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eAppendix. Supplemental methods. 

 

Inclusion and exclusion criteria 

For enrollment in the prospective studies, patients had to be ≥ 50 years of age with a 

baseline BCVA between 25 and 73 Early Treatment Diabetic Retinopathy Study 

(ETDRS) letters (approximately 20/320–20/40 Snellen equivalent) at the screening 

visit. The diagnosis of CNV secondary to AMD was confirmed by fluorescein and 

indocyanine green angiography at baseline. The CNV had to cover at least 50% of 

the total lesion area. Lesions with >50% hemorrhage were excluded. Furthermore, 

eyes with foveal atrophy, fibrosis or scarring, and eyes with optical media opacities 

were excluded. The prospective studies, including all examinations and treatments, 

were performed between November 2009 and November 2011. The average time 

from initial diagnosis to treatment was 2.4 ± 1.1 weeks. 

 

Annotation procedure, reader training, annotation reproducibility 

Using professional drawing tablets, all annotations were performed in the B-scan 

plane; however, complementary planes (“A-scan” and “C-scan”) were also viewed 

and considered in case of doubt. There were no specified minimum size limits for the 

individual fluid regions. Each image was annotated by a single reader. Board-certified 

supervisors reviewed all individual annotations and corrected errors if required. In 

total, five readers and three supervisors participated in the annotation procedure. 
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Each reader underwent a standardized training before annotating the study dataset. 

In detail, the readers first received lessons in OCT morphology by one of the 

supervisors. Thereafter, the readers were required to annotate intraretinal cystoid 

fluid (IRC) and subretinal fluid (SRF) in a training set consisting of OCT slices with 

varying image quality. After completion of the training set, the readers annotated a 

test (benchmark) set consisting of 130 OCT slices. This test set was annotated twice 

by each reader, with a one-day cool-off between sessions, to evaluate inter-session 

repeatability. The supervisors also annotated the benchmark dataset to enable 

evaluation of the overlap between reader and supervisor annotations. Since an 

evaluation of annotation reproducibility requires consideration of the varying visibility 

of the individual IRC/SRF lesions in scans with varying image quality, specific 

methods to evaluate reproducibility were applied and in part newly developed. This is 

reported in detail elsewhere (Shahrian Varnousfaderani et al., submitted for 

publication, Wu et al., submitted for publication). 

 

Step-offs for the annotation weighting function and spatial weighting function 

The annotation weighting function ,  assigns to each point at the macula ,  

(i.e., each pixel column in the OCT scan) a real number based on the annotated fluid 

at that said position and the pre-specified height limits. For instance, if the upper 

height limit was defined as 50 µm, the maximum value for each position ,  would 

be 50, even if the vertical extension of a fluid lesion was actually larger. The 

individual step-offs for the annotation weighting function were selected in 

consideration of the normal physical dimensions of the fovea and were defined as: 

Area only (i.e., 1 µm maximum height); 20 µm, 50 µm, 100 µm and 200 µm maximum 
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height; 50 µm, 100 µm and 200 µm minimum height; and no height limit. Thus, in 

total nine different combinations of the step-offs were used in the analysis. 

 

The spatial weighting function S ,  assigns differential weights to predefined regions 

,  on the fundus according to their eccentricity from the foveal center. The 

individual step-offs for the spatial weighting were pre-specified in consideration of the 

normal anatomical dimensions of the fovea. The regions were specified as circles, 

centered on the foveal center, with radii of 250 µm, 500 µm, 1,000 µm and 1,500 µm. 

The weighting of the individual circles was 0x, 1x, 2x or 3x. In total, 14 different 

combinations of weighting were evaluated (eTable 3). 

