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A B S T R A C T   

White spot syndromes (WSS) pose challenges in the field of ophthalmology, particularly in terms of accurate 
diagnosis and effective management. However, recent advancements in multimodal imaging (MMI) have 
significantly contributed to our understanding of WSS, allowing for improved characterization of these inflam
matory chorioretinopathies. By employing various imaging modalities, including fundus fluorescein angiog
raphy, indocyanine green angiography, fundus autofluorescence, optical coherence tomography (OCT), ultra- 
widefield imaging, and OCT angiography, researchers and clinicians have gained valuable insights into the 
underlying pathophysiological changes and clinical progression of WSS. 

Furthermore, MMI has unveiled novel and atypical variants within the spectrum of WSS, expanding our 
knowledge in this field. Notably, the identification of secondary forms of WSS occurring concurrently with 
unrelated chorioretinal disorders has suggested a potential autoimmune mechanism underlying these conditions. 
The introduction of MMI has also facilitated a more comprehensive evaluation of previously ill-defined entities, 
such as acute zonal occult outer retinopathy, leading to improved diagnostic criteria and enhanced recognition of 
distinct features. This review paper provides a comprehensive overview of the latest advances and interpretations 
in WSS. By integrating MMI into the diagnosis and management of these conditions, this review aims to enhance 
patient outcomes and provide valuable insights into the complexities surrounding WSS.   

1. Introduction 

White spot syndromes (WSS) present significant challenges in terms 
of diagnosis, management, and patient care. The advent of multimodal 
imaging (MMI) has played a crucial role in uncovering new aspects of 
WSS and providing a comprehensive understanding of these inflam
matory chorioretinopathies. 

Utilizing various imaging techniques such as fluorescein angiog
raphy (FA), indocyanine green angiography (ICGA), fundus auto
fluorescence (FAF), optical coherence tomography (OCT), ultra- 
widefield (UWF) imaging, and OCT angiography (OCTA), researchers 
and clinicians have gained valuable insights into WSS. While the exact 
underlying immune mechanism remains uncertain, this multidimen
sional approach has allowed for a detailed evaluation of clinical 
changes, disease progression, and the identification of novel or atypical 
variants. 

WSS primarily affect otherwise healthy individuals, with a higher 
prevalence among young and middle-aged females. However, recent 
research has highlighted the interplay between WSS, such as multiple 
evanescent white dot syndrome (MEWDS) and punctate inner choroid
opathy/idiopathic multifocal choroiditis (PIC/iMFC), and other cho
rioretinal disorders. It has become evident that these conditions can 
coexist or occur sequentially, even if they appear unrelated. Further
more, the emergence of secondary WSS cases has strengthened the hy
pothesis that these syndromes are autoimmune disorders, possibly 
triggered by antigens originating from the outer retina or inner choroid. 

The introduction of the concept of acute zonal occult outer reti
nopathy (AZOOR)-related complex diseases by Gass (Gass, 1993) in 
ophthalmic literature has sparked debates regarding the definition of the 
original entity. As a result, AZOOR has become a broad diagnostic term 
encompassing a range of chorioretinal diseases with varying patterns of 
photoreceptor damage, leading to inconsistent understanding. The uti
lization of MMI has facilitated a more comprehensive assessment of this 
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disease, establishing more precise diagnostic criteria and enhancing the 
recognition of its distinctive features. 

This review aims to provide a comprehensive evaluation of the latest 
findings and interpretations of WSS, namely MEWDS, PIC/iMFC, and 
AZOOR, bringing us closer to understanding the complexities of these 
diseases and improving patient outcomes. We will not discuss placoid 
diseases, as our group has recently conducted a detailed review on this 
topic, covering serpiginous choroiditis, acute posterior multifocal 
placoid pigment epitheliopathy, and relentless placoid chorioretinitis 
(Marchese et al., 2022a). Moreover, acute macular neuroretinopathy has 
been excluded from the review, as it is now recognized as a vascular 
disorder rather than an inflammatory condition (Cabral et al., 2022). 

2. PIC/iMFC 

2.1. Background 

2.1.1. Historical background 
In 1969, Krill et al. described a new condition called “multifocal inner 

choroiditis” characterized by multiple chorioretinal lesions and choroidal 
neovascularization (CNV) in patients with a positive histoplasmin skin 
test (Krill et al., 1969). The condition was later called presumed ocular 
histoplasmosis syndrome (POHS), which exhibits distinct characteristics 
from other choroidal disorders (Smith and Ganley, 1972). POHS spe
cifically refers to multifocal chorioretinal scarring in areas of the United 
States where Histoplasma is endemic (Woods and Wahlen, 1959). POHS 
does not show anterior segment inflammation or vitritis, is not associ
ated with a specific sex or myopic predilection, presents later in life, and 
has a high risk of developing CNV and presumably granulomatous hilar 
adenopathy and/or calcifications on chest x-ray films (Parnell et al., 
2001). 

In 1973, Nozik and Dorsch identified a similar chorioretinopathy 
associated with anterior chamber inflammation and vitritis in two pa
tients with no evidence of infectious disease (Nozik and Dorsch, 1973). 
In 1984, Dreyer and Gass described a series of 28 patients with anterior 
and vitreous inflammation and multifocal deep yellowish lesions (>250 
μm), presumed to be inflammatory and evolving into punched-out pig
mented chorioretinal scars (Dreyer and Gass, 1984). This condition was 
named “multifocal choroiditis with panuveitis”, which today is consid
ered a form of iMFC. The same year, Watzke et al. outlined a clinical 
syndrome affecting 10 young, otherwise healthy, myopic women char
acterized by small (100–300 μm), yellow-grey lesions at the posterior 
pole that progressed to atrophic chorioretinal scars (Watzke et al., 
1984). Most patients had bilateral involvement and developed CNV, and 
no evidence of histoplasmosis infection was found. This syndrome was 

labeled as “punctate inner choroidopathy." 

2.1.2. Terminology: the alphabet soup of PIC, iMFC, pseudo-POHS, and 
others 

Multifocal choroiditis is a broad term encompassing various disor
ders characterized by multiple choroidal or chorioretinal lesions caused 
by infectious, inflammatory, or infiltrative conditions. These conditions 
may include tuberculosis, histoplasmosis, syphilis, brucellosis, cocci
diomycosis, candidiasis, sarcoidosis, vitreoretinal lymphoma, and other 
granulomatous diseases (Essex et al., 2013; Marchese et al., 2022b). 
When these underlying conditions are ruled out, a diagnosis of iMFC is 
considered. Traditionally, the term PIC has been used to describe mild 
localized cases restricted to the macular region without vitritis (Essex 
et al., 2013; Gilbert et al., 2020; Spaide et al., 2013). There is ongoing 
debate regarding the distinction between iMFC and PIC, but we consider 
PIC synonymous with iMFC. 

Several alternative names have been used in the literature to describe 
various presentations of iMFC. These include pseudo-POHS (Callanan 
and Gass, 1992), recurrent multifocal choroiditis (Morgan and Schatz, 
1986), multifocal choroidopathy (Ongkosuwito et al., 1999), dissemi
nated inner choroiditis (Saraux et al., 1986), and hemorrhagic macular 
choroidopathy (Flage et al., 1977). The term pseudo-POHS was coined 
by Callanan and Gass to describe a clinical entity resembling POHS in 
individuals from areas where Histoplasma is not endemic (Callanan and 
Gass, 1992). However, it is now recommended to use the term iMFC 
instead (Essex et al., 2013). Additionally, the eponym “progressive 
subretinal fibrosis” has been introduced to describe a very rare inflam
matory choroiditis characterized by the presence of whitish fibrotic 
subretinal lesions that progressively enlarge and merge together (Can
trill and Folk, 1986; Palestine et al., 1984). Thus, it may refer to severe 
cases of iMFC. 

2.1.3. Clinical features and classification criteria 
The Standardization of Uveitis Nomenclature (SUN) working group 

recently utilized machine learning to establish diagnostic criteria for PIC 
(Standardization of Uveitis Nomenclature Working, 2021b) and iMFC 
(Standardization of Uveitis Nomenclature Working, 2021a). The key 
criteria for diagnosing PIC include the presence of small (<250 μm), 
punctate, multifocal choroidal inflammatory lesions in the posterior 
pole, with or without involvement of the mid-periphery. Additionally, 
minimal or absent anterior chamber and vitreous inflammation are 
observed (Standardization of Uveitis Nomenclature Working, 2021b) 
(Fig. 1). 

On the other hand, the key criteria for diagnosing iMFC include the 
presence of large (>125 μm), oval or round-shaped, multifocal choroidal 

List of abbreviations 

AIBSE acute idiopathic blind spot enlargement 
AZOOR acute zonal occult outer retinopathy 
BrM Bruch’s membrane 
CNV choroidal neovascularization 
ELM external limiting membrane 
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ERP early receptor potential 
EZ/IZ ellipsoid zone/interdigitation zone 
FA fluorescein angiography 
FAF fundus autofluorescence 
ICGA indocyanine green angiography 
IL interleukin 
MEWDS multiple evanescent white dot syndrome 
mfERG multifocal electroretinogram 
MMI multimodal imaging 

MORR multi-zonal outer retinopathy and retinal pigment 
epitheliopathy 

OCT optical coherence tomography 
OCTA OCT angiography 
ONL outer nuclear layer 
OPL outer plexiform layer 
PIC/iMFC punctate inner choroidopathy/idiopathic multifocal 

choroiditis 
POHS presumed ocular histoplasmosis syndrome 
PXE pseudoxanthoma elasticum 
RPE retinal pigment epithelium 
SUN Standardization of Uveitis Nomenclature 
TNF tumor necrosis factor 
UWF ultra-widefield 
VEGF vascular endothelial growth factor 
WSS white spot syndromes  
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inflammatory lesions with punched-out atrophic chorioretinal scars. 
These lesions are found in the mid-periphery or far-periphery, with or 
without the involvement of the posterior pole, and exhibit evidence of 
vitreous inflammation (Standardization of Uveitis Nomenclature 
Working, 2021a). 

In cases of PIC/iMFC, linear streaks or Schlaegel lines can also be 
observed, primarily in the mid-periphery near the equator (Fig. 2). 
These streaks are commonly seen in young women with high and rapidly 
progressive myopia, often in conjunction with other PIC/iMFC lesions 
(Chen et al., 2022). The mechanisms of formation of Schlaegel lines is 
unknown but may be triggered by a combination of inflammatory insults 
and axial elongation of the eyeball, resulting in tangential pressure on 
the retinal pigment epithelium (RPE). 

PIC/iMFC may also present with peripapillary chorioretinal scarring 
and atrophy resembling serpiginous choroiditis (Moussa et al., 2022) 
(Fig. 3). It is important to differentiate this peripapillary chorioretinal 
atrophy from other degenerative diseases, such as lacquer cracks or 
angioid streaks. Identification of classic ophthalmoscopic findings of 
PIC/iMFC, including multiple yellowish inflammatory lesions, 
punched-out chorioretinal scars, or Schlaegel lines, can assist in making 

the diagnosis. Exclusion criteria involve positive infectious tests or evi
dence of granulomatous diseases, such as tuberculosis and sarcoidosis. 

