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SUPPLEMENTARY METHODS 

I. Development of ROTA Algorithm
ROTA performs a series of mathematical operations on the voxel reflectance (raw data were encoded and
stored in 16-bit gray levels by the Triton OCT) within the retinal nerve fiber layer (RNFL) to reveal the optical
texture and trajectories of axonal fiber bundles over the retina in an area of 12x9mm2 (512x256 pixels). In
each pixel location (x,y) of a ROTA map, the optical texture signature Sxy was computed using the formula:

Sxy =  (∑ "!!,#$
!%&'

#
(6)7,#$

*&)6,#$
𝛼' )

6
89

The steps in the computation of Sxy include (1) normalization of 𝑃*,,- – the RNFL reflectance value at a scan
depth z of a pixel location (x,y) in the retina – by Pref, the median of the maximum reflectance values 

!:,;<measured from the retinal pigment epithelium in each B-scan; (2) exponential transformation (γ1) of 	 ; (3) 

summation of  "!:,;<
!%&'

#
(6

within the RNFL along individual A-scans from b1 (the anterior RNFL boundary) to bi (the 

posterior RNFL boundary); (4) normalization of ∑ "!:,;<
!%&'

#
(6)7,#$

.&)6,#$
 by α (a pre-defined constant); and (5) 

exponential transformation (1/𝛾2) of ∑ "!!,#,$
!%&'

#
(6)7,#,$

*&)6,#$
𝛼' . The parameters γ1, α, and γ2 were optimized from a

separate dataset (i.e. the algorithm development dataset, Table S1) which included 53 healthy eyes and 50 
glaucomatous eyes. The same optimized values of γ1, α, and γ2 were used for ROTA in this study.  

(1) Normalization of Pz,xy by Pref
To minimize the impact of test-retest variability of RNFL reflectance (which is in part related to between-
subject and within-subject variations in tear film integrity and media opacities)1-3 on ROTA, the RNFL 
reflectance of a pixel in a B-scan (i.e. 𝑃.,/0) was normalized by a reference reflectance 𝑃123 derived from the 
same B-scan:

!:,;<
!%&'

To select the location for measurement of Pref, we considered the retinal pigment epithelium (RPE), the inner 
segment and outer segment (ISOS) junction, the external limiting membrane (ELM), the outer plexiform layer 
(OPL), and the inner nuclear layer (INL) because the structural integrity of these retinal layers would not 
change during the development and progression of glaucoma; the pathology of glaucoma within the retina 
essentially resides in the RNFL, ganglion cell layer (GCL) and inner plexiform layer (IPL).30,31 To determine 
which retinal layer would provide the most consistent measurement of !:,;<

!%&'
 between follow-up visits (i.e. with 

the smallest within-eye test-retest variability of !:,;<
!%&'

), we measured the reference reflectance 𝑃123 for the
RPE, ISOS junction, ELM, OPL, and INL of each B-scan of an eye (𝑃123	represents the median of the
maximum reflectance values in the candidate layer from each of the 512 A-scans in a B-scan) and calculated 
the normalized RNFL reflectance for the candidate reference layers (i.e., !:,;<

!%&'(5!6)
,	 !:,;<
!%&'(89:9)

, !:,;<
!%&'(6;<)

, 
!:,;<

!%&'(:!;)
,	and !:,;<

!%&'(8=;)
). The within-eye test-retest variability of !:,;<

!%&'
was measured as the within-eye sum of 

variance of !:,;<
!%&'

 calculated from 49 eyes from 28 healthy individuals randomly selected from the test dataset 

who had 5 OCT scans obtained from 5 separate visits. The within-eye sum of variances of !:,;<
!%&'

 derived from 
each candidate layer were log-transformed and compared with multilevel linear mixed models, with B-scan 
location nested in eye, and eye nested in subject to account for random effects. The within-eye sum of 
variance of !:,;<

!%&'(5!6)
 was significantly smaller than those of !:,;<

!%&'(89:9)
, !:,;<
!%&'(6;<)

, !:,;<
!%&'(:!;)

,	and !:,;<
!%&'(8=;)

(p<0.001, after Bonferroni correction for multiple comparisons) (Table S25); we therefore selected the RPE 
(i.e. 𝑃123(5!6)) as the reference layer to normalize 𝑃.,/0. As the average RPE reflectance of a B-scan was
approximately 8.29% (95%CI: 8.21%-8.37%) greater than the average RNFL reflectance of the same B-scan 
(calculated from the algorithm development dataset, Table S1), !:,;<	

!%&'(>?@)
 is typically  ≤1 (Fig.S18). 

(2) Exponential transformation (γ1) of 	𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇

Whereas the RNFL largely comprises the axonal fiber bundles of retinal ganglion cells, the RNFL also 
contains non-neuronal tissues such as the retinal arterioles, venules and capillaries. In OCT B-scans, pixels 
representing the axonal fiber bundles show stronger reflectance than pixels representing the non-neuronal 

!%&'
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tissues (Fig.S19). To decrease the contribution of non-neuronal tissue reflectance to ROTA signature, an 
exponential transformation (γ1) was applied to !:,;<

!%&'
 , i.e. 

-
𝑃.,/0
𝑃123

.
(6

where γ1>1 so that the contrast between axonal fiber bundles and non-neuronal tissues would be enhanced; 
the axonal fiber bundles stand out from the RNFL after γ1 transformation because the value of !:,;<

!%&'
	for pixel 

locations representing the retinal vessels would decrease by a greater proportion than that for pixel locations 
representing the axonal fiber bundles after γ1 transformation (Fig.S19D). Optimization of γ1 is described in 
(4). 
(3) Summation of  "𝑷𝐳,𝐱𝐲

𝑷𝒓𝒆𝒇
#
𝜸𝟏

within the RNFL along individual A-scans 
To project the axonal fiber bundles optical texture signature to all pixel locations (512x256) of the retina, the 
values of "!:,;<

!%&'
#
(6

within the RNFL were summed along individual A-scans from its anterior boundary b1 to its
posterior boundary bi . 

/ -
𝑃.,/0
𝑃123

.
(6

)7,#$

.&)6,#$
The boundaries of the RNFL (b1, bi) were identified by the built-in segmentation function in the Triton OCT 
(Topcon, Japan) which has been widely accepted in clinical studies and clinical practice for measurement of 
RNFL thickness for diagnostic evaluation of glaucoma; low test-retest variability of RNFL thickness 
measurements has been shown.4,5 

(4) Normalization of ∑ "𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇

#
𝜸𝟏𝒃𝒊,𝒙𝒚

𝐳&𝒃𝟏,𝒙𝒚
 by α 

To display the optical texture signature in a grayscale image in a range of [0,1] over the 512x256 pixel 
locations of the retina, ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
 was normalized by a constant α 

/ -
𝑃.,/0
𝑃123

.
(6

)7,#$

.&)6,#$

𝛼0  

where α corresponds to the average peak quadrant RNFL thickness in pixel scale measured along the optic 
disc margin (the RNFL is thickest along the disc margin) such that the maximum value of ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'

of a pixel location of the retina would be ≤1 (the peak quadrant instead of peak meridian RNFL thickness was 
measured because the RNFL envelops the retinal blood vessels; deriving α from a single meridian location 
along the disc margin would lead to an overestimation of α and thereby decreases the dynamic range of the 
optical texture signature). The value of α derived from the algorithm development dataset (Table S1) was 
108 (pixels).  

Optimization of γ1

Whereas applying exponential transformation (γ1) to
!!,#$
!%&'

  decreases the contribution of non-neuronal tissue 
reflectance to axonal fiber bundles optical texture signature, a very large γ1 can also decrease the visibility of 
axonal fiber bundles (Fig.S20). To optimize γ1, we selected the greatest 𝛾1 that provided at least 99% of the 
∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'  measurements (512x256) greater than the corresponding mean normalized reflectance of

the vitreous (calculation shown in Fig.S21). As shown in Fig.S22, increasing 𝛾1 decreases the proportion of 
eyes having at least 99% of the ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'   measurements greater than the corresponding mean

normalized reflectance of the vitreous in the same B-scan. The greatest 𝛾1 that met the optimization 
condition was 7. 99% was set to be the cutoff because approximately 1% of the ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'

measurements would represent the foveal avascular zone and the optic cup, which are devoid of axonal fiber 
bundles. These locations would be expected to have ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'  measurements smaller than the

mean normalized reflectance of the vitreous (the vitreous is largely optically empty). 
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(5) Exponential transformation (1/𝛾2) of ∑ "𝑷𝒛,𝒙,𝒚
𝑷𝒓𝒆𝒇

#
𝜸𝟏𝒃𝒊,𝒙,𝒚

𝒛&𝒃𝟏,𝒙𝒚
𝜶'

The final step for ROTA signature computation involves exponential transformation (1/𝛾2) of ∑ "!:,;<
!%&'

#
(6)7,#$

.&)6,#$ '𝛼
such that

𝑆,- = 3 / -
𝑃.,/0
𝑃123

.
(6

)9,#$

.&)6,#$

𝛼0 4

?
(9

where γ2 >1. Exponential transformation with 1/𝛾2 is necessary because the frequency distribution of 
∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'  is typically positively skewed (median skewness=2.0 in the algorithm development

dataset) (Fig.S23, upper panel). The visibility of axonal fiber bundles is poor in ROTA maps with positively 
skewed frequency distribution of ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼' 	as the gray levels for ∑ "!:,;<

!%&'
#
(6)7,#$

.&)6,#$
𝛼'  are largely on

the lower end of the grayscale (Fig.S24, 𝛾2=1). 1/𝛾2 exponential transformation decreases the skewness of 
the frequency distribution of ∑ "!:,;<

!%&'
#
(6)9,#$

.&)6,#$ '𝛼 and improves the visualization of axonal fiber bundles 
(Fig.S24, 𝛾2>1). 

Optimization of γ2
γ2 was optimized to maximize the dynamic range of ROTA signature, transforming the median skewness of the 

frequency distribution of (∑ "!:,;<
!%&'

#
(6)9,#$

.&)6,#$
𝛼' )

6
89	from positive to zero (i.e. symmetrical distribution) (Fig.S23, 

lower panel) using data obtained from the algorithm development dataset (53 healthy eyes; 50 glaucomatous 
eyes).  At 𝛾2=3.7, the median skewness was 0.  



 7 

II. Topographic pRNFL/mGCIPL Thickness Analysis

The segmentation algorithms for pRNFL/mGCIPL thickness analysis were developed by the Topcon (Tokyo, 
Japan) in the Triton OCT and Carl Zeiss Meditec (Dublin, CA, USA) in the Cirrus HD-OCT. Although the 
OCT manufacturers did not disclose their proprietary RNFL segmentation algorithms, the performance of the 
RNFL segmentation in the Topcon OCT and the Cirrus HD-OCT has been extensively investigated. 
Moreover, low test-retest variability for pRNFL/mGCIPL thickness measurements has been consistently 
reported.4-7,32,33 RNFL thickness measurements generated from the Triton OCT and the Cirrus HD-OCT have 
been adopted in numerous studies on glaucoma, in landmark clinical studies outside the field of 
glaucoma,8,34,35 and in routine clinical practice. 

(1) Cirrus HD-OCT
Topographic pRNFL/mGCIPL thickness analysis was obtained from the Cirrus HD-OCT 5000 (Carl Zeiss 
Meditec) because the Cirrus HD-OCT is a widely adopted OCT instrument in the diagnostic evaluation of optic 
neuropathies; the Cirrus HD-OCT was introduced in 2006 (Cirrus HD-OCT 5000 was released in 2015) and 
the Triton OCT was introduced in 2015. Cirrus HD-OCT pRNFL/mGCIPL thickness analysis has been 
consistently shown to have low test-retest variabilities.6,7,32,33 In the Cirrus HD-OCT, the RNFL was imaged 
with the optic disc cube scan over the parapapillary region (6x6mm2) and the GCIPL was imaged with the 
macular cube scan over the macula (6x6mm2). OCT images were included when they showed no motion 
artifact, no vitreoretinal pathology obscuring the segmentation of the RNFL (e.g. epiretinal membrane, 
floaters, etc.), no segmentation errors of the RNFL/GCIPL, and signal strength ≥6. RNFL defects detected by 
topographic pRNFL thickness analysis were based on the presence of ≥20 contiguous pixels of pRNFL 
thickness below the 1st percentile (i.e. pixels encoded in red in the 50x50-pixel RNFL thickness deviation 
map) (Fig.S16A). 20 contiguous pixels were selected as a threshold to differentiate RNFL defects from false 
positive detection because 1% or ~20 pixels would be expected to be classified as abnormal in a normal eye 
(there were 50x50 or 2500 pixels in the RNFL thickness map; ~2000 pixels were analyzed after excluding the 
optic disc and the parapapillary atrophy regions). The measurement of mGCIPL thickness was derived from 
an elliptical annulus (inner vertical/horizontal major axes of 1.0/1.2mm; outer vertical/horizontal minor axes of 
4.0/4.8mm) centered at the fovea. GCIPL thickness instead of RNFL thickness was measured over the 
macula because the macular RNFL is relatively thin and the dynamic range of macular RNFL thickness is 
small. Detection of GCIPL defects was determined by the presence of ≥10 contiguous pixels of mGCIPL 
thickness below the 1st percentile (i.e. pixels encoded in red in the GCIPL thickness deviation map)
(Fig.S16B). The elliptical annulus comprises an area of about 14.14mm2 or 982 pixels; 1% or approximately
10 pixels would be expected to be classified as abnormal in a normal eye. The requirement of 20/10 
contiguous pixels in the pRNFL/mGCIPL thickness analysis improves the specificity by mitigating the effect of 
spatial correlation between pixels. The 20-pixel threshold for the topographic pRNFL thickness analysis and 
the 10-pixel threshold for the topographic mGCIPL thickness analysis have been widely adopted in glaucoma 
diagnostic studies.9-13,36 In the integrated pRNFL/mGCIPL thickness analysis, RNFL/GCIPL defects were 
defined when there were either ≥20 pixels of pRNFL thickness below the 1st percentile, or ≥10 pixels of 
mGCIPL thickness below the 1st percentile (Fig.S16C). Detection of RNFL defects and GCIPL defects was 
determined by an investigator (GL) masked to all clinical information.