 

Derivation of a formula to model the change of visual acuity over time in relation to a 

change of retinal morphology over time 

To optimize the analysis of BCVA change over time in consideration of the “ceiling 

effect”, an exponential model for BCVA change as a function of morphology change 

(e.g., IRC volume change) was constructed to accord with the following hypotheses: 

(1) The relation between BCVA and morphology is not linear, but shows saturation 

effects; (2) Patients with lower initial BCVA have larger potentials to gain BCVA 

(“ceiling effect”); (3) The BCVA letter score cannot become negative. Such a 

behavior can be achieved by using an exponential model such as ,

0 	 ∙ ∙ ,  where 0  is a patient-dependent constant (the prediction of 

the model in the case of absence of fluid) and α is a patient-independent constant. 

This is equivalent to , , ∙ 		 , ,  and can be 



©	2015	American	Medical	Association.	All	rights	reserved.	

reformulated and expressed as ln ,

,
	 	 , 	 , .	Therefore, using 

the proposed model, a linear relation is achieved between change in the fluid-derived 

predictor and the logarithm of relative BCVA change over time. 
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eTable 1. Volume and area of intraretinal cystoid fluid and subretinal fluid over 
time. 

Intraretinal cystoid fluid 

 Baseline Month 1 Month 6 Month 12 p-value

Volume (mm3)      

Central 1mm 0.0287 ± 0.0389 0.0021 ± 0.0064 0.0019 ± 0.0066 0.0027 ± 0.0114 0.00046 

Central 3mm 0.0931 ± 0.1553 0.0033 ± 0.0104 0.0043 ± 0.0134 0.0050 ± 0.0142 0.00133 

Central 6mm 0.1052 ± 0.1875 0.0037 ± 0.0111 0.0043 ± 0.0134 0.0051 ± 0.0143 0.00234 

Area (mm2)      

Central 1mm 0.1850 ± 0.2351 0.0237 ± 0.0746 0.0189 ± 0.0700 0.0189 ± 0.0700 0.00003 

Central 3mm 0.7543 ± 0.9342 0.0474 ± 0.1432 0.0569 ± 0.2014 0.0664 ± 0.1477 0.00005 

Central 6mm 0.8776 ± 1.1540 0.0569 ± 0.1574 0.0569 ± 0.2014 0.0664 ± 0.1477 0.00010 

 

Subretinal fluid 

 Baseline Month 1 Month 6 Month 12 p-value

Volume (mm3)      

Central 1mm 0.0147 ± 0.0329 0.0110 ± 0.0198 0.0023 ± 0.0068 0.0030 ± 0.0123 0.02707 

Central 3mm 0.1070 ± 0.1541 0.0487 ± 0.1012 0.0198 ± 0.0600 0.0267 ± 0.1302 0.00243 

Central 6mm 0.3411 ± 0.4456 0.0602 ± 0.1210 0.0424 ± 0.1527 0.0527 ± 0.2030 0.00081 

Area (mm2)      

Central 1mm 0.1328 ± 0.2432 0.1470 ± 0.2402 0.0426 ± 0.1142 0.0426 ± 0.1353 0.00608 

Central 3mm 1.2998 ± 1.6357 0.7970 ± 1.4426 0.3320 ± 0.9053 0.2846 ± 1.1329 0.00007 

Central 6mm 3.8380 ± 3.9934 1.0389 ± 1.9323 0.7068 ± 2.3368 0.6641 ± 2.3610 0.00009 

Mean values ± standard deviations are reported. P-values are by paired two-sample t-test between baseline and month 12.
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eTable 2. Parameter search for optimization of annotation weighting function 
and spatial weighting function. (Table sorted for R2 values). 

Annotation weighting function 
,  

Spatial weighting function 
,  

Correlation of 
predictor ,  with BCVA 
at baseline (R2) 