Secondary CNV occurs in up to 83% of PIC/iMFC lesions (Zahid 
et al., 2017) and is reported as the most common cause of vision loss in 
these patients. The reported incidences of visual impairment (20/50 or 
worse) and blindness (20/200 or worse) are 0.19/eye-year and 
0.12/eye-year, respectively (Thorne et al., 2006). 

2.1.4. Pathogenesis 
PIC/iMFC is believed to be autoimmune, and the presence of the 

condition in siblings or successive generations suggests a potential fa
milial association in its development (Levine et al., 2008; Sugawara 
et al., 2010). Furthermore, the high prevalence of autoimmune diseases 
in personal (13%) or family histories (21%) further supports the hy
pothesis of a genetic predisposition to PIC/iMFC (Atan et al., 2011; 
Gerstenblith et al., 2007). Individuals with WSS may have systemic 
immune dysregulation, although the specific genes or haplotypes 
responsible for genetic susceptibility have not been definitively identi
fied (Pearlman et al., 2009). 

Patients with PIC/iMFC exhibit a distinct human leukocyte antigen 

Fig. 1. Representative case of punctate inner cho
roidopathy/idiopathic multifocal choroiditis (PIC/ 
iMFC) in a highly myopic patient. A. Fundus auto
fluorescence (FAF) image of the left eye of a myopic 
male in his 40s (refractive error: − 9.00 diopters) re
veals peripapillary retinal pigment epithelium (RPE) 
atrophy and multiple punched-out spots of hypo
autofluorescence in the mid-periphery and macular 
area, corresponding to RPE and outer retinal atrophy. 
Faint hyperautofluorescence surrounds the spots. B. 
Early-phase indocyanine green angiography (ICGA) 
demonstrates normal choroidal filling and two 
hypofluorescent spots in the macula, indicating the 
presence of inflammatory material. Increased visibil
ity of deeper choroidal vessels around the lesions is 
observed. C. Late-phase ICGA shows persistent 
hypofluorescent spots in the macula, along with faint 
hyperfluorescence in the macular area, possibly 
indicating choroidal hyperpermeability. D. Optical 
coherence tomography (OCT) B-scan through the 
macula (green line) illustrates an active choroiditis 
spot. The PIC/iMFC lesion is characterized by sub
retinal isoreflective material that splits the RPE/ 
Bruch’s membrane (BrM) complex (see magnifica
tion), resulting in posterior deflection of the BrM and 
choroidal hypertransmission. Focal choroidal thick
ening beneath the lesion with loss of the normal 
vascular texture is observed. Co-registered near- 
infrared (NIR) imaging reveals two hyperreflective 
spots corresponding to patchy chorioretinal atrophy. 
E. Tracked OCT B-scan through the fovea acquired 
after one month depicts the choroiditis spot during 
the resolution phase. Partial disappearance of the 
subretinal isoreflective material and enlargement of 
the posterior signal hypertransmission are observed 
(see magnification). The choroid appears thinner. Co- 
registered NIR imaging shows enlargement of the two 
hyperreflective spots.   
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(HLA) profile compared to those with POHS. Haplotype analysis of PIC/ 
iMFC patients has revealed a unique pattern with decreased frequencies 
of HLA-DR2 and HLA-B7, while patients with POHS show an increased 
prevalence of these antigens (Meredith et al., 1978; Spaide et al., 1990). 

Targeted genotyping of PIC/iMFC patients has demonstrated an as
sociation with specific tumor necrosis factor (TNF) loci and interleukin 
(IL)-10 haplotypes when compared to a healthy control population 
(Atan et al., 2011). Interestingly, the same haplotype-tagged single 
nucleotide polymorphisms have previously been linked to 
non-infectious uveitis (Atan et al., 2010). However, the study found no 
significant differences between iMFC and PIC patients at any IL10 or 
TNF locus investigated, suggesting that genotype alone cannot distin
guish between the two conditions, which may represent two manifes
tations of the same disease. 

Finally, there is a strong association between complement factor H 
polymorphisms and PIC/iMFC, suggesting abnormal regulation of the 
alternative complement pathway (Ferrara et al., 2008). 

2.1.5. Pathology 
Most histopathological investigations are limited because tissue 

samples are generally restricted to excised subfoveal CNV membranes 
(Olsen et al., 1996; Pachydaki et al., 2012; Shimada et al., 2008). In a 
clinicopathologic correlation study of a young deceased patient diag
nosed with PIC/iMFC, Dunlop et al. described perivascular chronic in
flammatory infiltrates in the choroid consisting mainly of B and T 
lymphocytes (Dunlop et al., 1998). 

2.2. Imaging findings of PIC/iMFC 

2.2.1. OCT features 
Vance et al. were the first to report the spectral-domain OCT (SD- 

OCT) characteristics of active PIC/iMFC lesions, which corresponded to 
the presence of homogeneous sub-RPE material of medium reflectivity 
associated with choroidal hyperreflectivity and vitreous cells (Vance 
et al., 2011b). The posterior choroidal hyperreflectivity was attributed 
to the disruption of photoreceptors and RPE by the inflammatory 
infiltrates. 

Fig. 2. Idiopathic multifocal choroiditis with bilateral Schlaegel lines and choroidal neovascularization (CNV). A. Color fundus photograph of the right eye (OD) 
shows chorioretinal lesions and linear streaks of punched-out chorioretinal atrophy in the mid and far-periphery. Peripapillary atrophy with a pigmented solid lesion 
is observed. In the macula, a large area of retinal pigment epithelium (RPE) atrophy is present, with increased visualization of choroidal vessels approaching the 
fovea. B. Color fundus photograph of the left eye (OS) reveals similar chorioretinal lesions and linear streaks of punched-out chorioretinal atrophy in the mid and far- 
periphery. Peripapillary atrophy is also observed. In the macula, there is a large area of RPE atrophy involving the fovea. C. Optical coherence tomography (OCT) 
through the fovea of the OD demonstrates increased retinal thickness due to a subretinal hyperreflective lesion with fuzzy margins, corresponding to the CNV. 
Intraretinal fluid and disruption of the perilesional ellipsoid zone (EZ) layer are observed. The choroid appears thick. D. OCT through the fovea of the OS shows a 
subretinal hyperreflective lesion with well-defined margins in the peripapillary area. Disruption of the EZ is observed around the lesion and under the fovea. 

Fig. 3. Idiopathic multifocal choroiditis with peri
papillary chorioretinal atrophy resembling 
serpiginous-like choroiditis. A. Color fundus photo
graph of the right eye shows peripapillary hypo
pigmentation and atrophy, allowing visualization of 
the choroidal vessels. In the peripheral region, mul
tiple punched-out lesions of chorioretinal atrophy and 
hyperpigmentation are observed, forming a Schlaegel 
line (white arrow). B. Fundus autofluorescence image 
reveals peripapillary hypo-autofluorescence charac
terized by a radial pattern (white arrow), along with 
hypo-autofluorescence corresponding to the periph
eral punched-out chorioretinal lesions.   
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A 5-stage classification system of PIC/iMFC lesions was then pro
posed using SD-OCT, showing a sequential progression from choroidal 
infiltration to sub-RPE nodule, chorioretinal nodule, regression, and 
retinal herniation (Zhang et al., 2013). Using enhanced depth imaging 
OCT, focal variations in choroidal thickness have been reported, with 
acute lesions showing choroidal thickening and resolved lesions 
showing choroidal thinning (Spaide et al., 2013; Zarranz-Ventura et al., 
2014). Some patients may present with focal choroidal excavation 
(FCE), which is a choroidal concavity without posterior staphyloma or 
scleral ectasia, plausibly due to atrophic scarring of the inner choroid 
(Kim et al., 2015). 

Newly recognized OCT features include focal hyporeflectivity and 
loss of the normal choroidal architecture below the active lesion, split
ting of the RPE/Bruch’s membrane (BrM), and a posterior deflection of 
the BrM (Abdelhakim et al., 2021) (Fig. 1). These findings may support 
the hypothesis that the inflammatory process primarily affects the 
RPE/BrM complex. However, the exact site of inflammation remains 
unknown, and it is uncertain whether inflammation originates from the 
RPE/BrM complex or the choriocapillaris. The contribution of the 
choroid to the pathogenesis of PIC/iMFC is also uncertain. 

RPE disruption and choroidal hypertransmission may suggest sec
ondary CNV (Chen et al., 2021; Shi et al., 2020). Inflammatory CNV can 
be accompanied by multiple finger-like projections extending from the 
active CNV into the outer retina, referred to as the “pitchfork sign,” as 
well as focal choroidal thickening underlying the CNV (Giuffre et al., 
2021; Hoang et al., 2013a). Inflammatory CNV may develop at the same 
site as FCE, and the CNV may precede or follow the formation of FCE 
(Haas et al., 2020). Intraretinal cavitations can be detected in the 
restoration stage and should be differentiated from exudation from the 
CNV (Atan et al., 2011; Gan et al., 2020). 

2.2.2. OCTA features 
In patients with active inflammatory lesions, OCTA can provide 

valuable insights by revealing choroidal flow voids that tend to 
normalize when the inflammation subsides. These flow voids are often 
accompanied by RPE disruption and subretinal hyperreflective material, 
as observed on structural OCT scans (Zahid et al., 2017). 

In addition to assessing inflammatory lesions, OCTA helps detect 
CNV, as active PIC/iMFC lesions and secondary CNV can present similar 
findings on OCT and FA (Baumal et al., 2015; Dutheil et al., 2018). 
OCTA demonstrates a lacy network of vessels in the outer retina on 
en-face slabs and blood flow signal on corresponding B-scans. Neo
vascular flow often persists during disease quiescence, so its presence 
may not prove disease activity. However, OCTA may show shrinkage of 
the CNV network following injections of anti-vascular endothelial 
growth factor (VEGF) agents (de Groot et al., 2023; Kongwattananon 
et al., 2022). OCTA may also enable the detection of centripetal resto
ration of the choriocapillaris flow signal after immunosuppressive 
therapy (Nakao et al., 2016; Thompson et al., 2021). 