(2) Triton OCT
Although the Triton OCT imaged the retina in 12x9mm2, its topographic pRNFLT/mGCIPLT analysis was 
limited to an area of 5x5mm2 (25x25 pixels) over the parapapillary region and an area of 6x6mm2 (30x30 
pixels) over the macula. Similar to the Cirrus HD-OCT (Carl Zeiss Meditec), pixels with pRNFL thickness 
below the 1st percentile were encoded in red in the pRNFL thickness probability map; pixels with mGCIPL 
thickness below the 1st percentile were encoded in red in the mGCIPL thickness probability map. The area of 
abnormal pRNFLT/mGCIPLT locations (or pixels) was measured by a custom program (MATLAB R2018a, 
MathWorks Inc.) (Fig.S17). The same parapapillary and macular region was outlined (red border in Fig.S17 
B&C) in the ROTA map and the pRNFL/mGCIPL probability maps to measure the area of RNFL/GCIPL 
defects. ROC curves were generated from the area measurements in the comparison of diagnostic 
performance for detection of glaucoma between ROTA and pRNFLT/mGCIPLT analysis.
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III. Reference Standard

(1) Visual field
Standard automated white-on-white VF testing was performed with the SITA standard 24-2 strategy using 
the Humphrey Field Analyzer II-i (Carl Zeiss Meditec). VF tests included in the study had fixation losses
≤20% and false positive errors ≤15%. In the diagnostic performance study, glaucoma was defined by VF 
defects in the same locations in ≥3 separate visits or evidence of VF progression during the study period. A 
VF defect had ≥3 non-edge contiguous locations with p<0.05 (≥1 location with p<0.01) on the same side of 
the horizontal meridian in the pattern deviation probability plot confirmed with ≥3 separate visits.14 Eyes with 
VF progression had possible or likely VF progression in the Guided Progression Analysis (Carl Zeiss 
Meditec) by the Early Manifest Glaucoma Trial (EMGT) criteria on the same side of the horizontal 
meridian.15 Eyes in the healthy group had no VF defects. Detection of VF defects was determined by an 
investigator (GL) masked to all clinical information.

(2) Red-free RNFL Photography
55-degree red-free RNFL photographs were captured using a fundus camera (TRC-50DX, Topcon, Tokyo,
Japan) after dilating the pupil with 0.5% tropicamide and 2.5% phenylephrine. Glaucoma was defined in the 
diagnostics performance study by RNFL defects in red-free photographs confirmed by two glaucoma 
specialists (C.K.S.L, M.W.) after masking to all clinical information. As glaucomatous RNFL defects are 
typically detected over the superior and inferior arcuate bundles, an RNFL defect was identified by the 
presence of a wedge-shaped (i.e. expanding from the optic disc margin towards the temporal retina), hypo-
reflective region in the red-free photographs.37 If there were two RNFL defects detected in an eye (e.g. one 
over the superotemporal sector and one over the inferotemporal sector of the optic disc), the smaller defect 
would be selected as the reference standard in the comparison of diagnostic performance between ROTA 
and OCT pRNFL/mGCIPL thickness analysis. Eyes in the healthy group had no RNFL defects.
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IV. Texture analysis
The texture descriptors for texture analysis were computed from the RNFL reflectance map (i.e. summed 
voxel projection of RNFL reflectance along individual A-scans) and the RNFL thickness map; both had 
512x256 pixel measurements. All texture analyses were performed using MATLAB (R2018a, MathWorks Inc., 
Natick, MA, US) and a publicly available source code.16

(1) GLCM texture analysis
The gray level co-occurrence matrix (GLCM) is a widely-used, classical statistical approach for texture-based 
image analysis. A set of 14 texture features of the GLCM proposed by Haralick and colleagues 38 were 
extracted from the RNFL reflectance map and the RNFL thickness map. The GLCM of the RNFL 
reflectance/thickness maps represents an estimate of the 2nd order joint probability of the
reflectance/thickness values of two neighbor pixels. Symmetric GLCMs were computed for the nearest 
neighbors at 0°, 45°, 90°, 135° and the four inter-pixel orientations were averaged to make the resulting 
texture descriptors invariant with respect to rotation.17-19 GLCM features were extracted with quantization at 64 
gray levels (quantization greater than 64 gray levels is computationally costly and may not improve the 
classification accuracy).19,20 Visualization of the GLCM features of the RNFL reflectance/thickness map was
generated with a window size of 13x13 (Fig.S6 & S8). Six GLCM features including contrast, dissimilarity, 
homogeneity, angular second moment, entropy, and correlation were selected to build classifier models for 
evaluation of diagnostic performance for glaucoma detection because these texture descriptors have been 
shown to be scale and shift invariant. 17,19,21

(2) Wavelet texture analysis
Gabor filters perform a space-frequency decomposition to evaluate whether there is any specific frequency 
content in specific directions in the region of interest.39 Gabor filters were applied to the RNFL
reflectance/thickness maps in four directions (0°, 45°, 90° and 135°).22-24 The RNFL reflectance/thickness 
maps were down-sampled to 128x64 pixels before applying the Gabor filters and the wavelengths were
sampled in increasing powers of two starting from 2√2 up to the hypotenuse length of the image (i.e., 2√2, 
4√2, 8√2 and 16√2 pixels/cycle).24 The Gabor filters were applied to generate Gabor wavelet features for 
each direction and wavelength (Fig.S7 & S9). The features from each pixel were then concatenated to form
a high-dimensional feature vector.

(3) Principle component analysis
Correlated texture features are commonly observed in texture analysis. To minimize redundancy and the
feature space dimensionality, principle component analysis (PCA) was performed after texture feature
extraction. The eigenvector with highest eigenvalue represents the first principle component that accounts
for the greatest variance of the data. We extracted the first k principal components to be the inputs of the
classifier models, where k was decided with a cumulative contributive rate of 0.95 for the explained variance.

(4) Model Training and Evaluation
Linear and radial basis function (RBF) support vector machine (SVM) models were applied to classify the
feature space from the principle components derived from the GLCM and the Gabor wavelet features
generated from the RNFL reflectance maps and the RNFL thickness maps.  Each classifier model was
trained independently through 10-fold cross-validation with grid-search for optimization of hyper-parameters
using the algorithm development data as the training data (Table S1). The hyper-parameter to be optimized
in the linear SVM models was misclassification penalty C. Hyper-parameters to be optimized in the RBF
SVM models included the RBF kernel’s width parameter γ, and the misclassification penalty C. In the 10-fold
cross-validation, the algorithm development dataset was randomly subdivided into 10 subsets, and 10
rounds of training and validation were performed. For each round of training and validation, the SVM was
trained with 9 of the subsets and then validated with the remaining subset. The procedure was repeated 10
times, using different subsets to validate the SVM classifier with a misclassification rate computed. After the
10-fold cross-validation, the mean misclassification rate was calculated for the model; the hyper-parameter
set with the minimum mean misclassification rate was selected as the best-optimized classifier model. The
diagnostic performance of the best-optimized classifier models for detection of glaucoma was evaluated in
the test dataset (Table S3) using the receiver operating characteristics (ROC) curves. The Youden index
was used to identify the optimal threshold sensitivity and specificity values for the classification.40 The
statistics for the comparisons of sensitivities and specificities between ROTA and GLCM/wavelet texture
analysis are described under Statistics.
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V. Statistics

(1) Sample Size Calculation
The primary analysis was to compare the sensitivities and specificities between ROTA and topographic 
pRNFL/mGCIPL thickness analysis for detection of glaucoma defined by two different reference standards: 
visual field testing and red-free RNFL photography. The sensitivities and specificities of topographic pRNFL/
mGCIPL thickness analysis for detection of glaucoma have been reported to vary between 63.2%and 95.0%, 
and between 59.6% and 95.1%, respectively.11-13,36 Taking the best estimates from one of our previous 
studies for detection of glaucoma defined by VF defects for sample size calculation with an area of receiver 
operating characteristic curve (AUC) of 0.95,36 360 glaucoma patients and 180 healthy individuals
(with a 2:1 ratio in subject recruitment) would be needed to demonstrate at least 0.03 greater in AUC for 
ROTA (i.e. AUC=0.98) compared with topographic pRNFL/mGCIPL thickness analysis at an alpha of 0.05 
and a beta of 0.20 (the rank correlation coefficients between the two analyses in the glaucoma group and the 
normal group were both estimated to be 0.3 from pilot data).25 We expected the difference in AUC to be small 
because glaucomatous eyes defined by VF defects would likely already have RNFL defects to be detectable 
in both ROTA and topographic pRNFL/mGCIPL thickness analysis. When glaucoma was defined by red-free 
RNFL photography, we expected the AUC of ROTA to be much greater than topographic pRNFL/mGCIPL 
thickness analysis because many eyes with early RNFL defects can be missed by conventional OCT analysis 
(Fig.3). Assuming the AUC of topographic pRNFL/mGCIPL thickness analysis for detection of glaucoma to 
be at least 0.90, 101 glaucoma patients and 51 healthy individuals (with a 2:1 ratio in subject recruitment) 
would be needed to demonstrate a difference of 0.08 in the AUC between ROTA (0.98) and topographic 
pRNFL/mGCIPL thickness analysis (0.90) at an alpha of 0.05 and a beta of 0.20. The current sample size 
would be sufficient to detect smaller differences in the AUC since data from both eyes of a subject, if 
available, were analyzed with adjustment for clustering between fellow eyes.

(2) Receiver operating characteristic curve regression analysis
The receiver operating characteristic (ROC) curve is a function of the true positive rate against the false 
positive rate, which can be mathematically expressed as 

𝑅𝑂𝐶(𝑓) = 𝑃(𝑝𝑣@ ≥ 1 − 𝑓)
where 𝑓 represents the false positive rate; 𝑃 represents the probability function of case marker observations; 
𝑝𝑣@ = 𝐹AB(𝑌@) represents the percentile value of disease case classification maker, 𝑌@, among controls, with
𝐹AB denotes the cumulative distribution function of marker Y among controls. In this study, Y represents the
area of RNFL defects measured from ROTA or the area of abnormal pRNFLT/mGCIPLT (i.e. 
pRNFL/mGCIPL thickness below the 1st percentile) measured from the Triton OCT (Topcon). In the ROC 
curve regression control adjustment model, marker 𝑌 was adjusted by covariates based on linear regression 
with respect to the control population: 

𝑌 = 𝛽B + 𝛽?(𝑎𝑔𝑒) + 𝛽C(𝐴𝐿) + 𝛽D(𝐶𝐶𝑇) + 𝑒
where 𝛽B represents a constant intercept, 𝛽?, 𝛽C	𝑎𝑛𝑑	𝛽D represent the coefficient of age, axial length (AL), and
central corneal thickness (CCT), respectively, and 𝑒 represents the residual error assuming a distribution 
with a zero mean and a variance of 𝜎2C when the observations represent the control population. The
percentile values were calculated based on the covariate adjusted marker  

𝑍@ =
1
𝜎2
P𝑌@ − Q𝛽B + 𝛽?(𝑎𝑔𝑒) + 𝛽C(𝐴𝐿) + 𝛽D(𝐶𝐶𝑇)RS

such that 𝑝𝑣@ = 𝐹E(𝑍@).

In the ROC curve regression analysis, 𝛽B − 𝛽D were estimated by the least square method, probability 
functions 𝑃 and 𝐹 were estimated by the empirical distributions. Clustered bootstrap with 1,000 replicates 
were applied to account for clustering between fellow eyes. 
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SUPPLEMENTARY RESULTS 

Inter-observer agreement and test-retest agreement of ROTA for assessment of RNFL defects 
To investigate inter-observer agreement of ROTA for detection of RNFL defects, three masked observers 
including a glaucoma clinician scientist (C.K.S.L), a glaucoma clinician (M.W.), and a resident (K. Wan) 
examined 846 ROTA images (12x9mm2, 512x256 pixels) from 315 eyes of 177 healthy individuals, 531 eyes 
of 363 patients with glaucoma (Table S3). ROTA images were presented in a random order and classified 
by the masked observers into eyes with or without RNFL defects (i.e. a binary classification). The inter-
observer agreement of ROTA assessment was 98.0% between the clinician scientist and the resident 
(kappa: 0.956, 95% CI: 0.936-0.977); 98.2% between the clinician scientist and the clinician (kappa: 0.962, 
95% CI: 0.941-0.982); and 97.7% between the clinician and the resident (kappa: 0.949, 95% CI: 
0.926-0.970) (kappa statistic was adjusted for clustering between fellow eyes26). The inter-observer 
agreement was considerably higher compared with the reported inter-observer agreement of red-free RNFL 
photograph assessment for detection of RNFL defects (kappa:0.44, 95% CI:0.41-0.48),41 as well as inter-
observer agreement of stereoscopic optic disc assessment for detection of glaucoma (kappa ranged 
between 0.50 and 0.74).27-29 To investigate the test-retest assessment agreement, 614 ROTA images 
obtained from 458 eyes of 309 glaucoma patients and 156 eyes of 88 healthy individuals who agreed to 
have a follow-up OCT scan in 4 months were graded by a masked observer (K. Wan) in a random order. 
The test-retest assessment agreement was 99.0% (kappa: 0.973, 95% CI: 0.952-0.994). 

