. This further 

supports the use of OCT as the primary imaging modality, because the use of CFP/FA as the 
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main imaging methods for fibrosis detection can potentially underestimate its presence. 

Nonetheless, even recently conducted major trials have not used OCT alone to report the 

prevalence and incidence of fibrosis and still appear to rely on confirmation of the presence of 

pale whitish or yellow tissue on CFP.  

On the other hand, without validation and confirmation from histological correlation, it is also 

possible that a pure OCT-based approach may not be sufficiently specific. 

Indeed, subretinal hyperreflective structures that are seen on OCT can arise from components 

other than fibrosis, such as blood, fibrin, lipids and vitelliform material. This reduces confidence 

in relying solely on OCT for the detection of fibrosis. In addition, the appearances on OCT of 

hyperreflective regions can change over time with anti-VEGF treatment. The acute exudative 

components seen on OCT undergo transformation - from undefined, fuzzy less hyperreflective 

characteristics (most likely representing fibrin and a high content of resolvable components 11) 

to well-defined, structured, highly reflective lesions (very likely representing fibrosis 11). The 

determination of the time point of this transition is clearly important as its impact on function and 

outer retinal disorganization is not trivial and requires sequential high-resolution OCT imaging 

with standardized grading of the images.75 

PS-OCT seems to best differentiate fibrosis from other hyperreflective tissues and features like 

the RPE,84 and detect the so-called ―angiofibrotic switch;‖. however, this device is not available 

outside of the research environment, and further work on correlates with standard OCT or 

ideally histology is needed. 

In some publications it was stated that no attempt was made to distinguish between fibrosis and 

fibrin.52,58 Fibrin is generated during blood clotting, but it may represent a precursor of fibrosis.7 

Shah and coworkers hypothesized that fibrin is the major component of the subretinal 

hyperreflective exudation (SHE) observed in association with active CNV.92 

The most obvious limitation of the clinical imaging modalities for fibrosis is that data showing a 

direct correlation of the imaging features with histology is sparse. The early studies performed 

mainly by Green41 were instrumental in understanding the pathophysiology of AMD, however 

they did not include current imaging techniques and were conducted before the introduction of 

anti-VEGF therapy, thus their learnings cannot be readily translated. There have been more 

recent publications that included modern imaging techniques, and although their main focus 

was not fibrosis, they offered insights into its imaging correlates.16 In the future, approaches like 

second harmonic generation microscopy, that can image fibrillar collagen in unstained tissue 

sections, might be instrumental to understand clinicopathological correlates.19 
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The classification and grading schemes for fibrosis that we have collected reveal considerable 

heterogeneity of definitions even within a single imaging modality and extensive heterogeneity 

between studies using different imaging modalities and the features that have been graded. 

Much of this heterogeneity can be attributed to the fact that classification schemes have 

changed over time as newer imaging modalities have entered clinical care. Particularly OCT, 

which has allowed a three-dimensional appreciation of the retinal architecture and the dynamic 

evolution of the abnormal features that are seen in the treatment-naïve stage to those that 

appear when the nAMD lesion becomes quiescent. Robust agreement studies between OCT 

features and established en face technologies are not available. Nor have there been 

clinicopathological correlation studies with accurate co-localization of ante mortem OCT 

features to post mortem histology to ensure that what is seen on OCT is tissue with the 

characteristics of fibrosis. Therefore, at present there is insufficient evidence to recommend any 

one classification scheme that has been used. 

The reported prevalence estimates of fibrosis in our analysis revealed considerable 

heterogeneity. This is in line with a recently published systematic review of the prevalence and 

incidence of fibrosis.20 The review by Cheong and coworkers did not consider the historical 

definitions of fibrosis and is limited to data acquired during anti-VEGF therapy. In our analysis of 

prevalence data, we accounted for the potential impact of treatment modalities, study design, 

differences in follow-up and treatment status. Nevertheless, our results could not confirm that 

the large variability in prevalence estimates was due to the use of different imaging modalities 

and criteria, because several other factors might have an impact, including patient population 

differences (e.g. CNV type distribution, presence of macular hemorrhage at baseline). 