2.2.3. FAF features 
On FAF imaging, active and inactive PIC/iMFC lesions exhibit hypo- 

FAF due to RPE disruption (Haen and Spaide, 2008). Several patterns of 
hyper-FAF occurring concurrently with active PIC/iMFC lesions have 
been reported. These patterns range from discrete hyper-FAF halos 
surrounding active lesions to patchy hyper-FAF lesions, peripapillary 
hyper-FAF rings, or more diffuse zonal hyper-FAF (Gattoussi et al., 2018; 
Jung et al., 2014; Kaden et al., 2019; Kramer and Priel, 2014; Li et al., 
2015; Munk et al., 2015). These hyper-FAF lesions may relate to the 
unmasking of RPE FAF signal due to reduced photopigment in damaged, 
absent, or dysfunctional photoreceptors (Freund et al., 2013). 
hyper-FAF may also result from RPE hyperplasia or hyper-FAF materials 
in the subretinal space. hyper-FAF can be associated with relative 
scotomata and enlarged blind spot (Jung et al., 2014; Kaden et al., 2019; 
Munk et al., 2015; Riaz et al., 2012). The detection of perilesional 
hyper-FAF can be employed to monitor PIC/iMFC recurrences (Gan 

et al., 2020) and may predict the treatment response to corticosteroids 
(Turkcuoglu et al., 2011). 

2.2.4. FA and ICGA features 
On FA, active PIC/iMFC lesions typically appear hypofluorescent in 

early frames due to the displacement of choroidal fluorescence but 
exhibit late leakage and staining in the late frames (Dreyer and Gass, 
1984; Morgan and Schatz, 1986). Inactive PIC/iMFC lesions are 
hyperfluorescent in all phases due to RPE window defects (Altan-Yay
cioglu et al., 2006). Secondary CNV can be detected on FA as a 
well-demarcated area of hyperfluorescence in early frames followed by 
late leakage (Altan-Yaycioglu et al., 2006). However, it can be diag
nostically challenging to differentiate CNV from inflammatory lesions. 
In these cases, OCTA has shown higher sensitivity than FA in identifying 
the neovascular network (de Groot et al., 2023; Kongwattananon et al., 
2022). 

On ICGA, both active and inactive PIC/iMFC lesions appear hypo
fluorescent in all phases (Altan-Yaycioglu et al., 2006). Associated 
findings include the visibility of deeper choroidal vessels under the 
choroidal lesions and the dilation and leakage of adjacent choroidal 
vessels. In some cases, late-phase ICGA reveals large spots of hypo
fluorescence not visible clinically or on FA and corresponding to sec
ondary MEWDS (Slakter et al., 1997; Vadala et al., 2001) (see paragraph 
4.C). 

2.3. Novel PIC/iMFC phenotypes and associations 

2.3.1. Chrysanthemum 
A rare subtype of PIC/iMFC was recently described by Ramtohul 

et al., characterized by a distinctive lesion morphology resembling a 
chrysanthemum (Ramtohul et al., 2023b). On ophthalmoscopic exami
nation, chrysanthemum lesions exhibit a grey-yellow central lesion 
known as the core, surrounded by pale satellite dots resembling petals 
(Fig. 4). OCT imaging of the chrysanthemum phenotype reveals sub
retinal iso/hyperreflective material splitting the RPE/BrM complex, 
defects in the RPE/BrM complex, a downwardly deflected BrM, and 
posterior choroidal hypertransmission within the core. Noteworthy 
characteristics of the chrysanthemum phenotype include a high number 
of lesions (more than 20 lesions in 56% of eyes), involvement of the mid- 
and far-peripheral regions (52% of eyes), and a frequent occurrence of 
secondary MEWDS (60% of eyes) (see paragraph 4.C). 

2.3.2. PIC/iMFC in highly myopic eyes 
Hady et al. demonstrated that 11% of patients with pathological 

myopia exhibited OCT features of active PIC/iMFC lesions during a 
follow-up period of 68.3 ± 40.3 months (range 12–156 months) (Hady 
et al., 2022). PIC/iMFC lesions in highly myopic eyes can increase the 
risk of CNV and patchy chorioretinal atrophy. Managing PIC/iMFC le
sions in highly myopic eyes may require corticosteroids and anti-VEGF 
agents to control CNV and inflammation. In recurrent episodes, 
longer-term immunosuppressive therapies may be necessary to prevent 
complications and the development of chorioretinal atrophy (Airaldi 
et al., 2023). 

2.3.3. Zonal outer retinal atrophy and chorioretinal atrophy 
Jung et al. described a series of eyes presenting with zonal areas of 

outer retina, RPE, and choroidal atrophy associated with PIC/iMFC le
sions (Jung et al., 2014) (Fig. 5). These changes were persistent, and the 
author hypothesized that chorioretinal atrophy resulted from recurrent 
episodes of acute inflammation. The use of corticosteroids and other 
immunosuppressive therapies may help limit relapses and slow the 
progression, but the effectiveness of such treatments is uncertain. 

Munk et al. reported a variant of PIC/iMFC and chorioretinal atro
phy, which led to decreased visual acuity and scotomata with severe 
vision loss up to hand motion. The decrease in visual acuity and visual 
field loss was attributed to central photoreceptor attenuation, 
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manifesting as areas of hyper-FAF and alterations of the EZ/IZ on OCT 
(Munk et al., 2015). The recovery of photoreceptors varied, ranging 
from total restoration of the outer retina and improvement in visual 
acuity to persistent damage and visual impairment. 

We propose that outer retinal disruption in active PIC/iMFC may 
exhibit different patterns of evolution (Kaden et al., 2019). Reversible 
functional and outer retinal changes should be classified as secondary 
MEWDS, while persistent cases can be regarded as zonal retinochoroidal 
atrophy. Assessing the integrity of the outer retinal layers using OCT and 
FAF imaging and monitoring changes over time may have therapeutic 
and prognostic implications for patients with PIC/iMFC. 

2.3.4. PIC/iMFC in pachychoroid disease eyes 
The pachychoroid disease spectrum encompasses various disorders 

characterized by choroidal vascular alterations observed on multimodal 
imaging. These alterations include dilated choroidal veins (pachyveins), 
collaterals between vortex vein systems, inner choroidal thinning, 
increased choroidal thickness on OCT, and choroidal vascular hyper
permeability on late-phase ICGA (Cheung et al., 2019). Ultra-widefield 
ICGA and en-face OCT of the vortex vein system have suggested that 
choroidal venous outflow abnormalities may be a common mechanism 
of pachychoroid disorders, leading to congestion and inadequate blood 
flow (Bacci et al., 2022; Pang et al., 2014; Ramtohul et al., 2023a). 

Through unsupervised machine learning and cluster analysis, our 
research team identified a distinct cluster of PIC/iMFC patients char
acterized by a young age, emmetropic or low myopia, thick choroids, 
choroidal vascular hyperpermeability on ICGA, chrysanthemum lesions, 
and a high frequency of FCE and subretinal fibrosis. These clinical and 
MMI characteristics overlap with those observed in the pachychoroid 
disease spectrum (Cheung et al., 2019) (Figs. 6–7). Therefore, we coined 
the term “punctate inner pachychoroidopathy” for this subtype (Ram
tohul et al., under review). 

We hypothesize that abnormal choroidal venous outflow may pre
dispose to or enhance local inflammation, either through a pro- 
inflammatory environment or by impairing the clearance of inflamma
tory cells and cytokines (Smith, 1999). Treating patients with punctate 
inner pachychoroidopathy with corticosteroids during active disease is 
beneficial due to the rapid resolution of inflammatory lesions (Ramtohul 
et al., under review). However, a reduction in choroidal thickness, often 
considered an indicator of resolved choroidal inflammation, may not 
reliably indicate treatment response in these patients (Spaide et al., 
2013). 

Fig. 4. Multimodal imaging of a macular chrysanthemum lesion. A. Baseline color fundus photography reveals a macular chrysanthemum lesion characterized by a 
grey-yellow central lesion (the core) surrounded by pale satellite dots resembling petals (white arrowhead). B. Fundus autofluorescence image displays a hypo
autofluorescent chrysanthemum lesion in the macula surrounded by faint hyperautofluorescence in the peripapillary area and superior to the macula. C-D 
(magnification). Fluorescein angiography shows a central hyperfluorescent lesion surrounded by dotted hyperfluorescence. E-F (magnification). Early-frame 
indocyanine green angiography (ICGA) of the lesion shows early hypofluorescence of the central lesion (core) surrounded by dotted hyperfluorescence. G-H 
(magnification). Late-frame ICGA reveals faded hyperfluorescence of the lesion. Notably, new spots of hypofluorescence become visible in the macula and peri
papillary area, suggestive of secondary multiple evanescent white spot syndrome. I. OCT B-scan demonstrates subretinal hyperreflective material splitting the retinal 
pigment epithelium/Bruch’s membrane complex, along with posterior choroidal hypertransmission (white arrowhead). 
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3. MEWDS 

3.1. Background 

3.1.1. Historical background 
Multiple evanescent white dot syndrome, first described by Jampol 

et al., in 1983, is an inflammatory disease primarily affecting the outer 
retina. It predominantly affects young-to-middle-aged females and may 
be preceded by flu-like symptoms (Baglivo et al., 1996; Gargouri et al., 
2022). Some patients may have a personal or family history positive for 
systemic autoimmune disease (Pearlman et al., 2009; Ramakrishnan 
et al., 2021). There appears to be no racial predilection (Ramakrishnan 
et al., 2021). Classic symptoms of MEWDS include blurred vision, pho
topsia (flashes of light), and visual field defects with an enlarged blind 
spot. In fact, acute idiopathic blind spot enlargement (AIBSE) syndrome 
may be a late manifestation of MEWDS after a decrease or disappearance 
of the white dots (Hamed et al., 1988). 

MEWDS is characterized by yellowish lesions in the deep retina, 
which can vary in size from small dots (<200 μm) to larger spots (≥200 
μm) (Jampol et al., 1984). The dots tend to cluster around the optic disc 
or the vascular arcades, while the spots are more prominent in the 
mid-periphery (Pichi et al., 2016). A yellow stippled discoloration of the 
fovea, known as foveal granularity or Jampol dots (Onishi et al., 2019), 
mild disc edema, vascular sheathing, and vitreous cells may also be 
observed. Visual acuity varies significantly according to foveal 
involvement. 

The retinal lesions in MEWDS are transient, and most patients 
experience spontaneous recovery. As a result, anti-inflammatory or 
immunosuppressive treatment is not recommended. 

3.1.2. Pathogenesis 
MEWDS primarily involves the outer retinal layers, and it is char

acterized by acute dysfunction of photoreceptors and RPE without 
choroidal perfusion defects. Recent studies utilizing adaptive optics 
scanning laser ophthalmoscopy (AOSLO) (Labriola et al., 2016; Onishi 
et al., 2019) and en-face OCT reconstructions (Pichi et al., 2016) have 
confirmed that MEWDS primarily affects the outer segments of 

photoreceptors, with relatively preserved inner segments. Advanced 
SD-OCT prototypes with higher axial resolution have suggested possible 
primary involvement of the IZ during the acute phase (Spaide and Lally, 
2021). 

It is still unknown whether the inflammation starts in the photore
ceptors (“photoreceptoritis”) or the RPE, but the initial electrophysi
ology findings and advanced retinal imaging supports the initial 
involvement of the photoreceptors with secondary RPE dysfunction 
(Onishi et al., 2019; Sieving et al., 1984; Spaide and Lally, 2021). 