Max. height = 20 µm 500 µm-3,1500 µm-1 0.5924 

Max. height = 20 µm 250 µm-3,1000 µm-1 0.5903 

Max. height = 20 µm 500 µm-3,1000 µm-2,1500 µm-1 0.5895 

Max. height = 50 µm 500 µm-3,1500 µm-1 0.5889 

Max. height = 20 µm 250 µm-2,1000 µm-1 0.5872 

Max. height = 50 µm 250 µm-3,1000 µm-1 0.5872 

Max. height = 20 µm 250 µm-3,1000 µm-2,1500 µm-1 0.5870 

Max. height = 20 µm 500 µm-2,1500 µm-1 0.5868 

Max. height = 50 µm 500 µm-3,1000 µm-2,1500 µm-1 0.5862 

Max. height = 50 µm 250 µm-2,1000 µm-1 0.5843 

Max. height = 50 µm 250 µm-3,1000 µm-2,1500 µm-1 0.5835 

Max. height = 20 µm 500 µm-2,1000 µm-1 0.5832 

Max. height = 50 µm 500 µm-2,1500 µm-1 0.5831 

Max. height = 20 µm 250 µm-3,1500 µm-1 0.5829 

Max. height = 20 µm 1000 µm-1 0.5812 

Max. height = 20 µm 500 µm-3,1000 µm-1 0.5807 

Max. height = 50 µm 500 µm-2,1000 µm-1 0.5805 

Max. height = 50 µm 250 µm-3,1500 µm-1 0.5788 

Max. height = 50 µm 1000 µm-1 0.5786 

Max. height = 50 µm 500 µm-3,1000 µm-1 0.5780 

Max. height = 20 µm 250 µm-2,1500 µm-1 0.5778 

Max. height = 20 µm 250 µm-2,1500 µm-1 0.5778 

Max. height = 100 µm 500 µm-3,1500 µm-1 0.5759 

Max. height = 100 µm 250 µm-3,1000 µm-1 0.5749 

Max. height = 50 µm 250 µm-2,1500 µm-1 0.5737 

Max. height = 50 µm 250 µm-2,1500 µm-1 0.5737 

Max. height = 100 µm 500 µm-3,1000 µm-2,1500 µm-1 0.5732 

Max. height = 100 µm 250 µm-2,1000 µm-1 0.5729 

Max. height = 20 µm 1500 µm-1 0.5706 

Max. height = 100 µm 250 µm-3,1000 µm-2,1500 µm-1 0.5698 

Max. height = 100 µm 500 µm-2,1000 µm-1 0.5696 

Max. height = 100 µm 500 µm-2,1500 µm-1 0.5694 

Max. height = 100 µm 1000 µm-1 0.5682 

Max. height = 100 µm 500 µm-3,1000 µm-1 0.5668 

Max. height = 50 µm 1500 µm-1 0.5665 

Max. height = 100 µm 250 µm-3,1500 µm-1 0.5637 

Max. height = 100 µm 250 µm-2,1500 µm-1 0.5583 

Max. height = 100 µm 250 µm-2,1500 µm-1 0.5583 

Max. height = 100 µm 1500 µm-1 0.5507 

Max. height = 20 µm 500 µm-1 0.5473 

Max. height = 50 µm 500 µm-1 0.5450 

Max. height = 200 µm 250 µm-3,1000 µm-1 0.5427 

Max. height = 200 µm 250 µm-2,1000 µm-1 0.5424 
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Annotation weighting function 
,  

Spatial weighting function 
,  

Correlation of 
predictor ,  with BCVA 
at baseline (R2) 