Surprisingly, we observed less heterogeneity in studies that used OCT (either alone, or in 

combination with CFP) compared to studies that used only the en face imaging modalities, 

despite the fact that the definition of fibrosis was less uniform on OCT. However, we feel that it 

is inappropriate to reach conclusions from this analysis due to the small number of studies per 

modality/combination of modalities. Our data strongly support the view that despite control of 

exudation in nAMD lesions even with optimal treatment, such as that performed in clinical trials 

that do not have time varying confounders, are insufficient to prevent the appearance of fibrosis. 

It is however obvious from comparison of published images from historical data prior to the anti-

VEGF era that nAMD affected eyes treated with anti-VEGF exhibit smaller and less extensive 

fibrotic lesions. Owing to the lack of an agreed fibrosis severity scale, this observation cannot be 

backed up by clinical trial data, emphasizing the need for a consensus quantification scheme. 

Although the prevention of fibrosis is an important goal for future therapeutic approaches, it is 
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not the only cause of visual acuity loss in anti-VEGF treated eyes. Even if fibrosis is arrested 

through inhibition of an angiofibrotic switch, attrition of photoreceptors and the RPE can ensue 

leading to atrophy with loss of function. 

The recently published review of fibrosis20 and our work both highlight the need for an 

appropriate characterization of the fibrotic process and agreement and consensus on 

terminology and the optimal imaging modality as well as identifying the critical time points for 

assessment. We contend that the present work provides the basis for such an effort. 

 

There are several limitations in the present work. First, the combination of individual and text-

mining based literature searches might not have yielded all available relevant publications 

dealing with fibrosis definitions in nAMD based on clinical imaging. In addition, we designed the 

primary literature search to retrieve publications that specified a characterization or classification 

of fibrosis. Subsequent analyses performed (i.e. ―scar‖- vs. ―fibrosis‖-related terms, unimodal vs. 

multimodal approach, prevalence analysis) were limited to the original search results, so we did 

not consider publications that could have contributed specifically to those questions, because 

they did not fulfill the primary inclusion criteria. 

IV. Conclusion and future directions 

In summary, we have conducted an extensive literature review focused on the characterization 

of fibrosis in nAMD on clinical imaging. Our review revealed that the most commonly used 

criteria for reporting the presence of fibrosis were ―well-demarcated white/yellow mound of 

tissue‖ on CFP, ―early hypofluorescence with late staining‖ on FA, and ―highly reflective 

material‖ on OCT. Our results showed that despite the apparent overall agreement on fibrosis-

related imaging features per modality, the nomenclature for fibrosis is not uniform and there is a 

lack of (1) consensus on how many and which imaging modalities are to be used, (2) an agreed 

classification system that reflects potential different phenotypes of fibrosis, and (3) a uniformly 

used objective severity scale or robust way to quantify fibrosis. We also found that the 

descriptions of fibrosis based on OCT varied in the level of detail provided. 

 

Our review highlights several areas with open questions for future work. Consensus meetings 

amongst experts may be helpful to answer these open questions, and we suggest that such 

meetings are focused on the identification of earlier stages of fibrosis rather than advanced 

stages (―scars‖) where there is less disagreement: 
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1. Consensus in nomenclature: agreement on the terms used to refer to the fibrotic process 

that do not give rise to misinterpretations or confusions. When addressing fibrotic lesions 

that develop under anti-VEGF therapy we might consider moving away from the term 

―scar‖ as it is reminiscent of the historically used ―disciform scar‖ and of 

photocoagulation scars, and rather use ―fibrosis‖ or related terms such as ―fibrotic tissue‖ 

or ―fibrotic lesion‖. Another approach could be to use alternative terms to describe 

different stages in the evolution of the fibrotic process (e.g., ―fibrosis‖ for earlier stages, 

and ―scar‖ for advanced stages). A further approach may be the use of different terms 

for differing imaging modalities (e.g., ―fibrosis‖ only for CFP and FA, and ―hyperreflective 

material‖ for OCT).  

