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Synopsis: The discordance among the retinal practitioners related to the description of central serous chorioretinopathy (CSCR) subtype is described using multimodal imaging along with the discrepancy in current CSCR classification.



















Abstract:
Aim: To report the discordance in central serous chorioretinopathy (CSCR) classification among practicing retina specialists.
Methods: The study conducted was a multicenter survey. Multimodal retinal images along with relevant clinical details of 100 cases diagnosed as CSCR (from six centers) were circulated among six retina specialists across the globe. The image sets included color fundus photographs, fundus autofluorescence images, optical coherence tomography b-scans, fluorescein and indocyanine green angiography of the study and fellow eyes. The graders were asked to classify the disease of study eye, according to their own criteria. The graders were masked to the responses of other graders. The final analysis of the pooled response data was done based on the diagnosis of study eye only. The main outcome measure was degree of agreement between six independent observers using Fleiss Kappa statistics.
Results: Grading for 100 eyes of 100 patients (males, 93%) was included in the analysis. 20 patients had a history of steroid use. The graders provided 36 different terms to classify the disease, with poor agreement among graders (Fleiss Kappa=0.134). The consistency in diagnosing acute CSCR was statistically higher than for either chronic (P=0.012) or recurrent CSCR(P<0.0001). When collapsing descriptors into 6 main terms, agreement remained poor (Fleiss Kappa=0.218).
Conclusion: The high discordance among experienced retina specialists in describing CSCR clinical subtypes is highlighted.The current work demonstrates the limitations of current empirical CSCR classification methods and the need for a more objective and refined system to bring uniformity in diagnosis and prognostication of the disease. 


Central serous chorioretinopathy (CSCR) is one of the most common chorioretinal pathologies seen in retina practice. It is classically characterized by one or multiple detachments of the neurosensory retina due to the occurrence of subretinal fluid (SRF),with or without presence of a clinically detectable pigment epithelial detachment (PED).1 However, multiple additional features can arise within the course of CSCR, including degenerative changes of the retinal pigment epithelium (RPE), identified as atrophy and descending RPE tracts, posterior cystoid retinal degeneration, choroidal neovascularisation(CNV), bullous exudative retinal detachment, and fibrinous subretinal deposits, making sometimes the diagnosis challenging.2,3,4The imaging modalities which primarily aid in diagnosing CSCR are optical coherence tomography (OCT), fundus autofluorescence (FAF), fluorescein angiography (FA), and indocyanine angiography (ICGA).
The disease entity of CSCR has been traditionally classified based on duration,in either ‘acute’ or ‘chronic’ forms. An arbitrarily defined time frame of 3-6 months according to different authors4-7 has been used in clinical practice and serves as a period of observation beyond which spontaneous resolution is unlikely.8,9 The terminology of ‘chronic’ CSCR is usually assigned to these non-resolving cases, which are believed to warrant treatment because of the risk of irreversible vision loss and reduced quality of life in case of persistent detachment of the macula.10There exists another spectrum of CSCR presentations, also termed ‘chronic’ CSCR, which manifests in the form of degenerative RPE changes. The term ‘diffuse retinal pigment epitheliopathy’ was assigned to the cases in the chronic spectrum of the disease that are characterised by larger areas of RPE atrophy, best visible on FAF or FA.11 Multifocal posterior pigment epitheliopathy was the term proposed for chronic CSCR with subretinal exudation, but is not widely used nowadays.12 Other controversies persist in the terminology of CSCR subtypes. The healed, resolved or inactive CSCR represent a subset of cases with presence of RPE defects, PED with or witout CNV but without presence of SRF.13Thus, the classification and terminology in CSCR is variable and subject to controversy. Whether the acute or chronic forms of CSCR are a continuum or if they represent a different spectrum of the disease with different pathophysiology still remains obscure. Furthermore, patients with extrafoveal neurosensory detachments at disease onset may not have any visual symptoms until later in the disease course when the fovea becomes involved, and may be erroneously classified to be part of the acute form of CSCR, based on duration of symptoms. 
The spectrum of clinical manifestations of CSCR and the array of different terminologies pose a unique challenge to clinicians in terms of non-uniformity in reporting and prognostication of the disease. Recently, Daruich et al4 have raised these issues and proposed a nomenclature which needs certain modifications and a wider agreement to be implemented in daily practice and clinical studies.
To explore the discrepancy in classifying CSCR among the retina specialists, we performed a survey on current classification using multimodal imaging by experts across the globe. This study addresses the extent and the possible causes of discrepancy that occur during classifying CSCR.