Sequential retinal imaging sometimes reveals a biphasic pattern of 
retinal inflammation, including a short phase of worsening of retinal 
lesions after the onset of symptoms. Outer retinal disruption usually 
begins in the fovea and around the optic disc, then extends toward the 
retinal periphery (Cahuzac et al., 2017; Hashimoto and Kishi, 2015). 
The histopathological explanation for the preference of MEWDS for 
peripapillary and foveal photoreceptors is currently unknown. 

3.2. Imaging findings of MEWDS 

3.2.1. OCT and OCTA features 
Spectral-domain OCT in the active phase reveals multiple areas of 

attenuation in the ellipsoid zone/interdigitation zone (EZ/IZ), which 
correspond to the location of the white “spots” seen on clinical exami
nation (Dell’omo et al., 2010b). In the early recovery phase, the 
disruption of the EZ gradually improves from diffuse to focal. In the late 
recovery phase, the EZ becomes continuous. Hyperreflective lesions of 
variable size are observed anterior to the spots. These lesions extend into 
the outer nuclear layer (ONL) or the outer plexiform layer (OPL) and 
correspond to the “dots” seen in other MMI techniques (Gal-Or et al., 
2019; Pichi et al., 2016). The dots always appear over the spots and 
sometimes coalesce into linear extensions from the external limiting 
membrane (ELM) to the OPL. Additionally, a hyperreflective, ill-defined 
material, likely corresponding to degenerated outer segments, may be 
observed between the EZ and the RPE (Spaide and Lally, 2021) (Fig. 8). 

Involvement of the fovea in MEWDS may result in RPE damage with 
choroidal hyper-transmission (Mantovani et al., 2019). Above the RPE, 
finger-like projections of hyperreflective material can extend from the IZ 

Fig. 5. Idiopathic multifocal choroiditis with bilateral multizonal outer retinal and chorioretinal atrophy. 
A. Color fundus photography of the right eye (OD) demonstrates punched-out chorioretinal lesions in the mid- and far-periphery, accompanied by migration of 
pigment into these zones. Additionally, there is pronounced macular and peripapillary atrophy with pigment accumulation. B. Fundus autofluorescence imaging of 
OD displays multiple geographic zones of hypoautofluorescence within the areas of atrophy, along with ill-defined hyperautofluorescence surrounding the zones of 
macular and peripapillary atrophy. C. Optical coherence tomography (OCT) through the fovea of OD demonstrates perifoveal loss of the ellipsoid layer, outer 
photoreceptors, and disruption of the retinal pigment epithelium (RPE) with choroidal hypertransmission. Notably, the subfoveal area appears unaffected. D. Color 
fundus photography of the left eye (OS) reveals a few punched-out chorioretinal lesions in the peripapillary area. E. Fundus autofluorescence imaging of OS shows 
multiple small zones of atrophy sparing the central macula. F. OCT through the fovea of OS reveals multiple lesions characterized by subretinal hyperreflective 
material splitting the RPE/Bruch’s membrane complex, accompanied by posterior choroidal hypertransmission. 
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to the ONL or OPL. These lesions have been described as vertical 
intraretinal hyperreflective lines (Amoroso et al., 2021; Gal-Or et al., 
2017; Mantovani et al., 2019), outer retinal plumes (Ramtohul et al., 
2020), or foveal outer retinal hyperreflectivity (Dolz-Marco et al., 
2021). These findings may not be necessarily visible on other imaging 
modalities. 

The foveal outer retinal hyperreflectivity may be attributed to in
flammatory cells, including microglia, and/or structural RPE damage. 
While all these hypotheses are plausible, the presence of vertical intra
retinal hyperreflective lines may represent activated Müller cells and 
may correspond to a transient increase in hyperreflective dots observed 
on the retinal surface with en-face OCT reconstructions (Cicinelli et al., 
under review). Although no comparative studies have been conducted, 
foveal outer retinal hyperreflectivity has been associated with worse 
visual acuity and more severe functional scotoma on microperimetry 
(Dolz-Marco et al., 2021). 

OCTA studies have not significantly contributed to the understand
ing of MEWDS but have confirmed normal choroidal and retinal perfu
sion in both the acute and subacute phases of the disease (Pichi et al., 
2016). 

3.2.2. FAF features 
In MEWDS, the spots appear as indistinct areas of hyper-FAF on 

short-wavelength FAF (SW-FAF, 488 nm) or green-wavelength FAF 
(532 nm). This hyper-FAF results from the unmasked RPE FAF due to 
photoreceptor defects (Freund et al., 2013) (Fig. 9). Conversely, spots 

exhibit hypo-FAF on near-infrared FAF (NIR-FAF, 820 nm) due to the 
rearrangement of melanin-containing structures within the RPE (Bat
taglia Parodi et al., 2015; Mantovani et al., 2019; Zicarelli et al., 2020). 

During the subacute phase of MEWDS, the spots typically resolve, but 
dotted hyper-FAF may appear on SW-FAF (Dell’Omo et al., 2010a; 
Gal-Or et al., 2019) (Figs. 9 and 10). The exact source of this dotted 
hyper-FAF is uncertain, but it may be associated with an increased 
amount of fluorophores, such as degenerated outer segment material, 
under the retina or within the RPE (Scharf et al., 2022). 

3.2.3. FA and ICGA features 
Fluorescein angiography may reveal early wreath-like hyper

fluorescence with minimal staining, vascular leakage, and staining of the 
optic nerve. Wreath-like hyperfluorescence can result from choroidal 
transmission through photoreceptor or RPE defects, intraretinal micro
angiopathy, or activated microglia with a stellate configuration (Mar
siglia et al., 2016). 

Indocyanine green angiography demonstrates normal filling of the 
choroid and choriocapillaris. Spots become visible only in the middle to 
late phases as hypofluorescent lesions (Marsiglia et al., 2016), and new 
spots may emerge within hours after the examination (Zicarelli et al., 
2020). The dots appear as darker punctate hypofluorescence in the deep 
retina, located anterior to the spots. While dots always colocalize with 
the spots, there can be areas that demonstrate spots with no evidence of 
dots. 

The spots may merge to form large plaques around the posterior pole 

Fig. 6. Representative case of punctate inner choroidopathy/idiopathic multifocal choroiditis (PIC/iMFC) and secondary multiple evanescent white dot syndrome 
(MEWDS) in a patient with bilateral pachychoroid disease. Adapted from Ramtohul et al. 
A. Early-phase indocyanine green angiography (ICGA) of the right eye reveals multiple hypofluorescent lesions consistent with PIC/iMFC (white arrowheads). Note 
the presence of dilated choroidal veins in the inferior macula (green arrowhead). B. Mid-phase ICGA of the right eye demonstrates multiple areas of choroidal 
vascular hyperpermeability (white arrowhead). C. Late-phase ICGA shows late hypofluorescent spots, partially confluent, surrounding the PIC/iMFC lesions (white 
arrowhead), suggestive of secondary MEWDS. D. Fundus autofluorescence imaging of the right eye displays multiple hypoautofluorescent lesions surrounded by 
hyperautofluorescence, suggesting secondary MEWDS. E. Optical coherence tomography (OCT) B-scan exhibits subretinal hyperreflective material splitting the 
retinal pigment epithelium/Bruch’s membrane complex, associated with posterior signal hypertransmission and loss of the normal choroidal architecture. Addi
tionally, diffuse increased choroidal thickness is observed in the macula, with pachyvessels compressing the inner choroid. Disruption of the ellipsoid zone and 
interdigitation zone near the PIC/iMFC lesions is also noted (white arrowheads), indicating secondary MEWDS. F. Early-phase ICGA of the left eye shows a discrete 
hypofluorescent lesion in the fovea. Additionally, dilated choroidal veins are observed in the superior macula (white arrowhead). G. Late-phase ICGA of the left eye 
reveals multiple areas of choroidal vascular hyperpermeability. H. OCT B-scan through the fovea demonstrates a conforming focal choroidal excavation 
(white arrowhead). 
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(Gross et al., 2006; Marsiglia et al., 2016), which some authors hy
pothesized to possibly correspond to areas of reduced indocyanine green 
uptake by dysfunctional and inflamed RPE cells (Chang et al., 2005; 

Gaudric and Mrejen, 2017). 

Fig. 7. Punctate inner pachychoroidopathy associated with pre-existent focal choroidal excavation and pachychoroid disease features. 
A. Baseline confocal color fundus photography of the right eye reveals subtle hypopigmented changes of the retinal pigment epithelium (RPE) in the fovea (white 
arrowhead). The corresponding time point is displayed. B. Corresponding horizontal optical coherence tomography (OCT) B-scan through the fovea demonstrates a 
focal choroidal excavation (white arrowhead). Notably, there is diffuse increased choroidal thickness in the macula, with pachyvessels compressing the inner choroid. 
The corresponding time point is displayed. C. Magnified view of the focal choroidal excavation on SD-OCT (white arrowhead), highlighting the continuity of the 
ellipsoid zone (EZ). D. En-face swept-source OCT-angiography (SS-OCTA) segmented at the level of the choriocapillaris reveals subtle flow signal deficits (white 
arrowhead) colocalizing with the focal choroidal excavation. The corresponding time point is displayed. E. Three years later, confocal color fundus photography of 
the right eye displays a punctate inner choroidopathy (PIC) lesion (orange arrowhead). The corresponding time point is displayed. F. Horizontal high-resolution OCT 
(High-Res OCT) B-scan through the fovea illustrates a discrete subretinal hyperreflective material splitting the RPE/Bruch’s membrane (RPE/BrM) complex at the site 
of the focal choroidal excavation (orange arrowhead). Additionally, there is posterior signal hypertransmission. The corresponding time point is displayed. G. 
Magnified view of the PIC lesion colocalizing with the focal choroidal excavation on High-Res OCT (orange arrowhead), showing disruption of the EZ band and focal 
RPE/BrM complex interruption. H. En-face SS-OCTA segmented at the level of the choriocapillaris displays an enlargement of the flow signal deficits colocalizing 
with the PIC lesion (orange arrowhead). The corresponding time point is displayed. 