Max. height = 200 µm 500 µm-2,1000 µm-1 0.5406 

Max. height = 200 µm 1000 µm-1 0.5397 

Max. height = 200 µm 500 µm-3,1000 µm-1 0.5367 

Max. height = 100 µm 500 µm-1 0.5342 

Max. height = 200 µm 500 µm-3,1500 µm-1 0.5340 

Max. height = 200 µm 500 µm-3,1000 µm-2,1500 µm-1 0.5327 

Max. height = 200 µm 250 µm-3,1000 µm-2,1500 µm-1 0.5265 

Max. height = 200 µm 500 µm-2,1500 µm-1 0.5233 

Area only (max. height = 1 µm) 500 µm-2,1000 µm-1 0.5180 

Area only (max. height = 1 µm) 250 µm-3,1000 µm-1 0.5165 

Area only (max. height = 1 µm) 500 µm-3,1000 µm-1 0.5165 

Area only (max. height = 1 µm) 250 µm-2,1000 µm-1 0.5155 

Max. height = 200 µm 250 µm-3,1500 µm-1 0.5147 

Max. height = 20 µm 250 µm-1 0.5144 

Max. height = 50 µm 250 µm-1 0.5131 

Area only (max. height = 1 µm) 1000 µm-1 0.5119 

No height limit 500 µm-2,1000 µm-1 0.5117 

No height limit 500 µm-3,1000 µm-1 0.5091 

No height limit 250 µm-2,1000 µm-1 0.5088 

Area only (max. height = 1 µm) 500 µm-3,1500 µm-1 0.5087 

No height limit 250 µm-3,1000 µm-1 0.5079 

Max. height = 200 µm 250 µm-2,1500 µm-1 0.5071 

Max. height = 200 µm 250 µm-2,1500 µm-1 0.5071 

No height limit 1000 µm-1 0.5055 

Max. height = 100 µm 250 µm-1 0.5048 

Area only (max. height = 1 µm) 500 µm-3,1000 µm-2,1500 µm-1 0.5042 

Max. height = 200 µm 500 µm-1 0.4994 

Max. height = 200 µm 1500 µm-1 0.4968 

Area only (max. height = 1 µm) 250 µm-3,1000 µm-2,1500 µm-1 0.4949 

Area only (max. height = 1 µm) 500 µm-2,1500 µm-1 0.4947 

No height limit 500 µm-3,1500 µm-1 0.4932 

No height limit 500 µm-3,1000 µm-2,1500 µm-1 0.4888 

Area only (max. height = 1 µm) 500 µm-1 0.4858 

Area only (max. height = 1 µm) 250 µm-3,1500 µm-1 0.4820 

No height limit 250 µm-3,1000 µm-2,1500 µm-1 0.4793 

No height limit 500 µm-2,1500 µm-1 0.4760 

Area only (max. height = 1 µm) 250 µm-2,1500 µm-1 0.4735 

Area only (max. height = 1 µm) 250 µm-2,1500 µm-1 0.4735 

Max. height = 200 µm 250 µm-1 0.4704 

No height limit 250 µm-3,1500 µm-1 0.4670 

No height limit 500 µm-1 0.4665 

Area only (max. height = 1 µm) 1500 µm-1 0.4620 

Min. height = 50 µm 500 µm-3,1000 µm-1 0.4567 

No height limit 250 µm-2,1500 µm-1 0.4554 

No height limit 250 µm-2,1500 µm-1 0.4554 

Min. height = 50 µm 500 µm-2,1000 µm-1 0.4552 
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Annotation weighting function 
,  

Spatial weighting function 
,  

Correlation of 
predictor ,  with BCVA 
at baseline (R2) 