Methods
Clinical study data
This study was observational and involved compilation of clinical and imaging data of patients with a presumptive diagnosis of CSCR. This study was considered exempt from ethical approval after consultation from ethics committee and Institutional Review Board (IRB) due to its purely observational nature.A pooled anonymized data set was created which included clinical details of 100 patients with presumed  CSCR in at least one eye. The diagnosis of CSCR was made on the basis of duration of symptoms, presence of SRF with or without PED in the absence of intraocular inflammation, RPE changes in FAF and leakage or window defects seen in FA or ICGA. The clinical images were obtained from six centers across the globe. Six retina specialists from these centers (SF, EP, SS, CJB, FB, JC) who are considered to be experts in CSCR with five years of clinical practice and research focused on CSCR, with atleast one peer-reviewed publication related to CSCR,either as first or corresponding author in the last two years were provided with the anonymized clinical data of these 100 patients (25 each from Italy, Netherlands, France, India).These included demography (age, gender,ethnicity), duration of symptoms, history of previous similar episodes, prior steroid use, medical history and medication use. Clinical evaluation included best-corrected visual acuity (BCVA) in LogMAR units and multimodal imaging including OCT, FAF, FA, and ICGA were provided for each patient at the presenting visit.The anonimized clinical details and images of both eyes were shared with the six observers to facilitate better clinical correlation.OCT (Carl Zeiss Meditec Cirrus HD-OCT, Dublin, CA; or Heidelberg Spectralis HRA +OCT; Heidelberg Engineering, Inc, Vista, CA) included 6-mm horizontal line scanspassing through the fovea. FAF, fundus photographs, FA,and ICGA (Zeiss Visupac® FF4 and FF450-plus, Carl Zeiss, Dublin, CA; orHeidelberg Spectralis HRA +OCT; Heidelberg Engineering, Inc, Vista, CA) were obtained, including both early and late phase images of FA and ICGA. However, the images readers were provided with additional images on their request in cases with diagnostic dilemma.    

Grading procedure and statiscal analysis
The observers were asked to provide a diagnosis as per their own criteria and clinical experience for the involved eye of each case using the available details. The graders were masked and were unaware of other  graders’ details and their responses. The final analysis from the pooled data of the responses was done based on the diagnosis of the study eye. The study eye was decided based on the severity of the disease and the discretion of the practicing physician. The study eye was preallocated to the readers by principal investigator (JC). 
To assess the degree of agreement between independent observers, the Fleiss Kappa statistic, an adaptation of Cohen’s Kappa for threeor more raters, was used. Calculations were performed on the ‘irr’package on R (Version 3.3.0, R Foundation for Statistical Computing, R Core Team, 2016, Vienna, Austria;; http://www.R-project.org).The level of agreement was determined by the Kappa coefficientas excellent (>0.90), substantial (0.75-0.90), moderate (0.50-0.75), or poor (<0.50).Descriptive and comparative statistics were computed on GraphPad Prism (version 5.0f, GraphPad Software, La Jolla, CA). Quantitative continuous values were reported as mean ± standard deviation. The Mann-Whitney test was used to compare means.

Results
The data of 100 patients with presumptive diagnosis of CSCR was pooled from six different centers across the globe. A total of 63, 32, and 5 patients had involvement (either presence of subretinal fluid on OCT or changes in FAF, FA and ICGA) of right eye, left eye, and both eyes respectively. The more severely involved eye (worse vision) was exclusively used for analysis in cases with bilateral involvement at presentation. The gender distribution was skewed towards the male gender with 93 patients out of all patients being males (93%).A total of 20 patients (20%) declared a history of prior steroid usage in various forms: oral (n=6), topical dermal (n=6), intranasal (n=5),intra-articular (n=2) and topical ocular(n=1).
Thirty-six different terms, reported in Figure 1, were employed by the six independent observers to describe the clinical presentations of the 100 CSCR cases, totalizing 600 descriptors.There was a poor agreement between the six observers (Fleiss Kappa = 0.134), as visible on the detailed distribution of descriptors among observers (Table 1).The most frequently employed terms were ‘chronic’ (n=230/600, 38.3%), ‘acute’ (n=144/600, 24.0%), ‘recurrent’ (n=46/600, 7.7%), ‘chronic persistent’ (n=31/600, 5.2%), ‘acute recurrent’ (n=23/600, 3.8%) and ‘acute on chronic’ (n=21/600, 3.5%). The degree of agreement varied between terms. 
In order to assess the robustness of these observations, the number of terms employed by observers to describe CSCR subtypes was collapsed, resulting in six major terms approximating each description (acute, chronic, recurrent, resolved, atypical and subclinical).Agreement between the six observers remained poor with this more homogeneous distributiuon of terms (Fleiss Kappa= 0.218). 
To simplify it further, we considering only the three most frequent descriptors. We found that a significantly higher number of consistent observations were made for the term ‘acute’, as compared to both ‘chronic’ and‘recurrent’ (P=0.012 and P<0.0001, respectively), and for the term ‘chronic’ as compared to ‘recurrent’ (P<0.0001) (Table 2).
To illustrate this discrepancy, Figure 2 and 3 display the multimodal imaging of two representative cases, and the responses from different observers. 