Diagnostic Performance of ROTA to Detect Glaucoma – Red-free Photography as the Reference 
Standard 
Eyes with RNFL defects may not have VF defects. We further collected red-free photographs from 238 eyes 
of 131 glaucoma patients and 92 eyes of 47 healthy individuals who were enrolled during the study period 
between 12/2016 and 10/2018 (sample size calculation was described in Supplementary Methods – V. 
Statistics). After excluding red-free photographs with suboptimal RNFL visibility, suboptimal OCT scans, or 
macular pathology (Fig.S14), 93 eyes with RNFL defects in red-free photographs from 69 glaucoma patients 
(among which 30 eyes, or 32.3%, had no VF defects), and 76 eyes from 42 healthy subjects without RNFL 
defects in red-free photographs were analyzed (Table S6).  

ROTA attained a higher sensitivity (98.9%, 95% CI: 96.8-100.0%) to detect RNFL defects in eyes with RNFL 
defects on red-free photography compared with topographic pRNFLT analysis (74.2%, 95% CI: 64.7-
83.6%), topographic mGCIPLT analysis (79.6%, 95% CI: 70.1-89.0%), and integrated topographic pRNFLT/
mGCIPLT analysis (86.0%, 95% CI: 77.8-94.2%) (Table S7). When the analysis was limited to eyes with 
RNFL defects on red-free photography and early glaucoma (VF MD≥-6 dB) (64 eyes of 54 patients; mean 
VF MD: -2.67 ± 1.94dB), ROTA further outperformed the three topographic analyses in attaining greater 
differences in sensitivities (Table S8). For specificities, ROTA (96.1%, 95% CI: 90.4-100.0%) was higher 
than topographic mGCIPLT analysis (81.6%, 95% CI: 70.3-92.8%) and integrated topographic pRNFLT/
mGCIPLT analysis (77.6%, 95% CI: 66.3-89.0%), but similar to topographic pRNFLT analysis (94.7%, 95% 
CI: 89.8%-99.7%).  

With ROC regression analysis to control for covariates and clustering between fellow eyes, ROTA 
demonstrated higher sensitivities at 95% and 90% specificities compared with topographic pRNFLT/
mGCIPLT analysis for detection of RNFL defects in early glaucomatous eyes (Fig.7C) and glaucomatous
eyes (Fig.7D).  
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Figure S1. Interpretation of RNFL abnormalities with red-free photography and OCT. A glaucomatous 
eye with superotemporal and inferotemporal RNFL defects imaged by red-free RNFL photography (A, left), 
color optic disc photography (A, right), and two commercially available optical coherence tomography (OCT) 
instruments including the Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany) (B), and the Cirrus 
HD-OCT (Carl Zeiss Meditec, Dublin, CA, USA) (C and D). Red-free RNFL photography uses green light to 
generate RNFL scattering. The superotemporal and inferotemporal RNFL defects (the boundaries are 
marked by arrows) are dull-looking because of reduced RNFL scattering (A). OCT measures the 
RNFL/GCIPL thickness and relies on the built-in normative data to derive cut-offs to classify normal versus 
abnormal RNFL/GCIPL thicknesses. Abnormal RNFL thickness is annotated in red or yellow if the 
measurement is below the 1st or the 5th percentile of the normal reference values, respectively. The 
Spectralis OCT measured the global and sectoral circumpapillary RNFL thicknesses using a scan circle of a 
diameter of 3.45mm (B, left) and displayed abnormal RNFL thicknesses in the circumpapillary RNFL 
thickness classification (B, right). The Cirrus HD-OCT measured the RNFL thickness over the 6x6mm2 

parapapillary region (pRNFL) (C) and the GCIPL thickness over the macula (mGCIPL) in an elliptical zone 
(outer vertical/horizontal minor axes of 4.0/4.8mm) (D). Abnormal pRNFL thickness and mGCIPL thickness

 are reported in the RNFL thickness deviation map and the GCIPL thickness deviation map, respectively. One 
set of OCT images was acquired. pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion 
cell inner plexiform layer; OCT: optical coherence tomography 

Figure S1 Interpretation of RNFL abnormalities with red-free photography and OCT A glaucomatous eye with superotemporal and inferotemporal RNFL defects imaged by red-
free RNFL photography (A, left), color optic disc photography (A, right), and two commercially available optical coherence tomography (OCT) instruments including the Spectralis
OCT (Heidelberg Engineering, Heidelberg, Germany) (B), and the Cirrus HD-OCT (Carl Zeiss Meditec, Dublin, CA, USA) (C and D). Red-free RNFL photography uses green light to
generate RNFL scattering. The superotemporal and inferotemporal RNFL defects (the boundaries are marked by arrows) are dull-looking because of reduced RNFL scattering (A).
OCT measures the RNFL/GCIPL thickness and relies on the built-in normative data to derive cut-offs to classify normal versus abnormal RNFL/GCIPL thicknesses. Abnormal RNFL
thickness is annotated in red or yellow if the measurement is below the 1st or the 5th percentile of the normal reference values, respectively. The Spectralis OCT measured the
global and sectoral circumpapillary RNFL thicknesses using a scan circle of a diameter of 3.45mm (B, left) and displayed abnormal RNFL thicknesses in the circumpapillary RNFL
thickness classification (B, right). The Cirrus HD-OCT measured the RNFL thickness over the 6x6mm2 parapapillary region (pRNFL) (C) and the GCIPL thickness over the macula
(mGCIPL) in an elliptical zone (outer vertical/horizontal minor axes of 4.0/4.8mm) (D). Abnormal pRNFL thickness and mGCIPL thickness are reported in the RNFL thickness
deviation map and the GCIPL thickness deviation map, respectively. One set of OCT image was acquired for each eye. pRNFL: parapapillary retinal nerve fiber layer; mGCIPL:
macular ganglion cell inner plexiform layer; OCT: optical coherence tomography
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Figure S2. False positive and false negative detection of RNFL defects in conventional OCT analysis. 
Evaluation of pRNFL/mGCIPL thicknesses with OCT relies on the built-in normative data collected from 
healthy individuals to define abnormal pRNFL/mGCIPL thickness. As normal reference values at an 
individual retinal location do not fully capture the physiological variations of the axonal fiber bundles 
distribution, false positive and false negative pRNFL/mGCIPL thickness abnormalities are not uncommon. 
(A) An example of a healthy eye without evidence of RNFL abnormalities in red-free and color fundus
photographs shows abnormal RNFL thickness in the RNFL thickness deviation map and abnormal GCIPL
thickness in the GCIPL thickness deviation map. (B) An example of an eye with glaucomatous optic
neuropathy had a superotemporal RNFL defect in the red-free RNFL photograph (arrows). OCT topographic
pRNFL/mGCIPL thickness analysis fails to show the superotemporal RNFL defect (i.e. false negative). A
false positive inferotemporal RNFL defect is found in the RNFL thickness deviation map (pixels encoded in
red). One set of OCT images was acquired for each eye. pRNFL: parapapillary retinal nerve fiber layer; 
mGCIPL: macular ganglion cell inner plexiform layer; OCT: optical coherence tomography
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Figure S3. Comparison of different techniques for RNFL imaging in a healthy eye. A healthy eye 
imaged by red-free RNFL photography (A), color fundus photography (B), and OCT (C and D). Different 
from the existing RNFL imaging techniques, ROTA (E) uncovers the trajectorial and textural details of the 
axonal fiber bundles in a wide field. In this example, ROTA was performed using the standard RNFL scan 
(12x9mm2, 512x256 pixels) captured by a swept-source OCT (Triton OCT, Topcon). Visual field testing 
shows no visual field defects (F). One set of OCT images was acquired. ROTA: retinal nerve fiber layer 
optical texture analysis; RNFL: retinal nerve fiber layer; GCIPL: ganglion cell inner plexiform layer;
OCT: optical coherence tomography 

Figure S3 Comparison of different techniques for RNFL imaging in a healthy eye A healthy eye imaged by red-free RNFL photography (A), color fundus photography (B), and
OCT (C and D). Different from the existing RNFL imaging techniques, ROTA (E) uncovers the trajectorial and textural details of the axonal fiber bundles in a wide field. In this
example, ROTA was performed using the standard RNFL scan (12x9mm2, 512x256 pixels) captured by a swept-source OCT (Triton OCT, Topcon). Visual field testing shows no
visual field defects (F). One set of OCT image was acquired for each eye. ROTA: retinal nerve fiber layer optical texture analysis; RNFL: retinal nerve fiber layer; GCIPL: ganglion
cell inner plexiform layer; OCT: optical coherence tomography
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Figure S4. RNFL reflectance map. Summed voxel projection of RNFL reflectance of a healthy eye imaged 
by a swept-source optical coherence tomography (Triton OCT, Topcon) in an extended wide-field. The 
corresponding ROTA map is displayed in Fig.1B. One set of OCT images was acquired.
RNFL: retinal nerve fiber layer 

Figure S4 RNFL reflectance map Summed voxel projection of RNFL reflectance of a healthy eye imaged by a swept-source optical coherence tomography (Triton
OCT, Topcon) in an extended wide-field. The corresponding ROTA map is displayed in Fig.2. One set of OCT image was acquired. RNFL: retinal nerve fiber layer
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Figure S5. Number of eyes (left) and participants (right) excluded/included in the diagnostic 
performance study using visual field testing as the reference standard. 

705 eyes of 468 glaucoma patients
405 eyes of 229 healthy participants

met the inclusion criteria1

All participants had
Cirrus HD-OCT scan

optic disc volume scan (6x6mm2) 
macula volume scan (6x6mm2)

Triton OCT scan
12x9mm2 volume scan

Perimetry
SITA Standard 24-2

Test Dataset
531 eyes of 363 glaucoma patients 

315 eyes of 177 healthy participants 

Suboptimal Cirrus HD-OCT scans:2

Glaucoma group: 45; Healthy group: 7

Suboptimal Triton OCT scans:3

Glaucoma group: 51; Healthy group: 16

Unreliable visual field:4

Glaucoma group: 20; Healthy group: 12

Macular pathology detected in OCT:
Glaucoma group: 30; Healthy group: 12

Total number of eyes excluded:5

Glaucoma group: 124; Healthy group: 37

Figure S5 Number of eyes (left) and participants (right) excluded/included in the diagnostic performance study using visual field testing as the reference standard.

Number of eyes excluded 

Suboptimal Cirrus HD-OCT scans:2

Glaucoma group: 24; Healthy group: 4

Suboptimal Triton OCT scans:3

Glaucoma group: 29; Healthy group: 9

Unreliable visual field:4

Glaucoma group: 15; Healthy group: 8

Macular pathology detected in OCT:
Glaucoma group: 16; Healthy group: 5

Total number of participants excluded:5

Glaucoma group: 66; Healthy group: 18

Number of participants excluded 

1. Inclusion criteria: age ≥18 years, visual acuity ≥20/40, without evidence of pathological myopia, and without history of macular disease, refractive or retinal surgery
2. Criteria of suboptimal quality include ≥1 of the following: motion artifact, vitreoretinal pathology obscuring the assessment of the RNFL (e.g. epiretinal membrane, floaters, etc.), segmentation errors of the
RNFL/GCIPL, signal strength <6.
3. Criteria of suboptimal quality include ≥1 of the following: motion artifact, vitreoretinal pathology obscuring the segmentation of the RNFL (e.g. epiretinal membrane, floaters, etc.), segmentation errors of
the RNFL, signal strength <30.
4. Criteria of unreliable visual field: fixation losses >20% or false positive errors >15%.
5. The total number of excluded eyes/participants may not tally the numbers from each category because the same eye/participant could be excluded for more than one reason.

Algorithm Development Dataset
50 eyes of 39 glaucoma patients 

53 eyes of 34 healthy participants 
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Figure S6. GLCM texture analysis of the RNFL reflectance map. Texture features generated from gray 
level co-occurrence matrix (GLCM) texture analysis of the RNFL reflectance map (i.e. summed voxel 
projection of RNFL reflectance) imaged from a healthy eye. The RNFL reflectance map and ROTA map are 
shown on the left for comparison. The units on the grey-scale bars are arbitrary units. ROTA: retinal nerve 
fiber layer optical texture analysis; RNFL: retinal nerve fiber layer 
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Figure S6 GLCM texture analysis of the RNFL reflectance map Texture features generated from gray level co-occurrence matrix (GLCM) texture
analysis of the RNFL reflectance map (i.e. summed voxel projection of RNFL reflectance) imaged from a healthy eye. The RNFL reflectance map and
ROTA map are shown on the left for comparison. The units on the grey-scale bars are arbitrary units. ROTA: retinal nerve fiber layer optical texture
analysis; RNFL: retinal nerve fiber layer
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Figure S7. Wavelet texture analysis of the RNFL reflectance map. Texture features generated from 
wavelet texture analysis of the RNFL reflectance map (i.e. summed voxel projection of RNFL reflectance) 
imaged from a healthy eye. Magnitude response was convolved with 16 Gabor filters for orientation = 0°, 
45°, 90° and 135°, wavelength = 2√2, 4√2, 8√2 and 16√2 pixels/cycle. The RNFL reflectance map and ROTA 
map are shown on the left for comparison. ROTA: retinal nerve fiber layer optical texture analysis; RNFL: 
retinal nerve fiber layer  

