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STRUCTURE - FUNCTION RELATIOSHIP IN GLAUCOMA 
USING ENHANCED DEPTH IMAGING OPTICAL 
COHERENCE TOMOGRAPHY-DERIVED PARAMETERS
Izabela Frota de Almeida1, 2, Flavio S. Lopes1, Diego T. Dias1, 
Michele Ushida2, Bernardo de Padua Soares Bezerra3, 
Igor Matsubara2, Fabio N. Kanadani4, Syril K. Dorairaj5, 
Augusto Paranhos Jr.1, Tiago S. Prata1, 2. 1Ophthalmology, Federal 
University of São Paulo, Sao Paulo, Brazil; 2Glaucoma, Hospital 
Medicina dos Olhos, Osasco, Brazil; 3Royal Victorian Eye and Ear 
Hospital, Melbourne, VIC, Australia; 4Eye’s Institute of Medical 
Science, Belo Horizonte, Brazil; 5Department of Ophthalmology, 
Mayo Clinic, Jacksonville, FL.
Purpose: To investigate structural and functional correlations in 
glaucoma patients using enhanced depth imaging spectral-domain 
optical coherence tomography (EDI OCT)-derived parameters.
Methods: We prospectively enrolled glaucomatous patients with 
a wide range of disease stages. All participants underwent EDI 
OCT imaging (Spectralis; Heidelberg Engineering Co., Heidelberg, 
Germany). The following optic nerve head (ONH) parameters were 
measured on serial vertical EDI OCT B-scans by two experienced 
examiners masked to patients clinical data: lamina cribrosa thickness, 
prelaminar neural tissue (PLNT) area, lamina cribrosa posterior 
displacement and superior (sMRW) and inferior minimum rim width 
(iMRW). Only good quality images were considered, and whenever 
both eyes were eligible, one was randomly selected for analysis. 
Scatter plots were constructed to investigate correlations between 
each anatomical parameter and patient’s visual status (based on visual 
field mean deviation index [MD] values).
Results: A total 30 eyes of 30 patients were included. Patients were 
divided according to MD values into 3 groups: mild (G1), moderate 
(G2) and severe (G3) glaucoma (> -6dB, -6 to -12dB, and <-12dB, 
respectively). Mean values for PLNT area, iMRW and sMRW 
differed significantly between disease stage groups (p≤0.015). 
Significant structure-function correlations were found for PLNT area 
(R2=0.30), sMRW (R2=0.22) and iMRW (R2=0.28; P≤0.01) (Figure 
1). No significant correlations were found for none of the other EDI 
OCT parameters (p>0.05).
Conclusions: Evaluating the distribution pattern and structure-
function correlations of different laminar and pre-laminar EDI 
OCT-derived parameters in glaucomatous patients, we found better 
results for neural tissue based indices. The diagnostic utility of each 
parameter deserves further investigations.
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Correlation of Bruch’s Membrane Opening-Minimum Rim 
Width (BMO-MRW) and Visual Function Loss in Glaucoma 
Using Broken Stick Model
Keunheung Park, Jiwoong Lee. Ophthalmology, Pusan National 
University Hospital, Busan, Korea (the Republic of).
Purpose: To determine the Bruch’s membrane opening minimum rim 
width (BMO-MRW) tipping point where corresponding visual field 
damages become detectable.
Methods: One hundred fifty-eight subjects were recruited for the 
study: 79 healthy and 79 glaucoma subjects. All patients had visual 
field exam, Swedish Interactive Threshold Algorithm (SITA) 24-2 
and spectral-domain optical coherence tomography (SD-OCT, 
Spectralis, Heidelberg) to measure BMO-MRW. 52 testing points of 
visual field total deviation values were allocated to the corresponding 
sector according to the Garway-Heath distribution map. To analysis 
correlation between visual field values and BMO-MRW,  
a ‘broken-stick’ statistical model was used. The tipping point was 
estimated at which visual field values start to sharply decreases 
with BMO-MRW thinning and then the slopes above and below this 
tipping point were evaluated.
Results: Globally, BMO-MRW thinning, approximately 27.8% loss 
from normal thickness, was required for visual field to be detectable. 
Sectorally, relatively larger BMO-MRW thinning in inferior sectors 
(35.5%, 39.2%; inferotemporal, inferonasal respectively) and 
relatively smaller in superior sectors, 13.3%, 33.8% (superotemporal, 
superonasal respectively) was necessary for visual field to be 
detectable. In temporal sector, only 7.0% of BMO-MRW thinning 
was required. The slopes above these tipping points were almost zero 
throughout all sectors and visual field damages were unrelated to 
BMO-MRW thinning. The slopes below tipping points were steeper 
than above and visual field damages well associated with  
BMO-MRW thinning.
Conclusions: We identified the existence of tipping point between 
BMO-MRW and visual field test. Especially in early glaucoma, 
the functional test like visual field exam can be masked until the 
significant structural damage progresses and the tipping point of it is 
approximately 27.8% loss from normal BMO-MRW.

Healthy (H) and glaucoma (G) BMO-MRW in the global mean with 
corresponding (A) visual field threshold values and (B) visual field 
mean deviation(MD). 95% confidence interval is shown as dashed 
line. The tipping point / adjusted R2 is (A) 185.6 µm / 0.4173 and (B) 
185.8 µm / 0.5330.
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Healthy (H) and glaucoma (G) BMO-MRW in each sector with 
corresponding visual field threshold values. 95% confidence interval 
is shown as dashed line.
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Comparison of reproducibility in glaucoma severity staging by 
structural measurement and functional test
Daisuke Shiba, Eri Hirano, Sayaka Adachi, Kenya Yuki, 
Kazuo Tsubota. Ophthalmology, Keio University, Shinjuku-ku, Japan.
Purpose: A precise severity staging method for evaluating 
glaucomatous optic neuropathy (GON) has an advantage to evaluate 
GON properly. The objective of the present study is to compare 
reproducibility in staging GON between macular ganglion cell 
complex thickness (GCCT) with spectral-domain optical coherence 
tomography (SD-OCT) and visual field sensitivity (VFS) with 
standard automated primetry (SAP).
Methods: In this prospective study, we included glaucoma patients 
with visual field defect above -18dB of mean deviation value. Eyes 
with cataract or any other ocular abnormality or history of intraocular 
surgery except successful glaucoma surgery were excluded. The 
included patients underwent SAP by Humphry field analyzer with 
central 30-2 program and GCCT measurement by SD-OCT (Nidek; 

RS-3000 Advance) with macular scan. The same examinations were 
repeated at the next visit for less than two months. We used mean 
GCCTs in superior semicircle (SSC) with the radius of 3mm and 
inferior semicircle (ISC) with the same radius as structural measures. 
The center of SSC or ISC was positioned at the fovea. Meanwhile, 
mean VFSs of superior hemi-field (SHF) and inferior hemi-field 
(IHF) were adopted as functional measures. Eyes were classified into 
10 stages based on the deciles of each measure. We adopted Cohen’s 
weighted kappa statistic as a measure of the inter-visit agreement in 
glaucoma staging.
Results: 60 eyes of 60 patients were included in this study. The 
mean first / second GCCTs were 84.1±10.4µm / 83.9±10.5µm in 
SSC and 74.6±1.5µm / 74.6±1.51µm in ISC. Mean VFSes at first 
/ second visit was 25.6±5.6dB / 25.4±5.6dB in IHF, 22.9±7.5dB / 
22.9±7.1dB in SHF. Weighted kappa values [95%CI] with SD-OCT 
were 0.982[0.974, 0.990] and 0.987[0.981, 0.993] in SSC and ISC, 
whereas Kappa values with SAP were 0.683[0.279, 1.09] in IHF and 
0.968[0.959, 0.977] in SHF.
Conclusions: Staging by structural measures had a higher 
reproducibility than by functional measures in this study population 
with glaucoma.
Commercial Relationships: Daisuke Shiba; Eri Hirano, None; 
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The relationship between contrast sensitivity and retinal nerve 
fiber layer thickness in patients with glaucoma
Sarah Amanullah1, Joseph Okudolo1, Michael Waisbourd2, 
Kamran Rahmatnejad2, Shuai-Chun Lin2, Sheryl S. Wizov2, 
Remy Manzi2, Tingting Zhan2, 3, Cindy X. Zheng2, 
Jonathan S. Myers2, 4, Scott S. Fudemberg2, 4, Anand Mantravadi2, 4, 
L. Jay Katz2, 4, Marlene Moster2, 4, Michael Pro2, 4, George L. Spaeth2. 
1Sidney Kimmel Medical College, Philadelphia, PA; 2Glaucoma 
Research, Wills Eye Hospital, Philadelphia, PA; 3Biostatistics, 
Thomas Jefferson University, Philadelphia, PA; 4Ophthalmology, 
Thomas Jefferson University, Philadelphia, PA.
Purpose: The structure-function relationship between the retinal 
nerve fiber layer (RNFL) and the visual field in glaucoma is widely 
studied; however, there is limited data on the relationship between the 
RNFL and contrast sensitivity (CS). We performed a subanalysis on 
a prospective, longitudinal cohort study to determine the relationship 
between areas of CS and sectors of the RNFL.
Methods: The relationship between CS and RNFL thickness was 
assessed in 161 participants with moderate to advanced glaucoma. 
At four annual visits, CS was measured in five areas of vision 
using the Spaeth/Richman Contrast Sensitivity (SPARCS) test, and 
RNFL thickness was measured using Cirrus-HD optical coherence 
tomography (OCT). Images obtained via OCT with signal strength 
<7 were excluded. As SPARCS measures CS in multiple areas of 
vision, hypotheses regarding which areas would correlate were based 
on Garway-Heath’s map: the upper SPARCS areas were mapped to 
the inferior RNFL quadrant, the lower SPARCS areas to the superior 
RNFL quadrant, and the central SPARCS area to the temporal RNFL 
quadrant. Pearson correlation coefficients with significance level 
determined by F- test and multivariate linear regressions were used to 
assess the relationship between CS and RNFL.
Results: The SPARCS left upper quadrant score correlated the most 
strongly with the RNFL inferior quadrant for both eyes at each visit, 
as expected by the Garway-Heath map (p<0.05; Table 1). There were 
no discernible trends for the correlations between the other areas 
of CS and RNFL quadrants. Multivariate linear regression between 
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the SPARCS total score and average RNFL thickness showed a 
significant direct relationship at each visit (p<0.01).
Conclusions: Contrast sensitivity in the left upper area of vision 
for both eyes correlated most strongly with inferior quadrant of 
the RNFL. These fibers project to the temporal portion of the 
right occipital lobe, implying a potential center for contrast in this 
area. Further, SPARCS had predictive value for RNFL thickness. 
Contrast’s importance in vision-related quality of life of glaucoma 
patients warrants further research in understanding how it can be used 
as a tool in clinical practice.