Discussion
CSCR is an intriguing chorioretinal disease, and in particular its correct diagnosis and the appropriate treatment and timing still remains a challenge. The variety of clinical manifestations and terminologies used in clinical practice shed some light on the ambiguity in diagnosis and the management of this condition.2,11-13In this study, we have identified a high degree of discrepancy in the classification of CSCR, among practicing retinal experts, and have attempted to highlight the major issues explaining this poor consensus.Although different nomenclatures exist for CSCR, even after dividing the disease into subtypes, referred to as acute, chronic, persistent, recurrent or inactive,the discordance still persists.4,14,15 Furthermore, certain patients may present pathological features suggestive of CSCR but without SRF at the time of examination. Few of the observers have used a “subclinical” term when there was no intra- or subretinal fluidon OCT,but only hypoautofluorescence on FAF suggestive of either a resolved CSCR episode or a subclinical manifestation of the disease. The clinical and imaging findings in the recently introduced term pachychoroid pigment epitheliopathy show overlap with cases labelled as “subclinical” CSCR.16 Activity of the disease is only based on the presence of subretinal fluid but the exact reasons for vision alteration are not fully identified and RPE degeneration can be observed in absence of SRF as described in the pigment epitheliopathy spectrum. 
The graders have used different terminologies, with chronic and acute being the most frequently used terms to describe the disease status in CSCR patients, as illustrated in Figure 1. Noticeably, the expert graders have proposed these terms based on their empirical experience and clinical sense, in the absence of objective criteria defining them.However, ambiguity arises with usage of even more equivocal terms like chronic persistent, acute recurrent, chronic recurrent, acute on chronic, and subclinical disease, pointing to the difficulties of a synthetic terminology qualifying both disease course and findings on multimodal imaging. The agreement between observers was very poor, as shown by low Fleiss Kappa value (0.134), that remained low if reducing the terms to the 6 more frequent (Fleiss Kappa=0.218). The graders were more consistent with the diagnosis of acute CSCR, as compared to the other terms that were most often used (chronic and recurrent), which was statistically significant, as shown in Table 2. This highlights the fact that the diagnosis of acute CSCRmay be more straightforward.
The classification of CSCR based on the duration of disease has certain inherent flaws. Extrafoveal leaks with no ocular symptoms on many occasions may go unnoticed which with time may either worsen or regress. Spontaneous resolution leads to presence of extrafoveal RPE defects which can be seen in fellow eyes of patients with CSCR. Conversely, worsening may result in foveal involvement with drop in vision. In both scenarios, an accurate duration of disease may not be discernible based on the duration of symptoms.
Expert graders in this study have employed the terms non-resolving and chronic CSCR interchangeably, as often occurs in the literature and in the clinical setting. The differentiation between non-resolving and chronic CSCR needs further deliberation.4 Non-resolution can result from multifactorial processes, including prolonged leakage or insufficient SRF drainage by a non-functioning RPE. In chronic CSCR, RPE damage due to previous episodes could be present, and further reduce the pumping capacity of RPE cells over the affected area. Among less typical cases, those with SRF, intraretinal fluid,or PED with no leakage lead to diagnostic dilemma with few graders terming them as chronic, and others naming them recurrent.Diffuse retinal pigment epitheliopathy (DRPE), a term previously used for these cases with diffuse RPE changes, is not in common usage. It represents a severe form of the disease and invariably has moderate to severe vision loss. It therefore becomes prudent to not interchange DRPE and chronic CSCR, two different entities.11 Similarly, sick RPE syndrome has been described as either chronic CSCR or a subdivision of chronic CSCR.17
One important goal of any clinical classification is its ability to predict the course of the disease. Ideally, RPE atrophic changes need to be elaborated in further detail. As is seen clinically and with multimodal imaging, RPE changes can be either focal or multifocal, or diffuse, which is important for its clinical course and visual outcome. Moreover, RPE alterations in the fellow eye of CSCR comprise a wide spectrum of manifestations, ranging from minor extrafoveal RPE changes to extensive atrophic RPE changes like previously described DRPE. Without any recorded previous SRF leakage, this indicates the presence of pachychoroid pigment epitheliopathy. It is currently unclear if such ‘forme fruste’ CSCR-like RPE changes as described in pachychoroid pigment epitheliopathy can also be present without a thickened choroid and/or leaking underlying choriocapillaris.Due to the frequent bilateral and asymmetrical presentation of pachychoroid-spectrum disorders, we had provided the observers with complete fellow eye imaging. 