Fig. 8. Representative case of multiple evanescent white dot syndrome (MEWDS). 
A. Short-wavelength fundus autofluorescence (SW-FAF, 488 nm) of the left eye reveals a large area of hyperautofluorescence in the posterior pole. B. Near-infrared 
FAF (NIR-FAF, 820 nm) displays hypoautofluorescence, likely due to rearrangement of melanin-containing structures within the retinal pigment epithelium (RPE). C. 
Fluorescein angiography exhibits wreath-like hyperfluorescence of the outer retinal lesions with minimal staining, vascular leakage, and staining of the optic nerve. 
D. Late phase of indocyanine green angiography demonstrates hypofluorescent dots and spot lesions within and outside the vascular arcades. E. Optical coherence 
tomography (OCT) B-scan shows multiple areas of attenuation in the ellipsoid and interdigitation zones (EZ/IZ). Additionally, there is a hyperreflective, ill-defined 
material at the fovea originating from the EZ and protruding into the outer nuclear layer. F. Follow-up OCT acquired 3 months later at the same location as in E 
reveals nearly complete restoration of the EZ/IZ band and disappearance of the hyperreflective material in the fovea. 
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3.2.4. Microperimetry 
Microperimetry has been used to monitor patients with acute 

MEWDS. It has revealed a diffuse reduction in macular sensitivity, 
consistent with the disruption of photoreceptors observed on SD-OCT 
and the presence of hypofluorescent spots on ICGA. There is also a sig
nificant decrease in retinal sensitivity around the optic nerve, which 
corresponds to the enlargement of the blind spot in the visual field and 
poor fixation stability. Macular sensitivity improves within three 
months, starting from the foveal region and progressing outward 
centrifugally (Hamed et al., 1989; Li and Kishi, 2009) (Fig. 10). 

3.2.5. Electroretinogram 
During the acute stage of MEWDS, the electroretinogram (ERG) 

shows profoundly decreased rod, maximal, and cone responses in the 
affected eyes compared with the fellow eyes, suggesting diffuse 
impaired photoreceptor function (Li and Kishi, 2009). The early receptor 
potential (ERP) regeneration times are also abnormally prolonged, 
implying abnormal visual pigment regeneration. During recovery, the 
ERG and ERP amplitudes return to normal (Sieving et al., 1984). ERG 
studies showed that retinal involvement in MEWDS is more widespread 
than the lesions on MMI (dots and spots) and confirmed that MEWDS 
primarily affects the photoreceptors. 

The multifocal electroretinogram (mfERG) provides a significant 
advantage in localizing areas of retinal dysfunction compared to con
ventional full-field ERG, which offers a global response of the entire 
retina. With mfERG, multiple areas of the macula can be simultaneously 
assessed, facilitating the identification of localized retinal abnormalities. 
In active MEWDS, mfERG demonstrates a blunted foveal peak compared 
to the unaffected fellow eye (Oh et al., 2001). The retinal function 
almost completely recovers in inactive disease, and first-order responses 
equal those of the asymptomatic fellow eye (Li and Kishi, 2009). 

3.3. Unusual findings in MEWDS 

In addition to the classic form of MEWDS, atypical cases have been 
described. While rare, MEWDS can manifest bilaterally, affecting both 
eyes simultaneously or sequentially (Aaberg et al., 1985; Bosello et al., 
2022; Finn and Khurana, 2021; Veronese et al., 2018). Most cases of 
MEWDS are isolated; however, a report from Israel documented a cluster 

of seven patients who presented with acute MEWDS within three months 
(Gal-Or et al., 2017). MEWDS predominantly affects women aged 20–50 
years, but it can also occur in younger patients (Ramakrishnan et al., 
2021; Wang et al., 2022). However, it is extremely rare after the age of 
50. 

Some authors have reported additional findings, including transient 
peripapillary serous detachments, likely attributed to transient 
dysfunction of the RPE in reabsorbing retinal fluids (Chao et al., 2015), 
or foveal exudation with pre-existing choroidal venous congestion (Chen 
et al., 2017). Other cases of MEWDS have been described with exclusive 
foveal involvement, lacking the characteristic spots and dots observed 
on clinical examination and MMI(Shelsta et al., 2011). 

Classic MEWDS lesions resolve within three months without leaving 
any permanent effects (Casalino et al., 2017). The spots tend to disap
pear earlier than the dots, which may take several weeks to vanish. 
Foveal granularity may persist as well (Bosello et al., 2022). In some 
cases, rapid resolution of fundus lesions has been observed (Yenerel 
et al., 2008). Some patients may experience persistent EZ/IZ defects on 
OCT, hypofluorescence on ICGA, or slower visual recovery, especially if 
they are young or present with worse visual acuity (Bosello et al., 2022). 
AOSLO may show persistent discontinuity of the photoreceptor matrix 
at 3 months, despite normalization of OCT findings (Labriola et al., 
2016; Onishi et al., 2019). 

Microperimetry shows progressive normalization of macular func
tion, although the enlarged blind spot may not completely disappear. No 
specific baseline multimodal imaging features have been associated with 
visual outcomes or the clinical course (Bosello et al., 2022). 

Recurrences of MEWDS are rarely seen and often exhibit features 
overlapping with those of the primary occurrence (Tsai et al., 1994). 
Complications such as CNV and irreversible damage to the outer retina 
have been rarely reported (Wyhinny et al., 1990). However, the authors 
believe that the pigmentary/atrophic changes sometimes seen in 
recurrent or atypical MEWDS might indicate overlap with other dis
eases, such as PIC/iMFC (see Paragraph 4.C) (Barile and Harmon, 2017; 
Chen et al., 2017). 

Fig. 9. Representative case of spontaneous resolution of multiple evanescent white dot syndrome (MEWDS). 
A. Pseudocolor fundus photography of the left eye reveals yellowish lesions in the deep retina, more prominent in the mid-periphery. B. Fluorescein angiography 
displays wreath-like hyperfluorescence involving the entire posterior pole and extending toward the nasal periphery. C. Late phase of indocyanine green angiography 
demonstrates hypofluorescent dot and spot lesions within and outside the vascular arcades, along with a confluent plaque of hypofluorescence surrounding the optic 
nerve. D. Short-wavelength fundus autofluorescence (SW-FAF, 488 nm) in the acute phase shows confluent hyperautofluorescence in the same territory as the 
angiographic findings. E. SW-FAF imaging acquired 3 weeks after baseline demonstrates progressive resolution of the hyperautofluorescence and the appearance of 
dotted hyperautofluorescence temporally to the fovea. F-G. Green-wavelength FAF (532 nm) acquired at the same time points as D and E depict progressive 
normalization of the diffuse hyperautofluorescence and persistence of mid-peripheral dots. 
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Fig. 10. Microperimetry in a patient with multiple evanescent white dot syndrome (MEWDS). 
A. Late phase of indocyanine green angiography (ICGA) demonstrates hypofluorescent dot and spot lesions within and outside the vascular arcades, along with 
confluent hypofluorescence in the peripapillary area. B. Fluorescein angiography shows wreath-like hyperfluorescence, optic nerve staining, and leakage from large 
vessels. C. Short-wavelength fundus autofluorescence (SW-FAF, 488 nm) in the acute phase reveals diffuse hyperautofluorescence. D-E. SW-FAF imaging acquired 2 
weeks (D) and 6 weeks (E) after baseline illustrates progressive resolution of the hyperautofluorescence and the appearance of dotted hyperautofluorescence. F. 
Microperimetry at baseline demonstrates a diffuse reduction in macular sensitivity, with areas of deeper relative scotoma colocalizing with the hypofluorescent spots 
on ICGA. There is also a decrease in retinal sensitivity around the optic nerve. G-I. Progressive normalization of macular sensitivity is observed. Additionally, there is 
a reduction in the fixation area, as indicated by the bivariate contour ellipse area. 
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4. Secondary WSS: PIC-like and MEWDS-like reactions 

4.1. Acute retinopathy in PXE 

Acute retinopathy with features of MEWDS has been described as a 
distinctive phenotype of outer retinal/RPE/BrM complex alterations 
occurring in patients with pseudoxanthoma elasticum (PXE) and angioid 
streaks (Gliem et al., 2019b). This condition is characterized by rapid 
vision loss and outer retinal whitish spots that appear hyper
autofluorescent (Ramtohul et al., 2022a). Further characterization using 
high-resolution OCT has revealed two distinct phenotypes of outer 
retinal alterations: (1) hyperreflective dome-shaped lesions that split the 
RPE/BrM complex and associated with focal choroidal thickening, 
which later resolve with RPE/BrM atrophy, and (2) transient disruption 
of the EZ/IZ corresponding to zonal hyperautofluorescence that recovers 
completely (Fig. 11) (Ramtohul et al., 2022a). 

The description of acute retinopathy in patients with PXE contrib
uted to a re-interpretation of WSS and their pathogenesis, previously 
hypothesized by other authors (Bryan et al., 2002; Fung et al., 2012). 
The hypothesis of secondary WSS was first introduced. Subsequently, 
additional cases of secondary WSS (either presenting as PIC/iMFC or 
MEWDS) have been recognized and collectively described. 

4.2. Secondary PIC/iMFC in unrelated chorioretinal disorders 

Cicinelli et al. described active PIC/iMFC lesions in patients with 
unrelated chorioretinal diseases, including PXE, angioid streaks, auto
somal recessive bestrophinopathy, rod-cone dystrophy, neovascular 
age-related macular degeneration, ocular trauma with chorioretinal 
rupture, rhegmatogenous retinal detachment, toxoplasmic chorior
etinitis, and Stargardt disease. These PIC/iMFC lesions occurring in the 
context of unrelated chorioretinal disorders are referred to as secondary 
PIC (Cicinelli et al., 2022a). Secondary PIC/iMFC differs from primary 
PIC/iMFC in age, gender, laterality, prodromes, and refractive errors. 

Clinically, the occurrence of secondary PIC/iMFC is characterized by 
acute or subacute vision decline. In cases with pre-existing chorioretinal 
scars, the detection of overlying PIC/iMFC lesions primarily relies on 
OCT imaging, which shows subretinal iso/hyperreflective material 
splitting the RPE/BrM complex, focal interruption and downward 
deflection of the BrM, and underlying choroidal thickening with loss of 
the normal vascular architecture. 

Complications related to secondary PIC/iMFC may develop, leading 

to permanent vision loss, including punched-out chorioretinal scars, 
macular atrophy, subretinal fibrosis, Schlaegel lines, and CNV (Cicinelli 
et al., 2022a; Gliem et al., 2019b; Marchese et al., 2018a, 2018b). Re
currences of inflammation can also be observed (Ramtohul et al., 
2022a). In recurrent or complicated cases, additional management may 
be necessary, such as corticosteroids, immunosuppressive therapies, and 
intravitreal injections of anti-VEGF agents. 

4.3. Secondary MEWDS 

While primary MEWDS occurs in otherwise healthy eyes, there have 
been increasing reports and series describing MEWDS associated with or 
subsequent to other chorioretinal diseases (Cicinelli et al., 2020a; 
Essilfie et al., 2022). These cases we now call secondary MEWDS. The 
terms MEWDS-like reactions (Cicinelli et al., 2020a) and epiphenom
enon MEWDS (epi-MEWDS) (Essilfie et al., 2022) have also been used. 

The most common associations with secondary MEWDS are listed in 
Table 1. It is important to note that in some cases where the term 
“secondary MEWDS” has been applied, there may have been concurrent 
secondary PIC/iMFC findings, and often these reactions exhibit over
lapping features. 

