
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.

421 Imaging: Optic Nerve Head and Nerve Fiber Layer
Wednesday, May 10, 2017 8:30 AM–10:15 AM
Exhibit/Poster Hall  Poster Session
Program #/Board # Range: 3973–4027/A0282–A0336
Organizing Section: Glaucoma

Program Number: 3973 Poster Board Number: A0282
Presentation Time: 8:30 AM–10:15 AM
Smartphone-based optic nerve head evaluation: mydriasis is 
what makes the difference
Maximilian W. Wintergerst, Christian K. Brinkmann, 
Robert P. Finger. Department of Ophthalmology, University of Bonn, 
Bonn, Germany.
Purpose: To assess whether smartphone-based optic nerve head 
(ONH) evaluation is equivalent to conventional digital fundus 
photography (CFP).
Methods: 50 eyes with glaucoma or suspected to have glaucoma 
were imaged with CFP (Visucam 500, Carl Zeiss Meditec, Jena, 
Germany) and smartphone-based fundus photography (SBFP) 
using the D-Eye adapter (D-EYE S.r.l., Padova, Italy) with a 
Galaxy S4 (Samsung Electronics, Seoul, South Korea). SBFP was 
performed both undilated and following dilation. CFP was performed 
following dilation. Both image modalities were compared in 
regards to evaluation of vertical cup-to-disc ratio (CDR), ISNT rule, 
neuroretinal rim pallor (NRP), image quality and completeness of 
ONH visualization. All images were pseudonymized and graded by 
two blinded graders. Data were analyzed descriptively.
Results: CDR measurements on images obtained following 
dilation highly correlated with measurements on CFP (mean CDR 
on CFP=0.79, mean CDR on SBFP with dilation=0.76; r=0.76, 
p<0.0001), whereas CDR was underestimated on images obtained 
without dilation and correlated less well with CFP (mean CDR on 
SBFP without dilation=0.70; r=0.54, p=0.0003). Better image quality 
on smartphone-based fundus photographs was achieved with dilation 
(median = 4 vs. 3, respectively, on a scale from 0 to 5; p<0.0001). 
SBFP NRP evaluation on images following dilation showed a 
stronger correlation with evaluation on CFP (r=0.51 and r=0.30, 
respectively). ISNT rule evaluation was possible in 72% of images 
obtained without dilation and on 98% of images following dilation. 
Complete visualization of the ONH was possible in 46% of images 
without dilation and on 94% of images with dilation.
Conclusions: Smartphone-based fundus photography for ONH 
evaluation is promising, however dilation is necessary to achieve 
results comparable to optic disc evaluation on CFP. ONH imaging 
with smartphones without dilation bears for example the risk of 
underestimating the CDR and hence overlooking a patient at risk for 
glaucoma.
Commercial Relationships: Maximilian W. Wintergerst; 
Christian K. Brinkmann, Carl Zeiss Meditec (F), Carl Zeiss 
Meditec (R); Robert P. Finger, Carl Zeiss Meditec (F), Carl Zeiss 
Meditec (R)
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Comparison between a Portable Electronic Device (PED) and 
Optical Coherence Tomography (OCT) to determine Cup-to-Disc 
Ratio (CDR) through a non-inferiority trial with masked data 
analysis
Andrea Sarmento1, 2, Adriano Sarmento1, Rodrigo P. Lira1, 2. 1UFPE, 
Recife, Brazil; 2Clinica Oftalmo Zona Sul, Recife, Brazil.
Purpose: We propose a new technology that can help glaucoma 
screening test and we compare it to results obtained by Optical 
CoherenceTomography (OCT) for measuring Cup-to-Disc ratio 

(CDR). We performed a non- inferiority trial with masked data 
analysis comparing these technologies.
Methods: A total of 110 subjects ranging from 18 to 60 years 
from both genders that met the pre-defined criteria were included. 
This study was carried out in Recife. Subjects underwent vertical 
cup-to-discratio (VCDR) evaluations with PED and OCT during a 
single visit. VCDR measurements were repeated 5 times with each 
equipmment. Evaluations were done by examiners who did not know 
previously results obtained from other equipment. Data was collected 
by the main researcher of this research. The ethics committee 
approved this study before it started and all research members signed 
the TCLE agreement. The statistical test employed in this study was 
Pearson Correlation test.
Results: 110 left eyes of individuals ranging from 18 to 60 year 
(39±13), 66 females were evaluated. The average VCDR values 
obtained from OCT were 0.47±0.1, while the results obtained from 
PED were 0.42±0.1. Pearson Correlation test resulted in 0.86 with 
p<0.001 in both extremities.
Conclusions: There was a strong correlation between results obtained 
from OCT and PED. The main contributions of this work are: (1) 
aiding ophthalmologists to give an objective CDR evaluation using 
a low cost computer system; (2) allowing objective CDR monitoring 
over time.
Commercial Relationships: Andrea Sarmento, None; 
Adriano Sarmento, None; Rodrigo P. Lira, None
Clinical Trial: protocol ID CO2001 NCT ID not yet assigned
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Philadelphia Telemedicine Glaucoma Detection and Follow-up 
Study: Methods and Visit 1 Results
Lisa A. Hark3, 2, L. Jay Katz3, 2, Michael Waisbourd3, 
Jonathan S. Myers3, 2, Deiana johnson1, Scott S. Fudemberg3, 2, 
Anand Mantravadi3, 2, Jeffrey D. Henderer4, Thien Dan Bui6, 
Jane Lee5, Julia A. Haller1, 2. 1Research, Wills Eye Hospital, Lafayette 
Hill, PA; 2Ophthalmology, Thomas Jefferson University, Philadelphia, 
PA; 3Glaucoma Research, Wills Eye Hospital, Philadelphia, PA; 
4Ophthalmology, Temple University Hospital, Philadelphia, PA; 
5Drexel University School of Medicine, Philadelphia, PA; 6Sidney 
Kimmel Medical College, Philadelphia, PA.
Purpose: To describe methods and preliminary Visit 1 results from 
an innovative, practice-based screening study for glaucoma that 
incorporates telemedicine imaging to improve access and utilization 
of eye care to detect, treat, and manage high-risk individuals with 
previously undiagnosed eye pathology.
Methods: Up to 1,250 individuals at high-risk for glaucoma are 
being recruited at 7 primary care offices and 4 Federally Qualified 
Health Centers for this prospective, randomized clinical trial. Visit 1 
consists of telemedicine eye screening of the retina and optic nerve, 
testing visual acuity, measuring intraocular pressure, and assessing 
family history of glaucoma. Glaucoma and retina specialists remotely 
read images and clinical data, and participants with abnormal findings 
or unreadable images are invited to return to the same location for a 
comprehensive eye exam by a glaucoma specialist in the same setting 
within several months (Visit 2). Recruitment is targeting African 
Americans, Hispanics, and Asians over 40; adults over 65 of any 
ethnicity; adults over 40 with a family history of glaucoma; or adults 
over 40 with diabetes. Participants who attend Visit 2 and agree to 
enroll are randomized to either the Intervention or the Usual Care 
group for follow-up eye exams with a community ophthalmologist 
(Visit 3). The Intervention consists of using patient navigators and a 
social worker to reduce barriers to eye care utilization over a 3-year 
period (Visits 4-8).
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Results: From 4/1/15 to 11/4/16, 779 individuals consented and 
attended Visit 1. Participants were predominately female (61.4%) 
and African American (70.7%), with a mean age of 59 +10.6 years 
(range 39-100). A total of 446 (57.3%) participants had diabetes, 538 
(68.9%) had hypertension, and 188 (24.1%) had a family history of 
glaucoma. During Visit 1, 306 (47.3%) participants were considered 
normal. Using image data from the worse eye, 44.5% (n=288) were 
abnormal and 19.9% (n=132) images were unreadable. Of the 288 
participants with abnormal images, 211 (32.6%) were diagnosed 
as glaucoma suspect; 61 (9.4%) with diabetic retinopathy; 55 
(8.5%) with other retinal abnormalities, and 53 (8.2%) with ocular 
hypertension.
Conclusions: Conducting eye screenings in primary care physician 
offices and Federally Qualified Health Centers likely holds promise 
to improve eye care and prevent vision loss in high-risk populations.
Commercial Relationships: Lisa A. Hark, None; L. Jay Katz, 
None; Michael Waisbourd, None; Jonathan S. Myers, 
None; Deiana johnson, None; Scott S. Fudemberg, None; 
Anand Mantravadi, None; Jeffrey D. Henderer, None;  
Thien Dan Bui, None; Jane Lee, None; Julia A. Haller, None
Support: US Centers for Disease Control and Prevention 
UDP005127
Clinical Trial: NCT0239024
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Philadelphia Telemedicine Glaucoma Detection and Follow-Up 
Study: Unreadable Image Results at Visit 2
Sanika Udyaver1, Lisa A. Hark2, Jonathan S. Myers2, 
Scott S. Fudemberg2, Rebecca Finkelman3, Anand Mantravadi2, 
Jeffrey D. Henderer4, Daniel Lee2, Ben Abramowitz2, 
Mostafa Mazen2, Julia A. Haller2, L Jay Katz2. 1Sidney Kimmel 
Medical College, Philadelphia, PA; 2Glaucoma Research, Wills Eye 
Hospital, Philadelphia, PA; 3Muhlenberg College, Allentown, PA; 
4Temple University, Philadelphia, PA.
Purpose: Telemedicine screenings programs across community 
and office-based settings can be useful in detecting eye pathology. 
However, unreadable fundus and optic nerve images provide 
unusable data for diagnosis or evaluation of eye diseases. This study 
aims to assess the demographic trends, clinical characteristics, and 
diagnostic results of participants with unreadable images captured 
during the Philadelphia Telemedicine Glaucoma Detection and 
Follow-up Study.
Methods: A total of 779 individuals at high-risk for glaucoma were 
recruited into this study at 7 primary care offices and 4 Federally 
Qualified Health Centers. Recruitment was targeted at African 
Americans, Hispanics, and Asians over 40; adults over 65 of any 
ethnicity; adults over 40 with a family history of glaucoma; or adults 
over 40 with diabetes. During Visit 1, glaucoma and retina specialists 
remotely read images, along with visual acuity, intraocular pressure, 
age/ethnicity, and family history of glaucoma. Individuals with 
abnormal or unreadable images were invited to return to the same 
location for a comprehensive eye exam by a glaucoma specialist 
(Visit 2) within several months. Demographic and clinical data and 
ocular outcomes of participants with unreadable images at Visit 1 
who attended Visit 2 were determined.
Results: From 4/1/15 to 11/4/16, 779 individuals consented and 
attended Visit 1. Of these, 132 (16.9%) participants had unreadable 
images. These participants were predominantly female (57.1%) and 
African American (75.4%), with a mean age of 66.8 +12.7 years 
(range 42-100). Moreover, 37 participants (52.9%) with unreadable 
images were older than age 65, and 64 (48.5%) had diabetes. A 
total of 70 participants with unreadable images attended Visit 2 for 