2. Choice of imaging modalities to detect fibrosis: consensus on the optimum (set of) 

imaging modality(ies) to detect fibrosis. While the traditional imaging techniques (FA and 

CFP) have considerable limitations, OCT is a non-invasive tool that allows for an 

accurate, detailed and three-dimensional qualitative and quantitative assessment. We 

recommend that OCT is included in any future study on the prevalence and incidence of 

fibrosis, particularly until the variability in defining fibrosis on this imaging modality is 

solved. In the future, it may serve as the main modality for fibrosis detection, with 

hyperreflective material as a lead biomarker. CFP may act as a supportive modality to 

rule out non-fibrotic tissues that appear hyperreflective on OCT, like blood. The 

consensus criteria on the selected imaging modality(ies) for fibrosis should be objective, 

highly reproducible and capable of detecting early and subtle forms of fibrosis. 

3. Biomarkers for fibrosis: Fibrosis is a dynamic process, and there is a distinct need for 

longitudinal studies to identify robust biomarkers that allow its evaluation in terms of 

onset, severity and extent (thickness, area, etc.). Visual outcomes are likely to be 

particularly dependent on the location with respect to the fovea and extent of fibrosis. 

Patterns of reflectivity, compartmental location (i.e. subretinal, sub-RPE, combined), 

layers involved in associated atrophy, vascularity of the lesion (vessel density) are 

amongst others potential additional biomarkers. Clinicopathologic correlation studies are 

needed to support the evaluation of the relevance and correlates of these OCT 

biomarkers.  

4. Threshold of selected imaging features: Once the preferred imaging modalities and 

criteria have been defined, a threshold for the different features should be set, including 

parameters such as thickness, minimum en-face area and volume. 
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5. Dynamic assessment: Detection of fibrosis at treatment initiation is challenging, so an 

agreement on a time point when a formal assessment for these features should be made 

is needed. This could be for example at month 1, or at disappearance of active 

exudation. 

6. Fibrosis scale: Though there have been various proposals to quantify fibrosis and to 

establish a severity scale, these have not been agreed upon and used by the broader 

community, and only very few take OCT into account. 

7. Generalizability: Because fibrosis is a common process in many retinal diseases, any 

definition that is agreed upon (perhaps after DELPHI processes are completed) could 

potentially be extended to help investigate its development in other conditions. 

The proper characterization of fibrosis with standardized terms is of paramount importance for 

the establishment of endpoints and the identification of biomarkers that allow for the 

development of therapies focused on preventing fibrosis development, which represents one of 

the remaining unmet needs in AMD. The fibrotic process is a complex interplay; thus, it is also 

important to understand what risk factors and baseline characteristics (MNV type, treatment 

regimen etc.) are involved and how they correlate with functional outcome. Finding the ideal 

time for intervention to ensure treatment success requires a profound knowledge of the fibrotic 

process that takes into account not only the morphological features, but also their evolution and 

impact on visual function. 

V. Method of literature search 

The authors identified publications that contained a characterization or classification of fibrosis 

in nAMD on clinical imaging, extended by text-mining searches. 

A. Literature Corpus & Software  

Text-mining included searches on A) an abstract index (BIOSIS, DDF, EMBASE, GeneRIF, 

MEDLINE), and B) a fulltext index (Elsevier, Karger, NEJM, SpringerNature, Taylor & Francis, 

Wiley, PubMed Central, Spandidos, bioRxiv) totalling to 155511046 (April 2022) records, using 

I2E, version: 6.6R8 by Linguamatics (IQVIA), Cambridge, UK. 
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B. Query Description 

We built text-mining searches to find the imaging modalities and criteria to characterize fibrosis. 

Results of searches for simple co-occurrences of a finding (F) and a modality (M) in publications 

(3328 documents) rarely specified details leading to the definition of fibrosis. Therefore we 

iteratively developed a set of four subsearches extracting such details in a sentence and 

potentially describing finding:modality (F:M) relations. When applicable, we used taxonomic 

concepts, otherwise we used lists of synonyms (e.g. ―subretinal fibrosis‖, ―SF‖). Sentences 

mentioning fibrosis-related findings or modalities alone were optionally extracted for subsequent 

assessment. This applied also for sample size, study designs and prevalences. Exclusion 

criteria were: laser, photocoagulation, model, mouse or rat. We used default I2E disambiguation 

settings. 