Secondary MEWDS may not begin simultaneously with the triggering 
disease but can be delayed days to years after the primary event 
(Fig. 12). Clinically, secondary MEWDS closely resembles cases of pri
mary MEWDS and does not appear to affect the course of the associated 
disease (Essilfie et al., 2022). However, patients with secondary MEWDS 
tend to be older and have fewer and smaller spots on MMI (Fig. 13). 
Outer retinal disruption in secondary MEWDS typically initiates around 
the presumed triggering retinal lesion and gradually expands centrifu
gally, even after the initiation of immunosuppressive treatment for the 
primary disease (Abdelhakim et al., 2021). 

Eyes with typical myopic degenerative findings can potentially 
develop secondary MEWDS and secondary PIC/iMFC changes. Notably, 
patients with secondary MEWDS and associated PIC/iMFC tend to have 
higher myopia (Meng et al., 2023). In secondary MEWDS, the distribu
tion of lesions is often asymmetrical, both horizontally and vertically, 
with a preference for the retinal quadrant bearing the presumed cho
rioretinal trigger (Ong et al., 2023). The gender distribution, visual 
acuity at presentation, systemic and ocular symptoms, and choroidal 
thickness demonstrate the similarity between primary and secondary 
MEWDS (Serrar et al., 2022). 

It is important to note that patients with pre-existing retinal diseases 

Fig. 11. Multimodal imaging of acute retinopathy in pseudoxanthoma elasticum. Adapted from Ramtohul et al. 
A. Confocal color fundus photography of the right eye reveals multifocal, deep, yellowish lesions at the macula, with some lesions developing along angioid streaks 
(white arrowheads). The red, orange, and yellow lines indicate the location of the High-Resolution optical coherence tomography (High-Res OCT) B-scans displayed 
in panels (B), (C), and (D), respectively. B - D. High-Res OCT B-scans illustrate multiple hyperreflective, dome-shaped lesions that split the retinal pigment 
epithelium/Bruch’s membrane complex (white arrowheads), accompanied by focal choroidal thickening, loss of the normal choroidal architecture, and posterior 
choroidal hypertransmission. These features are consistent with punctate inner choroidopathy/idiopathic multifocal choroiditis (PIC/iMFC) lesions. E-F. En-face 
widefield OCT displays multiple hyperreflective spots arranged in a splatter-like configuration (white arrowheads). The number of lesions observed on en-face 
widefield OCT exceeds those seen on fundus photography. The segmentation used is presented in panel (F). 

M.V. Cicinelli et al.                                                                                                                                                                                                                             



Progress in Retinal and Eye Research 97 (2023) 101207

13

and secondary MEWDS may not recover visual function to the same 
extent as individuals with primary MEWDS in otherwise healthy eyes. 
Therefore, screening patients with active MEWDS for possible concur
rent retinal conditions is crucial to rule them out. Recurrences of sec
ondary MEWDS are rare and may be observed in conjunction with a 
relapse of the underlying disease, such as PIC/iMFC. 

4.4. Common interpretation of secondary WSS 

Secondary WSS are believed to be a possible immune-mediated 
response against retinal or inner choroidal antigens in the presence of 
two factors: 1) permissive host genetic susceptibility and demographic 
characteristics, and 2) immunogenic triggers. The permissive host ge
netic susceptibility may be the same as in primary WSS(Pearlman et al., 
2009), although this is currently unknown. 

Systemic infections (Jain et al., 2022; Miyata et al., 2022; Wiley 
et al., 2022), vaccinations (Ng et al., 2020; Yang et al., 2019), and stress 
are possible external immunogenic triggers associated with secondary 
WSS. The proposed link between infections and retinal or choroidal 
inflammation is the dysregulation of the host immune system. Similar 
risk factors have been observed in cases of WSS recurrence. Reports of 
WSS associated with vaccinations have increased after the COVID-19 
outbreak, with over 25 cases of WSS described following COVID-19 
vaccination (Seong and Lee, 2022; Soifer et al., 2022). While some of 
these cases may be coincidental, molecular mimicry due to structural 
similarities between human proteins and vaccine components, resulting 
in the creation of self-antigens, could be a plausible explanation (Jampol 
et al., 2021). 

The outer retina is considered an immune-privileged space. Almost 
all reported cases of secondary WSS exhibited damage to the chorioca
pillaris, BrM, or RPE, along with compromise of the posterior retinal- 

Table 1 
Diseases associated with secondary MEWDS.   

Reference 

Other inflammatory diseases 
PIC/iMFC (Battaglia Parodi et al., 2018; Bryan et al., 

2002; Callanan and Gass, 1992; Kang et al., 
2022; Meng et al., 2023; Serrar et al., 2022) 

Ocular toxoplasmosis (acquired) (Mabchour et al., 2023; Mathis et al., 2020;  
Serrar et al., 2022; Vance et al., 2011a) 

Birdshot chorioretinopathy (Cicinelli et al., 2022b; Serrar et al., 2022) 
Optic neuritis on multiple sclerosis Serrar et al. (2022) 
AZOOR Fine et al. (2009) 
Ocular trauma or surgery 
Traumatic subretinal hemorrhage Fung et al. (2012) 
Retinal detachment (Cicinelli et al., 2020a; Essilfie et al., 2022;  

Serrar et al., 2022) 
Cryotherapy on peripheral retina Serrar et al. (2022) 
Thermal laser treatment to retinal 

tears 
Golshani et al. (2020) 

Radiotherapy to treat retinoblastoma Serrar et al. (2022) 
Acquired abnormalities 
Idiopathic atrophic scar Serrar et al. (2022) 
Angioid streaks (idiopathic or 

secondary to systemic diseases) 
(Cicinelli et al., 2020a; Gliem et al., 2019a;  
Pece et al., 2016) 

Choroidal neovascularization (Mathis et al., 2018; Ong et al., 2023;  
Papadia and Herbort, 2010; Serrar et al., 
2022) 

Age-related macular degeneration Cicinelli et al. (2022a) 
Acute macular neuroretinopathy Gass and Hamed (1989) 
Central serous chorioretinopathy Ong et al. (2023) 
Congenital abnormalities or hereditary diseases 
Optic nerve coloboma Serrar et al. (2022) 
Ocular toxoplasmosis (congenital) (Mathis et al., 2018; Serrar et al., 2022) 
Best disease (Bryan et al., 2002; Cicinelli et al., 2020a;  

Park et al., 1997; Serrar et al., 2022)  

Fig. 12. Punctate inner choroidopathy and secondary 
multiple evanescent white dot syndrome (MEWDS). 
A. Fundus autofluorescence (FAF) imaging reveals 
multiple hypoautofluorescent lesions in the posterior 
pole, indicating retinal pigment epithelium (RPE) at
rophy. There is a circular area of less defined hypo- 
FAF surrounded by a hyperautofluorescence ring. 
Confluent areas of hyper-FAF in the mid-periphery 
are suggestive of secondary MEWDS. B. Fluorescein 
angiography displays areas of early hyper
fluorescence in the posterior pole, indicative of a 
window defect. There is active leakage observed in 
the macula. The hyperautofluorescent spots seen on 
FAF correspond to wreath-like hyperfluorescence 
outside the vascular arcades. C. Late-phase indoc
yanine green angiography showcases markedly 
hypofluorescent lesions in the macula, indicating 
choroidal inflammatory infiltration. Smaller hypo
fluorescent dots surrounding the macular lesions and 
ill-defined spots in the periphery are suggestive of 
secondary MEWDS. D. Optical coherence tomography 
B-scan demonstrates inner retinal thinning and a 
subretinal hyperreflective material between the 
retinal pigment epithelium and the Bruch’s mem
brane. This is associated with posterior signal hyper
transmission. The disruption of the ellipsoid zone and 
interdigitation zone near the punctate inner cho
roidopathy (PIC) lesions is visible.   
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blood barrier. Exposure to new retinal antigens that are usually con
cealed from the immune system can lead to an autoimmune attack to the 
outer retina, clinically presenting as WSS (Cicinelli et al., 2020a; Essilfie 
et al., 2022) (Fig. 14). It is worth noting that many cases of secondary 
WSS have been observed in eyes with CNV, suggesting that the leaky 
vessels of CNV may contribute to maintaining outer retinal inflamma
tion (Mathis et al., 2018). 

The reasons why some patients present with secondary MEWDS 
while others develop secondary PIC/iMFC are unclear. Possible factors 
may include the target of the inflammatory insult (e.g., the photore
ceptors, the RPE/BrM complex, or the inner choroid) or the type of 
antigen that initiates the inflammatory response. Similarly, the genetic 
and environmental factors predisposing individuals to secondary 
MEWDS or PIC/iMFC have not been determined. The authors have 

observed that most patients with secondary PIC/iMFC also have sec
ondary MEWDS, suggesting a shared predisposition and indicating that 
they may be manifestations of similar immune system activation. 

The natural history and therapeutic response of secondary WSS can 
differ. In the reported series, resolution of secondary PIC/iMFC was 
characterized by anatomical sequelae such as disruption of the outer 
retina and RPE/BrM complex. Further complications included macular 
atrophy and subretinal fibrosis. Although the available data are retro
spective and have a relatively short follow-up period, eyes with sec
ondary PIC/iMFC appeared to have a more destructive clinical course 
than those with secondary MEWDS. Therefore, we suggest that sec
ondary PIC/iMFC should be treated (Cicinelli et al., 2022a). Considering 
the assumption of an autoimmune process, corticosteroid therapy may 
be considered in addition to treating the primary disease or concurrent 

Fig. 13. Punctate inner choroidopathy and second
ary multiple evanescent white dot syndrome 
(MEWDS) complicated by choroidal neo
vascularization (CNV). 
A. Optical coherence tomography (OCT) B-scan re
veals the presence of subretinal fluid and a hyper
reflective material splitting the retinal pigment 
epithelium and the Bruch’s membrane. This is asso
ciated with posterior signal hypertransmission. The 
interruption of the ellipsoid zone and interdigitation 
zone is observed. B. Fluorescein angiography dem
onstrates areas of hyperfluorescence in the posterior 
pole, indicating active leakage. Smaller wreath-like 
lesions temporally to the macula are also visible. C. 
Early phase of indocyanine green angiography (ICGA) 
displays multiple hypofluorescent lesions consistent 
with punctate inner choroidopathy. D. Late-phase 
ICGA reveals new hypofluorescent spots that were 
not observed in the early-phase ICGA, suggesting 
secondary MEWDS (white arrow). E. Near-infrared 
fundus autofluorescence (NIR-FAF, 820 nm) imaging 
illustrates a neovascular network corresponding to 
the area of leakage observed on fluorescein angiog
raphy. There are also hypo-FAF spots surrounding the 
CNV, colocalizing with the hypofluorescent spots 
observed on ICGA. F. Follow-up NIR-FAF imaging 
demonstrates an increase in the size of the CNV and 
an enlargement of the hypo-FAF spots surrounding 
the CNV (green arrow).   
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complications such as CNV. Additional clinical observations are needed 
to establish therapeutic recommendations. 

