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Purpose: There is a strong interest in the research community to understand the relation
ship between structural and functional information obtained from OCTs and visual fields (VFs)
respectively. Along this line of research, we propose in this study a machine learning (ML)
method to predict the Mean Cluster Defect (Cluster MD) from macular OCT scans from the
full spectrum of healthy and glaucoma patients.
Method: A cohort of 104 healthy and glaucomatous patients is considered, for a total of 106
different eyes. All patients underwent ophthalmologic examination consisting of SAP and
OCT imaging on the same day. Retinal characteristic extracted from OCTs by means of seg
mentation models and SAP results were used to train regression models to predict Cluster
MD. The ten clusters used in the study were generated by superimposition of the test pattern
onto an RNFL map and segmentation into sectors at the optic nerve head, as depicted in
Figure 1. We use three different ML models, namely linear models, random forests and sup
port vector machines. Patient age, thickness and volume values of all retinal layers on the
ETDRS grid were used as input to the models. Model performance is evaluated by means of
regression score R2 and Mean Absolute Error (MAE) on the basis of a 5fold cross validation
approach.
Results: Random Forests proved to be the bestperforming model for Cluster MD regres
sion. RNFL and Ganglion CellInner Plexiform Layer (GCL+IPL) played a major role in the
prediction of visual MD. In particular, RNFL was important for the outer macular sectors (36
mm), while GCL+IPL was important in the inner macular sectors (<3mm) of the ETDRS grid.
Clusters 2, 3, 8, 9 showed the best regression score, thanks to their proximity to the macula
and fovea regions. The best result was achieved on cluster 2, where a R2 score of 0.44
and Mean Absolute Error of 3.11 ± 0.58 dB on MD were ontained. A substantial agreement
between what the model learnt and the inverted retinal image was highlighted: the model
tended to consider the inferior sector of the ETDRS for clusters in the superior VF region,
and vice versa. Same observation is valid for temporal and nasal regions.
Conclusions: In this work, we proposed a method to predict the Cluster MD from retinal
characteristics of macular OCT scans. The proposed model led to promising results that could
be used for a preliminary assessment of functional loss prior to VF testing. The prediction
model will be retrained on a larger patient cohort to potentially obtain better predictions.

Figure 1: Regression score R2 achieved for Cluster MD prediction.

Figure 2: Boxplot of Cluster MD and absolute error values, grouped by cluster and glaucoma
stage (GS).
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Layman Abstract