a comprehensive eye exam with a glaucoma specialist. Of those, 
19 (27.1%) were diagnosed as glaucoma-suspect, 4 (5.7%) had 
glaucoma, 3 (4.3%) had diabetic retinopathy, 3 (4.3%) had ocular 
hypertension, 8 (11.4%) had other retinal abnormalities, and 6 (8.6%) 
had cataracts. The majority of subjects, 52 (74.3%), had other ocular 
pathologies such as vitreous degeneration, optic atrophy, and disc 
hemorrhage.
Conclusions: Many participants with unreadable images had 
eye pathologies that were not detectable with telemedicine. It is 
therefore useful to conduct a comprehensive eye exam on anyone 
with unreadable images that have been detected on a telemedicine 
screening program.
Commercial Relationships: Sanika Udyaver, None; Lisa A. Hark, 
None; Jonathan S. Myers, None; Scott S. Fudemberg, None; 
Rebecca Finkelman, None; Anand Mantravadi, None; 
Jeffrey D. Henderer, None; Daniel Lee, None; Ben Abramowitz, 
None; Mostafa Mazen, None; Julia A. Haller, None; L Jay Katz, 
None
Support: CDC Grant U01 DP005127
Clinical Trial: NCT0239024
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Improved retinal imaging and through-put time in  
Tele-glaucoma versus traditional care: New Jersey Health 
Foundation prospective clinical trial
Nicole Mendez1, Sumana Kommana2, Bernard Szirth1, 
Albert S. Khouri1. 1Ophthalmology, Rutgers New Jersey Medical 
School, Newark, NJ; 2Temple University, Philadelphia, PA.
Purpose: To determine the effectiveness of remote tele-glaucoma 
compared to clinical direct observation in retinal imaging and 
through-put time.
Methods: Prospective comparative pilot trial of 30 patients  
(242 Fundus and 102 Optical Coherence Tomography (OCT) images) 
screened through the remote tele-glaucoma screening protocol and 
via the conventional clinical evaluation. Parameters studied included 
comparisons of through-put (measured as the time from technician 
review to patient departure), tonometry, ocular examination and 
particularly optic nerve evaluation (estimation of vertical and 
horizontal cup-to-disc ratio). Opacity SuppressionTM (OS) software 
was applied post-capture to enhance image assessment when 
opacities precluded retina and optic nerve head (ONH) evaluation. 
Peripapillary and nerve fiber layer (NFL) detail were assessed 
post-OS on a scale of 1-3 (1=similar, 2=improved, 3=significant 
improvement) and graded independently by 2 readers. Inter-observer 
agreement between the two arms (tele-glaucoma and physical 
presence) were determined.
Results: A strong positive Pearson correlation was observed for a) 
intraocular pressure of right eye (OD), left eye (OS) (0.92, 0.81) and 
b) optic nerve cup/disc ratio OD, OS (0.83, 0.87). (Table 1) Although 
tele-glaucoma had lower accuracy in providing cup/disc ratios (82%) 
vs. clinical exam (91%), the Opacity Suppression software applied 
to images improved visualization of peripapillary detail in 70% 
and 82% of assessed images by grader 1 and 2, respectively. NFL 
visualization was also improved but to a lesser extent (33% and  
50% by grader 1 and 2, respectively). When compared to tele-
glaucoma, the conventional clinical exam assessment was 40 minutes 
longer and required 3 examiners as opposed to a 20-minute through-
put in tele-glaucoma and 1 examiner.
Conclusions: Tele-glaucoma provided comprehensive evaluations 
(tonometry, ocular anterior and posterior segment/optic nerve 
imaging) that strongly correlated with conventional face-to-face 
clinical evaluation. Although conventional clinical exam was superior 
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to tele-glaucoma in evaluating the optic nerve C/D ratios, tele-
glaucoma proved an efficient mean of patient time and was better 
with OCT applications for NFL and peripapillary distribution.

Table 1. Pearson Correlation Coefficients of diagnostic exams.
Commercial Relationships: Nicole Mendez, None; 
Sumana Kommana, None; Bernard Szirth, None; 
Albert S. Khouri, None
Support: New Jersey Health Foundation
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Detecting glaucoma using the portable Optovue iVue SD-OCT: 
implications for an improved method in community screenings
Chris Cho1, Melissa M. Liu1, Harry A. Quigley2, Joan L. Jefferys2, 
Adrienne W. Scott2. 1Johns Hopkins University School of Medicine, 
Baltimore, MD; 2Ophthalmology, Johns Hopkins University School 
of Medicine, Baltimore, MD.
Purpose: Detecting glaucoma in community screenings has 
been largely limited due to the lack of an efficacious method. We 
hypothesize that a portable spectral domain optical coherence 
tomography (SD-OCT) operated by non-professional photographers 
on undilated eyes can serve as a sensitive and specific screening tool 
to detect glaucoma.
Methods: Given the low prevalence of glaucoma in a screening 
population, we conducted this prospective study in the clinic and 
recruited 112 adult individuals: 54 patients diagnosed with primary 
open angle glaucoma and 58 control subjects. Non-professional 
photographers captured images on undilated eyes using the Optovue 
iVue SD-OCT, a compact device that we could make readily portable. 
Three scans were collected per eye: retinal nerve fiber layer (RNFL), 
ganglion cell complex (GCC), and 3D optic nerve head (3D ONH). 
For statistical analysis, the more abnormal OCT parameter of the two 
eyes was selected, and these parameters were treated as categorical 
variables in predicting glaucoma. Positive predictive value (PPV) 
and negative predictive value (NPV) for each OCT parameter were 
calculated based on a high prevalence of glaucoma of 4%.
Results: The following parameters exhibited high sensitivity and 
specificity (95% exact confidence interval or CI): GCC total thickness 
76% (62-87) and 86% (74-94), RNFL average thickness 89%  
(77-96) and 83% (70-92), RNFL average superior hemisphere 
thickness 85% (72-93) and 87% (74-94), RNFL average inferior 
hemisphere thickness 87% (75-95) and 88% (77-96), and cup to 
disc vertical ratio 72% (58-83) and 94% (84-99). The PPV and NPV 
(95% CI) for these parameters were: GCC total thickness 18% (6-24) 
and 99% (96-100), RNFL average thickness 18% (7-20) and 99% 
(97-100), RNFL average superior hemisphere thickness 21% (8-25) 
and 99% (97-100), RNFL average inferior hemisphere thickness 23% 
(9-27) and 99% (97-100), and cup to disc vertical ratio 33% (10-45) 
and 99% (97-100).
Conclusions: The Optovue iVue SD-OCT is a device that can be 
made portable and used by non-professional photographers on 
undilated eyes. The scanned images generate quantitative parameters 
that can predict glaucoma with relatively high sensitivity and 
specificity. These findings implicate the promising utility of the 

Optovue iVue SD-OCT in community screenings as an improved 
method to reliably and effectively identify individuals with glaucoma.
Commercial Relationships: Chris Cho, None; Melissa M. Liu, 
None; Harry A. Quigley, None; Joan L. Jefferys, None; 
Adrienne W. Scott, Allergan, Inc. (C), Thrombogenics, Inc. (F)
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Novel atlas-based score for early glaucoma detection and 
stratification
Fantin Girard1, Farida Cheriet1, Moatez Billah Mekki2, 
Said Yahiaoui2, Hadi Chakor2. 1Polytechnique Montreal, Montreal, 
QC, Canada; 2DIAGNOS Medical Algerie, Alger, Algeria.
Purpose: The cup-to-disc ratio (CDR) measurement from the optic 
disc (OD) appearance in fundus images is one of the key clinical 
indicator for glaucoma risk assessment. However, the CDR only 
evaluates the relative sizes of the cup and the OD via their diameters. 
Local geometric deformations that may be the early signs of 
glaucoma are not characterized by the CDR. In this work, we propose 
an automatic novel risk stratification score based on a statistical atlas 
framework that quantify the presence of the abnormalities of the OD 
region induced by the early glaucoma condition.
Methods: We build a statistical atlas which describes an average 
model of the optic disc region, including the vessels, and the 
variability of local geometric deformations among a healthy 
population. An atlas-based shape descriptor is then defined as the 
set of statistical features extracted from the atlas, representing local 
deviations to the average model and projections on the principal 
modes of deformation. The novel risk score is then obtained by a 
linear combination of these statistical features. On a pathological OD 
with abnormal deformations, the projection on the principal modes 
and the local deviation will be significantly higher than the healthy 
atlas variability. The proposed stratification score is evaluated on  
350 fundus images including 126 fundus images graded by expert 
graders as glaucomatous fundus images and 16 at risk OD identified 
with potential early glaucoma risk condition.
Results: Comparing to the CDR measurement with an area under the 
ROC curve (AUC) of 89.1%, our novel atlas-based score achieves 
an AUC of 97.3% which is a significant improvement (p=0.019). On 
the 16 at risk patients, 14 OD have been identified as significantly 
different than the healthy atlas showing the capability of the novel 
score to capture not only glaucomatous patients but also at risk 
patients.
Conclusions: This study showed that the novel atlas-based score is 
enough sensitive to detect subtle changes of OD region shape and 
able to discriminate between healthy and glaucomatous patients. 
From a practical point of view, this tool is able to assist the clinicians 
in early glaucoma assessment and may help them for rapid detection 
of the local changes and for better identification and stratification of 
the population with glaucoma risk condition.
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ROC curve of the CDR and the novel atlas-based score for glaucoma 
assessment
Commercial Relationships: Fantin Girard; Farida Cheriet, None; 
Moatez Billah Mekki, None; Said Yahiaoui, None; Hadi Chakor, 
None
Support: CRSNG Grant RDCPJ 484993-15
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Optic Disc Image Subtraction Detects Glaucoma Progression
Navid Amini, Reza Alizadeh, Nucharee Parivisutt, Eun-Ah Kim, 
Kouros Nouri-Mahdavi, Joseph Caprioli. Ophthalmology, Jules Stein 
Eye Institute at UCLA, Los Angeles, CA.
Purpose: Qualitative detection of glaucoma deterioration on optic 
disc photographs is challenging for clinicians. The goal of this study 
is to present a digital image subtraction technique of the optic nerve 
head to detect small amounts of structural change in glaucoma.
Methods: Ninety-two glaucomatous eyes of 65 patients were 
included; 33 eyes were identified as deteriorating and 59 as 
stable based on review of stereoscopic disc photographs taken at 
baseline and last follow-up by 3 masked clinicians. The baseline 
and follow-up images of each eye were aligned with the i2k Align 
Retina software (i2k Retina, DualAlign LLC). These images were 
then converted to grayscale and underwent histogram equalization 
to enhance contrast and remove the effects of inhomogeneous 
illumination. The baseline image was subtracted from the follow-
up and the difference was shown as a colormap superimposed on 
a gray-scale image (Fig. 1). Three masked clinicians reviewed the 
subtraction colormap images in a qualitative manner and provided 
their opinion of disease stability status based on observation of 
features of progression according to a graded scale ranging from 1 
(no progression) to 5 (definite progression). Sensitivity and specificity 
of the classification were computed. Fleiss’ kappa statistics were 
utilized to summarize agreement of categorical gradings and binary 
classification (0=stable and 1=progressive).
Results: The median (IQR) time difference between follow-up and 
baseline images was 4.8 (2.5-7.6) years. With the aid of subtraction 
maps, glaucoma progression was detected in 26 of the progressive 
eyes and 9 of stable eyes. Sensitivities of the three clinicians were 
0.75, 0.76, and 0.68 and their specificities were 0.89, 0.86, and 0.87. 