C. Outcome of searches  

The combined results of the subqueries retrieved 788 individual publications (from 1513 

including duplicates due to query and content overlaps) qualifying as relevant for the intended in 

depth analysis. Using the extracted data and by consulting the full text of the publications when 

required, false positives were eliminated. A curated final set of 104 publications remained and 

was used for this review (process scheme, see figure 2). 

VI. Key references 

The Guidelines of the Macular Photocoagulation Study Group from 199110 illustrate the 

historical definition of fibrosis in nAMD, based on CFP and FA. Later, OCT was incorporated to 

describe fibrosis in addition to these imaging modalities, and the CATT group (Willoughby et 

al.107 and Daniel et al.26) published highly relevant papers addressing subretinal hyperreflective 

material (SHRM) and evaluating its association with fibrosis development. Daniel et al.26 

established a distinction between ―fibrotic‖ and ―non-fibrotic scars‖, referenced extensively by 

other authors. The work by Casalino et al. on hyperreflective material (HRM) characterization 

supported the view that well-defined persistent HRM on OCT is not only a risk factor but also a 

proxy for fibrosis.11 A study by Kherani et al. is an example of a detailed fibrosis definition based 

on OCT alone.54 
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Figure Legends 
 
 

 
Figure 1. 

A-E: Multimodal imaging showing fibrosis in the right eye of a patient with long standing nAMD. On CFP 

(A), whitish tissue can be seen within the lesion and is bordered at the infero-nasal aspect by a crescentic 

area of atrophy consistent with an RPE tear. On FA (B, C), the fibrotic tissue stains without leakage in the 

late frames (C). On the NIR image (D), the scrolled edge of the RPE tear is visible (white asterisk). The 

highlighted B scan passes through the region of fibrosis and the structural OCT (E) reveals a well-defined 

linearly oriented region of subretinal hyperreflective material with heterogenous reflectivity. 
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F-J: Multimodal imaging showing fibrosis in the left eye of a nAMD patient. On CFP (F), there is a central 

area of whitish fibrotic tissue surrounded by pallor representing atrophy. FA, early (G) and late (H) frames 

show hyperfluorescent regions of staining without leakage consistent with fibrotic tissue. NIR (I) shows 

increased reflectance. On SD-OCT (J), the B-scan transects the area of fibrosis and shows subretinal 

hyperreflective material (HRM), with increased choroidal hypertransmission adjacent to the HRM and in 

regions of the HRM with RPE loss and outer retinal layer thinning and disruption. 

CPF, color fundus photography. FA, fluorescein angiography. nAMD, neovascular age-related macular 

degeneration. NIR, near infrared. RPE, retinal pigment epithelium. SD-OCT, spectral-domain optical 

coherence tomography. 

 
 

 
Figure 2: Outline of the process: text-mining steps (dark gray), manual curation steps (light gray). 
 
 
 
 

Table 1. Fibrosis criteria based on SD-/SS-OCT, demonstrating a large variability in the level of detail. 
Note: this is a subset of publications that used SD-/SS-OCT in a unimodal fashion to determine the 
presence of fibrosis. The full set of OCT characterizations (including TD-OCT, or when OCT was part of a 
multimodal approach) can be found in Supplementary table S2. ELM, external limiting membrane; EZ, 
ellipsoid zone; HRM, hyperreflective material; OCT, optical coherence tomography; PED, pigment 
epithelial detachment; RPE, retinal pigment epithelium; SHRM, subretinal hyperreflective material. 
First author, year Definition on SD-/SS-OCT 

Mathew 2012 
65

 Uniform, spindle-shaped or fusiform hyperreflective band that straddles the RPE 

Singh 2013 
94

 Dense hyperreflective area between the RPE and neurosensory area or beneath the 
RPE. Subretinal fibrin exudation was not included in the definition. 
 