5. AZOOR 

5.1. Background 

5.1.1. Historical background 
AZOOR was first described by Gass in 1993 when he reported on 13 

patients experiencing rapid vision loss in one or more zones of their 
visual field, along with photopsia, minimal fundoscopic changes, and 
abnormal electroretinography affecting one or both eyes (Gass, 1993). 
Most of these patients were young women, and some had evidence of 
autoimmune diseases. Despite extensive medical and neurological 
evaluations, no associated findings were identified, and effective treat
ment remained elusive. During long-term follow-up, more than half of 
the eyes in AZOOR patients showed a normal fundus on the final ex
amination, and only a minority exhibited progressive visual field loss 
(Gass et al., 2002). Rarely, AZOOR patients can be complicated by CNV 
(Introini et al., 2018). 

Currently, no definitive treatment for AZOOR has been established 
that consistently improves visual outcomes. While systemic corticoste
roids have been used with varying success (Gass et al., 2002; Monson 
and Smith, 2011), intravitreal injections of sustained-release cortico
steroid devices have shown promise in inactivating the active edge in 
AZOOR (Vadboncoeur et al., 2022). Antivirals and systemic immuno
suppressants have also been employed with mixed results (Lin et al., 
2022; Mahajan and Stone, 2010; Monson and Smith, 2011). 

5.1.2. Terminology 
Regarding terminology, Gass suggested that AZOOR might belong to 

a broader spectrum of diseases sharing overlapping features, including 
MEWDS, AIBSE syndrome, and acute macular neuroretinopathy (AMN). 
However, the lack of a specific fundus biomarker has made it chal
lenging to precisely define AZOOR, leading to heterogeneity in the cases 
described in the literature. Consequently, AZOOR has become a broad 
diagnostic term for chorioretinal diseases with visual loss of uncertain 
origin. 

To refine the diagnosis of AZOOR based on MMI findings, Mrejen 
et al. proposed a novel classification relying on the identification of 
striking, progressive retinal changes involving outer retinal, RPE, and 
choroidal degeneration (Mrejen et al., 2014). Still, a subgroup of pa
tients with consistent characteristics could be identified in the series 

from Mrejen et al. (see Paragraph 5.D). 

5.2. Imaging findings of AZOOR 

5.2.1. Clinical features of AZOOR according to the definition by Gass 
In the cohort described by Gass et al., AZOOR initially presented as 

unilateral in 60% of the cases. Over an 8-year follow-up, bilateral 
involvement occurred in 76% of the patients after a median of 31 
months, and one-third experienced recurrences (Gass et al., 2002). Vi
sual acuity was 20/40 or better in at least one eye in 88% of the patients 
at the final visit. 

At presentation, the fundus examination was normal in 90% of the 
cases. Within the early weeks after the onset of AZOOR, patients 
developed cystoid macular edema, perivenous exudation, multifocal 
chorioretinal scars, narrowed retinal vessels, and RPE atrophy and 
clumping resembling retinitis pigmentosa (Gass, 1993) (Fig. 15). 

Subsequently, several groups described the MMI characteristics of 
“classic” AZOOR. Patients with AZOOR exhibit outer retinal thinning, 
EZ/IZ loss, and RPE irregularities on OCT (Li and Kishi, 2007). Fundus 
autofluorescence shows diffuse hyper-FAF or coarse granular regions of 
mixed hyper- and hypo-FAF (Wang et al., 2017). In some eyes, a 
well-defined hyper-FAF border is noted, associated with loss of the EZ 
band and a transition from relatively normal to markedly decreased or 
non-recordable visual sensitivity on microperimetry testing (Duncker 
et al., 2018; Fujiwara et al., 2010; Wang et al., 2017). 

Fluorescein angiography reveals window defects or blockage related 
to RPE changes, retinal vascular staining or leakage, diffuse intraretinal 
staining, cystoid macular edema, optic disc staining, and peripheral 
hyperfluorescent spots (Monson and Smith, 2011). Indocyanine green 
angiography has been investigated in a few studies and shows normal 
choroidal fluorescence in patients with no RPE changes and hypo
fluorescence in cases involving RPE (Spaide, 2004). AOSLO frequently 
reveals cone loss with increased spacing in the regions corresponding to 
EZ/IZ abnormalities and visual field loss (Merino et al., 2011; 
Mkrtchyan et al., 2012; Xu et al., 2022). Although it is still unclear which 
level of photoreceptor AOSLO does image, the abnormal cone reflec
tivity in AOSLO might indicate dysfunction of mitochondria cone inner 
segment ellipsoids (Nakao et al., 2015). These changes may normalize 
upon follow-up (Nakao et al., 2015). 

Automated static threshold perimetry documents one or more zones 
of visual field loss, and there is evidence of generalized dysfunction on 
electrooculogram and ERG (Francis et al., 2005). 

Fig. 14. Proposed pathogenesis of secondary white spot syndromes. 
This diagram illustrates the hypothesized pathogenesis of secondary white spot syndromes, highlighting the key mechanisms involved in the development of these 
conditions. BM: Bruch’s membrane; RPE: retinal pigment epithelium; MEWDS: multiple evanescent white dot syndrome; PIC: punctate inner choroidopathy. 
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5.2.2. Clinical features of AZOOR according to the definition by Mrejen et 
al 

Mrejen et al. conducted a study with 30 AZOOR patients who 
initially presented with photopsia and scotoma, with most of them 
exhibiting detectable fundus changes. On fundoscopic examination, 
patients in the early phase of AZOOR showed a transient white line at 
the margin of the involved zone, which displayed a granular hyper-FAF 
signal. Additionally, these patients had a patchy hyper-FAF signal and 
diffuse photoreceptor loss on OCT (Mrejen et al., 2014). 

Patients in more advanced stages of AZOOR exhibited zonal areas of 
outer retinal, RPE, and choroidal degeneration surrounded by a grey/ 
orange demarcating line that appeared continuous, interrupted, or 
scalloped on fundus exam. The peripapillary region was the most 
frequently involved, but some patients presented with satellite skip le
sions in the mid- and far-periphery. AZOOR lesions exhibited a char
acteristic “trizonal pattern,” where zone 1 represented areas with intact 
retinal and RPE layers, zone 2 corresponded to the demarcation line 
between affected and unaffected areas, and zone 3 corresponded to 
areas of outer retina and RPE atrophy that directly aligned with the 

AZOOR lesion (Mrejen et al., 2014) (Fig. 16). On OCT, zone 1 showed 
normal retinal and choroidal layers, zone 2 exhibited multifocal sub
retinal mound-like hyper-reflective material, and zone 3 displayed 
EZ/IZ disruption, RPE atrophy, and choroidal thinning. Fundus auto
fluorescence also demonstrated a trizonal pattern, including normal FAF 
signal in zone 1, speckled hyper-FAF in zone 2, and hypo-FAF in zone 3. 

AZOOR lesions tended to enlarge over time, extending towards the 
macula and the periphery. Central lesions tended to merge with skip 
lesions, encompassing almost all of the fundus. The pattern of lesion 
enlargement was usually not continuous but rather episodic, charac
terized by long periods of stability and short periods of progression. 
Notably, the persistence of the demarcation line was invariably associ
ated with disease progression (Table 2). 

Mrejen et al. highlighted the “trizonal pattern” and the progressive 
nature of the lesions as defining MMI features of AZOOR. 

5.2.3. Acute annular outer retinopathy 
In 1995, Gass and Stern reported a case of a 23-year-old man who 

presented with an acute scotoma in one eye, accompanied by a deep 

Fig. 15. Multimodal imaging of a case of acute zonal 
occult outer retinopathy (AZOOR) according to the 
definition by Gass and Stern. 
A woman in her 20s presented with rapid visual field 
loss and photopsia in both eyes at the age of 14. She 
noted stabilization of her visual symptoms under 
methotrexate 2.5 mg/day. Panel-based genetic testing 
was negative. Her visual acuity was 20/20 in both 
eyes. A-B. Ultra-widefield pseudocolor fundus 
photography of the right (A) and left eye (B) shows 
degeneration of the retinal pigment epithelium (RPE) 
around the optic disc, along the vascular arcades, and 
in the mid-periphery. C-D. Ultra-widefield fundus 
autofluorescence imaging of the right (C) and left eye 
(D) shows diffuse hypoautofluorescent zones corre
sponding to RPE and photoreceptor loss. Note the 
hyperautofluorescent area in the perifoveal region of 
the right eye corresponding to photoreceptor loss and 
relatively preserved RPE (white arrowhead). E-F. At 
the 5-year follow-up, ultra-widefield fundus auto
fluorescence imaging of the right (E) and left eye (F) 
shows progression of the hyperautofluorescent zone 
in the perifoveal region of the right eye (white 
arrowhead) which corresponds to photoreceptor loss 
and recent visual field constriction. Note the relative 
stability of the autofluorescent anomalies in the left 
eye. G-H. High-resolution optical coherence tomog
raphy of the right (G) and left eye (H). In the right eye 
(G), the B-scan shows ellipsoid (EZ) and interdigita
tion zone (IZ) disruption in the temporal side of the 
fovea, which colocalizes with hyperautofluorescent 
lesion on ultra-widefield fundus autofluorescence 
imaging. In the left eye (H), preservation of the foveal 
EZ/IZ is noted. The insets are the near infrared 
reflectance images with the green line indicating the 
position of the B-scans.   
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grey retinal ring corresponding to the margin of the scotoma (Gass and 
Stern, 1995). Based on its clinical characteristics, he named this condi
tion acute annular outer retinopathy (AAOR). The ring progressively 
enlarged over weeks and eventually disappeared. Within the area where 
the ring was visible, gradual depigmentation of the fundus and 
pigmentary changes occurred. 

Similar cases with comparable features were described (Fekrat et al., 
2000; Liu et al., 2021; Seetharam et al., 2015). Seetharam et al. 
demonstrated that the transient subretinal ring observed in these cases 
corresponded to thickening and hyperreflectivity of the ONL and the 
Henle fiber layer on OCT. Recently, Ramtohul et al. proposed the term 
“angular sign of Henle fiber layer hyperreflectivity” to describe this OCT 
feature and suggested that an acute insult to the whole photoreceptor 
cell compartments (from the synapses to the outer segments) may be 

involved early in the course of acute annular outer retinopathy (Ram
tohul et al., 2022b). When the disease subsided, outer retinal atrophy 
developed (Seetharam et al., 2015). 

Although AAOR could represent a variant of AZOOR (Gass and Stern, 
1995), the latest interpretation suggests it may be cases of AZOOR in 
which the delineation line is acutely apparent ophthalmoscopically as a 
white or grey line. This white line fades but can be replaced by a 
delineating orange line (Mrejen et al., 2014). 

5.3. Differential diagnosis of AZOOR 

Since its initial description, significant heterogeneity has become 
apparent in AZOOR, with variations in clinical appearance, natural 
progression, and treatment response (Mrejen et al., 2014). 