Agreement among clinicians for detection of progression based 
on density subtraction images was moderate (Fleiss’ kappa=0.42; 
95% CI of [.40, .44]) for progression grades and substantial (Fleiss’ 
kappa=0.74; 95% CI of [.71, .77]) for binary scores.
Conclusions: Subtraction colormaps offered fair sensitivity for 
detecting glaucomatous progression and could also establish stability 
with good specificity. Integration of this method with the EMR could 
provide the clinician with additional information in real time for 
detection of glaucoma progression.

Fig. 1. Baseline (A), follow-up (B) and subtraction colormap (C), 
demonstrating significant neuroretinal rim loss and RNFL thinning in 
both the follow up and subtraction images.
Commercial Relationships: Navid Amini; Reza Alizadeh, None; 
Nucharee Parivisutt, None; Eun-Ah Kim, None;  
Kouros Nouri-Mahdavi, None; Joseph Caprioli, None
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Now you see it, now you don’t: good within- and between-
observer agreement in detecting disc haemorrhages with a 
Heidelberg retina tomograph image flicker method
Jibran Mohamed-Noriega1, 2, Corrado Gizzi2, Isaraporn Treesit2, 
Tetsuya Togano2, Cedric Schweitzer2, Tuan Ho2, David Garway-
Heath2. 1Oftalmología, Universidad Autónoma de Nuevo León, 
Monterrey, Mexico; 2NIHR Biomedical Research Centre at 
Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of 
Ophthalmology, London, United Kingdom.
Purpose: Disc haemorrhages (DH) are an important sign that 
clinicians use to guide the care of patients. However, DHs are often 
missed during routine examination. Imaging techniques are becoming 
part of routine glaucoma care; therefore, we tested the agreement 
between observers to identify DH in Heidelberg retina tomograph 
(HRT) images.
Methods: The United Kingdom Glaucoma Treatment Study 
(UKGTS) is the first randomized placebo-controlled trial in glaucoma 
and showed preservation of visual fields with latanoprost in newly 
diagnosed glaucoma patients. 516 patients were enrolled and, 
during the 24 months follow-up, patients were imaged with HRT3 
(Heidelberg Engineering, Heidelberg, Germany; version 3.0.60, 
Heyex 1.6.2.0) at each of 11 visits. The images were analysed 
with the Topographic Change Analysis (TCA) algorithm, which 
automatically aligns all the images and offers the option to flicker the 
baseline scan with each of the follow-up reflectance scans. All images 
pairs were flickered and assessed by the same observer, masked to 
treatment allocation and outcome status, for changes in reflectivity 
in the optic nerve rim or peripapillary area. Twenty-five patients with 
DH and 25 with no DH were selected; the presence/absence of DH 
was validated from same-day disc photographs. Anonymized flicker 
pairs were converted into a GIF file and upload into an online survey 
manager (SurveyMonkey®). Five glaucoma specialists participated 
in the study. Images were classified as DH+ or DH- and the location 
of the DH in clock hours was chosen. 25 images were presented 
twice. Images were presented in a random order. Intra- and inter-
observer agreement for identifying DH presence was calculated using 
kappa statistics.
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Results: The mean inter-observer agreement kappa was 0.64  
(range 0.40–92) for DH presence and 98.9% of responses agreed on  
the location within one clock hour. The mean intra-observer 
agreement kappa was 0.79 (range 0.28–1.00) for DH presence and 
100% of responses agreed on the location within one clock hour 
(Table 1).
Conclusions: The agreement between glaucoma specialists for the 
detection of DH in flickered HRT images ranged from ‘moderate’ 
to ‘almost perfect’ and was at least ‘substantial’ for the majority of 
comparisons.

Table 1 Inter and intra-observer agreement Kappa (95% Confidence 
Interval)
Commercial Relationships: Jibran Mohamed-Noriega, None; 
Corrado Gizzi, None; Isaraporn Treesit, None; Tetsuya Togano, 
None; Cedric Schweitzer, Thea (C), AMO (C), Allergan (C), Alcon (C); 
Tuan Ho, None; David Garway-Heath, Quethera (F), Santen (F), Pfizer 
(F), Allergan (F), Quark (F), Alcon (F), Alimera (F), Aerie (F)
Support: CONACYT
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A Novel Quantitative Approach for Analyzing Glaucomatous Disc 
Hemorrhages: Identifying the Source of the Blood
Jonathan Chou1, Clara C. Cousins1, John B. Miller1, 
Lucy Q. Shen1, Brian J. Song1, Mae O. Gordon2, Michael A. Kass2, 
Louis R. Pasquale1. 1Ophthalmology, Harvard Medical School/
Massachusetts Eye & Ear, Boston, MA; 2Washington University, St. 
Louis, MO.
Purpose: Optic disc hemorrhages (DH) are often seen in primary 
open-angle glaucoma (POAG) patients and are associated 
with glaucoma progression. It is unknown whether optic disc 
damage causes the hemorrhage, or whether the hemorrhage is 
an upstream event, making the optic disc more susceptible to 
damage. Understanding whether DH come primarily from arterial 
or venous sources may shed some light on this subject. An arterial 
source suggests that DH are primary events secondary to vascular 
dysregulation, while a venous source suggests that DH are secondary 
events due to distortions of the lamina cribrosa. We developed a 
technique to assess the densitometry and geometric profiles of DH.
Methods: Two observers used ImageJ to compare DH (n=25 eyes) 
to known sources of retinal venous and arterial blood; branch retinal 
vein occlusion (BRVO; n=28 eyes), and retinal macroaneurysms 
(MA; n=19 eyes), respectively, using stock internet images. 
Subsequently, analysis was performed using DH images from the 
Ocular Hypertension Treatment Study (OHTS; n= 10) and Mass Eye 
& Ear (MEE; n= 19) POAG patients. Mean grayscale pixel intensity 

(densitometry), circularity value (4π x area/perimeter sq), and length/
width ratio were calculated. Pixel intensity of the hemorrhage was 
compared to adjacent retinal arterioles and venules (fig 1). The 
densitometry of the arteriole and venule minus the densitometry of 
the hemorrhage (ΔA and ΔV, respectively) were measured (fig 2).
Results: DH were more likely to have densitometry readings similar 
to adjacent arterioles and brighter than adjacent venules (ΔA = 10.68 
± 6.22, ΔV = -4.11 ± 7.99) compared to BRVO hemorrhages  
(ΔA = 24.65 ± 18.67, p = 0.0008; ΔV = 6.62 ± 16.64, p = 0.005) in 
stock internet images. MA hemorrhages had a densitometry between 
the other two groups (ΔA = 16.05 ± 11.15, ΔV = 0.87 ± 9.79). DH 
also tended to have an elongated shape (length/width = 3.73 ± 1.48; 
circularity = 0.49 ± 0.12). Similar trends were seen in DH photos 
from OHTS/MEE (ΔA = 7.49 + 7.02; ΔV = -3.16 + 7.20; length/
width ratio = 5.18 + 2.32; circularity = 0.40 + 0.13). There was good 
inter-reader reliability for all assessments (intraclass correlation 
coefficient ≥ 0.78).
Conclusions: DH appear to be primarily arterial in origin. Their 
geometric shape suggests that they are expelled from vessels under 
high shear stress. These results suggest that DH may result from 
vascular dysregulation.

Commercial Relationships: Jonathan Chou, None; 
Clara C. Cousins, None; John B. Miller, None; Lucy Q. Shen, 
None; Brian J. Song, None; Mae O. Gordon, None; 
Michael A. Kass, None; Louis R. Pasquale, None
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Patterns, Percentage and Percentile of RNFL around the Bruchs 
Membrane in POAG
Ganesh P. Ambekar, Hemangi Rathi, Vinay Nangia. Suraj eye 
institute, Nagpur, India.
Purpose: The retinal nerve fiber layer (RNFL) is an important hall 
mark of glaucoma damage. The RNFL has been measured around 
the center of the optic disc with the OCT. Newer software enable its 
detection around the Bruchs membrane. It was the purpose to study 
the segmental and global pattern and percentage of loss in patients of 
POAG when measured around the center of Bruch’s membrane
Methods: 102 eyes of 51 subjects (17 females) with POAG 
underwent RNFL thickness measurements around the centre of 
Bruch’s Membrane(BM), using the Glaucoma Premium Edition 
software provided with the spectralis. The BM tip is identified 360 
degrees, by an algorithm in the software thereby determining the 
BM opening. The segmentation of the RNFL was according to the 
Bruch’s membrane opening center foveal line axis. The mean age 
was 59.36±13.1yrs. BCVA was 0.69±0.29 DU. The sph. equ. was 
-0.47±1.9 D. The CCT was 526±36 μm.
Results: The normative values (from the database in the software 
provided) were for the following segments Naso-superior (NS), 
112±22.4μm, nasal (N) 81.5±12.5 μm, naso-inferior (NI)109.5±21.5 
μm, temporoinferior (TI) 148.8±16.9, temporal (T) 70.5±9.8, 
temporo-superior (TS) 128.0±19.6, and global (G) 97.8±8.6), The 
prevalent values in microns of remaining RNFL in the POAG 
subjects were for (NS) 77.81±30.83 μm, (N), 58.09±18.89 μm, (NI), 
73.49±31.39 μm, (TI), 81.14±37.00 μm, (T), 53.08±16.33 μm, (TS), 
85.49±30.81 μm and (G), 66.33±19.7 μm. In terms of percentage 
loss the maximum loss was seen for the (TI), 45.71%, followed by 
the (TS), 33.21%, (NI), 32.88%, (NS), 30.53%, (N), 28% and (T), 
24.71% and (G), 32.17%. In terms of percentile values, a percentile 
value of <1% was seen in 76% eyes in the TI segment, followed by 
temporosuperior segment in 43% of eyes.
Conclusions: The maximum loss of RNFL (45.71%) is in the 
TI segment followed by the TS segment (33.21%), and in the NI 
segment (32.88%). The percentile values of RNFL remaining 
showed a value of <1 in 76% of eyes for the TI segment. Since the TI 
segment shows the maximum percentage loss, it may offer a greater 
opportunity for early detection, since loss may start in this region and 
also offers a better opportunity for follow up since the loss may start 
earlier and be relatively more in this segment compared to the others. 
In essence efforts should be directed towards assessing this segment 
both at diagnosis and for follow up.
Commercial Relationships: Ganesh P. Ambekar; Hemangi Rathi, 
None; Vinay Nangia, None