Casalino 2016 
11

 Well-defined HRM: Hyperreflective material with high reflectivity whose boundaries can 
be clearly delineated from the surrounding neural components of the retina. (...) this 
OCT feature represents fibrosed tissue and/or mature neovascular complexes. 

Wickremasinghe 2016 
106

 Increased reflectance at the level of the RPE 

Fu 2017 
38

 Well-demarcated, highly hyper-reflective material in the subretinal or sub-RPE space 
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Pokroy 2018 
76

 SHRM persistence is consistent with subretinal fibrosis development 

Kherani 2018 
54

 When SHRM was highly reflective with well-demarcated, sharp borders and loss or 
disruption of overlying EZ and ELM. 

Ohayon 2020 
73

 Fibrotic multilayered PED 

Llorente-Gonzalez 2021 
63

 Hyperreflective lesion at the RPE level 

 
 

Table 2. Classifications of fibrosis ordered by uni- or multimodal imaging, and per year. CFP, color fundus 
photography; CNV, choroidal neovascularization; DD, disc diameter; FA, fluorescein angiography; OCT, 
optical coherence tomography; OCT-A, OCT-angiography; PDT, photodynamic therapy; RPE, retinal 
pigment epithelium; SD-OCT, spectral-domain OCT; SHRM, subretinal hyperreflective material; SS-OCT, 
swept-source OCT. *Bloch 2013 abbreviated and adjusted Rogers’ stages of 2002. 

Imaging 
modality 

Feature graded Grades/stages/groups Author, Year 

CFP Subretinal fibrous 
scar extent 

Absent, 
Questionable, 
Less than 25%, 
25-49%, 
>50% of the subfield, 
Cannot grade 

Klein, 1991 
58

 

CFP Subretinal fibrosis 
severity 

0= absent. 
1= barely visible. 
2= mild. 
3= moderate. 
4= severe. 

Jaffe, 2017 
49

 

FA Fibrosis extent 
(% of lesion) 

0 = none, 
1 = 1–25%, 
2 = 26–50%, 
3 = 51–75%, 
4 = >75% of the lesion 

Hogg, 2003 
47

 

TD-OCT Morphology of 
CNV after PDT 

Stage I: Acute inflammatory response with increased intraretinal 
and subretinal fluid, no fibrosis. 
Stage II: resolution of intraretinal and subretinal fluid, no fibrosis. 
Stage IIIa: reaccumulation of intraretinal and subretinal fluid with 
early subretinal fibrosis (greater subretinal fluid to fibrosis ratio than 
IIIb). Stage IIIb: reaccumulation of intraretinal and subretinal fluid 
with early subretinal fibrosis (more prominent fibrosis and minimal 
subretinal or intraretinal fluid). Fibrosis on OCT: ―highly reflective 
yellow–red band between the low reflective outer retina and the 
prominent red band representing the RPE/choriocapillaris‖. 
Stage IV: increasing subretinal fibrosis with cystoid macular 
edema. Involuting CNV on OCT: ―highly reflective band merging 
with RPE/choriocapillaris layer obliterating the double band of 
fibrosis observed in stage III‖. 
Stage V: complete fluid resolution, subretinal fibrosis with retinal 
atrophy. OCT: ―reflective fibrotic CNV that had merged with the 
RPE/choriocapillaris band in stage IV further matured as an 
elevated reflective mound‖. 

Rogers, 2002 
86

 

SD-OCT Fibrosis location 
in relation to the 
RPE 

Type A: located underneath the RPE. 
Type B: located above the RPE. 
Type C: the remaining RPE was undistinguishable. 