Table 1. Pearson correlation coefficients (p<0.05) between the 
SPARCS left upper quadrant and RNFL inferior quadrant for each 
eye at each visit.
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High Resolution Mapping of Standard Automated Perimetry to 
Peripapillary Retinal Nerve Fiber Layer According to Refractive 
Status
Seung Woo Hong, You Sook Hwang, Woo kyung Park, Shin Hae Park. 
Ophthalmology, The Catholic University of Korea, Seoul, Korea (the 
Republic of).
Purpose: To investigate the effect of refractive errors on  
structure-function relationships at each of visual field (VF) test points 
using circum-peripapillary retinal nerve fiber layer (RNFL) thickness 
measured with optical coherence tomography (OCT).
Methods: Medical records of 1128 individuals who visited Bucheon 
St. Mary’s Hospital were reviewed. Of those, 799 were glaucoma 
patients, 258 were glaucoma suspects, and 71 were normal healthy 
subjects. All the subjects received standard automated perimetry 
(SAP) and RNFL thickness measurement using optical coherence 
tomography (OCT). The subjects were classified into four subgroups 
according to refractive status (hyperopia, emmetropia, mild-to-
moderate myopia and high myopia). Pearson’s correlations between 
sensitivity at 54 SAP test points and RNFL thickness at 256 sectors 
were calculated. Maps exhibiting relationships between VF test 
points and RNFL sectors were plotted.
Results: Mild to moderate correlations were observed between VF 
sensitivity values and RNFL thickness. The correlations at each SAP 
test points showed differences according to refractive status. The 
sensitivity at the SAP point 9° nasal and 9° inferior to the fixation 
point exhibited the highest correlation with RNFL thickness in the 
inferior hemi-VF regardless of refractive status. The sensitivity at the 
SAP point 15° nasal and 3° superior to the fixation point exhibited the 

highest correlation with RNFL thickness in the superior hemi-field, 
except in cases of high myopia.
Conclusions: Maps relating RNFL sectors to SAP test points have 
been developed according to refractive status. The correspondences 
between SAP test points and RNFL sectors in hyperopic and high 
myopic subjects were somewhat different from the other groups.
Commercial Relationships: Seung Woo Hong, None; You 
Sook Hwang, None; Woo kyung Park, None; Shin Hae Park, None
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Glaucoma structure-function modeling improves by combining 
retinal nerve fiber layer thickness (RNFLT) with neuro-retinal 
rim thickness (NRRT) measurements
Hui Wang1, 2, Neda Baniasadi2, 3, Qingying Jin4, Mengyu Wang2, 
Lucy Q. Shen5, Louis R. Pasquale5, Tobias Elze2. 1Institute 
for Psychology and Behavior, Jilin University of Finance and 
Economics, Changchun, China; 2Schepens Eye Research Institute, 
Harvard Medical School, Boston, MA; 3University of Massachusetts, 
Lowell, MA; 4Jilin University, Changchun, China; 5Mass. Eye and 
Ear, Harvard Medical School, Boston, MA.
Purpose: To quantitatively compare sector-specific glaucoma 
structure-function models using RNFLT circle sectors around the 
optic nerve head (ONH) with models using thickness measured 
directly at the ONH border (NRRT).
Methods: From a large clinical glaucoma practice, circumpapillary 
optical coherence tomography (OCT) RNFLT scans around ONH 
and accompanying SITA Standard 24--2 Humphrey VFs (Cirrus HD 
OCT/Humphrey Field Analyzer, Carl Zeiss Meditec, Jena, Germany) 
were selected if the following reliability criteria were fulfilled: signal 
strength >= 6, no missing RFNLT data within the Cirrus standard 
circle (1.73 mm radius around ONH), no eye movement artifacts 
detected by a trained observer (OCT); false positive/negative rates 
<=20%, fixation loss rate <=33% (VF). One reliable pair of OCT/
VF measurements of one randomly chosen eye per patient was 
selected. RNFLT on standard circle and NRRT, measured between 
Bruch’s membrane opening and a machine-defined landmark on 
internal limiting membrane (Fig. 1a), were transferred from the 
Cirrus machine. VF and RNFLT/NRRT were partitioned into sectors 
according to the Garway-Heath map [1] (Fig. 1b). For each sector, 
linear regression models of VF mean total deviation (TD) were 
compared with RNFLT, NRRT, or both combined as regressors. A 
sector-specific Bayesian model comparison with Bayes Factor (BF) 
as selection criterion was calculated.
Results: 445 eyes of 445 patients met the selection criteria (age 
[mean±std. dev.]: 58.9±13.0 years, MD: -3.0±4.3 dB). RNFLT and 
NRRT were significantly (p<0.01) correlated to TD for all sectors 
(Fig. 1c). In the sector-specific RNFLT/NRRT model comparison 
(Fig. 2a), NRRT outperformed RNFLT for the central VF sector 
(BF=442) and RNFLT outperformed NRRT in all other sectors (BF 
between 8.9 and 1.3e+19). For all sectors, the combination of RNFLT 
and NRRT outperformed the respective best single parameter with 
positive evidence for the inner/temporal and very strong evidence for 
the nasal/peripheral VF sectors (Fig. 2b; BF between 4.8 and 886).
Conclusions: A combination of RNFLT and NRRT improves 
glaucoma structure-function modeling, particularly in nasal/
peripheral VF sectors. NRRT, which is available on the Cirrus 
printout, should be taken into consideration as well for the 
interpretation of VFs.
[1] Garway-Heath et al. Ophthalmology 107:1809-15, 2000
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Correlation between structure and function each cluster of test 
points within the central 10 degrees in glaucoma
Yuta Sakaue, Tetsuya Togano, Aki Suetake, Ryu Iikawa, 
Ryoko Igarashi, Shun Ochiai, Takeo Fukuchi. Division of 
Ophthalmology, and Visual Science, Niigata University Graduate 
School of Medical and Dental Sciences, Niigata, Japan.
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Purpose: To evaluate the relationships with visual sensitivities 
within the central 10 degrees in glaucoma and measurements of 
inner macular thickness divided in 5 areas and to investigate which 
measurements are the most useful.
Methods: Sixty-two eyes of 62 primary open-angle glaucoma 
patients had 10-2 visual fields and optical coherence tomography 
scans. We divided 10-2 test points into 5 clusters according to 
correlation with foveal threshold and divided macular area into 5 
correspondent areas (A1~A5). Average sensitivity of each cluster was 
compared with the average thickness of the retinal nerve fiber layer 
(RNFL), ganglion cell layer (GCL) + inner plexiform layer (IPL), 
and RNFL+GCL+IPL (GCC) of each area, with and without retinal 
ganglion cell displacement (RGCD) (Figure1).
Results: RNFL, GCL+IPL and GCC thickness of A1 which is 
corresponding to papillomacular area strongly correlated with 
average sensitivity (r=0.810~0.861, p< 0.001). In inferior arcuate area 
(A2) and inferior peripheral area (A3), RNFL and GCC thickness 
correlated significantly with average sensitivity but GCL+IPL 
thickness didn’t correlate. In superior arcuate area (A4) and superior 
peripheral area (A5), all parameters correlated significantly with 
average sensitivity, but RNFL and GCC thickness correlated stronger 
than GCL + IPL thickness. Correlation’s degree was nearly equal 
with or without RGCD. GCC thickness had the strongest correlation 
in A1 (r=0.861, p< 0.001) and RNFL thickness had the strongest 
correlation in A2~A5 (r=0.584~0.874, p< 0.001).
Conclusions: It may be possible to estimate visual sensitivity of each 
cluster by measurements of inner macular thickness. GCC thickness 
was the most useful parameter in A1 corresponding to papillomacular 
area and RNFL thickness was the most useful parameter in A2~A5.

Commercial Relationships: Yuta Sakaue, None; Tetsuya Togano, 
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None; Shun Ochiai, None; Takeo Fukuchi, None
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Comparison between 24-2 and 10-2 visual fields and optical 
coherence tomography measurements in open-angle glaucoma
Chiara Ancona, Paola Cirafici, Serena Telani, Alessandro Masala, 
Carlo E. Traverso, Michele M. Iester. DiNOGMI, University Eye 
Clinic Genoa, Genoa, Italy.

Purpose: We performed a retrospective, observational clinical study 
to assess the correlation between visual field defects and retinal nerve 
fiber layer thickness in glaucoma patients.
Methods: Twenty-four glaucoma patients (9 females and 15 males) 
mean age (71.25 ± 7.59) were enrolled in our retrospective study and 
examined at Clinica Oculistica, University of Genoa.
The examination included best correct visual acuity, intraocular 
pressure, Humphrey 24-2 and 10-2 visual field (VF), retinal nerve 
fiber layer (RFNL) and ganglion cell complex (GCC) by spectral 
domain optical coherence tomography (SD-OCT). RNFL and GCC 
thickness were compared with mean deviation (MD) and pattern 
standard deviation (PSD) in both 24-2 and 10-2 VF.
The relationship between MD, PSD and OCT measurements was 
evaluated by Pearson’s r correlation coefficient and linear regression 
model was applied to the data to evaluate the more predictive 
correlation. Significance was set at p< 0.05.
Results: 24-2 visual field MD (MD-24) showed a significant 
correlation with GCC (r= 0.5, p< 0.001) and with RNFL (r= 0.34,  
p< 0.05). 10-2 visual field MD (MD-10) showed a significant 
correlation with GCC (r= 0.61, p< 0.001) and RNFL (r=0.33,  
p< 0.05). 24-2 visual field PSD showed a significant correlation with 
GCC (r= -0.3 p< 0.05) but no significant correlation with RNFL  
(r= -0.21). 10-2 visual field PSD showed a significant correlation 
with GCC (r=-0.57 p< 0.001) and RNFL (r= -0.34, p< 0.05). A linear 
regression model found that GCC was the best predictor of MD-10 
(Beta=0.582, p< 0.001).
Conclusions: Both MD-10 and MD-24 showed a significance 
correlation with GCC and RNFL but GCC was better correlated to 
MD-10 than the MD-24.
Commercial Relationships: Chiara Ancona, None; Paola Cirafici, 
None; Serena Telani, None; Alessandro Masala, None; 
Carlo E. Traverso, None; Michele M. Iester, None
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Sectorial structural/function correlation of OCT in 10-2 and 24-2 
visual fields
Paola Cirafici, Chiara Ancona, Alessandro Masala, Serena Telani, 
Carlo E. Traverso, Michele M. Iester. DINOGMI, University Eye 
Clinic Genoa, Genoa, Italy.
Purpose: To determine the relationship between sectorial spectral 
domain optical coherence tomography (SD-OCT) parameter 
thickness and the corresponding visual field (VF) area in in glaucoma 
patients.
Methods: Forty-eight eyes of open angle glaucoma patients were 
evaluated at the University Eye Clinic of Genoa and included in 
this retrospective, observational clinical study. All participants 
underwent a comprehensive ophthalmic examination, including best 
correct visual acuity, Humphrey 10-2 and 24-2 VF, and macular and 
peripapillary retinal nerve fiber layer (RNFL) thickness by SD-OCT 
RTvue-100 Optovue. Then ganglion cell complex (GCC) thickness, 
full retinal (FR) thickness, outer retinal (OR) thickness were 
considered and each parameter was divided into two sectors, superior 
and inferior, while from the sensitivity values of each point tested of 
both 10-2 and 24-2 VF maps, new clusters were calculated and the 
VF sensitivity values obtained were correlated to the corresponding 
area of the optic nerve head. Pearson’s r correlation coefficient 
was applied to the data to evaluate the more predictive values. 
Significance was set at p< 0.05.
Results: Average GCC had significant correlation to the central 
cluster of the both 24-2 (r=0.491, p<0.001) and 10-2 VF (r=0.470, 
p<0.001); furthermore a significant correlation was found between 
superior GCC and inferior cluster of VF in 24-2 (p<0.001) and in 



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

10-2 VF (r=0.597, p<0.001)and between inferior GCC and superior 
cluster of VF both in 24-2 (p<0.001) and in 10-2 VF (r=0.581, 
p<0.001).
FR thickness had significant correlation with central 24-2 (r=0.491, 
p<0.001) and 10-2 VF (r=0.470, p<0.001). Significant correlation 
was found between superior FR thickness and inferior cluster of 
VF both in 24-2 (p<0.001) and in 10-2 VF (r=0.561, p<0.001) and 
between inferior FR thickness and superior cluster of VF both in 24-2 
(p<0.001) and in 10-2 VF (r=0.602, p<0.001). Outer retinal thickness 
showed no significant correlation with both 24-2 and 10-2 VF, while 
RNFL showed a weaker correlation to 24-2 and 10-2 VF cluster 
areas.
Conclusions: Global GCC and FR parameters were significantly 
correlated to central sensitivity of VF. Superior OCT sectors were 
better correlated to inferior part of the VF. RNFL had weaker 
correlation to VF than the other OCT parameters.
Commercial Relationships: Paola Cirafici, None; Chiara Ancona, 
None; Alessandro Masala, None; Serena Telani, None; 
Carlo E. Traverso, None; Michele M. Iester, None
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Structure-Function Relationships in Patients of African vs. 
European Descent with Established or Suspected Glaucoma
Nima Fatehi, Sharon Henry, Esteban Morales, Joseph Caprioli, 
Kouros Nouri-Mahdavi. Glaucoma, Jules Stein Eye Institute UCLA, 
Los Angeles, CA.
Purpose: Differences in visual field (VF) sensitivities and retinal 
nerve fiber layer (RNFL) or macular thickness measurements have 
been reported in normal subjects of African descent (AD) compared 
to those of European descent (ED). (Racette, 2010; Girkin, 2010) 
We tested the hypothesis that the nature of structure-function (SF) 
relationships was similar in AD vs. ED subjects with established or 
suspected glaucoma.
Methods: 66 eyes of 43 AD patients and 66 eyes of 45 ED patients 
matched for age (±5 years) and refraction (± 1 D) were selected. 
Peripapillary RNFL (12° measurement circle) and macular ganglion 
cell/inner plexiform layer (GCIPL) thickness measurements 
(Posterior Pole Algorithm, Spectralis SD-OCT) and VF total 
deviation values were exported and RNFL sectors and VF clusters 
were defined (Garway-Heath et al.). The central superior and inferior 
VF clusters (6 points each) were matched to corresponding macular 
regions. Spearman correlation and broken-stick regression analyses 
were used to compare strength and pattern of SF relationships.
Results: Average (±SD) age and median (IQR) mean deviation 
were 71.0 (±9.2) and –3.1 (–5.6 to –1.6) dB in AD patients and 71.0 
(±9.4) years and –2.8 (–6.0 to –0.4) dB in the ED group. Spearman 
correlation coefficients between RNFL sectors and corresponding 
VF clusters were comparable between the 2 groups except for 
the temporal RNFL sector where the magnitude of the difference 
was clinically significant despite a p value of borderline statistical 
significance (Table). Correlation coefficients for the superior and 
inferior macular GCIPL thickness and the corresponding VF clusters 
were as follows in the AD vs. ED groups, respectively: superior 
GCIPL vs. inferior field ρ =0.514 vs. ρ =0.180 (bootstrapped p value 
for the difference =0.053), inferior GCIPL thickness vs. superior VF: 
ρ =0.495 vs. ρ =0.248 (p =0.141). Patterns of SF relationships were 
mostly similar in the two groups (Figure).
Conclusions: SF relationships appear to be consistent between 
glaucoma patients of African and European descent except in the 
temporal area where subjects of African descent tended to show a 
stronger correlation between structural and functional measurements 
and an overall thinner macular GCIPL. These findings, if confirmed, 

have significant clinical implications in detection of glaucoma or its 
progression in subjects of African descent.