Program Number: 3984 Poster Board Number: A0293
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Structural parameters associated with location of peaks of 
peripapillary retinal nerve fiber layer thickness in young healthy 
eyes
Takehiro Yamashita1, Ryo Asaoka2, Yuya Kii1, Hiroto Terasaki1, 3, 
Hiroshi Murata2, Taiji Sakamoto1. 1Ophthalmology, Kagoshima 
University, Kagoshima, Japan; 2Ophthalmology, The University of 
Tokyo, Tokyo, Japan; 3Doheny Eye Institute, Los Angeles, CA.
Purpose: To generate equations that can determine the location of 
the peaks of the circumpapillary retinal nerve fiber layer (cpRNFL) 
thickness using the structural parameters of the eye.
Methods: A prospective, observational, cross sectional study of 118 
healthy right eyes. All had ophthalmologic examinations including 
optical coherence tomography of the cpRNFL. The axial length, optic 

disc tilt, superiortemporal (ST)- and inferiortemporal (IT)-peaks of 
the cpRNFL thickness, and angles of the ST and IT retinal arteries 
(RA) and veins (RV) were determined from fundus photographs and 
images of the RNFL. The correlations between the location of the ST- 
and IT-peaks and ocular structural parameters and the sex and body 
height and weight were calculated. The best fit equations to determine 
the location of the ST-peak and IT-peak were determined using the 
model selection with corrected-Akaike Information Criteria from the 
ocular and systemic variables.
Results: The equation for the location of the ST-peak was 
0.72+(0.40×ST-RA)+(0.27×ST-RV)+(0.14×height)-(0.47×papillo-
macular-position)-(0.11× disc tilt) with a coefficient of correlation of 
0.61 (P<0.0001). The location of the IT-peak was 21.88+(0.53×IT-
RA)+(0.15×IT-RV)+(0.041×corneal thickness)-(1.00×axial length) 
with a coefficient of correlation of 0.59 (P<0.0001).
Conclusions: The location of ST peak and IT peak is determined by 
different parameters of the ocular structure. These equations should 
allow clinicians to obtain a more accurate location of the ST- and IT 
peaks which should then allow clinicians to make a more accurate 
diagnosis of glaucoma.
Commercial Relationships: Takehiro Yamashita, None; 
Ryo Asaoka, None; Yuya Kii, None; Hiroto Terasaki, None; 
Hiroshi Murata, None; Taiji Sakamoto, None
Clinical Trial: http://www.umin.ac.jp/, UMIN000006040
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Trend-based analysis of retinal nerve fiber layer thickness by 
optical coherence tomography in eyes with optic disc torsion
Kyeong Ik Na, Young Kook Kim, Ki Ho Park, Jin Wook Jeoung. Seoul 
National University Hospital, Seoul, Korea (the Republic of).
Purpose: To investigation the relationship between optic disc torsion 
and changes of peripapillary retinal nerve fiber layer thickness 
(pRNFLT) in myopic open-angle glaucoma
Methods: One hundred-two patients with myopic open angle 
glaucoma, with glaucomatous damage confined to a single 
hemiretina, who were followed up over a 5-year period and had four 
or more results of optical coherence tomography images. Systemic 
and ocular findings including optic disc torsion were evaluated. The 
subjects were divided into three groups according to the presence or 
absence of optic disc torsion and correspondence with glaucomatous 
damage and direction of optic disc torsion; optic disc torsion with 
reverse correspondence group, non-optic disc torsion group, optic 
disc torsion with correspondence group. The changes of pRNFLT 
evaluated by trend-based analysis using Cirrus optical coherence 
tomography (OCT) were compared to determine the relationship 
between optic disc torsion and change of pRNFLT.
Results: The mean age of subject was 57.17±10.43 years, mean 
spherical equivalent refractive error was -5.26±2.03 diopters, and 
mean axial length was 25.72±1.06 mm. Mean follow-up duration was 
73.21±12.81 months and mean number of follow-up OCT images 
was 5.80±1.24. The torsional optic disc with correspondence group 
showed significantly faster pRNFLT thinning of the glaucomatous 
damaged hemiretina (-1.53±1.38 μm/year) compared with the non-
torsional optic disc (-1.13±1.10 μm/year) and the torsional optic disc 
with reverse correspondence group (-0.49±0.98 μm/year) (p = 0.021).
Conclusions: Optic disc torsion and glaucomatous damage 
correspondence may be an important prognostic factor for patients 
with myopic open angle glaucoma.
Commercial Relationships: Kyeong Ik Na, None; Young 
Kook Kim, None; Ki Ho Park, None; Jin Wook Jeoung, None
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Strong influence of ocular, cardiovascular, anthropometric 
and lifestyle parameters on retinal nerve fiber layer thickness 
detected in the Gutenberg Health Study (GHS)
Stefan Nickels1, Julia Lamparter1, 2, Irene Schmidtmann3, 
Alexander K. Schuster1, Philipp S. Wild4, 5, Harald Binder3, 
Karl J. Lackner6, Manfred E. Beutel7, Thomas Münzel8, 
Norbert Pfeiffer1, Esther M. Hoffmann1. 1Department of 
Ophthalmology, University Medical Center Mainz, Mainz, Germany; 
2Private practice “AugenZentrum Leinfelden”, Leinfelden-
Echterdingen, Germany; 3Institute for Medical Biostatistics, 
Epidemiology and Informatics, University Medical Center Mainz, 
Mainz, Germany; 4Preventive Cardiology and Preventive Medicine, 
University Medical Center Mainz, Mainz, Germany; 5University 
Medical Center Mainz, Center for Thrombosis and Hemostasis 
(CTH), Mainz, Germany; 6Institute for Clinical Chemistry 
and Laboratory Medicine, University Medical Center Mainz, 
Mainz, Germany; 7Department of Psychosomatic Medicine and 
Psychotherapy, University Medical Center Mainz, Mainz, Germany; 
8Center for Cardiology I, University Medical Center Mainz, Mainz, 
Germany.
Purpose: Glaucoma is a neurodegenerative disease that leads to 
thinning of the retinal nerve fiber layer (RNFL). We aim to evaluate 
the influence of ocular, cardiovascular, anthropometric and lifestyle 
factors on peripapillary RNFL thickness (RNFLT) in the Gutenberg 
Health Study.
Methods: The Gutenberg Health Study (GHS) is a population-based, 
prospective, observational, interdisciplinary cohort study with a total 
of 15,010 participants. In this study, global peripapillary RNFLT 
was measured in a subgroup of 1973 subjects (3224 eyes) using 
spectral-domain optical coherence tomography (SD-OCT, Heidelberg 
Engineering). The influence of age, sex, axial length (Lenstar LS900, 
Haag-Streit), spherical equivalent (auto-refraction, HARK 599, 
Carl Zeiss), intra-ocular pressure (non-contact tonometry, NT-2000, 
Nidek), central corneal thickness (Pentacam HR, Oculus), self-
reported glaucoma, systemic hypertension, diabetes mellitus, and 
self-reported sleep apnea, tinnitus, alcohol intake (dichotomized 
>10g/d for women and >20g/d for men) on RNFLT was analyzed 
using Pearson correlation and multivariable linear regression.
Results: In the univariate analysis, highest correlations with RNFLT 
were found for axial length (r=-0.27), spherical equivalent (r=0.24), 
and self-reported glaucoma (r=-0.15). Other significant correlations 
were age, sex, intraocular pressure, systemic hypertension 
and systolic blood pressure, previous eye surgery, cholesterol, 
homocysteine, coronary artery disease, myocardial infarction, sleep 
apnea, diabetes mellitus and alcohol intake. The multivariable linear 
regression showed a significant relationship between RNFLT and 
age (reduction of 4-8 μm RNFLT per decade, p=0.0001), spherical 
equivalent (1.33 μm per diopter, p<0.0001), axial length (-1.29 μm 
per mm, p<0.0001), glaucoma (-7.69 μm, p<0.0001), tinnitus (1.38 
μm, p=0.04), sleep apnea (-17.0 μm, p=0.047), homocysteine (-0.10 
μm per mmol/L, p=0.05) and alcohol intake (-1.46 μm, p=0.02).
Conclusions: The strong influence of age and ocular parameters 
on RNFLT must be considered when defining normal values and 
evaluating peripapillary RNFLT. Whether alcohol intake is a risk 
factor for RNFLT decrease needs to be confirmed by the analysis of 
longitudinal data.
Commercial Relationships: Stefan Nickels, None; 
Julia Lamparter, None; Irene Schmidtmann, None; 
Alexander K. Schuster, None; Philipp S. Wild, None; 
Harald Binder, None; Karl J. Lackner, None; Manfred E. Beutel, 