In addition, although type 1 CNV was considered a rare entity complicating long-lasting CSCR with shallow PED, the recent OCT angiography imaging is increasingly recognizing it, more frequently than previously suspected.18-20 This complication should be part of upcoming CSCR classification systems as it might have an impact on the therapeutic decision. Similarly, whether bullous exudative retinal detachments, another rare clinical finding in CSCR,are related to chronicity or severity of disease, needs to be clarified and should be included in future nomenclatures.21
The present study has certain strengths and weaknesses. Categorization into CSCR subtypes were based solely on multimodal imaging and succinct clinical data, whereas in real-life free anamnesis and interaction with the patients are critical to refine challenging diagnoses. Regarding multimodal imaging data provided to observers, images had a limited field of view, as currently obtained with conventional (non-widefield) imaging devices.22,23 Moreover, observers were provided with a maximum of two images of both FFA and ICGA, which in certain cases may be insufficient to reach an accurate diagnosis. A small proportion of ICGA images were obtained with a fundus camera, which had a lower resolution compared to confocal scanning laser ophthalmoscopes. Still, a discordance between the expert praticing physicians in classifying CSCR was highlighted. Although the present results were based on subjective assessments by these experts, the high number of cases (n=100), muliplicated by the relatively high number of participating experts (n=6), reduced the probability that the observed discordance was due to chance only. As CSCR is known to vary in different geographic locations, with Asians prone for a more severe disease,24 the varied geographical distribution of cases provided a worldwide collection covering all the different forms of the disease, and reduced any potential inclusion bias.Moreover, the six observers from different locations across the globe also provided different outlooks, and different practice patterns in diagnosing CSCR, which, reduced potential interpretation bias.
To conclude, CSCR is a complex disease entity that presents as multiple clinical subtypes depending on the extent of SRF, RPE alterations, fluorescein leakage, past and present disease course, and fellow eye involvement. To date these diverse manifestations of CSCR are not easily recapitulated in a synthetic and consensual terminology. The outcome of this study points to conduct observational studies across different centers and countries using algorithm based on various parameters such as choroidal thickness, autofluorescence, and to better characterize and reclassify CSCR and its subtypes. 
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Figure legends
Figure 1: Terms used by six independent observers, ordered by number of occurence, to characterize a set of 100 cases with central serous chorioretinopathy. (CNV-Choroidal neovascularization; PCV – Polypoidal choroidal vasculopathy; PED – Pigment epithelial detachment)
Figure 2: Representative case. The patient was a 56 year old male who presented with metamorphopsia with best corrected visual acuity of 0.9 LogMAR with 12 months duration of symptoms . Fundus autofluorescence (A) showed presence of mixed patches of stippled hyper- and hypoautofluorescence. Fluorescein angiography (late phase) (B) showed presence of staining with no definite leakage. Indocyanine green angiography (C) revealed large choroidal vessels with no hot spots or obvious leakage. Optical coherence tomography (D) showed presence of neurosensory detachment with thickened inner segment – outer segment (IS-OS) junction with presence of hyperereflectivity in subretinal space suggestive of fibrin. Autofluorescence of fellow eye (E) showed presence of hypoautofluorescent patches suggestive of retinal pigment epithelium (RPE) atrophy. Among six observers, four made a diagnosis of chronic central serous chorioretinopathy (CSCR), one recurrent and one observer diagnosed the patient as a case of acute CSCR in the right eye.   
Figure 3: Representative case. Multimodal images of a 60 years old male with best corrected visual acuity of 0.83 LogMAR in his right eye. He had received triamcinolone acetonide injection in tendon on two separate occasions 6 months prior to the onset of the disease. Fluorescein angiography early phase (A) and late phase (B) showed presence of window defects with no leakage. Indocyanine  angiography (ICGA) (C) showed focal hyperfluorescence with no leak. Optical coherence tomography (OCT) (D) revealed presence of subfoveal neurosensory detachment with subretinal fluid. Fundus autofluorescence (E) of the fellow eye had presence of very few areas of hypoautofluorescence suggestive of RPE atrophy. Among the six observers, three, two and one observer made a diagnosis of chronic, acute and acute recurrent CSCR respectively for his right eye.