Souied, 2020 
95

 

Jo
ur

na
l P

re
-p

ro
of

https://www.zotero.org/google-docs/?mPdd7q
https://www.zotero.org/google-docs/?Py3mK4
https://www.zotero.org/google-docs/?WnfxMI


28 

CFP + FA Morphology of 
CNV (―disciform 
lesion‖) after 
radiation 

Type I lesions: smaller than 2 disc diameters (DD), with minimal 
subretinal fibrotic tissue and only few or no exudates, but 
pronounced RPE atrophy. 
Type II lesions: extensive growth of the CNV extending to and 
beyond the arcades, with a marked exudative reaction and with 
angiographically active loops in the peripheral portions of the 
neovascularization. 
Type III lesions: similar to spontaneous disciform fibrosis, with a 
size between 2 DD and 6 DD and various amounts of fibrotic 
tissue, hemorrhage, and lipid 

Haas, 2000 
43

 

CFP + FA Fibrosis extent 
(greatest linear 
dimension) 

Small: <3500 μm. 
Large: 3500–5000 μm. 
Very large: >5000 μm 

Sahni, 2007 
90

 

CFP + FA Fibrosis extent 
 (% of lesion) 

0–25%, 
26–50%, 
51–75%,  
76–100% of the lesion 

Toth, 2015 
102

 

CFP + FA Fibrosis extent  
(% of lesion) 

No scar, 
Barely visible: scar involving approximately 25% of the lesion, 
Mild: scar involving approximately 50% of the lesion, 
Moderate: scar involving approximately 75% of the lesion, 
Severe: the entire lesion consisted of a scar 

Casalino, 2018 
12

 

FA + red-free 
photography 

Fibrosis presence 
& location 

Not detected: absent,  
any subfoveal: subfoveal fibrosis observed alone or with other 
locations,  
extrafoveal only: extrafoveal but not subfoveal,  
Other: remote location only or not reported 

Adrean, 2020 
1
 

CFP + SD-
OCT 

Subfoveal fibrous 
tissue severity 
and associated 
OCT features 

Stage I: minimal fibrosis with or without subretinal fluid. Stage II: 
prominent fibrosis with or without cystoid edema.  
Stage III: fibrosis with overlying neurosensory retinal atrophy 

Bloch, 2013* 
8
 

CFP + SS-
OCT 

Fibrosis severity Mild: subtle whitening of the macular area on fundus imaging and 
minimal associated SHRM on OCT.  
Moderate: intense whitening of the macular area and SHRM of 
more than 100 μm thickness on OCT. 
Severe fibrosis/fibrotic scars: ―mound‖ of fibrotic material on color 
fundus image and elevated SHRM on OCT. 

Balaskas, 2019 
2
 

FA + SD-OCT Exudation 
associated with 
fibrosis 

Group A: no exudative signs (i.e. no subretinal or intraretinal fluid 
on SD-OCT in the last 6 months). 
Group B: current exudative signs (subretinal and/or intraretinal fluid 
on SD-OCT). 

Miere, 2015 
69

 

 
 
Table 3. Summary of fibrosis prevalence per imaging modality after the introduction of anti-VEGF 
therapies reported in publications that provided a clear definition of fibrosis. CFP, color fundus 
photography; FA, fluorescein angiography; N, number of studies; NA, not applicable. SD-OCT, spectral-
domain optical coherence tomography. 

Imaging modalit(ies) 
Prevalence Mean  

(%) 
Prevalence Range 

 (Min - Max, %) 
Difference between 

Min and Max N References 

CFP + FA 50.4 17.0 - 82.9 65.9 5 
12,13,26,67,102 

CFP + SD-OCT 30.7 14.0 – 50.0 36.0 6 
8,17,55,84,89,110 

CFP 45.1 5.1 - 93.3 88.2 5 
49,56,85, A, F 
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FA 26.2 9.1-43.3 34.2 2 
1,3 

SD-OCT 42.0 21.4 - 56.3 34.9 5 
11,54,65,76,106 
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Highlights 
 There is no consensus on the clinical definition of fibrosis in nAMD 

 The criteria for the presence of fibrosis are not harmonized, especially on OCT 

 OCT may enable detection of thin fibrosis and allow a robust quantification 

 The latter is currently challenging due to lack of a fibrosis severity scale 

 Future work should focus on an OCT-based definition and biomarkers of fibrosis 
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