None; Thomas Münzel, None; Norbert Pfeiffer, None; 
Esther M. Hoffmann, None
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Improved diagnostic performance of optical coherence 
tomography with normalized deviations from individualized 
compared to age-corrected expected values of retinal nerve fiber 
layer thickness
Ivania Pereira1, 2, Hemma Resch2, Lorenz Wassermann2, 
Stephan Holzer2, Georg Fischer1, Clemens Vass2. 1CeMSIIS/ MBM, 
Medical University Vienna, Vienna, Austria; 2Ophthalmology and 
Optometry, Medical University of Vienna, Vienna, Austria.
Purpose: Recently we demonstrated that a compensation 
model based on multiple linear regression analysis reduced the 
interindividual variation of retinal nerve fiber layer (RNFL) 
measurement measured with optical coherence tomography (OCT). 
This regression model can be used to generate patient specific 
individualized expected values (EV) of the RNFL thickness. This 
study intends to analyze the suitability of the normalized individual 
deviations from the EV (DoEV) of RNFL thickness for glaucoma 
diagnosis.
Methods: This prospective study compares 58 cases of early to 
moderate glaucoma with previously collected data of 202 healthy 
subjects. All subjects underwent OCT (Cirrus®, Carl Zeiss Meditec) 
of macula and optic disc (OD). 2D projection images were used to 
determine retinal vessel density (RVD) at a 3.4mm diameter circle, 
as previously published. The regression model was recalculated 
using 281 healthy subjects of the Cirrus normative database (CND) 
and considering 8 factors: RVD, distance between fovea and OD 
center, fovea angle, OD size, ratio and angle and refractive error. 
The EVs were calculated twice: 1) age corrected EV (AEV) based 
on CND using intercept and slope of age; 2) individual EV (IEV), 
using intercept and slopes of our multivariate model. The DoEV for 
the AEV and the IEV were calculated for 12 sectors and normalized 
by the standard deviations (nDoEV). The minimum nDoEV was 
determined for each subject using the AEV and the IEV. The 
diagnostic value of the minimum nDoEV of AEV and the IEV 
was analyzed using AROC. Sensitivities at fixed specificities were 
compared between methods with McNemar test.
Results: For the nDoEV of AEV and IEV the AROCs were 0.816 
(0.744-0.888) and 0.860 (0.792-0.928). Although this was not 
significantly different (Fig. 1), there was an improved sensitivity at 
high specificities for nDoEV of IEV compared to the AEV. At 95% 
specificity, the sensitivity of nDoEV of AEV was 43.1%, compared to 
74.1% for the IEV (p<0.001).
Conclusions: Application of patient specific IEV resulted in an 
improved sensitivity at high specificity level above 90% compared to 
standard AEV.
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Fig 1. AROC for the minimum nDoEV of IEV (blue solid line) 
compared to the AEV (green solid line).
Commercial Relationships: Ivania Pereira; Hemma Resch, 
None; Lorenz Wassermann, None; Stephan Holzer, None; 
Georg Fischer, None; Clemens Vass, Carl Zeiss Meditec (F), Carl 
Zeiss Meditec (R)
Support: WWTF- LS11-046
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Individualized normal limits of retinal nerve fiber layer 
measurement improve diagnostic performance of optical 
coherence tomography
Clemens Vass1, Ivania Pereira2, 1, Hemma Resch1, 
Lorenz Wassermann1, Stephan Holzer1, Georg Fischer2. 1Department 
of Ophthalmology and Optometry, Medical University of Vienna, 
Vienna, Austria; 2Center for Medical Statistics, Informatics and 
Intelligent Systems, Vienna, Austria.
Purpose: Recently we developed a compensation model based on 
multiple linear regression analysis that reduces the interindividual 
variation of retinal nerve fiber layer (RNFL) measurement on healthy 
subjects. This model can be applied to generate patient specific 
individualized normal limits (INL). The purpose of this study is to 
analyze whether the sensitivity and/or the specificity are improved 
when applying INL as opposed to standard age-corrected normal 
limits (ANL).
Methods: This prospective study compares 58 patients with early  
to moderate glaucomatous damage (mean MD ±standard deviation = 
-3.80 ±2.83) with previously collected data of 202 healthy subjects. 
All subjects underwent optical coherence tomography (OCT) 
(Cirrus®, Carl Zeiss Meditec) of the macula and the circumpapillary 
area and the retinal vessels were automatically segmented in the  
2D projection images. Vessel thickness values were measured at a  
3.4 mm diameter circle and used to calculate the retinal vessel density 
function (RVD), as previously published. The model was recalculated 
using 281 healthy subjects of the Cirrus normative database (CND) 
and considering 8 independent factors: RVD, distance between fovea 
and optic disk (OD) center, fovea angle, OD size, ratio and angle and 
refractive error. The normal limits were calculated twice: 1) the ANL 
based on CND using intercept, slope of age and variance; 2) the INL 
using intercept, slopes and variance of the multivariate model. We 
evaluated the number of subjects with at least one clock hour sector 

below the 5% normal limit (NL5), or the 1% normal limit (NL1). 
Sensitivities and specificities were compared between the INL and 
the ANL using McNemar tests.
Results: Specificity was significantly improved for the INL1 
compared to the ANL1 (p=0.019). Sensitivity showed a non-
significant trend towards improvement. There was no improvement 
for the INL5 over the ANL5.
Conclusions: Application of patient specific INL, based on 
anatomical parameters, resulted in an improved specificity compared 
to standard ANL while sensitivity was preserved, thus improving the 
diagnostic value of the OCT.

Tab.1: Sensitivities and specificities comparing INL and ANL
Commercial Relationships: Clemens Vass, Carl Zeiss Meditec 
(F), Carl Zeiss Meditec (R); Ivania Pereira, Carl Zeiss Meditec 
(F); Hemma Resch, None; Lorenz Wassermann, None; 
Stephan Holzer, None; Georg Fischer, None
Support: WWTF- LS11-046
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Determinants of inter-eye asymmetry in circumpapillary retinal 
nerve fiber layer (cpRNFL) thickness in healthy and glaucoma 
patients
Lynn Shi1, 2, C Gustavo De Moraes3, Denis Weng2, 
Rashmi Rajshekhar2, Robert Ritch4, Donald Hood2, 3. 
1Ophthalmology, Columbia University College of Physicians and 
Surgeons, New York, NY; 2Psychology, Columbia University, New 
York, NY; 3Ophthalmology, Columbia University, New York, NY; 
4Ophthalmology, New York Eye and Ear Infirmary of Mount Sinai, 
New York, NY.
Purpose: To investigate the causes of inter-eye asymmetry in 
cpRNFL thickness in glaucoma patients and healthy controls.
Methods: Both eyes of 63 glaucoma patients and 33 healthy patients 
had swept-source OCT wide-field cube scans (9x12 mm, DRI-OCT, 
Topcon, Inc.). At least one eye of the glaucoma patients had a 24-2 
mean deviation better than -6D. For each patient, the inter-eye 
variability (IEV) in cpRNFL was defined as IEV = 1/n Σ ni=1  
(xi,a-xi,b)2, where n is the number of circumpapillary values, a and b 
are right and left eyes. IEV was calculated for the (i) global cpRNFL 
(GB), (ii) superior (SQ) and (iii) inferior (IQ) quadrants. For each, 
linear regression models with the following parameters were tested: 
intraocular pressure (IOP), central corneal thickness (CCT), the angle 
(DFA) and distance (DFD) between the optic disc center and the 
fovea, disc area (DA), and the angles between the optic disc center 
and the superior (SBV) and inferior blood vessels (IBV).
Results: On average, GB, SQ, and IQ IEV values of the 33 healthy 
patients (376±197, 296±219, 279±350) were smaller than that of the 
63 glaucoma patients (932±672, 485±477, 1014±1087; all P<0.05). 
Among healthy patients, the 7 parameters explained 32%, 36%, 
and 32% of inter-eye asymmetry for GB, SQ, and IQ, respectively. 
For the healthy patients, the significant predictors were SBV and 
IBV for GB; IOP, SBV, and IBV for SQ; and only IBV for IQ. For 
the 17 (27%) of 63 glaucoma patients with unilateral disease, 3 had 
widespread and 14 had local loss. For the 46 (73%) patients with 
bilateral disease, a similar inter-eye pattern of damage was seen 
in 29 patients (Fig. 1), while 17 others had damage of different 
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degrees (Fig. 2). The 7 parameters explained 10%, 11%, and 7% of 
inter-eye asymmetry for GB, SQ, and IQ, respectively. CCT was a 
significant predictor for SQ, while none of the tested parameters was 
a significant, independent predictor of inter-eye asymmetry for GB 
and IQ.
Conclusions: Qualitatively, eyes in patients tended to have damage 
in the same location. Quantitatively, for the healthy patients, blood 
vessel angles (SBV and IBV) played the largest role in inter-eye 
differences. In glaucoma patients, one healthy eye or different 
degrees of glaucomatous damage were major causes of inter-eye 
asymmetry in cpRNFL thickness.