Commercial Relationships: Nima Fatehi, None; Sharon Henry, 
None; Esteban Morales, None; Joseph Caprioli, None; 
Kouros Nouri-Mahdavi, Heidelberg (R)
Support: NIH 1K23EY022659 (KNM) and Departmental 
Unrestricted Grant from Research to Prevent Blindness
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Structure-function relationship in glaucoma using NIDEK 
spectral domain optical coherence tomography in Hispanic 
population
Jeanneth Toquica1, 3, Fernando F. Gomez Goyeneche2, 1, 
Maryudy Velandia3, 1, Diana Sarmiento4, Gerardo Ardila1. 
1Universidad Militar Nueva Granada, Bogota, Colombia; 
2Diagnostico ocular del Country, Bogota, Colombia; 3Ophthalmology, 
Hospital Militar Central, Bogota, Colombia; 4Pontificia Universidad 
Javeriana, Bogotá, Colombia.
Purpose: To evaluate the structure-function relationship measured 
with Nidek RS 3000 advance spectral domain optical coherence 
tomograph and perimetric field defects in a Hispanic population
Methods: Eighty three eyes with glaucoma(mean age: 63,4 years 
24% male and 76% female). and one hundred sixty three glaucoma 
suspects (mean age: 51,59 years 37.8% male and 62.2% female) 
were included in a cross-sectional study. The relationship between 
retinal nerve fiber layer RNFL, optic disc and ganglion cell complex 
(GCC) reduction and visual field losses was evaluated and Pearson’s 
correlation coefficients (R)was calculated.
Results: A significant but mild correlation (R=0.24 p < 0.002) was 
seen between functional and structural parameters in glaucoma 
suspects. After the classification of the patients by the Hodapp-
Parrish-Anderson glaucoma grading scale, at initial glaucoma 
we establish significant correlation between VF with temporal 
RNFL(R=0314 p < 0.003) and optic disc(R=0.36 p < 0.012); about 
moderate glaucoma we found a higher correlation with temporal 
RNFL (R=0,734 p < 0.000) and inferior GCC thickness(R=0,506 p 
< 0.023). At advanced glaucoma there was a strongest correlation 
(R=0.711 p < 0.014) between superior RNFL and optic disc with 
corresponding topographic SAP locations.
Conclusions: There are significant correlations between RNFL, 
optic disc and GCC loss and deficits on SAP that increase with the 
glaucoma severity. This is de first study in Hispanic population using 
fourier domain tomography, the data of which may improve our 
understanding of glaucomatous damage and aid the management of 
patients with glaucoma.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Commercial Relationships: Jeanneth Toquica, None; 
Fernando F. Gomez Goyeneche, None; Maryudy Velandia, None; 
Diana Sarmiento, None; Gerardo Ardila, None

Program Number: 5819 Poster Board Number: B0371
Presentation Time: 11:30 AM–1:15 PM
Factors affecting ISNT rule satisfaction in normal and 
glaucomatous eyes
Ja Yoon Moon1, Ki Ho Park1, Dong Myung Kim1, Seok Hwan Kim2. 
1Ophthalmology, Seoul National University Hospital, Seoul, Korea 
(the Republic of); 2Ophthalmology, Seoul Municipal Government-
Seoul National University Boramae Medical Center, Seoul, Korea 
(the Republic of).
Purpose: To determine the factors that influence the 
satisfaction of the “ISNT” rule (neural rim width: 
inferior(I)>=superior(S)>=nasal(N)>=temporal(T)) in normal and 
glaucomatous eyes.
Methods: Medical records of patients attending Seoul National 
University Hospital were reviewed. Each group of normal and 
glaucomatous eyes was divided into subgroups of whether or not they 
satisfied the ISNT rule. ISNT rule assessment was done by measuring 
the rim width in stereoscopic optic disc photographs using ImageJ 
software. Logistic regression analysis was performed to identify the 
factors affecting the satisfaction of the ISNT rule.
Results: Seventy seven normal eyes and ninety seven glaucomatous 
eyes were included. The ISNT rule was intact in fifty nine eyes 
(76.6%) in normal eye group and was violated in seventy one eyes 
(73.2%) in glaucomatous eye group. Logistic regression analysis 
revealed significant influence of the axial length (OR 0.548, P = 
0.034) in violation of the ISNT rule in the normal eye group while 
MD value (OR 1.352, P = 0.045) was a significant factor in the 
glaucomatous eye group.
Conclusions: The ISNT rule may not be as effective in detecting 
early glaucoma. Cautious application of the ISNT rule should be 
performed when evaluating normal eyes with long axial lengths.
Commercial Relationships: Ja Yoon Moon; Ki Ho Park, None; 
Dong Myung Kim, None; Seok Hwan Kim, None
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Does the raphe-fovea-disc angle contribute to the basis of the 
ISNT rule?
Katherine Tsang1, Lynn Shi2, 1, Rashmi Rajshekhar1, Brad Fortune3, 
Juan Reynaud3, Donald Hood1, 2. 1Psychology, Columbia University, 
New York, NY; 2Ophthalmology, Columbia University, New York, 
NY; 3Devers Eye Institute, Portland, OR.
Purpose: The fovea to disc (FtoD) angle has been associated with a 
greater circumpapillary retinal nerve fiber layer (cpRNFL) thickness 
in the inferior (I), as compared to the superior (S), quadrant in 
myopic eyes.[1] Given that the angle between the raphe and the 
fovea-to-disc line (RtoD angle, in Fig. 1) is, on average, less than 
180°,[2,3] this angle may be a contributing factor to differences in the 
cpRNFL in the I vs. S quadrants. Using an en-face technique based 
upon a single swept source optical coherent tomography (ssOCT) 
scan, we studied healthy eyes to determine the association between 
cpRNFL thickness and FtoD and RtoD angles, the latter of which is 
not affected by head/eye torsion.
Methods: 28 healthy eyes (54.7 ±11.5 yrs) were included if they 
had a spherical refractive errors between +3 and -6D and a wide-
field ssOCT cube scan (9x12 mm, DRI-OCT, Topcon, Inc). Using 
special purpose software (ATL 3D-Suite),[4] and the inner limiting 
membrane (ILM) as a reference, 52 um thick en-face slabs of 
maximum reflective intensity were generated (Fig. 1).[5] The upper 

and lower limits of the raphe (dashed lines in Fig. 1) were marked 
based upon where clear bundles appeared to end. The raphe was 
estimated from the line of best fit through the midpoints between 
the upper and lower limits. Based upon the centers of the fovea 
and disc, the FtoD and RtoD angles were determined (Fig. 1). The 
thickness of the S and I quadrants was determined using commercial 
segmentation.[6]
Results: The ratio of I to S quadrant thickness increased with 
decreased RtoD angle (r=0.46; Fig. 2, top). It also increased with 
increased FtoD angle (r=0.34; Fig. 2, bottom), although FtoD is 
affected by head/eye torsion.
Conclusions: The en-face technique combined with the high 
resolution, wide-field scans allows reasonably good visualization 
of the raphe. Using this technique, as predicted, we found that the 
relative thickness of the I quadrant compared to the S quadrant 
increased as the RtoD angle decreased. Taking the RtoD angle into 
consideration may improve the usefulness of quadrant cpRNFL 
analysis, including the use of the ISNT rule, for diagnostic purposes.
1. Choi et al. IOVS 2014; 2. Chauhan et al. Ophthal. 2014; 3. Huang 
et al. IOVS, 2014; 4. Fortune et al. IOVS 2014; 5. Hood et al. IOVS 
2015. 6. Hood et al. TVST 2016.

Figure 1
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Glaucoma-related macular damage as measured by OCT and 
vision-related quality of life
alisa prager, Donald Hood, Jeffrey M. Liebmann, C Gustavo De 
Moraes, Lama Al-Aswad, Qi Yu, George A. Cioffi, Dana Blumberg. 
Columbia University, New York, NY.
Purpose: To determine the relationship between vision-related 
quality of life (VRQoL) and structural macular damage as measured 
by ganglion cell-inner plexiform (RGC+) layer thickness in open 
angle glaucoma patients.
Methods: 107 patients (214 eyes) with the entire range of 
glaucomatous damage underwent standard automated perimetry 
10-2 visual field test (Swedish Interactive Threshold Algorithm 
protocol) and Cirrus SD-OCT macular cube 512x128 scans. Patients 
completed the National Eye Institute Visual Function Questionnaire 
(NEIVFQ-25) within 6 months of OCT testing. Linear regression 
analyses were conducted to determine the relationship between 
RGC+ layer thickness quantitative measures, 10-2 binocular visual 
field (VF) mean deviation, and Rasch-calibrated NEIVFQ-25 scores. 
Chi-squared test was used to categorize NEIVFQ-25 (“high” vs. 
“low”) relative to patterns of glaucoma-related macular damage on 
OCT (defined as diffuse vs. focal). Diffuse damage on OCT was 
defined as decrease to the 5% level both superiorly and inferiorly in 

any of the four temporal RGC+ wedges, and to the 1% level in at 
least two of the four temporal RGC+ wedges (figure 1).
Results: There was a significant correlation between integrated 10-2 
scores and average RGC+ thickness (better eye β=0.12dB, p<0.001, 
worse eye β=0.07dB, p<0.012, binocular β=0.12dB, p<0.001). There 
was also a significant correlation between NEIVFQ-25 scores and 
integrated 10-2 scores (binocular 10-2 sensitivity β=1.14, p=0.001). 
However, the association between NEIVFQ-25 scores and RGC+ 
quantitative measures was not significant. On the other hand, among 
those with macular damage on OCT, patients with widespread, 
diffuse RGC+ loss reported lower NEIVFQ-25 scores than those 
with deep, focal defects. 14 out of 18 patients (78%) with low 
NEIVFQ-25 scores had diffuse RGC+ loss compared to 26 out of 
52 patients (50%) with high NEIVFQ-25 scores (p=0.02). Figure 1 
provides examples of patients’ eyes with nearly identical average and 
minimum RGC+ thicknesses on RGC+ analysis, but different patterns 
of macular damage on deviation map.
Conclusions: RGC+ layer summary measures did not predict 
VRQoL. However, low NEIVFQ-25 scores appear to be associated 
with more diffuse macular damage, whereas higher NEIVFQ-25 
appears to be associated with more focal damage.