Figure S7 Wavelet texture analysis of the RNFL reflectance map Texture features generated from wavelet texture analysis of the RNFL reflectance map
(i.e. summed voxel projection of RNFL reflectance) imaged from a healthy eye. Magnitude response was convolved with 16 Gabor filters for orientation
= 0°, 45°, 90° and 135°, wavelength = 2√2, 4√2, 8√2 and 16√2 pixels/cycle. The RNFL reflectance map and ROTA map are shown on the left for
comparison. ROTA: retinal nerve fiber layer optical texture analysis; RNFL: retinal nerve fiber layer
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Figure S8. GLCM texture analysis of the RNFL thickness map. Texture features generated from gray 
level co-occurrence matrix (GLCM) texture analysis of the RNFL thickness map imaged from a healthy eye. 
The RNFL thickness map and ROTA map are shown on the left for comparison. ROTA: retinal nerve fiber 
layer optical texture analysis; RNFL: retinal nerve fiber layer 
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Figure S8 GLCM texture analysis of the RNFL thickness map Texture features generated from gray level co-occurrence matrix (GLCM) texture analysis of
the RNFL thickness map imaged from a healthy eye. The RNFL thickness map and ROTA map are shown on the left for comparison. ROTA: retinal nerve
fiber layer optical texture analysis; RNFL: retinal nerve fiber layer
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Figure S9. Wavelet texture analysis of the RNFL thickness map. Texture features generated from 
wavelet texture analysis of the RNFL thickness map imaged from a healthy eye. Magnitude response was 
convolved with 16 Gabor filters for orientation = 0°, 45°, 90° and 135°, wavelength = 2√2, 4√2, 8√2 and 16√2 
pixels/cycle. The RNFL thickness map and ROTA map are shown on the left for comparison. ROTA: retinal 
nerve fiber layer optical texture analysis; RNFL: retinal nerve fiber layer 

Figure S9 Wavelet texture analysis of the RNFL thickness map Texture features generated from wavelet texture analysis of the RNFL thickness map
imaged from a healthy eye. Magnitude response was convolved with 16 Gabor filters for orientation = 0°, 45°, 90° and 135°, wavelength = 2√2, 4√2,
8√2 and 16√2 pixels/cycle. The RNFL thickness map and ROTA map are shown on the left for comparison. ROTA: retinal nerve fiber layer optical
texture analysis; RNFL: retinal nerve fiber layer
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(A) (B) (C)

Figure S10.  RNFL defects in chiasmal compressive optic neuropathy – ROTA vs. conventional OCT 
analysis. An overlay of RNFL defects delineated from ROTA (red) and abnormal pRNFLT/mGCIPLT area 
encoded in red in the combined pRNFL/mGCIPL thickness deviation map (i.e. pRNFLT/mGCIPLT below 
the 1st percentiles) (green) in an eye with chiasmal compressive optic neuropathy (Fig.5A) (A). The 
corresponding ROTA map and the OCT pRNFL/GCIPL thickness deviation map are shown in (B) and (C), 
respectively. While ROTA shows loss of the nasal radial bundles and the nasal papillomacular bundles but 
preservation of the temporal papillomacular bundles and arcuate bundles – a feature unique to chiasmal 
compressive optic neuropathy, the mGCIPLT analysis shows mGCIPLT reduction over the papillomacular 
bundles as well as the arcuate bundles. In the pRNFLT analysis, the pattern of pRNFLT loss in the RNFL 
thickness deviation map did not conform to the expected trajectories of the nasal radial bundles. One set of 
OCT images was acquired. ROTA: retinal nerve fiber layer optical texture analysis; pRNFL: parapapillary 
retinal nerve fiber layer; mGCIPL: macular ganglion cell inner plexiform layer; OCT: optical coherence 
tomography 
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(A) (B) (C) (D)

Figure S11. RNFL defects in advanced optic neuropathies – ROTA vs. conventional OCT analysis. 
Inverted ROTA maps (upper panel) to highlight the residual macular axonal fiber bundles in eyes with 
advanced glaucoma (A-C) (Fig.4B-D) and complete loss of the macular axonal fiber bundles in an eye with 
optic neuritis (D) (Fig.5B). Conventional pRNFLT/mGCIPLT analysis (lower panel), however, fails to 
distinguish glaucoma where macular axonal fiber bundles were well-preserved from optic neuritis where 
macular axonal fiber bundles were lost. One set of OCT images was acquired for each eye. ROTA: retinal 
nerve fiber layer optical texture analysis; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular 
ganglion cell inner plexiform layer; OCT: optical coherence tomography  
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(A) (B) (C)

Figure S12.  RNFL defects in optic disc drusen – ROTA vs. conventional OCT analysis. An overlay of 
RNFL defects delineated from ROTA (red) and abnormal pRNFLT area encoded in red in the pRNFL 
thickness deviation map (i.e. pRNFLT below the 1st percentiles) (green) in an eye with optic disc drusen 
(Fig.6C) (A). The corresponding ROTA map and the OCT pRNFL thickness deviation map are shown in (B) 
and (C), respectively. Although an inferotemporal RNFL defect was detected over the right eye by 
conventional pRNFLT analysis, the location of the RNFL defect demarcated in the pRNFL thickness 
deviation map is not in alignment to that identified from ROTA. The RNFL defect in the pRNFLT analysis is 
probably a false positive because the axonal fiber bundles in the corresponding location appear intact in 
ROTA. One set of OCT images was acquired. ROTA: retinal nerve fiber layer optical texture analysis; 
pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell inner plexiform layer; OCT: 
optical coherence tomography  
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Figure S13. Comparison of ROTA and en face OCT for detection of RNFL defects in glaucoma. In the 
examples shown in (A) and (B), ROTA (upper panel) and en face OCT (middle panel) can detect the RNFL 
defects but the borders of RNFL defects are more distinct in ROTA. In the examples shown in (C) and (D), 
superotemporal and inferotemporal RNFL defects detected in ROTA were missed by en face OCT. The
borders of RNFL defects in ROTA are highlighted with arrows. One set of OCT images was acquired for each  
eye. Visual field results are shown in the bottom panel. ROTA: retinal nerve fiber layer optical textureFigure S13 Comparison of ROTA and en face OCT for detection of RNFL defects in glaucoma In the examples shown in (A) and (B), ROTA (upper panel) and en face OCT (middle

panel) can detect the RNFL defects but the borders of RNFL defects are more distinct in ROTA. In the examples shown in (C) and (D), superotemporal and inferotemporal RNFL
defects detected in ROTA are missed by en face OCT. The borders of RNFL defects in ROTA are highlighted with arrows. One set of OCT image was acquired for each eye. Visual
field results are shown in the bottom panel. ROTA: retinal nerve fiber layer optical texture analysis; OCT: optical coherence tomography RNFL: retinal nerve fiber layer

MD: -10.28dBMD: -1.90dB MD: -5.73dB MD: -4.02dB

analysis; OCT: optical coherence tomography; RNFL: retinal nerve fiber layer

(A) (B) (C) (D)
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Figure S14. Number of eyes (left) and participants (right) excluded/included in the diagnostic 
performance study using red-free photography as the reference standard.  

238 eyes of 131 glaucoma patients
92 eyes of 47 healthy participants 

met the inclusion criteria1

All participants had
Cirrus HD-OCT scan

optic disc volume scan (6x6mm2) 
macula volume scan (6x6mm2)

Triton OCT scan
12x9mm2 volume scan

Perimetry
SITA Standard 24-2

93 eyes of 69 glaucoma patients 
76 eyes of  42 healthy participants 

were included in the analysis 

Suboptimal Cirrus HD-OCT scans:2

Glaucoma group: 4; Healthy group: 0

Suboptimal Triton OCT scans:3

Glaucoma group: 7; Healthy group: 1

Unreliable visual field:4

Glaucoma group: 0; Healthy group: 2

Macular pathology detected in OCT:
Glaucoma group: 9; Healthy group: 4

Total number of eyes excluded:6

Glaucoma group: 145; Healthy group: 16

Figure S14 Number of eyes (left) and participants (right) excluded/included in the diagnostic performance study using red-free photography as the reference standard

Number of eyes excluded 

Suboptimal Cirrus HD-OCT scans:2

Glaucoma group: 1; Healthy group: 0

Suboptimal Triton OCT scans:3

Glaucoma group: 1; Healthy group: 0

Unreliable visual field:4

Glaucoma group: 0; Healthy group: 0

Macular pathology detected in OCT:
Glaucoma group: 4; Healthy group: 1

Total number of participants excluded:6

Glaucoma group: 62; Healthy group: 5

Number of participants excluded 

Suboptimal RNFL visibility in red-free photographs:5

Glaucoma group: 145; Healthy group: 15
Suboptimal red free photographs:5

Glaucoma group: 62; Healthy group: 5

1. Inclusion criteria: age ≥18 years, visual acuity ≥20/40, without evidence of pathological myopia, and without history of macular disease, refractive or retinal surgery
2. Criteria of suboptimal quality include ≥1 of the following: motion artifact, vitreoretinal pathology obscuring the assessment of the RNFL (e.g. epiretinal membrane, floaters, etc.), segmentation errors of the
RNFL/GCIPL, signal strength <6.
3. Criteria of suboptimal quality include ≥1 of the following: motion artifact, vitreoretinal pathology obscuring the segmentation of the RNFL (e.g. epiretinal membrane, floaters, etc.), segmentation errors of
the RNFL, signal strength <30.
4. Criteria of unreliable visual field: fixation losses >20% or false positive errors >15%.
5. Suboptimal RNFL visibility in red-free photographs had media opacity (e.g. cataract), hypopigmented fundus, or diffuse RNFL thinning.
6. The total number of excluded eyes/participants may not tally the numbers from each category because the same eye/participant could be excluded for more than one reason.
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Figure S15. Detection of RNFL defects with ROTA. In this example, a superotemporal RNFL defect can 
be identified by the presence of a hypo-reflective region with borders confined to trajectories of the superior 
arcuate bundles (A). The meridian location with reference to the fovea and optic disc center axis (B) and the 
area (C) of the RNFL defect were measured using a custom program developed in MATLAB (MathWorks, 
R2018). The optic disc boundaries are outlined in green. The borders of the RNFL defects are highlighted in 
yellow. The axis linking the fovea and the optic disc center is indicated in a red line. One set of OCT image 
was acquired. RNFL: retinal nerve fiber layer; ROTA: retinal nerve fiber layer optical texture analysis 

Figure S15 Detection of RNFL defects with ROTA In this example, a superotemporal RNFL defect can be identified by the presence of a hypo-reflective region with borders confined
to trajectories of the superior arcuate bundles (A). The meridian location with reference to the fovea and optic disc center axis (B) and the area (C) of the RNFL defect were
measured using a custom program developed in MATLAB (MathWorks, R2018). The optic disc boundaries are outlined in green. The borders of the RNFL defects are highlighted in
yellow. The axis linking the fovea and the optic disc center is indicated in a red line. One set of OCT image was acquired. RNFL: retinal nerve fiber layer; ROTA: retinal nerve fiber
layer optical texture analysis

(A) (B) (C)

65.5°
70.2°

9.1mm2
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Figure S16. Topographic pRNFL/mGCIPL thickness analysis (Cirrus HD-OCT, Carl Zeiss Meditec) for 
detection of RNFL/GCIPL defects. (A) Detection of RNFL defects over the parapapillary region was 
determined by the presence of ≥20 contiguous pixels of pRNFL thickness below the 1st percentile (i.e. pixels 
encoded in red) in the RNFL thickness deviation map. (B) Detection of GCIPL defects over the macula was 
determined by the presence of ≥10 contiguous pixels of mGCIPL thickness below the 1st percentile (i.e. 
pixels encoded in red) in the GCIPL thickness deviation map. (C) In the integrated pRNFL/mGCIPL analysis, 
RNFL/GCIPL defects were determined by the presence of either ≥20 superpixels of pRNFL thickness below 
the 1st percentile, or ≥10 superpixels of mGCIPL thickness below the 1st percentile, in the combo RNFL 
thickness and GCIPL thickness deviation map. One set of OCT image was acquired for each eye. pRNFL: 
parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell inner plexiform layer; OCT: optical 
coherence tomography 

Figure S16 Topographic pRNFL/mGCIPL thickness analysis (Cirrus HD-OCT, Carl Zeiss Meditec) for detection of RNFL/GCIPL defects. (A) Detection of RNFL defects over the
parapapillary region was determined by the presence of ≥20 contiguous pixels of pRNFL thickness below the 1st percentile (i.e. pixels encoded in red) in the RNFL thickness
deviation map. (B) Detection of GCIPL defects over the macula was determined by the presence of ≥10 contiguous pixels of mGCIPL thickness below the 1st percentile (i.e.
pixels encoded in red) in the GCIPL thickness deviation map. (C) In the integrated pRNFL/mGCIPL analysis, RNFL/GCIPL defects were determined by the presence of either ≥20
superpixels of pRNFL thickness below the 1st percentile, or ≥10 superpixels of mGCIPL thickness below the 1st percentile, in the combo RNFL thickness and GCIPL thickness
deviation map. One set of OCT image was acquired for each eye. pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell inner plexiform layer; OCT:
optical coherence tomography

(A) (B) (C)

RNFL thickness deviation map
≥20 contiguous pixels encoded in red

GCIPL thickness deviation map
≥10 contiguous pixels encoded in red

Combo RNFL thickness and GCIPL thickness deviation map
≥20 contiguous pixels encoded in red

in the RNFL thickness deviation map OR
≥10 contiguous pixels encoded in red
in the GCIPL thickness deviation map

Topographic pRNFLT analysis Topographic mGCIPLT analysis Integrated pRNFL/mGCIPLT analysis
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Figure S17. Topographic pRNFL/mGCIPL thickness analysis (Triton OCT, Topcon) for measurement 
of RNFL/GCIPL defects. Topographic pRNFLT/mGCIPLT analysis in the Triton OCT was limited to an area 
of 5x5mm2 (25x25 pixels) over the parapapillary region and an area of 6x6mm2 (30x30 pixels) over the 
macula. Pixels with pRNFL thickness below the 1st percentile were encoded in red in the pRNFL thickness 
probability map (A, left); pixels with mGCIPL thickness below the 1st percentile were encoded in red in the 
mGCIPL thickness probability map (A, right). The area of abnormal pixels in the pRNFL/mGCIPL thickness 
probability maps was measured by a custom program (MATLAB, MathWorks, R2018) (B). The same 
parapapillary and macular region (outlined in red border) was examined for measurement of RNFL defect 
area in ROTA in the evaluation of diagnostic performance for detection of glaucoma using receiver operating 
characteristic curve regression analysis (C). One set of OCT image was acquired. ROTA: retinal nerve fiber 
layer optical texture analysis; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell 
inner plexiform layer; OCT: optical coherence tomography 

Figure S17 Topographic pRNFL/mGCIPL thickness analysis (Triton OCT, Topcon) for measurement of RNFL/GCIPL defects Topographic pRNFLT/mGCIPLT analysis in
the Triton OCT was limited to an area of 5x5mm2 (25x25 pixels) over the parapapillary region and an area of 6x6mm2 (30x30 pixels) over the macula. Pixels with pRNFL
thickness below the 1st percentile were encoded in red in the pRNFL thickness probability map (A, left); pixels with mGCIPL thickness below the 1st percentile were
encoded in red in the mGCIPL thickness probability map (A, right). The area of abnormal pixels in the pRNFL/mGCIPL thickness probability maps was measured by a
custom program (MATLAB, MathWorks, R2018) (B). The same parapapillary and macular region (outlined in red border) was examined for measurement of RNFL
defect area in ROTA in the evaluation of diagnostic performance for detection of glaucoma using receiver operating characteristic curve regression analysis (C). One
set of OCT image was acquired. ROTA: retinal nerve fiber layer optical texture analysis; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell
inner plexiform layer; OCT: optical coherence tomography

(A)

(B)
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Figure S18. Voxel reflectance of the RNFL and the RPE. Frequency distribution of raw voxel reflectance 
16-bit gr( ay levels) of the retinal nerve fiber layer (RNFL) (A), raw voxel reflectance of the retinal pigment

epithelium (RPE) (B), and the RPE-normalized RNFL reflectance !:,;<	
!%&'(>?@)

(C) of a healthy eye.