Figure 1

Figure 2
Commercial Relationships: Lynn Shi, None; C Gustavo De 
Moraes, None; Denis Weng, None; Rashmi Rajshekhar, None; 
Robert Ritch, None; Donald Hood, Heidelberg Engineering (F), 
Topcon Inc. (F), Heidelberg Engineering (R), Topcon Inc. (R)
Support: NEI RO1-EY-02115, NEI: EY025253, Stanley and Carol 
Levy Research Fund of the New York Glaucoma Research Institute
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Effect of pupil dilation on retinal nerve fiber layer measurements 
in patients with glaucoma
Ji Liu1, Peter Ryg1, 2. 1Ophthalmology, Yale University, New Haven, 
CT; 2Ophthalmology, University of California San Francisco, San 
Francisco, CA.
Purpose: To evaluate the influence of pupil dilation on the reliability 
of retinal nerve fiber layer (RNFL) measurements in patients with 
differing degrees of glaucoma severity using spectral domain optical 
coherence tomography (OCT).
Methods: This prospective observational study recruited 23 patients 
who were suspected or diagnosed primary open-angle glaucoma 
(POAG) from the glaucoma service at the Yale Eye Center. The 
severity of glaucoma was determined based on the glaucoma staging 
system developed by the american glaucoma society work group. 
Four eyes carried a diagnosis of glaucoma suspect, 11 eyes with 
mild-stage POAG, 8 eyes with moderate-stage POAG, and 7 eyes 
with severe-stage POAG. Each eye underwent two separate RNFL 
measurements before and at least 30 minutes after dilation with one 
drop each of tropicamide 1% and phenylephrine 2.5%. The average 
RNFL thickness measurements and the measured thickness of each 
of 12 clock hours were compared with paired t-tests using the SPSS 
software package.
Results: Mean age of patients was 67 years. There were 14 female 
and 16 male eyes. Average thickness of RNFL for all eyes was 
67.4±2.2μm (mean±se, same below) undilated and 65.8±2.1μm 
dilated (p=0.14). Stratified into glaucoma severity, average thickness 
of RNFL for those with suspected POAG was 78.3±5.5μm and 
73.0±4.5 (p=0.42), with mild POAG was 70.6±3.2 and 71.0±3.2 
(p=0.68), with moderate POAG was 63.1±2.9 and 62.4±2.8 (p=0.52) 
and with severe POAG was 60.9±4.6 and 57.6±4.6 (p=0.21), none of 
which met statistical significance. The thickness of each of 12 clock-
hours when stratified by glaucoma severity was also statistically 
insignificant with p-values ranging from 0.06 to 1.00, except for the 
2 o’clock position in those with mild-stage POAG (p=0.02). Signal 
strength between undilated and dilated eyes was not statistically 
significant (p=0.60). As an internal control in our study, the 
reproducibility of the images (undilated versus undilated and dilated 
versus dilated RNFL measurements) was found consistent (p=0.30).
Conclusions: The results revealed that glaucoma severity did not 
influence the reliability of OCT RNFL measurements through an 
undilated pupil. The signal strength was not significantly affected 
by pupil dilation either. Our study suggests pupil dilation may not 
be unnecessary when capturing OCT RNFL images for glaucoma 
evaluation.
Commercial Relationships: Ji Liu, None; Peter Ryg, None
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The Effects of Refractive Error and Related Optic Nerve 
Head (ONH) Anatomical Parameters on Optical Coherence 
Tomography (OCT) Retinal Nerve Fiber Layer (RNFL) 
Deviation Map
Neda Baniasadi1, 2, Mengyu Wang1, Hui Wang1, 3, Qingying Jin4, 
Mufeed Mahd2, Lucy Q. Shen5, Louis R. Pasquale5, Tobias Elze1. 
1Ophthalmology, Schepens Eye Research Institute, Mass. Eye and 
Ear, Harvard Medical School, Boston, MA; 2Biomedical Engineering 
and Biotechnology, University of Massachusetts, Lowell, MA; 
3Institute for Psychology and Behavior, Jilin University of Finance 
and Economics, Changchun, China; 4Jilin University, Changchun, 
China; 5Ophthalmology, Mass. Eye and Ear, Harvard Medical School, 
Boston, MA.
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Purpose: The impact of spherical equivalent (SE) on RNFL 
thickness (RNFLT) may be modified by anatomical parameters. Here, 
we evaluate the effects of SE and related retinal parameters on OCT 
abnormality color marks on RNFL deviation map, independent of 
glaucoma severity.
Methods: Reliable pairs of Cirrus OCT circumpapillary RNFLT 
measurements and Humphrey 24-2 visual fields (VF) of 421 eyes 
of 421 glaucoma patients were included. Retinal parameters related 
to SE (ONH nasal/temporal curvatures measured by the slope of 
the best lines fitted to the inner limiting membrane, angle between 
major superior and inferior temporal retinal arteries [inter-artery 
angle, IAA], and ONH tilt [TL]) were identified on OCT fundus 
images and/or B-scans (Figures 1 and 2). RNFL deviation maps 
were extracted from the OCT fundus image on the area of 5.4×5.4 
mm around the ONH center with a resolution of 40,401 pixels. For 
each pixel, a logistic regression model was calculated with OCT 
abnormality marks on RNFL deviation map as regressands and each 
parameter as a regressor independent of glaucoma severity (shown 
as “parameter|MD”), and independent of SE and MD (shown as 
“parameter|SE,MD”). The results are presented on spatial maps of 
the entire scanning area. Each of the 40,401 pixels for which there 
is a significant effect of the parameter (p < 0.05 after correction 
for multiple comparisons) on abnormality marks represents a 
location where the related factor may confound glaucoma diagnosis 
independent of SE and/or MD and is shown in blue/red colors.
Results: Quantified by the affected scanning area, we observed the 
following parameter effects: IAA: 38.8%, ONH nasal curvature: 
29.8%, SE: 22.5%, TL: 5.8%, temporal curvature: 0%, independent 
of MD (Figures 1 and 2). After excluding co-variation effects with 
SE, considerable proportions of the areas for IAA (35.1%), and ONH 
nasal curvature (23.4%) still remain affected.
Conclusions: Variations in IAA and ONH nasal curvature can affect 
OCT abnormality ratings independent of glaucoma severity and 
SE. These parameters should be considered in addition to SE while 
introducing new RNFLT norms for OCT machines.
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None; Tobias Elze, United States PCT/US2014/052414 (P)
Support: Lions Foundation Grant 2015; Grimshaw-Gudewicz 
Foundation 2016; Harvard Glaucoma Center of Excellence; 
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Three year follow-up of serial structural and function testing in 
high myopes without elevated intraocular pressure
Tiffany J. Au, Michele Lee, Kuldev Singh, Robert Chang. Stanford 
University, Stanford, CA.
Purpose: To describe longitudinal Spectral-Domain Optical 
Coherence Tomography (SD-OCT) and Humphrey Visual Field 
(HVF) changes in high myopes presenting as glaucoma suspects.

Methods: In a retrospective cohort study from a university hospital 
based glaucoma practice, 20 subjects (38 eyes) met the following 
inclusion criteria: (1) high myopes – defined as manifest refraction 
≥ -5 diopters (16 patients, 30 eyes) or documented to have “high 
myopia” or “pathologic myopia” (4 patients, 8 eyes), (2) had ≥ 3 
visual fields over at least 3 years, (3) had ≥1 OCT RNFL, and (4) 
diagnosed as glaucoma suspects without any surgical or medical 
treatment for glaucoma. Eighteen other patients who met all other 
inclusion criteria were excluded for receiving glaucoma treatment.
Results: The 20 patients (38 total eyes) who met inclusion criteria 
had an average age of 47.7 (range: 27-70) years and corneal thickness 
of 576.4μm. Eyes were followed with an average of 5.8 visual fields 
(range: 3-18) and 4.0 (range: 1-6) OCT RNFL tests over the study 
period. Average intraocular pressure was 15.8 mmHg (range: 12-22). 
The average RNFL was 75μm (range: 64-112), and the average 
inferior and superior quadrants measured 94μm (range: 55-143) and 
101μm (range: 56-121) respectively. The average mean deviation 
was -3.43, pattern standard deviation was 3.34. Visual field defects 
were characterized as: nonspecific depression (8/38), enlarged blind 
spot (6/38), superior or inferior arcuate defect (4/38), nasal step 
(3/38), and paracentral scotoma (2/38). Thirty nine percent (15/38) of 
visual fields were determined to be within normal limits. Glaucoma 
progression analysis (GPA) was only available in 15 eyes each for 
HVF and OCT RNFL testing; amongst which, 15/15 and 13/15 
(86.7%) did not demonstrate significant progression on HVF and 
OCT RNFL testing respectively.
Conclusions: High myopes with visual field defects and abnormal 
OCT RNFLs rarely showed changes characteristic of a progressive 
optic neuropathy such as glaucomatous disease.
Commercial Relationships: Tiffany J. Au, None; Michele Lee, 
None; Kuldev Singh, None; Robert Chang, None
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OCT can be used to assess optic nerve damage in most eyes with 
high myopia without the need for a high myopia normative group
Zane Z. Zemborain1, Ravivarn Jarukasetphon2, Daiyan Xin1, 
Sherief Raouf1, Robert Ritch2, Donald Hood1, 3. 1Psychology, 
Columbia University, New York, NY; 2Ophthalmology, New York 
Eye and Ear, New York, NY; 3Ophthalmology, Columbia University 
College of Physicians and Surgeons, New York, NY.
Purpose: Patients with high myopia can be a challenge to test with 
optical coherence tomography (OCT) due to poor image quality 
and/or the lack of a high myopia normative group. To improve our 
understanding of these limitations, OCT scans from eyes with high 
myopia were examined.
Methods: 83 consecutive eyes, sent for OCT scans and evaluation, 
had corrected spherical refractive errors worse than -6D and/or axial 
lengths >26.5mm. Three high-resolution (average of 27 b-scans) 
OCT circle scans (3.5, 4.1, and 4.7mm dia.) and a cube scan (61 
b-scans), which included the macula, were obtained (Spectralis, 
Heidelberg Eng), as well as 24-2 and 10-2 visual fields (VF). Phase 1: 
A glaucoma specialist judged whether the fundus photo and en-face 
images showed peripapillary atrophy (PPA), epiretinal membrane 
(ERM), paravascular inner retinal defect (PIRD), and/or a tilted disc 
(TD). Phase 2: The report specialist judged whether the eye had optic 
nerve damage, based upon the OCT scans. The glaucoma specialist 
made the same judgement using all available information (e.g. family 
history, IOP, 10-2 and 24-2 VFs, OCT, etc.). A reference standard 
(RS) was created after adjudication between the two specialists.
Results: ERM, PIRD, TD, and PPA were observed in 12, 24, 37 and 
62 eyes, respectively. Fig. 1A shows the temporal half of a circle scan 
(3.5 mm) from an eye with PPA. In 66 eyes, the OCT specialist used 
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the 3.5 mm peripapillary retinal nerve fiber layer (pRNFL) thickness 
plot, and, when the circle scan was difficult to interpret (Fig. 2C), the 
RNFL (Fig. 2A) and GCL (Fig. 2B) thickness maps. In the remaining 
17 eyes, the other circle scans (Fig. 1B), and/or the line scans 
through the vertical and horizontal meridians were also examined. 
The report specialist misclassified two of the RS. In one eye, RNFL 
thinning, due to a PIRD, was mistaken for optic nerve damage; in 
the other eye, subtle pRNFL thinning was missed. On the other hand, 
the best pRNFL and BMO-MRW metrics (1 red and/or 2 yellows) 
misclassified 9 (10.8%) and 13 (15.7%) RS eyes, respectively.
Conclusions: OCT scans from most eyes with high myopia can be 
used to detect optic nerve damage without the need of a high myopia 
normative group. However, successful use of the OCT depends upon 
visual inspection of pRNFL, RGC and RNFL plots, as opposed to 
relying on summary metrics.