Area only (max. height = 1 µm) 250 µm-1 0.4504 

Min. height = 50 µm 250 µm-3,1000 µm-1 0.4474 

Min. height = 50 µm 250 µm-2,1000 µm-1 0.4463 

No height limit 1500 µm-1 0.4394 

Min. height = 50 µm 1000 µm-1 0.4386 

Min. height = 50 µm 500 µm-3,1500 µm-1 0.4266 

Min. height = 50 µm 500 µm-1 0.4203 

Min. height = 50 µm 500 µm-3,1000 µm-2,1500 µm-1 0.4164 

Min. height = 50 µm 250 µm-3,1000 µm-2,1500 µm-1 0.4034 

Min. height = 50 µm 500 µm-2,1500 µm-1 0.4025 

Min. height = 50 µm 250 µm-3,1500 µm-1 0.3931 

No height limit 250 µm-1 0.3902 

Min. height = 100 µm 500 µm-3,1000 µm-1 0.3838 

Min. height = 50 µm 250 µm-2,1500 µm-1 0.3776 

Min. height = 50 µm 250 µm-2,1500 µm-1 0.3776 

Min. height = 100 µm 500 µm-2,1000 µm-1 0.3772 

Min. height = 100 µm 250 µm-3,1000 µm-1 0.3677 

Min. height = 100 µm 250 µm-2,1000 µm-1 0.3636 

Min. height = 50 µm 1500 µm-1 0.3570 

Min. height = 100 µm 500 µm-1 0.3525 

Min. height = 100 µm 1000 µm-1 0.3486 

Min. height = 100 µm 500 µm-3,1500 µm-1 0.3424 

Min. height = 50 µm 250 µm-1 0.3267 

Min. height = 100 µm 500 µm-3,1000 µm-2,1500 µm-1 0.3261 

Min. height = 100 µm 500 µm-2,1500 µm-1 0.3139 

Min. height = 100 µm 250 µm-3,1000 µm-2,1500 µm-1 0.3120 

Min. height = 100 µm 250 µm-3,1500 µm-1 0.3080 

Min. height = 100 µm 250 µm-2,1500 µm-1 0.2895 

Min. height = 100 µm 250 µm-2,1500 µm-1 0.2895 

Min. height = 100 µm 1500 µm-1 0.2656 

Min. height = 100 µm 250 µm-1 0.2437 

Min. height = 200 µm 500 µm-3,1000 µm-1 0.2372 

Min. height = 200 µm 500 µm-2,1000 µm-1 0.2346 

Min. height = 200 µm 250 µm-2,1000 µm-1 0.2266 

Min. height = 200 µm 250 µm-3,1000 µm-1 0.2252 

Min. height = 200 µm 500 µm-3,1500 µm-1 0.2170 

Min. height = 200 µm 1000 µm-1 0.2081 

Min. height = 200 µm 250 µm-3,1500 µm-1 0.2032 

Min. height = 200 µm 500 µm-3,1000 µm-2,1500 µm-1 0.2001 

Min. height = 200 µm 500 µm-2,1500 µm-1 0.1963 

Min. height = 200 µm 250 µm-3,1000 µm-2,1500 µm-1 0.1939 

Min. height = 200 µm 250 µm-2,1500 µm-1 0.1865 

Min. height = 200 µm 250 µm-2,1500 µm-1 0.1865 

Min. height = 200 µm 500 µm-1 0.1772 

Min. height = 200 µm 1500 µm-1 0.1627 

Min. height = 200 µm 250 µm-1 0.0983 
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eTable 3. Individual step-offs for the spatial weighting function , . 

 Weighting per eccentricity from foveal center (radius) 

Spatial weighting function ,  250 µm 500 µm 1,000 µm 1,500 µm 

500 µm-3,1000 µm-2,1500 µm-1 3 3 2 1 

500 µm-3,1500 µm-1 3 3 1 1 

500 µm-3,1000 µm-1 3 3 1 0 

250 µm-3,1000 µm-2,1500 µm-1 3 2 2 1 

250 µm-3,1500 µm-1 3 1 1 1 

250 µm-3,1000 µm-1 3 1 1 0 

500 µm-2,1500 µm-1 2 2 1 1 

500 µm-2,1000 µm-1 2 2 1 0 

250 µm-2,1500 µm-1 2 1 1 1 

250 µm-2,1000 µm-1 2 1 1 0 

1500 µm-1 1 1 1 1 

1000 µm-1 1 1 1 0 

500 µm-1 1 1 0 0 

250 µm-1 1 0 0 0 
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eFigure 1. Association between baseline intraretinal cystoid fluid (IRC) 

levels and best-corrected visual acuity (BCVA) at 12 months. In the 

subgroup of patients with IRC at baseline and complete resolution at 12 months 

(n=21), an improved association was observed compared to the overall cohort 

(compare Figure 5A). 
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eFigure 2. Best-corrected visual acuity (BCVA) over time for eyes with 

intraretinal cystoid fluid (IRC) at baseline and complete resolution at 12 

months (n=21). Eyes with larger amounts of IRC at baseline (black dots, above 

median) showed poorer baseline BCVA as well as poorer final BCVA than eyes 

with smaller levels of baseline IRC (grey dots, below median). 
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