Example of patient (OD) with A) focal RGC+ loss on deviation map 
and B) diffuse RGC+ loss on deviation map.
Commercial Relationships: alisa prager, None; Donald Hood, 
Topcon, Inc (F), Heidelberg Engineering (F), Heidelberg (R), Topcon, 
Inc (R); Jeffrey M. Liebmann, Carl Zeiss Meditec (F), Reichert (F), 
Heidelberg Engineering (F), Topcon (F), Reichert (C), Carl Zeiss 
Meditec (C); C Gustavo De Moraes, None; Lama Al-Aswad, None; 
Qi Yu, None; George A. Cioffi, None; Dana Blumberg, None
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Deep defects seen on visual fields spatially correspond well to loss 
of retinal nerve layer seen on OCT circle scans
Maria A. Mavrommatis1, Saskia Naegele1, Jason Nunez1, 
Gustavo Moraes2, Robert Ritch3, Donald Hood1. 1Psychology, 
Columbia University Visual Science Lab, New York, NY; 
2Ophthalmology, Columbia University, New York, NY; 
3Ophthalmology, New York Eye and Ear Infirmary, New York, NY.
Purpose: Structure-function relationships, as typically measured 
by correlating measures of local defects, are only fair-to-good, and 
have yet to meet FDA recommendation.[1] Here, we take a different 
approach and examine the spatial relationship between deep defects 
on visual fields (VF) and deep losses in the circumpapillary retinal 
nerve fiber layer (cpRNFL) on optical coherence tomography (OCT) 
circle scans.
Methods: 89 eyes with glaucoma and 24-2 VFs with MD better than 
–6dB also had 10-2 VFs and spectral domain OCT circle scans of the 
optic disc. 18 of these eyes had deep VF defects as defined by test 
point locations with pattern deviation values ≤-15 dB on the 10-2 
and/or 24-2 VF. These points were enclosed within a contour (red 
and green outlines in Fig. 1A,B). Based upon RNFL bundle tracings 
of Jansonius et al. [2] and a model of the macula,[3] the location of 
local damage at the disc was predicted, as shown in Fig. 1C by the 
red slanted lines. The location of these red lines are indicated on the 
OCT circle scan in Fig. 2A, along with the midpoint (red circle). 
The agreement between two independent observers for widths and 
midpoints was r =0.86 and 0.99, respectively. The region (yellow 
line) and midpoint (yellow circle) of the thinnest cpRNFL (i.e. 
deepest loss) was determined (Fig. 2A).
Results: For 14 of the 18 eyes with deep VF defects, a region of 
local cpRNFL dropout was observed, examples of which can be seen 
in Fig. 2A-B. Interestingly, these 14 were the only eyes with local 
dropout of the cpRNFL in the total sample of 89. In 3 of the 18 eyes, 
only a relatively thin (<21um) region was present (Fig. 2C,D). The 
remaining eye (Fig. 2E) was the only one with a reasonably thick 
region. It had only a nasal step defect consisting of two deep points 
on the 24-2. Finally, the midpoint of the VF defect (red circle) and 
the location of deepest cpRNFL (yellow circle) showed a correlation 
of 0.99 and were on average 6.1°±6.19° (median: 3.9°) of each other. 
Finally, the difference between them was poorly correlated with disc 
to fovea angle (0.127, p=0.62), suggesting that the individualized 
maps played a negligible role.
Conclusions: The results suggest that structural and functional 
measures show excellent agreement if assessed in nontraditional 
ways. 1. Weinreb, Kaufman IOVS, 2011; 2. Jansonius et al EER, 
2012; 3. Hood et al, PRER, 2013.
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A test of alternative models of early widespread glaucomatous 
damage
Rashmi Rajshekhar1, Lynn Shi2, 1, Robert Ritch3, Donald Hood1, 2. 
1Psychology, Columbia University, New York, NY; 2Ophthalmology, 
Columbia University College of Physicians and Surgeons, New York, 
NY; 3Ophthalmology, New York Eye and Ear Infirmary,  
New York, NY.
Purpose: Widespread damage involving most, if not all, of the 
peripapillary retinal nerve fiber layer (pRNFL) is common early in 
the glaucomatous process. Here, we investigate various models to 
describe this damage.
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Methods: 41 eyes from 32 patients with widespread damage were 
selected from a larger group of 57 patients with at least one eye 
classified as having glaucoma, with a 24-2 mean deviation (MD) 
better than -6dB. The average MD was -6.24 dB (range: -0.38 
to -21.34 dB). The pRNFL thickness plot was derived from the 
spectral-domain optical coherence tomography (OCT) cube scan 
of the disc (3D-OCT 2000, Topcon Inc.). An eye was considered to 
have widespread damage if a portion of the pRNFL thickness profile 
in the superior, temporal and inferior quadrants fell into the red 
(1%) region. The averaged, as well as individual, pRNFL thickness 
curves were fitted with 4 models. The general form of these models 
was R(i) = m*[H(i)]-b, where H is the pRNFL thickness of a group 
of 52 healthy controls and i indexes the 1024 points in the pRNFL 
thickness (R) curve. The models were: 1. Proportional Loss (PL: m 
varied, b=0); 2. Subtractive Loss (SL: b varied, m=1); 3. Constant 
Level (C: b varied, m=0); and 4. Proportional Loss with Minimum 
(PLwM: m varied, b set to the average of the lowest point on all 
pRNFL curves). The goodness-of-fit was evaluated using the Root 
Mean Squared Error (RMSE) for individuals as well as the averages.
Results: Figure 1 shows the average pRNFL thickness for the 41 
patients (black curves) along with the predicted curves (dashed 
curves) and the average pRNFL thickness for the healthy controls 
(gray curves). For the patients’ averaged pRNFL thickness curves, the 
RMSE values were 11.0um (PL, m= 0.59), 22.2um (SL, b= 37.42), 
11.7um (C, b= 60.05), and 6.5um (PLwM, m= 0.32, b set to 28.5um). 
For the individual fits, the average RMSE values ± standard deviation 
were 19.9±6.31 (PL), 27.8±6.59 (SL), 20.6 ±5.95 (C), and 17.9±5.99 
(PLwM). Of the 41 individual eyes, the PLwM model provided the 
best fit (lowest RMSE) in more eyes (28 eyes) than did the C (7 
eyes), PL (6 eyes), or SL (0 eyes) models.
Conclusions: On average, widespread glaucomatous damage is 
best described by a model (PLwM) that assumes that pRNFL loss 
is proportional to the healthy value, but is limited by a floor or 
minimum level of about 30um.

Commercial Relationships: Rashmi Rajshekhar, None; Lynn Shi, 
None; Robert Ritch, None; Donald Hood, Heidelberg Engineering 
(F), Topcon Inc. (F), Heidelberg Engineering (R), Topcon Inc. (R)
Support: NEI RO1-EY-02115, HRH Prince Ahmed bin Abdulaziz 
Al-Saud Research Fund of the New York Glaucoma Research 
Institute
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Systems for staging glaucoma based upon 24-2 visual fields have 
a fundamental flaw
Ashley Sun1, C Gustavo De Moraes2, Ravivarn Jarukasetphon3, 
Rashmi Rajshekhar1, Lynn Shi2, 1, Dana Blumberg2, 
Jeffrey M. Liebmann2, Robert Ritch3, Donald Hood2, 1. 1Psychology, 
Columbia University, New York, NY; 2Ophthalmology, Columbia 
University, New York, NY; 3Ophthalmology, New York Eye and Ear 
Infirmary of Mount Sinai, New York, NY.
Purpose: Given that the 24-2 visual field (VF) underestimates 
the prevalence and degree of early glaucomatous damage of the 
macula,[1] we hypothesize that methods for staging glaucoma based 
upon the 24-2 VF should also underestimate macular damage and 
hence glaucoma severity. To test this hypothesis, we compared the 
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results from 10-2 VF and OCT macular scans to current staging 
systems for a group of eyes with 24-2 mean deviations (MD) better 
than -6dB.
Methods: Two glaucoma experts classified 57 eyes with 24-2 VF 
MD better than -6dB as glaucoma based upon history, OCT scans, 
IOP, and 24-2 and 10-2 VFs.[2] In addition to the 24-2 VF, all eyes 
had 10-2 VFs and spectral domain OCT cube scans of the macula 
(3D-OCT 2000, Topcon, Inc). Macular damage was defined based 
upon the 10-2 and/or OCT RGC probability maps and 48 of the 57 
eyes had macular damage. The stages of these eyes were determined 
based upon 3 systems: Hodapp-Parrish-Anderson (H-P-A)[3], Visual 
Field Index (VFI)[4], and Glaucoma Staging System 2 (GSS2)[5].
Results: H-P-A: 43 of the 57 glaucomatous eyes were classified 
as either stage 0 (no or minimal defect; 13 eyes) or stage 1 (early 
defect w/o central defect; 30 eyes). Of these 43 eyes, 34 (79.1%) had 
macular damage. VFI: With the VFI system, which weighs the central 
field more heavily, 48 of the 57 eyes were classified as early defects 
(i.e., VFI ≥91%[4]). Of these 48 eyes, 39 (81.3%) had macular 
damage. GSS2: Of the 57 glaucomatous eyes, 41 were classified as 
stage 0/borderline (30 eyes) or as stage 1 (11 eyes). Of these 41 eyes, 
33 (80.5%) had macular damage.
Conclusions: Eyes with macular damage, including those with 
arcuate scotomas near fixation, are classified as normal, or as 
minimal/early damage with systems based upon the 24-2 VF test. 
Staging systems need to include information from 10-2 VF and/or 
OCT macular RGC thickness.
1. Hood et al., PRER, 2013; 2. Hood et al. TVST, 2016, 5; 3. Hodapp 
et al., Clinical Decisions in Glaucoma, 1993. 4. Susanna & Vessani, 
Open Ophthal, 2009; 5. Brusini & Filacorda, J. Glau., 2006.
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Donald Hood, Heidelberg Engineering (F), Topcon Inc. (F), 
Heidelberg Engineering (R), Topcon Inc. (R)
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Measurement and Associations of the Optic Nerve Subarachnoid 
Space in Normal Tension and Primary Open Angle Glaucoma
hanruo liu, Teng Ma, Wenyuan Shi, Diya Yang, Ningli Wang. Beijing 
Tongren Hospital, Beijing, China.
Purpose: Low cerebrospinal fluid pressure (CSF-P) may be involved 
in the pathogenesis of glaucoma. We performed a prospective 
observational clinical study to measure the area of optic nerve 
subarachnoid space (ONSASA) in normal tension (NTG), primary 
open angle glaucoma (POAG) and controls,and examined its 
associations with relevant ocular and systemic parameters.
Methods: The study included 30 NTG patients, 32 POAG patients 
and 35 healthy controls. By using B-scan ultrasound, we measured 
the optic nerve diameter (OND), optic nerve sheath diameter (ONSD) 
and ONSASA in all groups. Central corneal thickness (CCT), 24h 
intraocular pressure (IOP),refractive error, and axial length were 
measured in all groups, with additional central retinal nerve fiber 
layer (RNFL) thickness, and visual field defect measurements in 
glaucomatous patients. Only one eye per patient was selected. 
Shapiro–Wilk’s test and Levene’s test were used to exam the normal 
distribution of data and the homogeneity of the variance. Kruskal–
Wallis was used to compare the different variables between the 
diagnostic groups. One-way ANOVA with post hoc least significant 

difference analysis was performed to assess all the examinations 
groups.
Results: The ONSASA from 3 to 7mm behind the globe in NTG 
(5.15±1.8mm2, p<0.001) was significantly smaller than in the POAG 
(6.24±1.6mm2) or control groups (6.4±2.2mm2). The measurements 
in the POAG and control groups were not significantly different 
(p=0.13). Visual field damage and CCT were not correlated with 
ONSASA in either of the glaucoma groups (POAG, p=0.52 and 0.37; 
NTG, p=0.49 and 0.79 respectively). ONSAS didn’t correlated with 
refractive error, and axial length in any groups. However, ONSASA 
did correlate with mean IOP and highest recorded IOP in NTG 
patients (r=0.53, p< 0.001 and r=0.66, p< 0.001), while it did not in 
POAG patients and healthy controls (p=0.86, p=0.46 respectively).
Conclusions: The smaller ONSASA in POAG patients with normal 
pressure compared with high pressure suggests a lower orbital CSF-P 
in NTG patients.
Commercial Relationships: hanruo liu; Teng Ma, None; 
Wenyuan Shi, None; Diya Yang, None; Ningli Wang, None
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Prospective Comparison of Global and Cluster Visual Field 
Progression Criteria in Glaucoma and Their Relationship to 
Structural Changes
Eduardo M. Normando2, 1, Valeria Bono2, Benjamin Davis1, M 
Francesca Cordeiro2, 1. 1Visual Neuroscience, UCL Institute of 
Ophthalmology, London, United Kingdom; 2ICORG, Western Eye 
Hospital, Imperial College Healthcare NHS Trust, London, United 
Kingdom.
Purpose: Average threshold in visual field clusters has been proposed 
as an improved method for identifying early progression in glaucoma. 
This study aims to evaluate the prognostic capabilities of the Cluster 
Analysis (CA) in comparison to global visual field indices and 
structural measurements.
Methods: 8 patients with a diagnosis of glaucoma, glaucoma 
suspect or ocular hypertension were prospectively enrolled in this 
study. Patients were assessed with Humphrey Visual Field (HVF), 
Heidelberg Retinal Tomography (HRT3), and Spectral Domain 
Optical Coherence Tomography (SD-OCT) during 5 visits over a 
period of 2 years. Mean Deviation (MD), Visual Field Index (VFI), 
and Linear regression analysis of the mean threshold in each of the 
clusters defined by the Glaucoma Hemifield Test (GHT) were used to 
compute rate of progression. Rates of change in rim area (RA, HRT3) 
and OCT RNFL (Retinal Nerve Fibre Layer) analysis were also 
assessed and correlated with CA. Rates of progression were defined 
as significant if the gradients over time were negative with p<0.05.
Results: HVF CA showed significant progression in 11/16 eyes with 
an average rate of progression of -2.18±2.2dB/year, p<0.005 where 
Cluster 4 was the most frequently involved (6 eyes). RNFL was also 
found to be significantly thinner with OCT analysis in 12/16 eyes 
with an average rate of progression of 2.58±1.43µm/year, p<0.001. 
Rim Area was affected in 7/16 eyes (-0.2±0.1 mm2/year, p>0.05) 
while 6 /16 and 5/16 were progressing with VF MD (-0.21±0.22dB/
year, p<0.05) and VF VFI (-0.60±0.63%/year) respectively. The best 
agreement between different techniques was between CA and OCT 
RNFL (k=0.61). Overall sensitivity of each test was: OCT 75%, CA 
68%, HRT 44%, VF MD 37%, and VF VFI 31%.
Conclusions: Together these results suggest that CA could be a 
useful tool to identify early progression and with a greater sensitivity 
than global indices (MD and VFI) with a better concordance with 
structural changes especially in the early stage of the disease. 
CA may therefore provide a new and more sensitive technique 



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

for monitoring glaucoma progression and facilitate better disease 
management though more timely interventions.