Table 1. Distribution of terms among 6 independent observers to describe clinical presentations of 100 cases with central serous chorioretinopathy (CSCR).
	
	Observers

	Term
	#1
	#2
	#3
	#4
	#5
	#6

	Chronic
	79
	24
	39
	22
	35
	31

	Acute
	11
	30
	29
	25
	22
	27

	Recurrent
	0
	0
	0
	17
	26
	3

	Chronic persistent
	0
	27
	0
	0
	0
	4

	Acute recurrent
	0
	2
	0
	21
	0
	0

	Acute on chronic
	0
	0
	21
	0
	0
	0

	Chronic recurrent
	0
	9
	0
	0
	2
	4

	Subclinical
	5
	5
	0
	0
	1
	0

	Severe
	0
	0
	0
	11
	0
	0

	Chronic with diffuse retinal pigment epitheliopathy
	0
	0
	0
	0
	6
	3

	Chronic with CNV
	3
	1
	1
	0
	0
	3

	Persistent
	0
	0
	0
	0
	0
	7

	Chronic multifocal
	0
	0
	0
	0
	6
	0

	PCV
	1
	0
	2
	0
	0
	0

	Resolved
	0
	0
	1
	1
	1
	0

	Acute on chronic recurrent
	0
	0
	3
	0
	0
	0

	Chronic persistent with diffuse retinal pigment epitheliopathy
	0
	0
	0
	0
	0
	3

	Acute persistent
	0
	0
	0
	0
	0
	3

	Masquerade
	0
	1
	0
	1
	1
	0

	Chronic resolved
	1
	0
	0
	0
	0
	1

	Multifocal acute on chronic
	0
	0
	2
	0
	0
	0

	Acute with multifocal PED
	0
	0
	0
	0
	0
	2

	Chronic persistent multifocal
	0
	1
	0
	0
	0
	0

	Occult CNV
	0
	0
	1
	0
	0
	0

	Multifocal with PED
	0
	0
	1
	0
	0
	0

	Hyperpermeable choroid
	0
	0
	0
	1
	0
	0

	Atypical multifocal
	0
	0
	0
	0
	0
	1

	Acute atypical with schisis-like intraretinal edema
	0
	0
	0
	0
	0
	1

	Atypical with CNV
	0
	0
	0
	0
	0
	1

	Persistent with CNV
	0
	0
	0
	0
	0
	1

	Chronic persistent with CNV type 1
	0
	0
	0
	0
	0
	1

	Chronic persistent with CNV type 2
	0
	0
	0
	0
	0
	1

	Pachychoroid pigment epitheliopathy
	0
	0
	0
	0
	0
	1

	Acute bullous
	0
	0
	0
	0
	0
	1

	Chronic with CNV type 1
	0
	0
	0
	0
	0
	1

	Hyperpermeable choroid
	0
	0
	0
	1
	0
	0



CNV= choroidal neovascularization; PCV= polypoidal choroidal vasculopathy; PED= pigment epithelial detachment


Table 2. Descriptive and comparative statistics for the three most frequent terms (‘chronic’, ‘acute’ and ‘recurrent’) used by 6 independent observers to describe 100 cases with central serous chorioretinopathy (CSCR).
	Term
	Agreement between
	
	P value*

	
	6 raters
	5 raters
	4 raters
	2-3 raters
	Consistent raters, N.
(mean± SD)
	vs Acute
	vs Recurrent

	Chronic, N. (%)
	0 (0%)
	8 (17%)
	15 (31%)
	25 (52%)
	3.50 ± 0.95
	0.012
	<0.0001

	Acute, N. (%)
	3 (11%)
	7 (26%)
	7 (26%)
	10 (37%)
	4.21 ± 1.10
	-
	<0.0001

	Recurrent, N. (%)
	0 (0%)
	0 (0%)
	0 (0%)
	15 (100%)
	2.25 ± 0.50
	-
	-



* Mann-Whitney test