Figure S18 Voxel reflectance of the RNFL and the RPE Frequency distribution of raw voxel reflectance (16-bit
gray levels) of the retinal nerve fiber layer (RNFL) (A), the retinal pigment epithelium (RPE) (B), and the RPE-
normalized RNFL reflectance

./,01	
.234(567)

(C) of a healthy eye.
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Figure S19. ROTA algorithm – Normalization and γ1 exponential transformation. A healthy eye imaged by 
wide-field (12x9mm2, 512x256 pixels) optical coherence tomography scan (A). One B-scan (red line) was 
selected to demonstrate Step 1 and Step 2 of the ROTA algorithm (Supplementary Methods – Development of 
ROTA Algorithm). Individual pixel reflectance values in the B-scan is encoded in 16-bit gray levels; a pixel 
representing the axonal fiber bundles (yellow square) has a stronger reflectance than a pixel representing a retinal 
vessel (white square) (B) (the corresponding locations in the retina are indicated by the yellow arrow and the white 
arrow in (A), respectively). P was normalized by P to decrease the impact of test-retest variability of RNFL 
reflectance (C). Exponential transformation (𝛾1) of 

z,xy ref(RPE)
!,#$

!%&'
	increased the contrast between axonal fiber bundles 

and non-neuronal tissues (D) (𝛾1=7, see Optimization of γ1 in Supplementary Methods – Development of 
ROTA Algorithm).
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Figure S19 ROTA algorithm – Normalization and γ1 exponential transformation A healthy eye imaged by wide-field (12x9mm2, 512x256 pixels) optical coherence
tomography scan (A). One B-scan (red line) was selected to demonstrate Step 1 and Step 2 of the ROTA algorithm (Supplementary Methods – Development of ROTA
Algorithm). Individual pixel reflectance values in the B-scan is encoded in 16-bit gray levels; a pixel (white square) representing the axonal fiber bundles has a stronger
reflectance than a pixel representing a retinal vessel (B) (the corresponding locations in the retina are indicated by the yellow arrow and the white arrow, respectively). Pz,xy
was normalized by Pref(RPE) to decrease the impact of test-retest variability of RNFL reflectance (C). Exponential transformation (γ1) of

!+,,-
!&'(

	increased the contrast between

axonal fiber bundles and non-neuronal tissues (D) (γ1=7, see Optimization of γ1 in Supplementary methods – Development of ROTA Algorithm).

Normalization of Pz,xy by Pref Exponential transformation (γ1) of
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Figure S20. Effect of increasing 𝛾1 on the contrast in the normalized RNFL reflectance between 
axonal fiber bundles and non-neuronal tissues. 𝛾1 transformation is important to decrease the 
contribution of non-neuronal tissue to the measurement of ROTA signature (A-D) although a large γ1 can 
impair the visualization of axonal fiber bundles (E & F).
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Figure S20 Effect of increasing γ1 on the contrast in the normalized RNFL reflectance between axonal fiber bundles and non-neuronal tissues. γ1 transformation is
important to decrease the contribution of non-neuronal tissue to the measurement of ROTA signature (A-D) although a large γ1 can impair the visualization of axonal
fiber bundles (E & F).
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Figure S21 Measurement of mean normalized reflectance of the vitreous A vitreous slab spanning a width
of 108 pixels (i.e. the value of α) 5 pixels above the anterior border of the RNFL was selected in each B-scan
for measurement of mean normalized reflectance of the vitreous of an eye (each eye had 256 B-scans).
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Figure S21.  Measurement of mean normalized reflectance of the vitreous. A vitreous slab spanning a 
width of 108 pixels (i.e. the value of α) 5 pixels above the anterior border of the RNFL was selected in each

r measurement of mean normalized reflectance of the vitreous of an eye (each eye had 256B-scan fo  B-
scans). 
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Figure S22. Optimization of 𝛾1. 𝛾1 =7 represents the greatest 𝛾1 that attained ≥99% of the RNFL optical 
texture signature measurements (512x256) greater than the corresponding mean normalized reflectance of 
the vitreous. 98.1% of the healthy eyes (red square) in the algorithm development dataset (Table S1) met 
the γ1 optimization condition. 

Figure S22 Optimization of γ1 𝛾1 =7 represents the greatest 𝛾1 that attained ≥99% of the RNFL optical texture
signature measurements (512x256) greater than the corresponding mean normalized reflectance of the
vitreous. 98.1% of the healthy eyes (red square) in the algorithm development dataset (Table S1) met the γ1
optimization condition.
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Figure S23. Optimization of 𝛾2. Increasing 𝛾2 decreases the skewness of the frequency distribution of 
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6
89in an eye. Without 1/𝛾2 exponential transformation (i.e. 𝛾2=1), the frequency distribution 

of ∑ "!:,;<
!%&'

#
(6)9,#$

.&)6,#$
𝛼' 	is positively skewed. 𝛾2 was optimized such that the median skewness of the 50 healthy

eyes and 53 glaucomatous eyes in the algorithm development dataset (Table S1) would be 0 (i.e. 
symmetrically distributed). 

Figure S23 Optimization of 𝛾2 Increasing 𝛾2 decreases the skewness of the frequency distribution of
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Figure S25. A patient with pituitary macroadenoma and chiasmal compressive optic neuropathy 
(Fig.5A). The right optic disc shows optic atrophy with diffuse neuroretinal rim pallor and RNFL loss over the 
right eye whereas band atrophy was observed over the left eye. ROTA images and conventional OCT 
pRNFL and mGCIPL thickness analysis for the right (A) and left (B) eyes. Yellow and red pixels in the 
pRNFL/mGCIPL thickness deviation map (3rd row) denote pRNFL/mGCIPL thickness below the 5th percentile 
and the 1st percentile, respectively. Green, yellow, and red sectors in the clock hour circumpapillary RNFL 
thickness profile and the macular GCIPL thickness profile (4th row) denote RNFL/GCIPL thickness within the 
normal limits, below the 5th percentile, and below the 1st percentile, respectively. One set of OCT images 
were captured with Triton OCT (for ROTA) and Cirrus HD-OCT (for RNFL/GCIPL thickness analysis) for 
each eye. ROTA: retinal nerve fiber layer optical texture analysis; pRNFL: parapapillary retinal nerve fiber 
layer; mGCIPL: macular ganglion cell inner plexiform layer; OCT: optical coherence tomography 

Figure S25. A patient with pituitary macroadenoma and chiasmal compressive optic neuropathy (Fig.5A). The right
optic disc shows optic atrophy with diffuse neuroretinal rim pallor and RNFL loss over the right eye whereas band
atrophy was observed over the left eye. ROTA images and conventional OCT pRNFL and mGCIPL thickness analysis for
the right (A) and left (B) eyes. Yellow and red pixels in the pRNFL/mGCIPL thickness deviation map (3rd row) denote
pRNFL/mGCIPL thickness below the 5th percentile and the 1st percentile, respectively. Green, yellow, and red sectors in
the clock hour circumpapillary RNFL thickness profile and the macular GCIPL thickness profile (4th row) denote
RNFL/GCIPL thickness within the normal limits, below the 5th percentile, and below the 1st percentile, respectively. One
set of OCT images were captured with Triton OCT (for ROTA) and Cirrus HD-OCT (for RNFL/GCIPL thickness analysis) for
each eye. ROTA: retinal nerve fiber layer optical texture analysis; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL:
macular ganglion cell inner plexiform layer; OCT: optical coherence tomography
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Table S1. Demographics, visual field and optical coherence tomography measurements of the healthy 
and glaucoma groups included in the algorithm development dataset (see Fig.S5 for subject enrollment)

*Comparisons were performed using linear mixed modeling with adjustment of correlation between fellow
eyes.

D: diopter; MD: mean deviation; dB: decibel; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular 
ganglion cell inner plexiform layer 
Average pRNFL thickness and average mGCIPL thickness were measured from the Triton OCT (Topcon, 
Japan). 

Healthy individuals Glaucoma patients P* 

Subjects/eyes 34/53 39/50 - 

Age (years) 48.3 ± 17.0 59.7 ± 9.5 <0.001 

Axial length (mm) 24.0 ± 1.3 26.0 ± 1.9 <0.001 

Spherical equivalent (D) -1.2 ± 2.4 -4.2 ± 4.2 <0.001 

Central corneal thickness (mm) 547.1 ± 31.8 547.8 ± 36.0 0.753 

Intraocular pressure (mmHg) 15.9 ± 2.9 16.9 ± 4.1 0.110 

Visual field MD (dB) -1.51 ± 1.52 -6.08 ± 5.63 <0.001 

Average pRNFL thickness (µm) 109.9 ± 14.0 72.1 ± 15.8 <0.001 

Average mGCIPL thickness (µm) 71.5 ± 5.6 56.1 ± 8.1 <0.001 
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Table S2. Demographics and diagnosis of patients with non-glaucomatous optic neuropathy 
Patient ID Eye *Diagnosis Clinical Sign SE VA 

1 
R Compressive optic neuropathy 

Clinoidal meningioma 
Rim pallor 3.5 0.7 

L Rim pallor 3.75 FC 

2 
R Compressive optic neuropathy 

Pituitary macroadenoma 
Rim pallor -5.5 0.7 

L Rim pallor -2.5 0.7 

3 
R Compressive optic neuropathy 

Pituitary macroadenoma 
Rim pallor -0.25 0.6 

L Rim pallor -0.75 0.7 

4 
R Compressive optic neuropathy 

Pituitary macroadenoma 
Rim pallor 1.75 0.05 

L Rim pallor 1.5 0.7 

5 
R Compressive optic neuropathy 

Pilocytic astrocytoma 
Rim pallor -7 1 

L Rim pallor -6.75 0.7 

6 R Compressive optic neuropathy 
Suprasellar meningioma  

Rim pallor -3.5 0.5 

7 R Compressive optic neuropathy 
Pituitary macroadenoma Rim pallor 1.5 0.7 

8 R Compressive optic neuropathy 
Pituitary macroadenoma Rim pallor -2.5 0.8 

9 L Compressive optic neuropathy 
Pituitary macroadenoma Rim pallor -0.75 0.2 

10 L Compressive optic neuropathy 
Pituitary macroadenoma Rim pallor -2 0.7 

11 L Compressive optic neuropathy 
Suprasellar meningioma Rim pallor -3.5 0.8 

12 L Compressive optic neuropathy 
Pituitary macroadenoma Rim pallor 0.75 0.3 

13 L Compressive optic neuropathy 
Pituitary germinoma Rim pallor -5.75 0.1 

14 L Compressive optic neuropathy 
Anterior clinoidal meningioma Rim pallor 2.25 0.7 

15 L Compressive optic neuropathy 
Schwannoma Rim pallor -5.25 0.8 

16 
R NAION Rim pallor 0.75 0.4 

L NAION Rim pallor 1 0.7 

17 
R NAION Rim pallor -2 0.1 

L NAION Rim pallor -1 0.5 

18 L NAION Rim pallor -0.25 0.6 

19 R NAION Rim pallor -1.25 0.6 

20 R NAION Rim pallor -1 0.1 

21 L NAION Rim pallor 0 0.08 

22 
R optic nerve head drusen Rim pallor -0.75 0.8 

L optic nerve head drusen Rim pallor -0.25 1 

23 
R optic neuritis Rim pallor -8 0.8 

L optic neuritis Rim pallor -7 0.8 
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24 
R optic neuritis Rim pallor -1.5 0.5 

L optic neuritis Rim pallor -1 0.8 

25 
R optic neuritis Rim pallor -3.5 1 

L optic neuritis Rim pallor -3.75 0.03 

26 R optic neuritis Rim pallor -1.25 0.1 

27 L optic neuritis Rim pallor -5.25 0.7 

28 L optic neuritis Rim pallor 0 0.8 

29 L optic neuritis Rim pallor 0 1.2 

30 R optic neuritis Rim pallor -8.5 0.1 

31 R optic neuritis Rim pallor -2 1 

32 L optic neuritis Rim pallor -1.25 0.07 

33 L optic neuritis Rim pallor 0.5 0.7 

34 R optic neuritis Rim pallor -4.5 0.6 

35 
R IIH Disc swelling -1.75 0.8 

L IIH Disc swelling -2 0.7 

36 
R IIH Disc swelling -4 0.8 

L IIH Disc swelling -3.25 1 

37 R NAION Disc swelling -0.25 0.4 

38 L NAION Disc swelling -2.5 HM 

39 R Compressive optic neuropathy 
Optic nerve sheath meningioma Disc swelling 1.25 1 

40 L Compressive optic neuropathy 
Optic nerve sheath meningioma Disc swelling 0.5 0.8 

* Diagnosis is based on the latest available MRI or pathology reports
SE: spherical equivalent; VA: visual acuity; FC: finger count; HM: hand movement; NAION, non-arteritic anterior
ischemic optic neuropathy; IIH: Idiopathic intracranial hypertension
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Table S3. Demographics, visual field and optical coherence tomography measurements of the healthy 
and glaucoma groups included in the diagnostic performance study comparing ROTA and 
conventional OCT analysis using visual field testing as the reference standard (see Fig.S5 for subject
enrollment) 

*Comparisons were performed using linear mixed modeling with adjustment of correlation between fellow
eyes.