Fig. 16. Multimodal imaging of acute zonal occult outer retinopathy (AZOOR) according to Mrejen et al. This case shows features compatible with a distinct disease 
called “Multizonal Outer Retinopathy and Retinal Pigment Epitheliopathy” (MORR), a subtype of AZOOR or a novel clinical entity. 
A. Pseudocolor fundus photography demonstrates degeneration of the retinal pigment epithelium (RPE) around the optic disc, along the vascular arcades, in the mid- 
periphery, and at the ora serrata. B. Fundus autofluorescence (FAF) imaging displays a peripapillary area of hypoautofluorescence surrounded by speckled hyper- 
FAF. An isolated lesion (indicated by a white arrowhead) and peripheral lesions (indicated by arrows) are also visible. C. Optical coherence tomography (OCT) B-scan 
reveals areas of outer retina and RPE atrophy nasally, while the outer retina appears intact around the fovea. Temporally, irregularities and clumping of the RPE are 
observed. D. Fluorescein angiography highlights a window defect at the core of the peripapillary lesion and irregular blockage at the demarcation line. E. Indocyanine 
green angiography reveals mild hypofluorescence of the peripapillary lesion, suggesting possible loss of choriocapillaris perfusion and reduced uptake by the RPE. 

Table 2 
Stages of AZOOR as proposed by Mrejen et al. [adapted from Mrejen S, Khan S, Gallego-Pinazo R, Jampol LM, Yannuzzi LA. Acute zonal occult outer retinopathy: a 
classification based on multimodal imaging. JAMA Ophthalmol. 2014 Sep; 132 (9):1089–98. https://doi.org/10.1001/jamaophthalmol.2014.1683. PMID: 
24945598.].   

Early Intermediate Late 

Fundus appearance Often normal Atrophy of retina, RPE, and choroid (often 
peripapillary) surrounded by a yellow/orange line 

Extensive retinal, RPE, and 
choroidal atrophy 
No demarcation line 
Bone spicule pigmentation 

White or grey ring (Acute annular outer retinopathy) Skip lesions in the mid- and far-periphery 

FAF Diffuse patchy hyper-FAF Trizonal pattern:  
1. Normal periphery  
2. Speckled hyper-FAF  
3. Central confluent hypo-FAF 

Trizonal pattern or diffuse 
hypo-FAF 

Ring of granular hyper-FAF signal No demarcation line 

Spectral-Domain Optical 
Coherence Tomography 

EZ/IZ disruption Trizonal pattern:  
1. Normal retinal and choroidal layers  
2. Multifocal subretinal mound-like hyperreflective 

material  
3. EZ/IZ disruption, RPE atrophy, and choroidal 

thinning 

Extensive retinal, RPE, and 
choroidal atrophy 

Focal thickening and hyperreflectivity of the outer 
nuclear layer and the Henle fiber layer 

Possibly inner retinal atrophy 

EZ/IZ: ellipsoid and interdigitation zone; FAF: fundus autofluorescence; RPE: retinal pigment epithelium. 
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Distinguishing AZOOR from other conditions that present with similar 
symptoms and clinical features, such as iMFC with outer retinal atrophy, 
autoimmune retinopathies, inherited retinal dystrophies, and infectious 
diseases like syphilis or tuberculosis, can be challenging, particularly in 
settings where MMI techniques and genetic testing are not readily 
available. 

Ultra-widefield fundus color and FAF imaging can be particularly 
valuable in distinguishing AZOOR from inherited retinal dystrophies 
(Cicinelli et al., 2020b). Conditions such as ROSAH syndrome (retinal 
dystrophy, optic nerve edema, splenomegaly, anhidrosis, and head
ache), autosomal dominant vitreoretinochoroidopathy, RP1L1-related 
macular dystrophy, and CRB1-related dystrophies may share certain 
features with AZOOR, such as peripapillary involvement and progres
sive outer retinal atrophy (Bujakowska et al., 2012; Lafaut et al., 2001; 
Williams et al., 2019). However, each of these entities possesses distinct 
clinical characteristics, and a definitive genetic diagnosis can be estab
lished through appropriate testing. 

Autoimmune retinopathy is another acquired condition that enters 
the differential diagnosis for AZOOR, encompassing various diseases, 
some of which are associated with neoplastic disorders. Autoimmune 
retinopathies are characterized by a more widespread outer retinal loss 
at presentation compared to AZOOR, and a few specific anti-retinal 
antibodies, such as anti-23-kDa-recoverin (Dutta Majumder et al., 
2020) and alpha-enolase (Grewal et al., 2014). Finally, posterior uveitis 
and placoid chorioretinopathies involving the RPE and the outer retina 
can also mimic AZOOR, and the initial assessment should include a 
work-up for syphilis and tuberculosis to exclude these conditions 
(Marchese et al., 2022a). 

5.4. Novel interpretations of AZOOR: multi-zonal outer retinopathy and 
retinal pigment epitheliopathy 

The availability of MMI, including ultra-widefield imaging and long- 
term follow-up, has prompted a reevaluation of the definition of 
AZOOR. Notably, a subgroup of the patients included in the series from 
Mrejen et al. exhibited characteristics that contrasted with the initial 
description by Gass et al. (Gass, 1993). 

Key differences were: 

• Initial bilateral involvement, in contrast to the predominantly uni
lateral involvement in Gass’ first description.  

• Relentless expansion of lesions, compared to stable disease often 
seen in “classic” AZOOR.  

• Involvement of multiple areas of the retina (peripapillary area, mid- 
periphery, far-periphery, or the macula) instead of discrete zonal 
areas of outer retinal changes.  

• Clearly visible lesions on ophthalmoscopy or MMI, as opposed to 
occult lesions in AZOOR.  

• Predominant RPE involvement, in contrast to Gass’ hypothesis that 
AZOOR primarily affects the photoreceptors.  

• Absence of optic disc edema, perivascular exudation, vascular 
sheathing, or vitritis, unlike the detection of these features in the 
long-term follow-up (Gass et al., 2002). 

• No bone spicule pigmentation or retinal vascular narrowing resem
bling retinitis pigmentosa.  

• Stereotypical natural course involving far-peripheral lesions with 
centripetal progression. 

• Possible response to intravitreal corticosteroids with partial regres
sion of the peripapillary lesion in contrast to no discernible 
improvement after administration of corticosteroids in Gass’ patients 
(Gass et al., 2002). 

These striking discrepancies have led the authors of this review to 
hypothesize that these patients could represent a distinct phenotype, 
and the eponym “Multizonal Outer Retinopathy and Retinal Pigment 
Epitheliopathy” (MORR) has been proposed (Fig. 17) (Ramtohul et al., 

under review). Other groups have reported cases with features poten
tially consistent with MORR (Boudreault et al., 2017; Hoang et al., 
2013b; Introini et al., 2018; Lin et al., 2022; Makino et al., 2013; 
Marchese et al., 2020; Spaide, 2004; Vadboncoeur et al., 2022). 

Like AZOOR, the etiology of MORR remains unknown, and prior 
speculations for AZOOR, including infectious, genetic, and autoimmune 
causes, also remain valid for MORR (Gass et al., 2002). The recognition 
of MORR as a separate entity may help reduce the heterogeneity in 
AZOOR patients and facilitate exploring potential treatment strategies, 
including long-lasting intravitreal corticosteroids. 

6. Conclusion and future directions 

White spot syndromes represent a diverse group of retinal disorders 
characterized by white or yellow lesions on fundus examination and 
involvement of the outer retina and inner choroid. The utilization of 
various imaging techniques has demonstrated the unique patterns of 
lesion distribution and progression within these syndromes. Addition
ally, identifying secondary forms further supports the hypothesis that 
WSS may stem from an autoimmune reaction targeting outer retinal 
antigens in susceptible individuals. 

This review paper has provided a comprehensive overview of the 
different subtypes of WSS, presenting the latest advancements and in
terpretations in this field. Synthesizing the existing knowledge has shed 
light on the clinical manifestations, imaging findings, and proposed 
mechanisms underlying these disorders. The novel proposed staging 
systems outlined in the literature hold promise in facilitating accurate 
diagnosis, monitoring disease progression, and guiding treatment de
cisions for patients with WSS. However, further research and prospec
tive studies are necessary to validate and refine these staging systems, as 
well as to explore potential therapeutic interventions for these complex 
and challenging conditions. 
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Fig. 17. Proposed disease staging of multizonal outer retinopathy and retinal pigment epitheliopathy (MORR) based on multimodal imaging correlation. 
This figure presents a proposed staging system for multizonal outer retinopathy and retinal pigment epitheliopathy (MORR) based on ophthalmoscopic examination, 
fundus autofluorescence (FAF), and optical coherence tomography (OCT) imaging. The progression of lesions is classified into three distinctive stages: early, in
termediate, and advanced. In the early stage, the peripapillary lesion exhibits a well-demarcated yellow-grey core of pigmentary alterations, corresponding to 
speckled hyperautofluorescence and disruption of the retinal pigment epithelium (RPE) and overlying ellipsoid/interdigitation zones (EZ/IZ) on FAF and OCT 
imaging, respectively. A thin demarcation line is observed, showing continuous hyperautofluorescence and focal RPE thickening with overlying EZ/IZ alteration on 
FAF and OCT imaging, respectively (first box). Far-peripheral regions display well-demarcated, 360-degree, annular zones of RPE atrophy, characterized by 
hypoautofluorescent areas bordered by a hyperautofluorescence line on FAF imaging. Mid-peripheral or macular skip lesions of RPE atrophy correspond to hypo
autofluorescent lesions bordered by a hyperautofluorescence line (second box). In the intermediate stage, the peripapillary lesion demonstrates centrifugal pro
gression, featuring a core of RPE depigmentation with increased visibility of the choroidal vasculature, corresponding to hypoautofluorescence and complete RPE 
atrophy on FAF and OCT imaging, respectively. The demarcation line is larger and interrupted, displaying fringe-like hyperautofluorescent features radiating 
outward, corresponding to focal RPE thickening on FAF and OCT imaging, respectively. Far-peripheral annular zones of RPE atrophy show centripetal progression, 
eventually merging with mid-peripheral or macular skip lesions. Far-peripheral lesions appear hypoautofluorescent and bordered by an interrupted demarcation line 
with fringe-like hyperautofluorescent features radiating inward. In the advanced stage, the peripapillary lesion exhibits a further centrifugal progression of RPE 
atrophy at the core, accompanied by hyperpigmentation. The hypoautofluorescent core expands, and the demarcation line thins with loss of the fringe-like 
hyperautofluorescent features, corresponding to complete RPE and outer retinal atrophy on FAF and OCT imaging, respectively. Far-peripheral lesions show 
further centripetal progression in a concentric pattern, display thinning of the hyperautofluorescent border with loss of the hyperautofluorescent features, and 
eventually merge with the peripapillary lesion, resulting in complete RPE and outer retinal degeneration. The loss of fringe-like hyperautofluorescent features within 
the demarcation lines indicates minimal lesion progression. The time point and case number are displayed for reference. 
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