Commercial Relationships: Zane Z. Zemborain, None; 
Ravivarn Jarukasetphon, None; Daiyan Xin, None; Sherief Raouf, 
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 Abdulaziz bin Ahmed 
bin Abdulaziz Al-Saud Research Fund of the New York Glaucoma 
Research Institute
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Defining RNFB abnormality in peripapillary OCT en face 
imaging
Bright S. Ashimatey, William H. Swanson, Brett J. King, 
Stephen A. Burns. Optometry, Indiana University School of 
Optometry, Bloomington, IN.
Purpose: The details of glaucomatous abnormality have been 
suggested to be seen better on en face images than on circumpapillary 
retinal nerve fiber layer thickness (cRNFLT) measures (Hood et al. 
2015). The evidence for this assertion is currently based on eyes 
with deep visual field defects near fixation. Given the availability of 
OCT en face imaging in clinical devices and its potential to influence 
clinical decision making, we investigated the patterns of abnormality 
on en face imaging of the retinal nerve fiber bundles (RNFBs) in a 
group of patients with clinically diverse glaucomatous damage
Methods: We analyzed Heidelberg Spectralis OCT en face images 
from 30 patients participating in an ongoing research project in our 
lab. We compared the findings of the en face images in the superior 
temporal (ST) and inferior temporal (IT) disc sectors to the ST and IT 
findings of the cRNFLT. We defined a sector from an en face image 
as abnormal when a wedge defect traceable to the disc was found 
between the inner limiting membrane and 72μm depth in that sector, 
and defined a sector on the cRNFLT protocol as abnormal when the 
average sector thickness was less than the 1% reference value of 
the machine norms. To better understand the nature of the defect, 
we used adaptive optics SLO imaging in two of the subjects with a 
thickness abnormality but without an en face OCT abnormality
Results: The table in Figure 1 shows the findings of en face images 
relative to the findings of cRNFLT. The Cohen’s kappa assessing 
agreement between the cRNFL and the en face imaging was 0.56, 
p<0.05 and 0.65, p<0.05 for ST and IT respectively. AOSLO 
confirmed an en face abnormality (traceable to the disc) in one of the 
two subjects who were imaged on the AOSLO (shown in figure 2).
Conclusions: 
When a well defined wedge defect was present on the en face image, 
the details of glaucomatous damage were better seen on the en 
face images than the cRNFLT profiles as suggested by Hood et al. 
However, when wedge defects were not explicitly defined on the 
OCT en face images (as is expected in diffuse loss), cRNFLT showed 
a more convincing abnormality. The presence of deep indistinct 
wedge defects on OCT en face imageing can sometimes be confirmed 
with the AOSLO when imaged at a suitable depth. In addition to 
viewing the details of glaucomatous abnormality en face, carefully 
characterizing the depth and thickness parameters of the RNFBs may 
be helpfull in detecting abnomality.
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Nerve Fiber Flux Analysis of Wide-Field Volumetric Scans by 
Swept-Source Optical Coherence Tomography
Ou Tan, Liang Liu, David Huang. Ophthalmology, Oregon Health & 
Science Univ, Portland, OR.
Purpose: To develop a method to track nerve fiber over an extended 
peripapillary area using optical coherence tomography (OCT).
Methods: Participants were scanned with 8mmX8mm volumetric 
scan centered at the optic disc using a 100 kHz swept-source OCT 
prototype. We defined a new quantity called nerve fiber layer (NFL) 
flux which is the cross-sectional area of nerve fibers when transected 
perpendicularly. The peripapillary area was divided into 64 tracks 
with equal flux at each sampling diameter (Figure 1). An iterative 
algorithm traces the nerve fiber tracks assuming that the relative 
distribution of the NFL flux is conserved for each circle. A cosine 
correction was applied to the nerve fiber layer cross-sectional area to 
obtain the flux. Average nerve fiber trajectories were obtained from 
normal subjects after magnification correction. The flux map was 

divided in 8 sectors that corresponds to the Garway-Heath division of 
visual field (VF).
Results: Twenty-four normal and 10 glaucomatous eyes were 
enrolled. The algorithm converged on similar patterns of NFL tracks 
for all eyes (Figure. 1). In glaucoma participants, bundle loss could 
be visualized on the NFL track map (Figure 2). In the glaucoma 
group, the correlation of NFL flux and VF sensitivity in the two 
arcuate sectors (spearman ρ = 0.59 and 0.62 in sectors 3 and 4) were 
higher (p<0.05) than the correlation between global averages  
(ρ=-0.04).
Conclusions: A novel algorithm for nerve fiber flux analysis was 
developed. The flux map is useful for visualizing focal loss. Sectoral 
analysis of nerve fiber flux may be useful in evaluating focal loss 
matching the arcuate VF loss typical in glaucoma.

Figure 1. Nerve fiber trajectory based on NFL flux (A) NFL thickness 
map and 64 nerve fiber tracks (B) averaged nerve fiber trajectory 
from 24 normal eyes (C) 8 sector definition based on Garway-Heath 
scheme.

Figure 2. Nerve fiber layer (NFL) thickness and flux-per-track maps 
for a normal (top) and a glaucomatous eye (bottom). The annular 
maps span diameters between 3 and 7 mm. The flux-per-track map 
shows arcuate defects (marked by red arcs) that followed the tracks.
Commercial Relationships: Ou Tan; Liang Liu, None; 
David Huang, Optovue (I), Optovue (F), Optovue (P), Zeiss (P)
Support: NIH grants R01 EY023285, P30 EY10572, and an 
unrestricted grant from Research to Prevent Blindness.
Clinical Trial: NCT01957267
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Swept-source optical coherence tomography-based analysis of 
age-related changes in the peripheral retinal nerve fiber layer 
thickness
Gozde Hondur1, 2, Emre Goktas1, Lama Al-Aswad1, Gulgun Tezel1. 
1Ophthalmology, Columbia University, New York, NY; 2Glaucoma 
Service, Ulucanlar Ophthalmic Research and Training Hospital, 
Ankara, Turkey.
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Purpose: To determine age-related changes in the peripheral retinal 
nerve fiber layer thickness (RNFLT) using swept-source optical 
coherence tomography (SS-OCT).
Methods: Forty eyes of 40 healthy subjects were studied in three 
age groups, group 1 (20-40 years, n: 15 eyes) group 2 (41-60 years, 
n: 14 eyes), and group 3 (61 years or older, n: 11 eyes). Peripapillary 
RNFLT values were calculated for temporal and nasal quadrants. 
Besides the routine wide-angle OCT imaging, additional OCT images 
of the nasal periphery were obtained with a contralateral gaze. 
Montaging the nasal peripheral and wide angle en-face OCT images 
yielded the large-field peripheral RNFLT image, including at least  
6 mm nasal and temporal to the optic disc, and at least 3 mm superior 
and inferior to the optic disc (Figure 1). The 6 mm peripheral and 
peripapillary RNFLT values were calculated with the Deep Range 
Imaging algorhythm (DRI-OCT-1) of the Topcon SS-OCT. The ratio 
of peripheral RNFLT-to-peripapillary RNFLT was also calculated 
for the two quadrants. Kruskal-Wallis One Way Analysis of Variance 
on Ranks was used for comparison of the RNFLT values between 
different age groups.
Results: We observed an age-related decrease in the peripheral- 
to-peripapillary RNFLT ratios (p= 0.007 and 0.027 for the nasal and 
temporal quadrants, respectively). The age-related decrease in nasal 
peripheral RNFLT (p< 0.001) was more prominent than that in the 
temporal peripheral RNFLT (p= 0.018).
Conclusions: Montaged composite images with SS-OCT may 
provide valuable data for peripheral RNFLT. The age-related changes 
in peripheral RNFLT seem to appear earlier than that in peripapillary 
RNFLT. SS-OCT-based analysis analysis of the nasal peripheral 
RNFLT may provide additional information to routine wide- 
angle RNFLT analysis, which provides data for temporal peripheral 
RNFLT. Similar analysis in patients with ocular hypertension and 
glaucoma should determine whether age-related changes in the 
peripheral RNFLT may affect regional susceptibility for glaucoma or 
its clinical detection.

Figure 1: Montaging the routine wide-angle OCT image and the nasal 
peripheral OCT image, which was obtained with a contralateral gaze, 
yielded the large-field peripheral RNFLT image, including at least  
6 mm nasal and temporal to the optic disc, and at least 3 mm superior 
and inferior to the optic disc.
Commercial Relationships: Gozde Hondur, None; Emre Goktas, 
None; Lama Al-Aswad, None; Gulgun Tezel, None
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Retinal Nerve Fiber Layer Defects on Ultrawide Field Imaging 
and Spectral-Domain Optical Coherence Tomography: 
Significance for Glaucoma Detection in Adult Diabetic Patients
Brian J. Song1, 3, Ambika Hoguet1, 3, Louis R. Pasquale1, 3, 
Paolo S. Silva2, 3, Lloyd P. Aiello2, 3. 1Ophthalmology, Massachusetts 
Eye and Ear Infirmary, Boston, MA; 2Ophthalmology, Joslin Diabetes 
Center, Boston, MA; 3Ophthalmology, Harvard Medical School, 
Boston, MA.
Purpose: To compare retinal nerve fiber layer (RNFL) defects 
observed on ultrawide field imaging (UWFI) with spectral-domain 
optical coherence tomography (OCT) and Humphrey visual field 
(HVF) findings to determine their significance in adult diabetic 
patients.
Methods: Monoscopic color and red-free (green channel) UWFI 
were reviewed independently by two glaucoma specialists (BJS  
and AH) for the presence (none, localized, diffuse) and location 
(clock-hour) of RNFL defects. Disparities were adjudicated by 
consensus. Unweighted kappa was used to calculate agreement 
of RNFL defects identified on UWFI with an abnormality on the 
OCT-RNFL sector map. Sensitivity and specificity for detection of 
RNFL defects on UWFI using OCT as a reference standard was also 
calculated. A subset of patients with HVF within 6 months of UWFI 
were reviewed for the presence of a glaucomatous field deficit.
Results: 103 eyes of 54 patients had OCT-RNFL and UWFI within 
6 months. Demographic data are summarized in Table 1. RNFL 
was gradable in 93/103 (90.3%) of UWFI. A RNFL defect was seen 
in 26/93 (27.9%; 16 localized, 10 diffuse) UWFI scans compared 
to 40/93 eyes (51.6%; 19 localized, 21 diffuse) that had a RNFL 
abnormality on the sector map of the OCT-RNFL. 21 of 26 eyes 
with a defect on UWFI (80.8%) were associated with an OCT-RNFL 
abnormality (kappa=0.49±0.086), in which the location of the defect 
observed correlated with the OCT in 15/21 (71.4%; Figure 1). Among 
the 10 UWFI scans where the RNFL was not gradable, 8 (80%) had 
a RNFL defect on OCT. Sensitivity and specificity of UWFI for 
detection of RNFL defects was 52.5% and 90.6%, respectively.
55 eyes from 29 patients had a HVF within 6 months of UWFI. Of 
these, 46/55 (83.6%) were reliable. 18 of these 46 (39.1%) were 
abnormal. Of the 5 eyes with a RNFL defect on UWFI and a HVF 
within 6 months, 3 eyes (60.0%) had an abnormal HVF. Of the 15 
eyes with a OCT-RNFL abnormality and a HVF within 6 months,  
10 eyes (66.7%) had an abnormal HVF.
Conclusions: RNFL defects seen on UWFI have high specificity for 
abnormalities on OCT with over 60% being associated with HVF 
abnormalities. Observation of RNFL defects or inability to grade the 
RNFL may warrant further evaluation for glaucoma among diabetic 
patients imaged with UWFI in teleretinal programs where ancillary 
testing for glaucoma is often unavailable.
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Figure 1
Commercial Relationships: Brian J. Song, None; Ambika Hoguet, 
None; Louis R. Pasquale, None; Paolo S. Silva, Optos (F); 
Lloyd P. Aiello, Optos (R), Optos (F)
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Test-retest reproducibility for arctuate retinal nerve fiber layer 
volume, area, and thickness
Anny Rodriguez1, William J. Feuer1, Gustavo R. Gameiro1, 
Susy Pachon1, Pedro Monsalve1, Jean-Claude Mwanza2, 
Donald L. Budenz2, Luis E. Vazquez1. 1Ophthalmology, University of 
Miami, Miami, FL; 2Ophthalmology, University of North Carolina, 
Chapel Hill, NC.
Purpose: To quantify the intervisit test-retest (TRT) reproducibility 
for measurements of superior and inferior arcuate nerve fiber layer 
(SaNFL and IaNFL, respectively) in glaucoma patients with a range 
of visual field severities.
Methods: Analyses were conducted with the same OCT scans, same 
eyes, and same visits as those previously reported by Mwanza 2010. 