The 54 test points of the HFA 24-2 SITA Standard were classified into 
10 clusters. Cluster 4 (green) was the most frequently progressing
Commercial Relationships: Eduardo M. Normando, 
None; Valeria Bono, None; Benjamin Davis, None; M 
Francesca Cordeiro, None
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How glaucoma shapes fixation: structure-function analysis using 
COMPASS fundus perimeter and SD-OCT
Giovanni Montesano, Paolo Fogagnolo, Maurizio Digiuni, 
Luca M. Rossetti. Università degli Studi di Milano, Milano, Italy, 
Milano, Italy.
Purpose: To analyze fixation patterns in 10 glaucoma patients 
involved in a test-retest study, testing a possible association between 
perifoveal retinal ganglion cell (RGC) loss and fixation.
Methods: Thanks to its eye tracking technology, the Compass fundus 
perimeter (CMP, Centervue, Italy) is able to record fixation (ie x-y 
retinal movements) during visual field testing with a 25 Hz sampling. 
The data are then reported as displacements of the Preferred Retinal 
Locus (PRL). For all subjects, we acquired dense Spectral Domain 
(SD) OCT vertical scans of the posterior pole (Spectralis SD-OCT, 
Heidelberg Engineering) with 60 µm spacing and segmented the 
RGC layer to obtain a RGC thickness map. We matched the detailed 
confocal fundus images provided by both instruments and remapped 
the fixation data on the RGC map.
Then, we used the Drasdo model to map the PRL locations to the 
coordinates of their corresponding RGCs. To test if the local RGC 
thickness could influence fixation, we divided the RGC map in 
36 sectors centered on the fovea, counted the number of times the 
Drasdo shifted fixation points fell into each sector and correlated it 
to sector mean RGC thickness. We used random effects in the frame 
of generalized mixed models to account for correlations among 
clustered data.
Results: The subjects had an overall mean sensitivity of 13.1 ± 6.9 
dB. 9 patients out of 10 had at least one visual field point depressed 
within 10° from the fovea and significant perifoveal ganglion cell 
loss.
Using a generalized linear mixed effect model with a Poisson error 
distribution we found a significant correlation between sector point 
counts and RGC absolute thickness (28% increase/µm, p = 0.0003). 

A significant correlation was also found with the normalized RGC 
thickness (p = 0.0004).
We then calculated the mean fovea centered vector orientation (in 
degrees) of the fixation points in each test and found a strong  
test-retest correlation of the mean fixation orientation within the same 
subject (correlation coefficient 0.78, p = 0.006).
Conclusions: The strong association between glaucoma perifoveal 
RGC loss and fixation orientation suggests that RGC loss may shape 
fixation patterns. Therefore, high quality imaging, PRL detection and 
fundus tracking might be useful for accurate visual field testing and 
precise structure function analysis, especially in advanced glaucoma 
patients.
Commercial Relationships: Giovanni Montesano, None; 
Paolo Fogagnolo, Centervue (C); Maurizio Digiuni, None; 
Luca M. Rossetti, Centervue (C)
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Optical Coherence Tomography analysis based prediction of 
Humphrey 24-2 visual field thresholds in patients with glaucoma
zhihui guo1, Young H. Kwon2, 3, Kyungmoo Lee4, Kai Wang5, 
Chris A. Johnson2, Mona K. Garvin4, 6, Milan Sonka2, 4, 
Michael D. Abramoff2, 3. 1Biomedical Engineering, University 
of Iowa, Iowa City, IA; 2Ophthalmology and Visual Sciences, 
University of Iowa, Iowa City, IA; 3Stephen A. Wynn Institute for 
Vision Research, University of Iowa, Iowa City, IA; 4Electrical 
and Computer Engineering, University of Iowa, Iowa City, IA; 
5Biostatistics, University of Iowa, Iowa City, IA; 6Iowa City VA 
Health Care System, Iowa City, IA.
Purpose: We report a method for prediction of Humphrey 24-2 
visual field (HVF 24-2) thresholds from structural analysis of 
Optical Coherence Tomography (OCT) images. Here, we focus on 
performance improvements achieved by incorporation of retinal 
ganglion cell–axonal complex (RGC-AC) concept compared to more 
conventional approaches.
Methods: We recruited consecutive subjects with early, moderate and 
advanced primary and secondary open angle glaucoma. Each patient 
underwent HVF 24-2 testing and 9-field Spectralis SD-OCT imaging. 
After alignment of 9-field scans, nerve fiber layer (NFL) and ganglion 
cell and inner plexiform layer (GCL+IPL) were co-segmented and 
partitioned into 54 sectors matching the HVF test sectors. Subjects 
with insufficient quality segmentations were excluded from further 
analysis. Four HVF prediction models were designed and compared: 
Naive: GCL+IPL and NFL thickness for the predicted sector only; 
Donut: NFL thickness of 10 sectors that form a Donut centered on 
the optic nerve head; Garway-Heath: GCL+IPL thickness for the 
predicted sector and all NFL sectors that fall within the  
Garway-Heath nerve fiber bundle distribution; RGC-AC optimized: 
GCL+IPL thickness for the predicted sector and NFL thickness for a 
set of sectors determined via RGC-AC concept optimization on the 
training set. The training set consisted of the 9-field OCT and HVF 
24-2 thresholds of 111 patients with early, moderate and advanced 
glaucoma from our previous study [Bogunovic et al, IOVS 2015]. 
Paired t-tests were used to compare the correlation R between the 
actual and predicted thresholds for the four models.
Results: We included 86 subjects. Figure 1. shows the correlation 
R achieved by the four models. RGC-AC optimized performed best 
prediction with average R=0.74 (95% CI 0.67-0.76), significantly 
higher than all 3 others (p ≤0.03): Naïve 0.49 (95% 0.44-0.54), 
Garway-Heath 0.66 (95% 0.60-0.68), Donut 0.67 (95% 0.61-0.69). 
Figure 2. shows a detailed comparison between actual HVF 24-2 
and RGC-AC optimized predicted VF 24-2 thresholds for a specific 
subject with advanced glaucoma.
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Conclusions: The proposed RGC-AC optimized model based on OCT 
image analysis and the RGC-AC concept is approaching the typical 
reproducibility of HVF testing.

Figure 1. Sector-Specific predictive performance R for each approach 
as well as average R over all sectors.

Commercial Relationships: zhihui guo, None; Young H. Kwon, 
None; Kyungmoo Lee, None; Kai Wang, None; Chris A. Johnson, 
None; Mona K. Garvin, None; Milan Sonka, University of Iowa 
(P); Michael D. Abramoff, University of Iowa (P), IDx LLC (I), IDx 
LLC (C)

Support: NIH grants R01 EY019112, R01 EY018853 and R01 
EB004640; the Department of Veterans Affairs; the Marlene S. 
and Leonard A. Hadley Glaucoma Research Fund. Dr. Kwon was 
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Comparison of macular retinal vessel density under the 
functional and/or structural abnormal conditions in primary 
open-angle glaucoma (POAG) patients
Kojiro Imai3, 1, Kazuhiko Mori1, Yoko Ikeda2, 1, Morio Ueno1, 
Yuko Maruyama1, Yuji Yamamoto1, Shigeru Kinoshita4, 
Chie Sotozono1. 1Ophthalmology, Kyoto Prefectural Univ of Med, 
Kyoto, Japan; 2Oike-Ikeda Eye Clinic, Kyoto, Japan; 3MITMS, Kyoto 
Prefec. Univ. of Med., Kyoto, Japan; 4Frontier Medical Science and 
Technology for Ophthalmology, Kyoto Prefec. Univ. of Med., Kyoto, 
Japan.
Purpose: Glaucoma is a multifactorial disease comprised of 
intraocular pressure (IOP) and ocular hemodynamics. Today, the 
ocular retinal blood flow can been evaluated easily and noninvasively 
by use of optic coherence tomography (OCT) angiography. The 
purpose of this present study was to examine via OCT angiography 
the structure and function at the macular region in regard to retinal 
blood flow.
Methods: This retrospective observational study involved 35 eyes 
(n= 17 male eyes and 18 female eyes) of 26 primary open-angle 
glaucoma (POAG) patients (13 males and 13 females; mean age: 
58.6±10.9 years). Inclusion criteria were patients who 1) were 
examined via standard ophthalmic testing including OCT at the 
macula region and static perimetry in February and March 2016 at the 
Oike-Ikeda Eye Clinic, Kyoto, Japan, and in whom 2) clear images 
could be obtained via OCT angiography (RS-3000 Advance; Nidek). 
The images of the OCT-angiography macula map at all layers, 
the surface layer, and the deep layer of the retina were used. We 
calculated the macular vessel density (percentage) divided into four 
areas by means of the image of the 8-bit value and binarization using 
Image J software. Each quartered macular region was categorized 
into three groups [i.e., functional aberration (condition A), structural 
anomaly without functional aberration (condition B), and normal 
structure (condition C)] according to the four center points of 
30-2 static perimetry and the GC chart of macula OCT. The vessel 
densities were then compared in the three groups using the Scheffe’s 
test.
Results: The number of the area of condition A, B, and C were 22, 
47, and 71, respectively. The mean vessel density of condition A, B, 
and C at all layers was 39.1, 44.5, and 46.5, respectively (p<0.01, A 
compared with C). The mean vessel density of the A, B, and C area 
at the surface layer was 22.4, 27.1, and 29.6, respectively (p<0.01, A 
compared with C; p<0.05, A compared with B), and that of each area 
at the deep layer was 28.1, 30.2, and 29.0, respectively.
Conclusions: The findings of this study revealed that the retinal 
vessel density at the surface layer in the functionally aberrant macular 
region is possibly decreased in POAG patients.