Artificial intelligence (AI) techniques were applied to 3D imaging of the retina to accurately
detect glaucoma, estimate quantitative measurements of visual function, and map the pattern
of glaucomatous vision loss. These AI approaches can help identify disease earlier and provide
clinicians with critical information to help them individualize treatment based on predicted
vision loss.
Character count: 2461
Title: Deep Learning Models Based on Unsegmented OCT RNFL Circle Scans Provide
Accurate Detection of Glaucoma and High Resolution Prediction of Visual Field Damage
Purpose: To apply deep learning (DL) to unsegmented optical coherence tomography (OCT)
scans to identify glaucoma, predict global visual field (VF) results, and create high resolution
maps of visual function.
Methods: Imaging and VF measurements were collected from a cohort of 2,014 healthy,
suspect, and glaucoma participants (3,882 eyes). Imaging data consisted of 68,055
unsegmented Spectralis circle scans. Functional measurements included 15,717 24-2 visual
field (VF) tests and 5,155 10-2 VF tests. Participants were randomly divided into independent
training (85%), validation (5%), and test (10%) sets. Resnet50 architecture was used to identify
healthy vs. glaucoma eyes and predict global VF metrics (MD, PSD, VFI) from unsegmented
circle scans. U-Net architecture was used to predict individual 24-2 and 10-2 test points to
provide high resolution maps of visual function. Evaluation used area under the receiver
operating characteristic curve (AUC), mean absolute error (MAE), and R2. For comparison,
predictions from mean retinal nerve fiber layer (mRNFL) thickness were also evaluated.
Results: DL outperformed mRNFL thickness in terms of AUC [95% CI] for detecting any
glaucoma (0.84 [0.76 – 0.89] vs. 0.79 [0.70 – 0.86]), moderate-to-severe glaucoma (0.97 [0.94 –
0.98] vs. 0.94 [0.90 – 0.97]), and mild glaucoma (0.75 [0.66 – 0.83] vs. 0.70 [0.59 – 0.79]). DL
prediction R2 [95% CI] was significantly (p<0.001) higher than mRNFL thickness for both 24-2
MD (0.77 [0.66 – 0.86] vs. 0.41 [0.30 – 0.53]) and 10-2 MD (0.83 [0.75 – 0.89] vs. 0.41 [0.27 –
0.55]). DL predictions of 24-2 VF MD, PSD, and VFI achieved MAE [95% CI] of 1.8 dB [1.6 –
2.1], 1.1 dB [0.9 – 1.3], and 3.8 [3.1 – 4.7], respectively. In predicting 10-2 VF MD and PSD,
MAE was 1.8 dB [1.5 – 2.1] and 1.0 dB [0.8 – 1.3], respectively. In predicting individual VF test
points, the R2 ranged from 0.07 to 0.71 for 24-2 VFs and from 0.01 to 0.85 for 10-2 VFs.
Conclusions: DL models of unsegmented circle scans significantly improves identification of
glaucoma eyes, prediction of global VF metrics, and provide high resolution maps of visual
function compared to circle scans. This suggests we can accurately predict disease stage and
patterns of functional loss to help reduce reliance on and frequency of VF testing.
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Purpose: Recently, artificial intelligence estimated the sex using only fundus photographs.
And we reported that sex can be distinguished by known factors obtained from color fundus
photography in young healthy eyes. However, it’s not clear when the sex difference of
fundus parameters occur. Therefore, the purpose of this study was to investigate gender
determination by fundus parameters using binominal logistic regression in growth phase.
Methods: A prospective cohort study was performed in 109 right eyes of elementary school
students for four years (8 to 11 years). Using the color fundus photograph, Tessellation
fundus index (TFI) was calculated by TFI=R/(R+G+B) using the mean value of red-greenblue intensity in the eight locations around the optic disc and macular region. Optic disc are
and ovality ratio, papillo-macular angle and distances, retinal vessel angles and distances
were quantified by our previous reports. The L2 regularized binomial logistic regression was
used to predict the gender by these 54 fundus parameters in each grade.
Results: Fifty-three boys and 56 girls were analyzed. The discrimination accuracy rate was
56.3% at 8 years, 46.1% at 9 years, 65.5% at 10 years and 73.1% at 11years. The sex
discrimination accuracy rate significantly increased with growth.
Conclusion: Sex differences of fundus were gradually increasing in growth phase.
There is no conflict of interest.
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Purpose: To determine if review of OCT macular and optic nerve scans improves detection of
the onset of primary open-angle glaucoma (POAG) compared to standard review of visual fields
and optic disc photographs in the Ocular Hypertension Treatment Study (OHTS) 3 20-year
follow-up.
Methods: 659 (40.3%) of the original 1636 OHTS participants completed the OHTS 3 visit that
included OHTS imaging. The 3 members of the OHTS Endpoint Committee (EC) reviewed
Cirrus OCT optic nerve head (ONH) and macula cube scans along with optic disc photographs
and visual fields on a randomly selected subset of 122 eyes of 94 OHTS 3 participants to
assess POAG status and to record how helpful the OCTs were in reaching their decision.
POAG status was recorded as “Most probably due to POAG,” “Most probably not due to
POAG,” “No Change/ Not clinically significant,” and “Probably POAG but insufficient data.” As
in the standard OHTS review (with photographs and visual fields), 3 rounds of OCT reviews for
POAG determination were possible. In Round 1 EC members reviewed independently. If
consensus was not reached, EC members re-reviewed independently (Round 2). If there was
still no consensus, EC members discussed the findings to reach consensus (Round 3).
Results: Round 1 POAG consensus was reached by the 3 EC members in more eyes with the
addition of OCT (65, 53%) than without OCT (n=56, 46%) (p=0.306), particularly if the standard
POAG endpoint was based on visual field changes only (31 [65%] and 21 [44%], respectively
[p=0.065]). Overall, agreement in POAG determination was moderate (Cohen’s kappa=0.602),
with more eyes considered as “Most probably due to POAG” with OCT (74 [61%]) than without
OCT (68 [56%]) (p=0.516). The ONH and macula scans were both helpful in the vast majority
of EC decisions overall and in each consensus round. Specifically, in 77.2% of individual
reviews (414 / 536), EC members reported that the OCT ONH scan was helpful (57.4%) or
somewhat helpful (19.7%) in reaching a decision, particularly in round 1 (helpful: 132/195
[68%]; and somewhat helpful: 32/195 [16%]).
Conclusions: Including OCT in POAG clinical trial endpoint determinations may lead to quicker
and more robust decisions, particularly in eyes in which the development of POAG was based
on changes to the visual field.
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An evaluation of an OCT-based Method for detecting glaucoma in a Reading Center
setting.
Purpose: Given the poor accuracy of automated summary statistics for detecting glaucomatous
damage with visual fields or OCT,[1] a systematic examination of OCT reports has been
suggested. To evaluate this OCT-based approach [2,3] in a reading center setting, OCT reports
from a comparative clinical study were graded.
Methods: Wide-field OCT scans were obtained from 130 eyes as part of a comparative, casecontrol study. These eyes included 40 healthy control (HC) eyes and 90 classified as either
early glaucoma (24-2 MD better than -6db) or glaucoma suspects. All eyes had reliable visual
fields, acuity better than 0.20 logMAR, refractive errors between -6 and +6D, and a 24-2 MD
better than -6dB. The OCT reports,(Fig. 1) included thickness (D,F) and probability (E,G) maps
from both the retinal nerve fiber layer (RNFL) and ganglion cell layer plus inner plexiform layer
(GCL+), as well as a circumpapillary (cp) b-scan image (A) and cpRNFL thickness plot (B).[4]
Two graders experienced with the Columbia University (CU) OCT-based method,[2,3]
categorized each eye as optic neuropathy consistent with glaucoma (ON-G), not optic
neuropathy-glaucoma (NG), or OCT-suspect (S) based upon clearly defined rules.
Disagreements among graders were successfully adjudicated.
Results: The key findings were: 1. Before adjudication, the agreement among the graders was
excellent (kappa: 0.892, p<0.05), with 8 eyes requiring adjudication. 2. None of the 40 HC eyes
were classified as ON-G, and only 1 (2.5%) was classified as OCT-S. 3. Only 9 (10%) of the 90
patient eyes were classified as OCT-S, while the rest were either ON-G (74%) or NG (26%). 4.
Interestingly, based only on the OCT report, graders noted the need to rule out other causes
(e.g., ION or SSOH) in 3 ON-G eyes (2 patients). Post-hoc analysis of fundus photos by a
neuro-ophthalmologist confirmed the presence of superior segmental optic hypoplasia (SSOH)
in both patients. In addition, in 2 NG eyes, graders noted the presence of ERMs, which could
affect the OCT measurements.
Conclusion: The CU OCT-based method for detecting glaucoma has excellent specificity and
provides a possible methodology for use in a reading center. However, more work is needed,
including evaluating training procedures for graders, and comparing performance against
fundus photos, which are currently employed. The latter comparison will be completed in time
for the August meeting.
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