ROTA: retinal nerve fiber layer optical texture analysis; IOP: intraocular pressure; MD: mean deviation; dB: 
decibel; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell inner plexiform layer 

Average pRNFL thickness and average mGCIPL thickness were measured from the Cirrus HD-OCT (Carl 
Zeiss Meditec). 

Healthy individuals Glaucoma patients P * 

Subjects/eyes 177/315 363/531 - 

Age (years) 59.7 ± 12.0 58.4 ± 13.0 0.183 

Axial length (mm) 23.9 ± 1.3 25.3 ± 1.8 <0.001 

Spherical equivalent (D) -1.16± 2.56 -3.52 ± 4.0 <0.001 

Central corneal thickness (mm) 555.4 ± 36.6 540.5 ± 36.2 <0.001 

Intraocular pressure (mmHg) 16.5 ± 3.4 16.2 ± 4.1 0.707 

Visual field MD (dB) -0.97 ± 1.58 -11.21 ± 8.31 <0.001 

Average pRNFL thickness (µm) 93.7 ± 9.4 66.5 ± 11.6 <0.001 

Average mGCIPL thickness (µm) 80.9 ± 6.2 63.2 ± 9.3 <0.001 



 41 

Table S4. Sensitivities and specificities of ROTA and topographic pRNFL/mGCIPL thickness analysis 
for detection of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using visual field testing as 
the reference standard (diagnostic criterion of RNFL defects: ≥20 pixels of pRNFL thickness below 
the 1st percentile; diagnostic criterion of GCIPL defects: ≥10 pixels of mGCIPL thickness below the 1st 
percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 183 
eyes from 156 early glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 

Sensitivity 97.3% 
94.9% - 
99.6% 91.8% 87.8% - 95.8% 5.5% 1.2% - 9.7% 0.012 

Specificity 94.3% 
91.3% - 
97.2% 87.9% 83.6% - 92.3% 6.3% 1.5% - 11.1% 0.010 

ROTA mGCIPL thickness analysis Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 

Sensitivity 97.3% 
94.9% - 
99.6% 92.3% 88.5% - 96.2% 4.9% 0.8% - 9.0% 0.020 

Specificity 94.3% 
91.3% - 
97.2% 78.1% 72.4% - 83.8% 16.2% 10.6% - 21.8% <0.001 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 

Sensitivity 97.3% 
94.9% - 
99.6% 95.1% 91.9% - 98.2% 2.2% -1.2% - 5.6% 0.207 

Specificity 94.3% 
91.3% - 
97.2% 71.4% 65.4% - 77.5% 22.9% 17.0% - 28.7% <0.001 
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Table S5. Sensitivities and specificities of ROTA and topographic pRNFL/mGCIPL thickness analysis 
for detection of glaucoma using visual field testing as the reference standard (diagnostic criterion of 
RNFL defects: ≥20 pixels of pRNFL thickness below the 1st percentile; diagnostic criterion of GCIPL 
defects: ≥10 pixels of mGCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 531 
eyes from 363 glaucoma patients 

ROTA pRNFL thickness analysis Difference in sensitivities 
/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 97.2% 95.8% - 98.6% 1.5% -0.1% - 3.1% 0.059 
Specificity 94.3% 91.7% - 96.9% 87.9% 83.6% - 92.3% 6.3% 1.5% - 11.1% 0.010

ROTA mGCIPL thickness analysis Difference in sensitivities 
/specificities 

95% Confidence 
Interval 

95% Confidence 
Interval 95% CI 

Sensitivity 98.7% 97.7% - 99.7% 96.8% 95.3% - 98.3% 1.9% 0.2% - 3.5% 0.025 
Specificity 94.3% 91.7% - 96.9% 78.1% 72.4% - 83.8% 16.2% 10.6% - 21.8% <0.001 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in sensitivities 
/specificities 

95% Confidence 
Interval 

95% Confidence 
Interval 95% CI 

Sensitivity 98.7% 97.7% - 99.7% 98.3% 97.2% - 99.4% 0.4% -0.9% - 1.7% 0.564 
Specificity 94.3% 91.7% - 96.9% 71.4% 65.4% - 77.5% 22.9% 17.0% - 28.7% <0.001 
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Table S6. Demographics, visual field and optical coherence tomography measurements of the 
healthy group and the glaucoma group included in the diagnostic performance study comparing 
ROTA and conventional OCT analysis using red-free photography as the reference standard 
(see Fig.S14 for subject enrollment)

Healthy individuals Glaucoma patients  P * 

Subjects/eyes 42/76 69/93 - 

Age (years) 57.6 ± 11.3 49.3 ± 12.5 <0.001 

Axial length (mm) 23.8 ± 1.1 25.4 ± 1.7 <0.001 

Spherical equivalent (D) -1.04 ± 2.32 -4.68 ± 3.64 <0.001 

Central corneal thickness (mm) 555.6 ± 35.4 545.4 ± 37.0 0.232 

Intraocular pressure (mmHg) 15.9 ± 3.8 16.5 ± 3.8 0.177 

Visual field MD (dB) -1.40 ± 1.68 -5.14 ± 4.42 <0.001 

Average pRNFL thickness (µm) 94.8 ± 10.8 73.5 ± 10.9 <0.001 

Average mGCIPL thickness (µm) 81.9 ± 5.8 70.4 ± 8.1 <0.001 

*Comparisons were performed using linear mixed modeling with adjustment of correlation between fellow
eyes.

ROTA: retinal nerve fiber layer optical texture analysis; IOP: intraocular pressure; MD: mean deviation; dB: 
decibel; pRNFL: parapapillary retinal nerve fiber layer; mGCIPL: macular ganglion cell inner plexiform layer 

Average pRNFL thickness and average mGCIPL thickness were measured from the Cirrus HD-OCT (Carl 
Zeiss Meditec). 
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Table S7. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection of 
glaucoma using red-free RNFL photography as the reference standard (diagnostic criterion of RNFL 
defects: ≥20 pixels of pRNFL thickness below the 1st percentile; diagnostic criterion of GCIPL 
defects: ≥10 pixels of mGCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 93 
eyes from 69 glaucoma patients 

ROTA pRNFL thickness analysis Difference in sensitivities 
/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 74.2% 64.7% - 83.6% 24.7% 15.4% - 34.1% <0.001 
Specificity 96.1% 90.4% - 100.0% 94.7% 89.8% - 99.7% 1.3% -6.5% - 9.1% 0.742 

ROTA mGCIPL thickness analysis Difference in sensitivities 
/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 79.6% 70.1% - 89.0% 19.4% 10.0% - 28.7% <0.001 
Specificity 96.1% 90.4% - 100.0% 81.6% 70.3% - 92.8% 14.5% 4.1% - 24.8% 0.009 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in sensitivities 
/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 86.0% 77.8% - 94.2% 12.9% 4.9% - 20.9% 0.002 
Specificity 96.1% 90.4% - 100.0% 77.6% 66.3% - 89.0% 18.4% 7.8% - 29.0% 0.002 
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Table S8. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection of 
early glaucoma (i.e. visual field mean deviation ≥-6 dB) using red-free RNFL photography as the 
reference standard (diagnostic criterion of RNFL defects: ≥20 pixels of pRNFL thickness below the 1st 
percentile; diagnostic criterion of GCIPL defects: ≥10 pixels of mGCIPL thickness below the 1st 
percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 64 
eyes from 54 early glaucoma patients 

ROTA pRNFL thickness analysis Difference in sensitivities 
/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 68.8% 56.7% - 80.8% 29.7% 17.8% - 41.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 94.7% 89.8% - 99.7% 1.3% -6.5% - 9.1% 0.742 

ROTA mGCIPL thickness analysis Difference in sensitivities 
/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 71.9% 59.6% - 84.1% 26.6% 14.5% - 38.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 81.6% 70.3% - 92.8% 14.5% 4.1% - 24.8% 0.009 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in sensitivities 
/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 81.3% 70.7% - 91.8% 17.2% 6.9% - 27.4% 0.002 
Specificity 96.1% 90.4% - 100.0% 77.6% 66.3% - 89.0% 18.4% 7.8% - 29.0% 0.002 
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Table S9. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) texture 
analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL reflectance map 
for detection of glaucoma using visual field testing as the reference standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 531 
eyes from 363 glaucoma patients 

ROTA GLCM (linear SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 89.5% 86.6% - 92.3% 9.2% 6.3% - 12.2% <0.001 
Specificity 94.3% 91.3% - 97.2% 94.6% 91.6% - 97.6% -0.3% -4.1% - 3.5% 0.870 

ROTA GLCM (RBF SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 88.1% 85.2% - 91.1% 10.5% 7.5% - 13.6% <0.001 
Specificity 94.3% 91.3% - 97.2% 96.2% 93.9% - 98.5% -1.9% -5.2% - 1.4% 0.257 

ROTA WTA (linear SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 86.6% 83.7% - 89.6% 12.1% 9.0% - 15.1% <0.001 
Specificity 94.3% 91.3% - 97.2% 90.5% 87.1% - 93.8% 3.8% 0.2% - 7.4% 0.039 

ROTA WTA (RBF SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 85.9% 82.9% - 88.9% 12.8% 9.8% - 15.8% <0.001 
Specificity 94.3% 91.3% - 97.2% 91.7% 88.7% - 94.8% 2.5% -0.6% - 5.7% 0.116 
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Table S10. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL 
reflectance map for detection of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using visual 
field testing as the reference standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 183 
eyes from 156 early glaucoma patients 

ROTA GLCM (linear SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 92.4% 88.5% - 96.3% 4.9% 0.3% - 9.5% 0.039 
Specificity 94.3% 91.3% - 97.2% 87.0% 82.5% - 91.5% 7.3% 2.7% - 11.9% 0.002 

ROTA GLCM (RBF SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 93.5% 89.9% - 97.1% 3.8% -0.6% - 8.2% 0.090 
Specificity 94.3% 91.3% - 97.2% 86.3% 81.8% - 90.9% 7.9% 3.3% - 12.6% 0.001 

ROTA WTA (linear SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 82.1% 76.6% - 87.5% 15.2% 9.4% - 21.0% <0.001 
Specificity 94.3% 91.3% - 97.2% 85.7% 81.6% - 89.8% 8.6% 4.2% - 12.9% <0.001 

ROTA WTA (RBF SVM) 
 RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 84.8% 79.6% - 90.0% 12.5% 6.8% - 18.2% <0.001 
Specificity 94.3% 91.3% - 97.2% 80.3% 75.9% - 84.7% 14.0% 9.2% - 18.7% <0.001 
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Table S11. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL 
thickness map for detection of glaucoma using visual field testing as the reference standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 531 
eyes from 363 glaucoma patients 

ROTA GLCM (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 91.0% 88.3% - 93.6% 7.7% 5.0% - 10.5% <0.001 
Specificity 94.3% 91.3% - 97.2% 92.7% 89.0% - 96.4% 1.6% -2.5% - 5.7% 0.447 

ROTA GLCM (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 90.8% 88.1% - 93.4% 7.9% 5.1% - 10.7% <0.001 
Specificity 94.3% 91.3% - 97.2% 93.0% 89.3% - 96.7% 1.3% -2.9% - 5.4% 0.547 

ROTA WTA (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 80.4% 77.0% - 83.8% 18.3% 14.8% - 21.8% <0.001 
Specificity 94.3% 91.3% - 97.2% 88.6% 85.1% - 92.0% 5.7% 1.7% - 9.8% 0.006 

ROTA WTA (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 84.2% 81.0% - 87.4% 14.5% 11.3% - 17.7% <0.001 
Specificity 94.3% 91.3% - 97.2% 91.1% 88.1% - 94.1% 3.2% -0.4% - 6.8% 0.086 
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Table S12. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL 
thickness map for detection of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using visual 
field testing as the reference standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 183 
eyes from 156 early glaucoma patients 

ROTA GLCM (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 87.5% 82.5% - 92.5% 9.8% 4.3% - 15.2% <0.001 
Specificity 94.3% 91.3% - 97.2% 89.8% 85.8% - 93.9% 4.4% 0.2% - 8.7% 0.043 

ROTA GLCM (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 85.9% 80.6% - 91.1% 11.4% 5.7% - 17.1% <0.001 
Specificity 94.3% 91.3% - 97.2% 92.1% 88.3% - 95.9% 2.2% -1.9% - 6.4% 0.297 

ROTA WTA (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 84.2% 78.9% - 89.5% 13.0% 7.5% - 18.6% <0.001 
Specificity 94.3% 91.3% - 97.2% 72.4% 67.4% - 77.4% 21.9% 16.3% - 27.5% <0.001 