Commercial Relationships: Kojiro Imai, None; Kazuhiko Mori, 
None; Yoko Ikeda, None; Morio Ueno, None; Yuko Maruyama, 
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Vessel Density is Associated with Visual Field Damage in 
Advanced Glaucoma Eyes
Adeleh Yarmohammadi1, Linda M. Zangwill1, Luke J. Saunders1, 
Alberto Diniz-Filho1, 2, Min Hee Suh1, 3, Patricia 
Isabel C. Manalastas1, Akram Belghith1, Tadamichi Akagi1, 4, 
Takuhei Shoji1, 5, Rafaella C. Penteado1, Felipe Medeiros1, 
Robert N. Weinreb1. 1Ophthalmology, Hamilton Glaucoma 
Center, Shiley Eye Institute, San Diego, CA; 2Ophthalmology and 
Otorhinolaryngology, Federal University of Minas Gerais, Belo 
Horizonte, Brazil; 3Ophthalmology, Haeundae Paik Hospital, Inje 
University, College of Medicine, Busan, Korea (the Republic of); 
4Ophthalmology and Visual Sciences, Kyoto University Graduate 
School of Medicine, Kyoto, Japan; 5Ophthalmology, Saitama Medical 
University, Iruma, Japan.
Purpose: Detection of glaucomatous change in advanced glaucoma 
is challenging as standard structural and functional measures are of 
diminished value due to the floor effect of structural measurements 
and increased variability of visual fields. The purpose of this study 
is to assess whether vascular measurements obtained by optical 
coherence tomography angiography (OCT-A) have a sufficient 
dynamic range to provide clinically relevant information across the 
full spectrum of glaucoma severity.
Methods: Fifty-five eyes of 38 advanced glaucoma participants 
[VF MD < -10 decibels (dB)] were included. All subjects underwent 
OCT-A imaging using the Angiovue (Optovue, Fremont, CA),  
SD-OCT imaging, and standard automated perimetry (SAP). Two 
vessel density measurements extracted from the retinal nerve fiber 
layer (RNFL) were analyzed: (1) circumpapillary vessel density 
(cpVD) measured in a 750-µm-wide elliptical annulus around the 
disc and (2) whole image vessel density (wiVD) measured over 
the entire scan field. Linear regressions and generalized estimating 
equation (GEE) models were used to assess the associations between 
VF indices with wiVD, cpVD, cpRNFL, rim area, and macular 
ganglion cell complex (mGCC) thickness while adjusting for  
within-patient inter-eye correlations.
Results: In these advanced glaucoma eyes, cpVD and wiVD 
measured by OCT-A were associated with VF MD (R2= 0.32, and 
0.25 respectively; P <0.001 for both). However, the associations 
between RNFL, rim area and mGCC thickness measurements with 
VF MD were not statistically significant (R2=0.02, 0.06 and 0.04 
respectively; all P>0.05). The association between VF PSD with 
cpVD and wiVD were also statistically significant (R2= 0.20, and 
0.21 respectively; P <0.001 for both), while RNFL, rim area and 
mGCC thickness measurements were not associated with VF PSD 
(R2=0.05, 0.06 and 0.01 respectively; all P>0.05).
Conclusions: In advanced glaucoma eyes, OCT-A vascular 
measurements demonstrate a closer relationship with function than 
structural measurements. OCT-A derived vascular measurements 
are correlated with the severity of visual field damage, while the 
standard structure-function relationship reaches a floor in advanced 
glaucoma eyes. OCT-A might provide additional information in 
the management of glaucoma specifically in advanced stages of the 
disease. Longitudinal studies are needed to determine its value for 
diagnosing, staging, and monitoring glaucoma.
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Tadamichi Akagi, Alcon (R), Senju (R), Santen (R), Pfizer 
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Allergan (F), Carl Zeiss Meditec (F), Allergan (R), Carl Zeiss 
Meditec (C), Novartis (C), Heidelberg Engineering (F), Carl 
Zeiss Meditec (R), Bausch & Lomb, Inc (F), Reichert (F), Merck 
(F), National Eye Institute (R), Alcon (F), Topcon (F), Allergan 
(C); Robert N. Weinreb, Heidelberg Engineering (F), Aerie 
Pharmaceutical (C), Forsight Vision V (C), Alcon (C), Carl Zeiss 
Meditec (F), Sesimed (C), Quark (F), Topcon (F), Optovue (F), 
Eyenovia (C), Bausch & Lomb (C), Genentech (F),  
Allergan (C), Unity (C)
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Structure-function relationship in glaucoma assessed with the 
multifocal Photopic Negative Response (mfPhNR)
Nabin Joshi1, Donald Hood2, Mitchell W. Dul1, Suresh Viswanathan1. 
1Vision Science/ Physiological Optics, SUNY College of Optometry, 
New York, NY; 2Columbia University, New York, NY.
Purpose: To study the relationship between mfPhNR and retinal 
nerve fiber layer (RNFL) thickness and visual field sensitivity (VFS) 
in glaucoma patients.
Methods: mfPhNRs were recorded with an Espion system 
(Diagnosys LLC) from 16 open angle glaucoma patients and 17 
age-matched controls using a custom stimulus (Diagnosys LLC) 
consisting of six test locations based on maps of visual field test 
locations to optic disc regions[1-3]. The multifocal stimulus consisted 
of a 13 ms red (200cd/m2) flash followed by at least 267 ms of 
blank frames for each region on a constant blue background (35 cd/
m2). RNFL thickness corresponding to the mfPhNR test locations 
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was obtained from SDOCT peripapillary circular scans (Heidelberg 
Inc.). VFS was measured with the SITA standard 24-2 test pattern 
of the Humphrey Visual Field Analyzer (Carl Zeiss Meditec, Inc.). 
The correlation of mfPhNR amplitude normalized to the b-wave 
(NmfPhNR) and RNFL thickness was evaluated by linear regression. 
The correlation of VFS loss in dB to NmfPhNR amplitude and RNFL 
thickness was evaluated with a simple linear model. [3]
Results: NmfPhNR amplitudes of glaucoma patients were 
significantly reduced (p<0.0074) in all but one region. Overall, 
the NmfPhNR amplitude showed a low but significant correlation 
with RNFL thickness (r2=0.11, p<0.0001) and VFS loss (r2=0.08, 
p<0.0001) with r2 of individual locations in the range of 0.09 – 0.64 
(RNFL) and 0.04 - 0.2 (VFS). NmfPhNR changes were significantly 
reduced in some test locations before significant RNFL thinning 
or VF loss. NmfPhNR changes were also found to be normal in 
other regions with significant RNFL thinning and/or VF loss. RNFL 
thickness showed better correlation with VFS loss (r2=0.3, p<0.0001) 
with r2 of individual locations in the range of 0.21– 0.61. The 
magnitude of the change in NmfPhNR amplitude was similar for the 
superior and inferior macula.
Conclusions: The correlation between mfPhNR and RNFL thickness 
and VF sensitivity in glaucomatous eyes was quite modest at best. 
Discrepancies between changes in mfPhNR amplitude and RNFL 
thickness and/or VF loss may reflect altered mfPhNR generators like 
glia in the retinal locations early in glaucoma, and the wide range of 
amplitudes and response variability of control subjects. 1.  
Garway-Heath et al., Ophthal (2000); 2. Hood, Raza, de Moraes et al. 
PRER (2013); 3. Hood & Kardon PRER (2009)
Commercial Relationships: Nabin Joshi, None; Donald Hood, 
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An evaluation of the RETICS Glaucoma Diagnostic Calculator to 
detect Pre-Perimetric Glaucoma
Indira Aristeguieta osio1, Ana Garcia-Nieva2,  
Belen Alfonso-Bartolozzi2, Antonio Morilla-Grasa1,  
Alfonso Anton-Lopez1, 3, Javier Moreno-Montanes2. 1INSTITUT 
CATALA DE RETINA, BARCELONA, Spain; 2Ophthalmology, 
University of Navarra, Pamplona, Spain; 3Universitat Internacional 
de Catalunya, Barcelona, Spain.
Purpose: Previous studies show that the RETICS Glaucoma 
Diagnostic Calculator (RGDC) improves the detection of glaucoma 
by comparing the best isolated parameters from Cirrus-OCT in 
perimetric glaucoma. This study aims to evaluate the RGDC in  
pre-perimetric glaucoma (PPG).
Methods: An analysis of 242 eyes with ocular hypertension was 
performed. All patients have a normal Visual Field (VF) in at least 
5 consecutive VF tests. Moreover, all eyes underwent at least 5 
OCT-scans. The diagnosis of PPG was performed using the Guided 
Progression Analysis (GPA) software from Cirrus-OCT. The eyes 
were classified in 2 groups: eyes with progression in the GPA (the 
PPG group), and eyes without progression (the normal group). 
The RGDC calculates the quantitative values and the qualitative 
classification (low, intermediate and high probability of glaucoma) 
in both groups. Non-parametric tests and Areas Under the Receiver 
Operating Characteristic Curve (AUC) were calculated.
Results: A total of 40 eyes (16.5%) were included inthe PPG group. 
The RGDC was higher in the PPG group (mean 24.3+27.1) than 
in the normal group (mean: 11.9+19.9) (p<0.001). The qualitative 
classification demonstrated a higher probability of glaucoma in 
the PPG group than in the normal group (p<0.04). The AUC was 
0.70 (RGDC>19.5; Sensitivity: 52; Specificity: 84.8)(p= 0.003). 

The AUC when the last scan has an inferior quadrant outside of the 
normal limits as indicated by the colour red was 0.85 (RGDC>8.8; 
Sensitivity: 80; Specificity: 67.8)(p<0.0001). The RGDC values 
were higher in cases where more columns are progressed in the 
GPA (p=0.003). No relationship was found between RGDC and the 
number of scans (p=0.07).
Conclusions: The values of RGDC is higher in the PPG group than 
in the normal group. The RGDC was higher when more columns 
in the GPA indicated progression. These results suggest that this 
calculator can facilitate the diagnosis of PPG in eyes with ocular 
hypertension.
Commercial Relationships: Indira Aristeguieta osio, None; 
Ana Garcia-Nieva, None; Belen Alfonso-Bartolozzi, None; 
Antonio Morilla-Grasa, None; Alfonso Anton-Lopez, None; 
Javier Moreno-Montanes, None
Support: Partially supported by "Red tematica de Investigacion 
Cooperativa, Project RD7/0063. OftaRed: Patologia ocular del 
envejecimiento, calidad visual y calidad de vida", Instituto de Salud 
Carlos III (ISCIII), Spanish Government, Spain.
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Glaucomatous Progression In Glaucoma Suspect Eyes
Satyesh Rana, John-Michael Guest, Dan St. Aubin, Chaesik Kim, 
Justin Tannir, Aman Shukairy, Mark S. Juzych, Bret A. Hughes, 
Nariman Nassiri, Anju Goyal. Ophthalmology,  
Kresge Eye Institute - Wayne State University, Royal Oak, MI.
Purpose: Early diagnosis and treatment of glaucoma is a significant 
factor in delaying vision loss. In this retrospective longitudinal study, 
we aimed to investigate the association of 5-year progression to 
glaucoma with early baseline visual field (VF) patterns and several 
demographic, clinical, VF test and optical coherence tomography 
(OCT) parameters in glaucoma suspect eyes.
Methods: We included glaucoma suspect eyes defined as a suspicious 
cup-to-disc ratio and/or high intraocular pressure (>21 mm Hg). We 
excluded eyes with glaucoma which were determined by at least two 
consecutive VF test results (24-2 SITA strategy; Humphrey® Field 
Analyzer) defined as glaucoma hemifield test results “outside normal 
limits” and/or a pattern standard deviation (PSD) with P value <0.05 
regardless of the appearance of the optic disc. Reliability was defined 
as fixation loss <20%, and false positive and negative errors <15%. 
Different demographic, clinical, VF test and Cirrus OCT (Carl Zeiss 
Meditec, Dublin, CA) parameters were collected (Table 2). Baseline 
VF tests of patients were categorized as suspicious (meeting c, d 
and/or e criteria of the OHTS classification; Table 1) and normal 
(not meeting criteria c, d, or e of the OHTS classification); these VF 
patterns were reproduced in 2 consecutive reliable tests.
Results: 196 patients (265 eyes) with mean age of 60.22 ±11.28 years 
old were included. 21.47% of eyes with normal VF and 48.04% of 
eyes with suspicious VF pattern progressed to glaucoma after 5 years 
(p value<0.001). Bivariate analysis revealed that eyes with 5-year 
glaucomatous progression had statistically significantly older age 
(p=0.02), worse baseline BCVA (p=0.007; not clinically significant), 
higher percentage of the fellow eye diagnosed with glaucoma 
(p<0.001), more suspicious VF pattern (p<0.001), thinner overall 
RNFL (p=0.03), thinner superior RNFL (p<0.001) and worse baseline 
mean deviation (MD) (p<0.001) (Table 2). The other variables were 
statistically comparable between two groups (p>0.05 for all) (Table 
2). The logistic regression model showed that only baseline MD 
and baseline VF pattern were significantly associated with 5-year 
progression of glaucoma.
Conclusions: We found early reproducible baseline VF pattern 
and baseline MD were statistically and clinically associated with 
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5-year progression to glaucoma in glaucoma suspect eyes. Early 
reproducible VF defects are significant for early detection of 
glaucoma and glaucoma progression.

Commercial Relationships: Satyesh Rana, None; John-
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Understanding the relationship between longitudinal series of 
structural and functional measurements by time series analysis
Fang-I Chu, Lyne Racette. Ophthalmology, Glick Eye Institute, 
Indiana University SOM, Indianapolis, IN.
Purpose: To characterize and assess variations in the relationship 
between longitudinal series of structural and functional measurements 
among subjects.
Methods: 120 eyes of 120 patients with ocular hypertension or 
primary open-angle glaucoma were selected from the Diagnostic 
Innovations in Glaucoma Study or the African Descent and Glaucoma 
Evaluation Study. All patients had 11 visits separated by at least 3 
months over a period of 5 to 10 years. At each visit, rim area (RA) 
and mean sensitivity (MS) measurements were taken within 30 
days of each other. The relationship between the RA and MS series 
was summarized using cross-correlation function (CCF) in time 
series analysis. CCF measured the strength of the correlation of the 
longitudinal series of RA and MS at all possible visit lags. Visit lag 
was defined as shifts in visits between the RA and MS series, e.g. 
the RA series was shifted by n visits compared to the MS series. 
CCF identified the number of visit lags that yielded the strongest 
correlation for each patient. The number of visit lags was used to 
categorize patients into three groups: 1) RA precedes MS series 
(lag<0), 2) MS precedes RA series (lag>0), and 3) RA and MS series 
evolve simultaneously (lag=0). Regression analysis with lagged 
variable was conducted to verify the existence of variations in the 
relationship between RA and MS within three groups of patients.
Results: In different patients, the strongest correlation was obtained 
when RA preceded the MS series (n=50, mean visit lag = -2.94), 
when MS preceded the RA series (n=54, mean visit lag= 3.35), or 
when the RA and MS series evolved simultaneously (n=16, mean 
visit lag = 0). The absolute correlations ranged from 0.26 to 0.78, 
0.32 to 0.88 and 0.36 to 0.69, respectively. The number of lags 
for all patients ranged from -7 to +7 visits. Significant differences 
(p<0.0001) between patients within the three groups were identified 
in the relationship between RA and MS using the average visit lags 
with regression analysis with lagged variable.
Conclusions: The relationship between the longitudinal series of RA 
and MS varies among patients in both correlation strength and the 
number of visit lags needed to achieve the strongest correlation. This 
finding suggests that the relationship between RA and MS should be 
addressed at the subject level when using both measurements jointly 
to model glaucoma progression.
Commercial Relationships: Fang-I Chu; Lyne Racette, None
Support: This project was supported in part by the National Institutes 
of Health grant EY025756, the BrightFocus Foundation grant 
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Signal-to-Noise Ratio for Detection of Glaucoma Progression 
Using a Combined Index of Structure and Function
Alberto Diniz-Filho1, 2, Fabio B. Daga1, Linda M. Zangwill1, 
Nara G. Ogata1, Robert N. Weinreb1, Felipe Medeiros1. 
1Hamilton Glaucoma Center, Shiley Eye Institute, Department of 
Ophthalmology, University of California, San Diego, La Jolla, CA; 
2Department of Ophthalmology and Otorhinolaryngology, Federal 
University of Minas Gerais, Belo Horizonte, Brazil.
Purpose: To evaluate the ability of a combined index of structure and 
function (RGC index) for detecting progression in glaucoma using a 
signal-to-noise ratio approach.
Methods: This was a prospective observational cohort study 
involving 642 eyes of 369 patients followed for an average period 
of 4.6 ± 1.0 years. Four hundred and seventy-five (74.0%) had a 
diagnosis of glaucoma and 167 (26.0%) were suspected of having 
the disease. All eyes underwent imaging using optical coherence 
tomography (OCT) along standard automated perimetry (SAP) with 
an average of 8.9 ± 2.5 tests. The RGC index combined OCT and 
SAP information and provided output on the estimated number of 
retinal ganglion cells in the eye. For each eye, ordinary least squares 
(OLS) linear regression models were used to regress SAP mean 
deviation (MD), spectral domain OCT global retinal nerve fiber 
layer (RNFL) thickness, and RGC index over time. The slopes of 
regression represented the signal. Standard deviations of residuals 
(SDres) were extracted from OLS linear regression to represent the 
expected variability estimates (‘noise’). The resulting signal-to-noise 
ratios were calculated for each eye by dividing the slope by SDres 
values for each eye and each parameter.
Results: Average SAP MD at baseline was -3.1 ± 5.6 dB, whereas 
average OCT global RNFL thickness was 81.0 ± 16.8 µm. Average 
RGC index at baseline was 727,944 ± 244,044 cells. Average rates of 
change were -0.16 ± 0.53 dB/year, -0.46 ± 1.27 µm/year, and -13,211 
± 19,768 cells/year, respectively for SAP MD, OCT global RNFL 
thickness, and RGC index. Individual signal-to-noise ratios were 
significantly better for the RGC index (-0.49 year-1) as compared to 
SAP MD (-0.19 year-1; P<0.001) and OCT global RNFL thickness 
(-0.40 year-1; P<0.001).
Conclusions: Analysis of longitudinal signal-to-noise ratios 
demonstrated that a combined index of structure and function 
(RGC index) performed better than isolated global SAP and OCT 
parameters for detection of progression in glaucoma.
Commercial Relationships: Alberto Diniz-Filho, None; 
Fabio B. Daga, None; Linda M. Zangwill, None; Nara G. Ogata, 
None; Robert N. Weinreb, None; Felipe Medeiros, None
Support: NIH grants EY021818, EY011008, EY014267, and NIH 
core grant EY022589.
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Repeatability and Reproducibility of a Combined OCT 
Structural Index
Sophia Yu1, Gary C. Lee1, Joshua L. Warren2, Jean-Claude Mwanza3, 
Mary K. Durbin1, Thomas Callan1, Donald L. Budenz3. 1R&D, Carl 
Zeiss Meditec, Inc., Dublin, CA; 2Yale University, New Haven, CT; 
3University of North Carolina, Chapel Hill, NC.
Purpose: The many highly correlated parameters provided by 
CIRRUS HD-OCT for the objective assessment of structural 
glaucomatous damage may complicate the clinical interpretation of 
results. Mwanza et al [1] previously developed a combined OCT 
structural glaucoma index based on exploratory factor analysis and 
multivariate logistic regression model (UNC OCT Index) to aid 
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in the diagnosis of early glaucoma that was more effective than 
any individual parameter. In this retrospective clinical study, we 
determined the measurement repeatability and reproducibility of 
CIRRUS HD-OCT for the combined index, as well as for the single 
parameter input values, in a cohort of glaucomatous eyes.
Methods: The study was performed in 2 phases (inter-operator 
and inter-device) using CIRRUS™ HD-OCT 4000 and HFA™ II-i 
devices (ZEISS, Dublin, CA). A total of 28 eyes from 28 subjects 
with early to advanced glaucoma were enrolled. Of the included 
subjects, the mean (SD) age was 73.5 (10.5) years, ranging from 49 
to 88 years. The mean (SD) visual field mean deviation was -6.66 dB 
(5.54), ranging from -21.5 to 1.2 dB. For the inter-device phase, each 
subject was imaged by a single operator on three devices. For the 
inter-operator phase, each subject was imaged on a single device by 
three different operators. Three pairs of Optic Disc and Macular Cube 
200x200 scans were obtained per operator or per device for a total of 
18 scans per phase. Sixteen standard parameters (rim area, cup-to-
disc area ratio (CDR), vertical cup-to-disc diameter ratio (vCDR), 
average and quadrant RNFL thicknesses, average, minimum, and 
sectoral GCIPL thickness) from paired scans were used to calculate 
the UNC OCT Index [1]. A random effects ANOVA model was used 
to estimate the components of variability for each parameter.
Results: Repeatability SD is the square root of the worst-case 
random variance component. Reproducibility includes variations 
due to random error, operator, device, subject-device interaction, and 
subject-operator interaction. Reproducibility SD is the square root of 
the sum of all contributions to variance except subject variance. All 
coefficient of variation (CV) values were < 4.5%. See Table 1.
Conclusions: The combined diagnostic index shows good 
repeatability and reproducibility, comparable to the single input 
CIRRUS HD-OCT parameters, in a sample glaucoma population. [1] 
Mwanza et al., 2013. IOVS, 54(13).

Table 1. OCT Parameters
Commercial Relationships: Sophia Yu, Carl Zeiss Meditec, Inc 
(E); Gary C. Lee, Carl Zeiss Meditec, Inc (E); Joshua L. Warren, 
Carl Zeiss Meditec, Inc (P); Jean-Claude Mwanza, Carl Zeiss 
Meditec, Inc (P); Mary K. Durbin, Carl Zeiss Meditec, Inc (E); 
Thomas Callan, Carl Zeiss Meditec, Inc (E); Donald L. Budenz, 
Carl Zeiss Meditec, Inc (P)
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Specificity and sensitivity of optical coherence tomography 
(OCT) parameters to detect glaucomatous visual field progression
SUSY C. PACHON, Gustavo R. Gameiro, Gadi Wollstein, 
Giacinto Triolo, Jean-Claude Mwanza, Donald Budenz, 
Luis Vazquez, Joel Schuman. Glaucoma, Bascom Palmer Eye 
Institute, Miami, FL.
Purpose: To evaluate the ability of OCT retinal nerve fiber layer 
(rNFL) parameters to detect glaucoma visual field progression using 
an event analysis in a longitudinal cohort.
Methods: Both eyes from 40 glaucoma patients from the Pittsburgh 
Imaging Technology Trial (PITT) were included in the study; 
inclusion/exclusion criteria were previously described.1 Humphrey 
24-2 SITA-standard VF perimetry and Cirrus OCT optic nerve scans 
were acquired every 6 months. An event analysis was performed in 
which visual field progression (VFP) was defined using the Hodapp-
Anderson-Parrish criteria,2 and progression in rim area (RA), average 
and vertical cup disc ratio (CDR and VCDR, respectively), and 
superior, inferior, nasal, and temporal quadrant rNFL thickness (S 
rNFL, I rNFL, N rNFL and T rNFL, respectively) was defined as a 
drop from baseline in 2 consecutive visits that exceeded tolerance 
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limits of variability of each parameter.3 Rate of VFP and OCT rNFL 
thinning per individual parameter was determined using Kaplan-
Meyer survival analysis and Log-rank (Mantel-Cox) test. Chi-square 
analysis was used to calculate the sensitivity and specificity of OCT 
parameters to detect VFP. Baseline VF mean deviation (VFMD) 
between true positives (TP) and false positives (FP), and true 
negatives (TN) and false negatives (FN) was compared using the 
Student’s t-test. P<0.05 was considered significant.
Results: Baseline age (mean +/- standard deviation) was 71.4 +/- 
8.3 years, baseline VFMD was -4.70 +/- 5.4 dB, and follow up time 
was 69.0 +/- 12.4 months. Kaplan-Meyer survival curves for CDR, 
VCDR, N rNFL, and T rNFL in glaucoma were not significantly 
different to control eyes and were excluded from the analysis. At 
2 years, the cumulative rate of VFP was 30% compared to 30% S 
rNFL, 33% I rNFL, and 28% average rNFL progression (p= 0.31, 
0.19, 0.88; respectively). Using Chi square analysis, I rNFL had great 
sensitivity (61%) and specificity (63%) to detect VF progression. 
Baseline VFMD was -5.82 ±4.82 dB for TP vs. -4.92 ±8.61 dB for 
FP (p=0.014), and -3.80 ±6.32 dB for TN vs. -8.63 ±3.78 dB for FN 
(p=0.009).
Conclusions: Cumulative glaucoma progression was similar between 
VF and OCT RA, S rNFL, I rNFL, and average rNFL. I rNFL 
had great sensitivity and specificity to detect VF progression, FPs 
generally had early glaucoma at baseline whereas FNs generally had 
advanced glaucoma at baseline.
Commercial Relationships: SUSY C. PACHON; 
Gustavo R. Gameiro, None; Gadi Wollstein, None; 
Giacinto Triolo, None; Jean-Claude Mwanza, None; 
Donald Budenz, None; Luis Vazquez, None; Joel Schuman, None
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Baseline intraocular pressure is more strongly correlated with 
changes in optic nerve head and retinal structural parameters in 
open angle glaucoma patients of African descent after 4 years
Josh C. Gross1, Alon Harris1, Brent A. Siesky1, Nathaniel Kim1, 
Tyler Knight1, Aditya Belamkar1, George Eckert4, Noa Geffen2, 
Alice Chandra Verticchio Vercellin3. 1Ophthalmology, Indiana 
University School of Medicine, Indianapolis, IN; 2Department 
of Ophthalmology, Tel-Aviv University, Kfar-Saba, Israel; 
3University Eye Clinic, IRCCS Policlinico San Matteo, Pavia, Italy; 
4Biostatistics, Indiana University, Indianapolis, IN.
Purpose: To examine the relationship between baseline intraocular 
pressure (IOP) and changes in structural parameters in open angle 
glaucoma (OAG) patients of African (AD) and European descent 
(ED) after 4 years.
Methods: 86 patients with OAG (20 AD, 66 ED) were assessed for 
IOP at baseline using Goldmann applanation and for optic nerve head 
(ONH) parameters and retinal nerve fiber layer thickness (RNFL) 
using Heidelberg retinal tomography 3 (HRT3) every 6 months over a 
4-year period. Pearson correlations were used to test for associations 
between measurements with p<0.05 considered statistically 
significant.
Results: Baseline IOP (mmHg) in patients of AD and ED was 16.85 
(95% CI=14.92, 18.78) and 15.64 (14.21, 17.07), respectively. In 
OAG patients of AD, baseline IOP was positively and significantly 
correlated with glaucomatous changes in rim volume (r=0.61, 
p<0.00), mean RNFL thickness (r=0.52, p=0.02), and RNFL cross–
sectional area (r=0.49, p=0.03). Baseline IOP in OAG patients of 
AD was also negatively and significantly correlated with changes 
in cup area (r=-0.47, p=0.04), cup/disc area ratio (r=-0.51, p=0.02), 
and linear cup/disc ratio (r=-0.48, p=0.03). In ED patients, these 