ROTA WTA (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 85.3% 80.2% - 90.5% 12.0% 6.4% - 17.6% <0.001 
Specificity 94.3% 91.3% - 97.2% 78.1% 73.3% - 82.8% 16.2% 11.1% - 21.3% <0.001 



 50 

Table S13. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL 
reflectance map for detection of glaucoma using red-free RNFL photography as the reference 
standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function 
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 93 
eyes from 69 glaucoma patients 

ROTA GLCM (linear SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 94.6% 90.0% - 99.3% 4.3% -0.8% - 9.4% 0.103 
Specificity 96.1% 90.4% - 100.0% 78.9% 66.9% - 91.0% 17.1% 5.2% - 29.0% 0.007 

ROTA GLCM (RBF SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 94.6% 90.0% - 99.3% 4.3% -0.8% - 9.4% 0.103 
Specificity 96.1% 90.4% - 100.0% 78.9% 66.9% - 91.0% 17.1% 5.2% - 29.0% 0.007 

ROTA WTA (linear SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 79.6% 71.1% - 88.0% 19.4% 10.5% - 28.2% <0.001 
Specificity 96.1% 90.4% - 100.0% 76.3% 67.3% - 85.3% 19.7% 9.4% - 30.0% 0.001 

ROTA WTA (RBF SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 78.5% 70.2% - 86.8% 20.4% 12.3% - 28.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 81.6% 72.3% - 90.8% 14.5% 4.1% - 24.8% 0.009 
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Table S14. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL 
reflectance map for detection of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using red-
free RNFL photography as the reference standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 64 
eyes from 54 early glaucoma patients 

ROTA GLCM (linear SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 92.2% 85.5% - 98.9% 6.3% -1.2% - 13.7% 0.103 
Specificity 96.1% 90.4% - 100.0% 78.9% 66.9% - 91.0% 17.1% 5.2% - 29.0% 0.007 

ROTA GLCM (RBF SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 92.2% 85.5% - 98.9% 6.3% -1.2% - 13.7% 0.103 
Specificity 96.1% 90.4% - 100.0% 78.9% 66.9% - 91.0% 17.1% 5.2% - 29.0% 0.007 

ROTA WTA (linear SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 76.6% 65.3% - 87.8% 21.9% 10.1% - 33.7% 0.001 
Specificity 96.1% 90.4% - 100.0% 76.3% 67.3% - 85.3% 19.7% 9.4% - 30.0% 0.001 

ROTA WTA (RBF SVM) 
RNFL reflectance map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 71.9% 60.6% - 83.2% 26.6% 15.5% - 37.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 81.6% 72.3% - 90.8% 14.5% 4.1% - 24.8% 0.009 
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Table S15. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of the RNFL 
thickness map for detection of glaucoma using red-free RNFL photography as the reference standard 

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 93 
eyes from 69 glaucoma patients 

ROTA GLCM (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 87.1% 80.2% - 94.0% 11.8% 4.6% - 19.1% 0.002 
Specificity 96.1% 90.4% - 100.0% 89.5% 80.3% - 98.6% 6.6% -1.8% - 15.0% 0.130 

ROTA GLCM (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 83.9% 75.3% - 92.4% 15.1% 6.2% - 23.9% 0.001 
Specificity 96.1% 90.4% - 100.0% 93.4% 85.9% - 100.0% 2.6% -6.4% - 11.6% 0.567 

ROTA WTA (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 66.7% 56.7% - 76.6% 32.3% 22.4% - 42.1% <0.001 
Specificity 96.1% 90.4% - 100.0% 85.5% 78.2% - 92.9% 10.5% 1.3% - 19.7% 0.030 

ROTA WTA (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 94.6% 90.0% - 99.2% 4.3% -0.8% - 9.4% 0.101 
Specificity 96.1% 90.4% - 100.0% 59.2% 48.8% - 69.7% 36.8% 25.8% - 47.8% <0.001 



 53 

Table S16. Sensitivities and specificities of ROTA and gray-level co-occurrence matrix (GLCM) 
texture analysis (upper panel) and wavelet texture analysis (WTA) (lower panel) of RNFL thickness 
for detection of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using red-free RNFL 
photography as the reference standard  

ROTA: retinal nerve fiber layer optical texture analysis 
SVM: support vector machine 
RBF: radial basis function  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 64 
eyes from 54 early glaucoma patients 

ROTA GLCM (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 82.8% 73.4% - 92.3% 15.6% 5.6% - 25.7% 0.003 
Specificity 96.1% 90.4% - 100.0% 89.5% 80.3% - 98.6% 6.6% -1.8% - 15.0% 0.130 

ROTA GLCM (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 79.7% 69.5% - 89.8% 18.8% 8.0% - 29.5% 0.001 
Specificity 96.1% 90.4% - 100.0% 93.4% 85.9% - 100.0% 2.6% -6.4% - 11.6% 0.567 

ROTA WTA (linear SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 93.8% 87.7% - 99.8% 4.7% -0.6% - 10.0% 0.084 
Specificity 96.1% 90.4% - 100.0% 53.9% 43.6% - 64.3% 42.1% 32.3% - 51.9% <0.001 

ROTA WTA (RBF SVM) 
RNFL thickness map 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 93.8% 87.7% - 99.8% 4.7% -2.2% - 11.5% 0.182 
Specificity 96.1% 90.4% - 100.0% 59.2% 48.8% - 69.7% 36.8% 25.8% - 47.8% <0.001 
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Table S17. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using visual field testing as the reference 
standard (diagnostic criterion of RNFL defects: ≥10 pixels of RNFL thickness below the 1st percentile; 
diagnostic criterion of GCIPL defects: ≥10 pixels of GCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 183 
eyes from 156 early glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 94.0% 90.5% - 97.5% 3.3% -0.4% - 7.0% 0.083 
Specificity 94.3% 91.3% - 97.2% 83.8% 79.0% - 88.6% 10.5% 5.2% - 15.8% <0.001 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 92.3% 88.5% - 96.2% 4.9% 0.8% - 9.0% 0.020 
Specificity 94.3% 91.3% - 97.2% 78.1% 72.4% - 83.8% 16.2% 10.6% - 21.8% <0.001 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 96.7% 94.1% - 99.3% 0.5% -2.3% - 3.4% 0.706 
Specificity 94.3% 91.3% - 97.2% 69.5% 63.4% - 75.7% 24.8% 18.8% - 30.7% <0.001 



 55 

Table S18. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of glaucoma using visual field testing as the reference standard (diagnostic criterion of RNFL 
defects: ≥10 pixels of RNFL thickness below the 1st percentile; diagnostic criterion of GCIPL defects: 
≥10 pixels of GCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 531 
eyes from 363 glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 97.9% 96.7% - 99.1% 0.8% -0.6% - 2.1% 0.285 
Specificity 94.3% 91.7% - 96.9% 83.8% 79.0% - 88.6% 10.5% 5.2% - 15.8% <0.001 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 96.8% 95.3% - 98.3% 1.9% 0.2% - 3.5% 0.025 
Specificity 94.3% 91.7% - 96.9% 78.1% 72.4% - 83.8% 16.2% 10.6% - 21.8% <0.001 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 98.9% 98.0% - 99.8% -0.2% -1.3% - 0.9% 0.739 
Specificity 94.3% 91.7% - 96.9% 69.5% 63.4% - 75.7% 24.8% 18.8% - 30.7% <0.001 
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Table S19. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using red-free RNFL photography as the 
reference standard (diagnostic criterion of RNFL defects: ≥10 pixels of RNFL thickness below the 1st 
percentile; diagnostic criterion of GCIPL defects: ≥10 pixels of GCIPL thickness below the 1st 
percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 64 
eyes from 54 early glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 73.4% 62.6% - 84.3% 25.0% 14.4% - 35.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 88.2% 80.3% - 96.0% 7.9% -1.6% - 17.4% 0.108 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 71.9% 59.6% - 84.1% 26.6% 14.5% - 38.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 81.6% 70.3% - 92.8% 14.5% 4.1% - 24.8% 0.009 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 84.4% 75.3% - 93.4% 14.1% 5.4% - 22.7% 0.002 
Specificity 96.1% 90.4% - 100.0% 72.4% 59.8% - 85.0% 23.7% 12.2% - 35.2% <0.001 
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Table S20. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of glaucoma using red-free RNFL photography as the reference standard (diagnostic criterion of 
RNFL defects: ≥10 pixels of RNFL thickness below the 1st percentile; diagnostic criterion of GCIPL 
defects: ≥10 pixels of GCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 93 
eyes from 69 glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 78.5% 69.9% - 87.1% 20.4% 12.0% - 28.9% <0.001 
Specificity 96.1% 90.4% - 100.0% 88.2% 80.3% - 96.0% 7.9% -1.6% - 17.4% 0.108 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 79.6% 70.1% - 89.0% 19.4% 10.0% - 28.7% <0.001 
Specificity 96.1% 90.4% - 100.0% 81.6% 70.3% - 92.8% 14.5% 4.1% - 24.8% 0.009 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 88.2% 80.9% - 95.4% 10.8% 3.8% - 17.7% 0.003 
Specificity 96.1% 90.4% - 100.0% 72.4% 59.8% - 85.0% 23.7% 12.2% - 35.2% <0.001 
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Table S21. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using visual field testing as the reference 
standard (diagnostic criterion of RNFL defects: ≥20 pixels of RNFL thickness below the 1st percentile; 
diagnostic criterion of GCIPL defects: ≥20 pixels of GCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 183 
eyes from 156 early glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 91.8% 87.8% - 95.8% 5.5% 1.2% - 9.7% 0.012 
Specificity 94.3% 91.3% - 97.2% 87.9% 83.6% - 92.3% 6.3% 1.5% - 11.1% 0.010 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 89.6% 85.2% - 94.1% 7.7% 3.0% - 12.3% 0.002 
Specificity 94.3% 91.3% - 97.2% 83.5% 78.5% - 88.5% 10.8% 5.9% - 15.7% <0.001 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 97.3% 94.9% - 99.6% 94.0% 90.5% - 97.5% 3.3% -0.4% - 7.0% 0.083 
Specificity 94.3% 91.3% - 97.2% 76.2% 70.6% - 81.8% 18.1% 12.8% - 23.4% <0.001 
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Table S22. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of glaucoma using visual field testing as the reference standard (diagnostic criterion of RNFL 
defects: ≥20 pixels of RNFL thickness below the 1st percentile; diagnostic criterion of GCIPL defects: 
≥20 pixels of GCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 315 eyes from 177 healthy participants; sensitivity was determined from 531 
eyes from 363 glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 97.2% 95.8% - 98.6% 1.5% -0.1% - 3.1% 0.059 
Specificity 94.3% 91.7% - 96.9% 87.9% 83.6% - 92.3% 6.3% 1.5% - 11.1% 0.010

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 95.3% 93.5% - 97.1% 3.4% 1.5% - 5.3% 0.001 
Specificity 94.3% 91.7% - 96.9% 83.5% 78.5% - 88.5% 10.8% 5.9% - 15.7% <0.001 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.7% 97.7% - 99.7% 97.9% 96.7% - 99.1% 0.8% -0.6% - 2.1% 0.285 
Specificity 94.3% 91.7% - 96.9% 76.2% 70.6% - 81.8% 18.1% 12.8% - 23.4% <0.001 
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Table S23. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of early glaucoma (i.e. visual field mean deviation ≥-6 dB) using red-free RNFL photography as the 
reference standard (diagnostic criterion of RNFL defects: ≥20 pixels of RNFL thickness below the 1st 
percentile; diagnostic criterion of GCIPL defects: ≥20 pixels of GCIPL thickness below the 1st 
percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 64 
eyes from 54 early glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 68.8% 56.7% - 80.8% 29.7% 17.8% - 41.6% <0.001 
Specificity 96.1% 90.4% - 100.0% 94.7% 89.8% - 99.7% 1.3% -6.5% - 9.1% 0.742 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 70.3% 57.9% - 82.7% 28.1% 15.9% - 40.4% <0.001 
Specificity 96.1% 90.4% - 100.0% 84.2% 73.8% - 94.7% 11.8% 2.5% - 21.2% 0.017 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.4% 95.4% - 100.0% 81.3% 70.7% - 91.8% 17.2% 6.9% - 27.4% 0.002 
Specificity 96.1% 90.4% - 100.0% 80.3% 69.6% - 91.0% 15.8% 6.0% - 25.6% 0.003 



 61 

Table S24. Sensitivities and specificities of ROTA and RNFL/GCIPL thickness analysis for detection 
of glaucoma using red-free RNFL photography as the reference standard (diagnostic criterion of 
RNFL defects: ≥20 pixels of RNFL thickness below the 1st percentile; diagnostic criterion of GCIPL 
defects: ≥20 pixels of GCIPL thickness below the 1st percentile) 

ROTA: retinal nerve fiber layer optical texture analysis 
pRNFL: parapapillary retinal nerve fiber layer 
mGCIPL: macular ganglion cell inner plexiform layer  
CI: confidence interval 

Specificity was determined from 76 eyes from 42 healthy participants; sensitivity was determined from 93 
eyes from 69 glaucoma patients 

ROTA pRNFL thickness analysis Difference in 
sensitivities/specificities P 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 74.2% 64.7% - 83.6% 24.7% 15.4% - 34.1% <0.001 
Specificity 96.1% 90.4% - 100.0% 94.7% 89.8% - 99.7% 1.3% -6.5% - 9.1% 0.742 

ROTA mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 78.5% 69.0% - 88.0% 20.4% 11.1% - 29.8% <0.001 
Specificity 96.1% 90.4% - 100.0% 84.2% 73.8% - 94.7% 11.8% 2.5% - 21.2% 0.017 

ROTA pRNFL/mGCIPL thickness 
analysis 

Difference in 
sensitivities/specificities 

95% CI 95% CI 95% CI 
Sensitivity 98.9% 96.8% - 100.0% 86.0% 77.8% - 94.2% 12.9% 4.9% - 20.9% 0.002 
Specificity 96.1% 90.4% - 100.0% 80.3% 69.6% - 91.0% 15.8% 6.0% - 25.6% 0.003 
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Table S25. Within-eye sum of variance of 𝑷𝐳,𝐱𝐲	
𝑷𝒓𝒆𝒇

 measured from 5 different retinal layers derived from 49 
eyes of 28 healthy individuals who received 5 optical coherence tomography 12x9 mm2 retinal scans 
from 5 separate visits.  

𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇(𝑹𝑷𝑬)

𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇(𝑰𝑺𝑶𝑺)

𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇(𝑬𝑳𝑴)

𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇(𝑶𝑷𝑳)

𝑷𝐳,𝐱𝐲
𝑷𝒓𝒆𝒇(𝑰𝑵𝑳)

Within-eye mean sum of 
variance  

 (mean and 95% CI) [x107] 

5.71 
(4.95 - 
6.59) 

8.08 
(6.96 - 
9.38) 

17.18 
(14.68 - 
20.12) 

10.09 
(8.58 - 
11.85) 

10.21 
(8.71 - 
11.97) 

RPE: retinal pigment epithelium; ISOS: inner segment outer segment junction; ELM: external limiting 
membrane; OPL: outer plexiform layer; INL: inner nuclear layer; Pz,xy: pixel reflectance (a.u.) of the RNFL; 
Pref : median of the maximum reflectance values (a.u.) in the candidate layer from each of the 512 A-scans 
in a B-scan
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Appendix 
Section & Topic No Item Reported on page # 

TITLE OR 
ABSTRACT 

1 Identification as a study of diagnostic 
accuracy using at least one measure of 
accuracy 
(such as sensitivity, specificity, predictive 
values, or AUC) 

p.1

ABSTRACT 
2 Structured summary of study design, 

methods, results, and conclusions  
(for specific guidance, see STARD for 
Abstracts) 

p.1

INTRODUCTION 
3 Scientific and clinical background, including 

the intended use and clinical role of the index 
test 

p.1

4 Study objectives and hypotheses p.1
METHODS 
Study design 5 Whether data collection was planned before 

the index test and reference standard  
were performed (prospective study) or after 
(retrospective study) 

p.10

Participants 6 Eligibility criteria  p.10
7 On what basis potentially eligible participants 

were identified  
(such as symptoms, results from previous 
tests, inclusion in registry) 

p.10

8 Where and when potentially eligible 
participants were identified (setting, location 
and dates) 

p.10

9 Whether participants formed a consecutive, 
random or convenience series 

Test methods 10a Index test, in sufficient detail to allow 
replication 

10b Reference standard, in sufficient detail to 
allow replication 

11 Rationale for choosing the reference 
standard (if alternatives exist) 

12a Definition of and rationale for test positivity 
cut-offs or result categories  
of the index test, distinguishing pre-specified 
from exploratory 

12b Definition of and rationale for test positivity 
cut-offs or result categories  
of the reference standard, distinguishing pre-
specified from exploratory 

13a Whether clinical information and reference 
standard results were available 
to the performers/readers of the index test 

13b Whether clinical information and index test 
results were available  
to the assessors of the reference standard 

Analysis 14 Methods for estimating or comparing 
measures of diagnostic accuracy 

p.10

p.10,
S.I. p.7
S.I. p.8

p.11

p.10,
S.I. p.7

S.I. p.8

p.10

S.I. p.8

p.11
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15 How indeterminate index test or reference 
standard results were handled 

16 How missing data on the index test and 
reference standard were handled 

17 Any analyses of variability in diagnostic 
accuracy, distinguishing pre-specified from 
exploratory 

18 Intended sample size and how it was 
determined 

RESULTS 
Participants 19 Flow of participants, using a diagram 

20 Baseline demographic and clinical 
characteristics of participants 

21a Distribution of severity of disease in those 
with the target condition 

21b Distribution of alternative diagnoses in those 
without the target condition 

22 Time interval and any clinical interventions 
between index test and reference standard 

Test results 23 Cross tabulation of the index test results (or 
their distribution)  
by the results of the reference standard 

24 Estimates of diagnostic accuracy and their 
precision (such as 95% confidence intervals) 

25 Any adverse events from performing the 
index test or the reference standard 

DISCUSSION 
26 Study limitations, including sources of 

potential bias, statistical uncertainty, and 
generalisability 

27 Implications for practice, including the 
intended use and clinical role of the index 
test 

OTHER 
INFORMATION 

28 Registration number and name of registry 
29 Where the full study protocol can be 

accessed 
30 Sources of funding and other support; role of 

funders 

S.I. Figures S5 and S14

p.11

p.7,
S.I. Tables S17-S24

S.I. p.10

S.I. Figures S5 and S14

S.I. Tables S3 and S6

p.5

p.5

p.10

S.I. Tables 4,5,7,8; S17-S24

S.I. Tables 4,5,7,8; S17-S24

p.10

p.10

p.6-7

p.12
Reporting Summary

p.12

The Table was adopted from the Standards for Reporting Diagnostic Accuracy Studies (STARD)42 



References 

1. Stein, D. M. et al. Effect of corneal drying on optical coherence tomography. Ophthalmology 113, 985-

991 (2006).

2. Nakatani, Y., Higashide, T., Ohkubo, S., Takeda, H. & Sugiyama, K. Effect of cataract and its removal on

ganglion cell complex thickness and peripapillary retinal nerve fiber layer thickness measurements by

fourier-domain optical coherence tomography. J Glaucoma 22, 447-455 (2013).

3. Mwanza, J. C. et al. Effect of cataract and its removal on signal strength and peripapillary retinal nerve

fiber layer optical coherence tomography measurements. J Glaucoma 20, 37-43 (2011).

4. Satue, M. et al. Reproducibility and reliability of retinal and optic disc measurements obtained with swept-

source optical coherence tomography in a healthy population. Japanese Journal of Ophthalmology 63,

165-171 (2019).

5. Pierro, L., Gagliardi, M., Iuliano, L., Ambrosi, A. & Bandello, F. Retinal Nerve Fiber Layer Thickness

Reproducibility Using Seven Different OCT Instruments. Investigative Ophthalmology & Visual Science

53, 5912-5920 (2012).

6. Kim, J. S. et al. Retinal nerve fibre layer thickness measurement reproducibility improved with spectral

domain optical coherence tomography. Br J Ophthalmol 93, 1057-1063 (2009).

7. Wadhwani, M. et al. Test-retest variability of retinal nerve fiber layer thickness and macular ganglion cell-

inner plexiform layer thickness measurements using spectral-domain optical coherence tomography. J

Glaucoma 24, e109-115 (2015).

8. Ko, F. et al. Association of Retinal Nerve Fiber Layer Thinning With Current and Future Cognitive Decline:

A Study Using Optical Coherence Tomography. JAMA Neurol 75, 1198-1205 (2018).

9. Leung, C. K. et al. Retinal nerve fiber layer imaging with spectral-domain optical coherence tomography:

interpreting the RNFL maps in healthy myopic eyes. Invest Ophthalmol Vis Sci 53, 7194-7200 (2012).

10. Roh, K. H., Jeoung, J. W., Park, K. H., Yoo, B. W. & Kim, D. M. Long-term reproducibility of cirrus HD

optical coherence tomography deviation map in clinically stable glaucomatous eyes. Ophthalmology 120,

969-977 (2013).

11. Hwang, Y. H., Jeong, Y. C., Kim, H. K. & Sohn, Y. H. Macular ganglion cell analysis for early detection of

glaucoma. Ophthalmology 121, 1508-1515 (2014).

12. Kim, K. E., Jeoung, J. W., Park, K. H., Kim, D. M. & Kim, S. H. Diagnostic classification of macular

ganglion cell and retinal nerve fiber layer analysis: differentiation of false-positives from glaucoma.

Ophthalmology 122, 502-510 (2015).

13. Lee, W. J., Oh, S., Kim, Y. K., Jeoung, J. W. & Park, K. H. Comparison of glaucoma-diagnostic ability

between wide-field swept-source OCT retinal nerve fiber layer maps and spectral-domain OCT. Eye

(Lond) 32, 1483-1492 (2018).

14. Anderson, V. M. P. D. R. Automated Static Perimetry, 2nd Ed.  (St. Louis: Mosby, 1999).

15. Heijl, A. et al. Measuring visual field progression in the Early Manifest Glaucoma Trial. Acta Ophthalmol

Scand 81, 286-293 (2003).

16. Brynolfsso, P. GLCMFeatures (glcm), MATLAB Central File Exchange (2016). at 

<https://www.mathworks.com/matlabcentral/fileexchange/55034-glcmfeatures-glcm> 

17. Kather, J. N. et al. Multi-class texture analysis in colorectal cancer histology. Sci Rep 6, 27988 (2016).

18. Mostaco-Guidolin, L. B. et al. Collagen morphology and texture analysis: from statistics to classification.

Sci Rep 3, 2190 (2013).

19. Soh, L. & Tsatsoulis, C. Texture analysis of SAR sea ice imagery using gray level co-occurrence matrices.

IEEE Transactions on Geoscience and Remote Sensing 37, 780-795 (1999).

20. Clausi, D. A. An analysis of co-occurrence texture statistics as a function of grey level quantization.

Canadian Journal of Remote Sensing 28, 45-62 (2002).

21. Baraldi, A. & Panniggiani, F. An investigation of the textural characteristics associated with gray level

cooccurrence matrix statistical parameters. IEEE Transactions on Geoscience and Remote Sensing 33,

293-304 (1995).

22. Buciu, I. & Gacsadi, A. Gabor wavelet based features for medical image analysis and classification. 2nd

International Symposium on Applied Sciences in Biomedical and Communication Technologies 2009, 1-

4 (2009).

23. Wang, X., Georganas, N. D. & Petriu, E. M. Fabric Texture Analysis Using Computer Vision Techniques.

IEEE Transactions on Instrumentation and Measurement 60, 44-56 (2011).

 65



24. Jain, A. K. & Farrokhnia, F. Unsupervised texture segmentation using Gabor filters. Pattern Recognition

24, 1167-1186 (1991).

25. Hanley, J. A. & McNeil, B. J. The meaning and use of the area under a receiver operating characteristic

(ROC) curve. Radiology 143, 29-36 (1982).

26. Yang, Z. & Zhou, M. Kappa statistic for clustered matched-pair data. Stat Med 33, 2612-2633 (2014).

27. Tielsch, J. M., Katz, J., Quigley, H. A., Miller, N. R. & Sommer, A. Intraobserver and interobserver

agreement in measurement of optic disc characteristics. Ophthalmology 95, 350-356 (1988)

28. Varma, R., Steinmann, W. C. & Scott, I. U. Expert agreement in evaluating the optic disc for glaucoma.

Ophthalmology 99, 215-221 (1992).

29. Abrams, L. S., Scott, I. U., Spaeth, G. L., Quigley, H. A. & Varma, R. Agreement among optometrists,

ophthalmologists, and residents in evaluating the optic disc for glaucoma. Ophthalmology 101, 1662-

1667 (1994).

30. Weinreb, R. N. et al. Primary open-angle glaucoma. Nat Rev Dis Primers 2, 16067 (2016).

31. Weinreb, R.N., Leung, C. K., Garway-Heath, D.F., Medeiros, F.A. & Liebmann, J. Consensus series 8 –

Diagnosis of primary open angle glaucoma.  (Kugler Publications, 2016).

32. Leung, C. K. et al. Retinal nerve fiber layer imaging with spectral-domain optical coherence

tomography: a variability and diagnostic performance study. Ophthalmology 116, 1257-1263, 1263

e1251-1252 (2009).

33. Mwanza, J. C. et al. Macular ganglion cell-inner plexiform layer: automated detection and thickness

reproducibility with spectral domain-optical coherence tomography in glaucoma. Invest Ophthalmol Vis

Sci 52, 8323-8329 (2011).

34. Mutlu, U. et al. Association of Retinal Neurodegeneration on Optical Coherence Tomography With

Dementia: A Population-Based Study. JAMA Neurol 75, 1256-1263 (2018).

35. Petzold, A. et al. Retinal layer segmentation in multiple sclerosis: a systematic review and meta-

analysis. Lancet Neurol 16, 797-812 (2017).

36. Leung, C. K. et al. Retinal nerve fiber layer imaging with spectral-domain optical coherence

tomography: analysis of the retinal nerve fiber layer map for glaucoma detection. Ophthalmology 117,

1684-1691 (2010).

37. Sommer, A. et al. Evaluation of nerve fiber layer assessment. Arch Ophthalmol 102, 1766-1771 (1984).

38. Haralick, R. M., Shanmugam, K. & Dinstein, I. Textural Features for Image Classification. IEEE

Transactions on Systems, Man, and Cybernetics SMC-3, 610-621 (1973).

39. Bovik, A. C., Clark, M. & Geisler, W. S. Multichannel texture analysis using localized spatial filters. IEEE

Transactions on Pattern Analysis and Machine Intelligence 12, 55-73 (1990).

40. Youden, W. J. Index for rating diagnostic tests. Cancer 3, 32-35 (1950).

41. Bae, H. W. et al. Comparison of three types of images for the detection of retinal nerve fiber layer defects.

Optom Vis Sci 92, 500-505 (2015).

42. Cohen, J. F. et al. STARD 2015 guidelines for reporting diagnostic accuracy studies: explanation and

elaboration. BMJ Open 6, e012799 (2016).

6 6


	Blank Page
	41551_2021_813_MOESM1_ESM_EDITED_CL1AL8_OnlyRevisedFig_v3.pdf
	Blank Page
	Blank Page