relationships were weakly correlated and significantly different 
compared to AD patients (all comparisons p<0.05)
Conclusions: In OAG patients of AD, baseline IOP is more strongly 
associated with changes in optic nerve head and retinal structural 
parameters compared to OAG patients of ED after 4 years.
Commercial Relationships: Josh C. Gross, None; Alon Harris, 
Ono Pharmaceuticals (C), Stemnion Inc. (C), Nano Retina 
(C), Oxymap (I), Isarna therapeutics (C), Biolight (C), AdOM 
(C), Nano Retina (I), Science Based Health (C), AdOM (I); 
Brent A. Siesky, None; Nathaniel Kim, None; Tyler Knight, None; 
Aditya Belamkar, None; George Eckert, None; Noa Geffen, 
IOPtima (C), AdOM Ltd (I); Alice Chandra Verticchio Vercellin, 
None
Support: NIH Grant 1R21EY022101-01A1, Research to Prevent 
Blindness NY, NY
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Open-angle glaucoma patients of African descent have more 
functional progression after 4 years compared to European 
descent patients while demonstrating similar structural 
progression
Priyanka Kanakamedala1, Alon Harris1, Brent A. Siesky1, Alice 
Chandra Verticchio Vercellin2, Tyler Knight1, Aaditya Shah1, 
Christian P. Jonescu-Cuypers4, Noa Geffen3, Josh C. Gross1. 
1Ophthalmology, Indiana University School of Medicine, 
Indianapolis, IN; 2University Eye Clinic, IRCCS Policlinico 
San Matteo, Pavia, Italy; 3Department of Ophthalmology, Tel-
Aviv University, Kfar-Saba, Israel; 4Neurosciences Cliniques, 
Ophthalmology, Hôpitaux Universitaires de Genève, Genève, 
Switzerland.
Purpose: To examine differences in relationships between structural 
and functional progression in open-angle glaucoma (OAG) patients 
of African descent (AD) and European descent (ED) after 4 years.
Methods: 112 patients with OAG (AD-29; ED-83) were assessed at 
baseline and every 6 months for 4 years for functional progression 
by 24-2 Swedish interactive threshold algorithm visual field (VF) 
(Humphrey), and for structural progression by optical coherence 
tomography. Functional progression was defined as 2 consecutive 
visits with mean deviation decrease ≥2 and/or advanced glaucoma 
intervention study (AGIS) increase ≥2 compared to baseline. 
Structural progression was defined as two consecutive visits with 
RNFL thickness decrease by at least 8% and/or horizontal or vertical 
cup/disk ratio increase by at least 0.2 compared to baseline.
Results: Baseline IOP (mmHg) for patients of AD was 16.85 
(95% CI=14.92, 18.78) and was 15.64 (14.21, 17.07) for ED, with 
no significant difference between groups. Functional progression 
occurred in 37.93% of patients of AD (11 of 29) and 28.91% of 
patients of ED (24 of 83). Structural progression occurred in 62.09% 
of patients of AD (18 of 29) and 68.67% of patients of ED (57 of 
83). Overall, significantly more (p<0.05) patients exhibited structural 
progression compared to functional progression; with no significant 
difference between groups (p>0.05).
Conclusions: Functional progression occurred more frequently in 
OAG patients of AD compared to ED despite similar baseline IOP. In 
all patients, structural progression occurred significantly more than 
functional progression.
Commercial Relationships: Priyanka Kanakamedala, None; 
Alon Harris, Ono Pharmaceuticals (C), Stemnion Inc. (C), Nano 
Retina (C), Oxymap (I), Biolight (C), AdOM (C), Nano Retina 
(I), Isarna Therapeutics (C), Science Based Health (C), AdOM (I); 
Brent A. Siesky, None; Alice Chandra Verticchio Vercellin, None; 
Tyler Knight, None; Aaditya Shah, None; Christian P. Jonescu-



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Cuypers, None; Noa Geffen, IOPtima (C), AdOM Ltd (I); 
Josh C. Gross, None
Support: NIH Grant 1R21EY022101-01A1, Research to Prevent 
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Baseline structural parameters are predictive of shorter time to 
functional progression in open angle glaucoma patients after 5 
years
Mary Runkle1, Alon Harris1, Alice Chandra Verticchio Vercellin2, 
Josh C. Gross1, Colin Ridenour1, Ingrida Januleviciene3, 
Darrell WuDunn1, Brent A. Siesky1. 1Ophthalmology, Indiana 
University School of Medicine, Indianapolis, IN; 2University Eye 
Clinic, IRCCS Policlinico San Matteo, Pavia, Italy; 3Ophthalmology, 
Lithuanian University of Health Sciences, Kaunas, Lithuania.
Purpose: To examine the relationships between baseline structural 
parameters and functional progression in open angle glaucoma 
(OAG) patients after 5 years.
Methods: 111 OAG patients (mean age 65 yrs; 44 male) were 
assessed at baseline for optic nerve head morphology by Heidelberg 
retinal tomography 3 (HRT3). Functional progression was evaluated 
every 6 months for 5 years by 24-2 Swedish interactive threshold 
algorithm visual field (VF) (Humphrey). Progression was defined 
as 2 consecutive visits with mean deviation decrease by at least 2 
compared to baseline and/or advanced glaucoma intervention study 
(AGIS) increase by at least 2 compared to baseline. Mixed-model 
ANCOVA was used to test for statistically significance changes from 
baseline to 5-year follow-up. Time to functional progression was 
analyzed using Cox proportional hazards survival analysis.
Results: Statistically significant shorter time to functional 
progression was associated with higher baseline cup area 0.870 (95% 
CI=0.735, 1.015), cup/disc area ratio 0.410 (0.359, 0.461), linear cup/
disc ratio 0.619 (0.573, 0.665), cup shape -0.128 (-0.149, -0.108), 
and lower baseline rim area 1.268 (1.159, 1.377), rim volume 0.295 
(0.246, 0.344), height variation contour 0.330 (0.297, 0.366), mean 
RNFL thickness 0.196 (0.172, 0.219), and RNFL cross-sectional area 
1.025 (0.901, 1.148) (all p<0.05).
Conclusions: In OAG patients, baseline optic nerve head and retinal 
structural parameters were predictive of shorter time to functional 
progression after 5 years.
Commercial Relationships: Mary Runkle, None; Alon Harris, 
Ono Pharmaceuticals (C), Stemnion Inc. (C), Nano Retina (C), 
Oxymap (I), Biolight (C), AdOM (C), Nano Retina (I), Isarna 
Therapeutics (C), Science Based Health (C), AdOM (I); Alice 
Chandra Verticchio Vercellin, None; Josh C. Gross, None; 
Colin Ridenour, None; Ingrida Januleviciene, Alcon (R), Vittamed 
(R), Santen (R), Vittamed (C), Santen (C), Alcon (C), Allergan (R), 
Origmed (C), Origmed (R), Allergan (C); Darrell WuDunn, Aerie 
Pharmaceuticals (F), Bausch and Lomb (F), Ocular Therapeutics (F), 
Mati Therapeutics (F), Allergan (F), InnFocus (F); Brent A. Siesky, 
None
Support: Research to Prevent Blindness NY, NY
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Baseline intraocular pressure more strongly correlates with 
decreased visual function in open angle glaucoma patients with 
diabetes mellitus over 4 years
Katherine Hutchins1, Alon Harris1, Alice Chandra Verticchio 
Vercellin2, Josh C. Gross1, Colin Ridenour1, Ingrida Januleviciene3, 
June Geng1, Brent A. Siesky1. 1Ophthalmology, Indiana University 
School of Medicine, Indianapolis, IN; 2University Eye Clinic, IRCCS 
Policlinico San Matteo, Pavia, Italy; 3Ophthalmology, Lithuanian 
University of Health Sciences, Kaunas, Lithuania.
Purpose: To examine the relationship between baseline intraocular 
pressure (IOP) and visual function in open angle glaucoma (OAG) 
patients with diabetes mellitus (DM) over 4 years.
Methods: 85 patients with OAG (16 with DM, 69 without DM) were 
evaluated at baseline for IOP using Goldmann applanation tonometry 
and for visual function by 24-2 Swedish interactive threshold 
algorithm visual field (VF) (Humphrey) every 6 months for 4 years. 
Functional progression was defined as 2 consecutive visits with 
mean deviation (MD) decrease by at least 2 compared to baseline 
and/or advanced glaucoma intervention study (AGIS) increase by 
at least 2 compared to baseline. Pearson correlations were used to 
test for associations between measurements, with p<0.05 considered 
statistically significant.
Results: In OAG patients with and without DM, baseline IOP 
(mmHg) was 17.08 (95% CI=14.82, 19.34) and 16.27 (15.01, 17.53), 
respectively. In OAG patients with DM, baseline IOP was negatively 
and significantly correlated with changes in AGIS score (r=-0.56, 
p=0.02). In non-DM patients, this relationship was weakly positive 
and insignificant (r=0.02, p=0.84), leading to significant differences 
between groups (p=0.03).
Conclusions: Baseline IOP was associated with functional 
progression differently in OAG patients with DM compared to  
non-DM OAG patients over 4 years.
Commercial Relationships: Katherine Hutchins, None; 
Alon Harris, Ono Pharmaceuticals (C), ScienceBased Health 
(C), Oxymap (I), Nano Retina (C), AdOM (C), Biolight (C), Nano 
Retina (I), Isarna Therapeutics (C), AdOM (I), Stemnion (C); 
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Colin Ridenour, None; Ingrida Januleviciene, Alcon (R), Vittamed 
(R), Santen (R), Vittamed (C), Santen (C), Alcon (C), Allergan 
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Changes in visual function are more strongly correlated with 
changes in optic nerve head morphology in open angle glaucoma 
patients with diabetes mellitus over 4 years
Nathaniel Kim1, Alon Harris1, Alice Chandra Verticchio 
Vercellin2, Josh C. Gross1, Colin Ridenour1, Aditya Belamkar1, 
Darrell WuDunn1, Brent A. Siesky1. 1Ophthalmology, Indiana 
University School of Medicine, Indianapolis, IN; 2University Eye 
Clinic, IRCCS Policlinico San Matteo, Pavia, Italy.
Purpose: To examine the relationship between changes in visual 
function and changes in optic nerve head (ONH) morphology in open 
angle glaucoma (OAG) patients with and without diabetes mellitus 
(DM) over 4 years.
Methods: 85 patients with OAG (16 with DM, 69 without DM) were 
assessed for visual function by 24-2 Swedish interactive threshold 
algorithm visual field (VF) (Humphrey), and ONH morphology 
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was assessed by Heidelberg retinal tomography 3 (HRT3) every 
6 months over a 4-year period. Pearson correlations were used to 
test for associations between measurements over time with p<0.05 
considered statistically significant.
Results: In OAG patients with DM, changes in VF mean deviation 
(MD) were positively and significantly associated with glaucomatous 
changes in rim area (r=0.58, p<0.02) and RNFL cross sectional area 
(r=0.65, p<0.01), and negatively and significantly associated with 
cup area (r=-0.58, p<0.02), cup volume (r=-0.83, p<0.00), cup depth 
(r=-0.76, p<0.00), and max cup depth (r=-0.54, p<0.03). In non-DM 
patients, these relationships were weakly correlated and significantly 
different compared to OAG patients with DM (all comparisons 
p<0.05).

Conclusions: In OAG patients with DM, changes in visual function 
more strongly correlate with changes in ONH morphology compared 
to non-DM OAG patients after 4 years.
Commercial Relationships: Nathaniel Kim, None; Alon Harris, 
Ono Pharmaceuticals (C), ScienceBased Health (C), Oxymap 
(I), Nano Retina (C), AdOM (C), Biolight (C), Nano Retina 
(I), Isarna Therapeutics (C), AdOM (I), Stemnion (C); Alice 
Chandra Verticchio Vercellin, None; Josh C. Gross, None; 
Colin Ridenour, None; Aditya Belamkar, None; Darrell WuDunn, 
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