Repeat scans on different days (n=5) were obtained during an interval 
too short for physiologic progression to occur. Thickness thresholds 
were applied to each thickness map to separate the rNFL into a deep 
and superficial portion. The superficial portion, or thickest rNFL 
region, was defined as the arcuate rNFL, and was divided into SaNFL 
and IaNFL based on location around the optic nerve. 61 different 
thresholds ranging from 20μm to 140μm were tested producing 
SaNFL and IaNFL volume, area, and thickness measurements 
for each eye at each threshold. TRTSD were obtained for each 
using MinQUE variance component analyses in which subject and 
threshold height were included as random effects. Because TRT 
variances were correlated with the means of the measurements, 
Box-Cox analyses were used to find optimal transformations for each 
measurement. TRTSD were calculated at each threshold on Box-Cox 
transformed measurements and the reproducibility was summarized 
with the intraclass correlation coefficients (ICC) of reproducibility 
and coefficient of variation (COV).
Results: Box-Cox analyses of SaNFL and IaNFL volume, area, 
and thickness measurements from 50 eyes of 50 patients identified 
different transformations to uncouple variance from measurement 
means. Volumes were raised to the 0.67 power. Areas were raised to 
the 0.5 power, but this relationship broke down for areas measured 
at thresholds <50 μm, so these were excluded from further analysis. 
Thickness measurements were limited to a threshold of 45 μm and 
were not transformed. ICCs for all six types of measurements were 
>0.95 over a broad range of thresholds. For these thresholds, COVs 
were in the range 7-9% for volume, 7-10% for area, and <3% for 
thickness.
Conclusions: Excellent ICCs of reproducibility and COVs between 
for SaNFL and IaNFL measurements of volume, area, and thickness 
were comparable to those previously published for standard RNFL 
thickness. This suggests possible efficacy for their use in identifying 
glaucoma and detecting progression.
Commercial Relationships: Anny Rodriguez, None; 
William J. Feuer, None; Gustavo R. Gameiro, None; Susy Pachon, 
None; Pedro Monsalve, None; Jean-Claude Mwanza, Carl 
Zeiss Meditec (P); Donald L. Budenz, Carl Zeiss Meditec (P); 
Luis E. Vazquez, None
Support: NIH Core Center Grabt p30EY014801
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Computational Features Derived from Retinal Nerve Fiber Layer 
(RNFL) Thickness Maps in Detecting and Monitoring Glaucoma
Mark Christopher, Akram Belghith, Christopher Bowd, 
Michael H. Goldbaum, Luke J. Saunders, Felipe Medeiros, 
Robert N. Weinreb, Linda M. Zangwill. Hamilton Glaucoma Center, 
Shiley Eye Institute, Department of Ophthalmology, University of 
California San Diego, La Jolla, CA.
Purpose: To evaluate the use of computational features derived from 
RNFL maps in detecting primary open angle glaucoma (POAG) and 
identifying POAG progression.
Methods: Longitudinal data were collected from 179 eyes of 93 
glaucomatous participants and 56 eyes of 28 heathy participants. 
These data included spectral-domain optical coherence tomography 
(SD-OCT), swept-source optical coherence tomography (SS-OCT), 
and standard automated perimetry (SAP) measurements collected 
regularly over a follow-up period averaging 1.9 years. SS-OCT wide-
angle images were segmented using built-in software and manually 
reviewed for segmentation quality, resulting in a total of 1801 RNFL 
thickness maps. The thickness maps were used to identify a set of 
computational RNFL features using a principal component analysis 
(PCA)-based approach. The diagnostic accuracy of the top 5 features 
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by explained variance was compared to the accuracy of average 
circumpapillary RNFL (cpRNFL) thickness and mean deviation 
(MD) of SAP 24-2 visual fields using area under receiver operating 
characteristic curve (AUC) at baseline. Progression was identified 
by applying mixed effect models to longitudinal data to separate 
age-related effects from glaucoma progression. A POAG eye was 
defined as progressing if the rate of change in structural or functional 
measurements was significantly different from zero (p<0.05) and 
faster than the 95th percentile of the healthy group.
Results: The age-adjusted AUC of the computational RNFL 
thickness features was 0.94 for distinguishing POAG from healthy 
eyes at baseline, significantly greater (p<0.05) than both the 0.90 
and 0.87 for cpRNFL thickness and MD, respectively. In detecting 
progression, computational features identified 9.5% of POAG 
eyes as progressing, while cpRNFL thickness identified 10.7% and 
MD identified 7.5%. The computational features detected 94% 
of progressing eyes defined using cpRNFL thickness and 93% of 
progressing eyes defined using MD.
Conclusions: The data-driven, PCA-based features derived from 
RNFL thickness maps offered improvements in POAG detection 
compared to cpRNFL and MD. These features also show promise 
in identifying POAG progression. The increasing availability of 
large OCT datasets allows data-driven techniques like these to 
discover novel imaging features that may offer advantages over many 
commonly used OCT-based measurements.
Commercial Relationships: Mark Christopher, None; 
Akram Belghith, None; Christopher Bowd, None; 
Michael H. Goldbaum, None; Luke J. Saunders, None; 
Felipe Medeiros, Alcon (R), Reichert (R), Sensimed (F), Allergan 
(F), Carl Zeiss Meditec (F), Allergan (R), Bausch & Lomb (F), 
Carl Zeiss Meditec (C), Novartis (C), Heidelberg Engineering (F), 
Carl Zeiss Meditec (R), Topcon Medical Systems (F), Reichert 
(F), National Eye Institute (R), Merck (F), Alcon (F), Allergan 
(C); Robert N. Weinreb, Heidelberg Engineering (F), Aerie 
Pharmaceutical (C), Topcon Medical Systems (F), Alcon (C), Carl 
Zeiss Meditec (F), Sensimed (C), Quark (F), Optovue (F), Eyenovia 
(C), Bausch & Lomb (C), Genentech (F), Allergan (C), Forsight 
Vision (C), Unity (C); Linda M. Zangwill, Carl Zeiss Meditec (F), 
Heidelberg Engineering (F), National Eye Institute (F), Optovue (F), 
Topcon Medical Systems (F), GmbH (F)
Support: NIH Grant EY11008, NIH Grant P30 EY022589, NIH 
Grant EY026590, NIH Grant EY022039, NIH Grant T32 EY026590, 
Participant retention incentive grants in the form of glaucoma 
medication at no cost from Alcon Laboratories Inc, Allergan, Pfizer 
Inc, and Santen Inc. Genentech Inc. Unrestricted grant from Research 
to Prevent Blindness.
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A transparent deep learning method for diagnosis of early 
glaucoma with optical coherence tomography
Wenji Wang1, Haogang Zhu1, 3, Ya Xing Wang2, David Garway-Heath3. 
1State Key Laboratory of Software Development Environment, 
Beihang University, Beijing, China; 2Beijing Tongren Hospital, 
Capital Medical University, Beijing, China; 3National Institute for 
Health Research Biomedical Research Centre for Ophthalmology, 
Moorfields Eye Hospital NHS Foundation Trust and UCL Institute of 
Ophthalmology, London, United Kingdom.
Purpose: To develop a clinically understandable deep neural network 
for diagnosis of early glaucoma. Aside from a single probability score 
output from a convolutional neural network(CNN), local defects are 
also inferred to enable transparent diagnosis.

Methods: The parapapillary retinal nerve fiber layer 
thickness(RNFLT) measured by Spectralis OCT(Heidelberg 
Engineering) were extracted from an elderly Chinese population 
with mean age of 64.6 ± 9.8 years (Beijing Eye Study). In 6046 
eyes from 3316 subjects, 478 eyes (359 subjects) were diagnosed as 
glaucoma and 5568 eyes (2957 subjects) were healthy controls in 
which any retinal or optic neurological diseases other than glaucoma 
were excluded. A 5-layer deep CNN (Fig-a) was constructed to 
classify each RNFLT into glaucoma and non-glaucoma. Seventy-
five percent of the data were randomly selected for training and the 
remaining 25% were used for validation. Furthermore, to quantify 
the local defect, a reference was inferred for each individual RNFLT 
by gradient decent with respect to the measured RNFLT such that 
the measured one is gradually deformed into its ‘healthy’ status. The 
area under the reference RNFLT(rRNFLT) was summarised as the 
diagnosis criteria, which is clinically understandable. ROC analysis 
was used to compare the CNN probability score, area under rRNFLT 
and a conventional support vector machine(SVM) classifier.
Results: The inference of the rRNFLT for each individual converges 
on every case. The mean (standard deviation, std) area under 
rRNFLT is 40.16 (6.53)[μm×degree] and 47.70 (4.95)[μm×degree] 
for glaucoma and healthy subjects. The mean (std) CNN probability 
score is 0.68 (0.17) and 0.32 (0.17) for the two groups respectively. 
The area under ROC curve is 0.851, 0.828, 0.778 for CNN 
probability score, area under rRNFLT and SVM. At 15% false-
positive rate, the sensitivity is 0.69, 0.62, 0.47 for the three methods 
under comparison(Fig-b).
Conclusions: The CNN model extracts comprehensive features 
of training samples, and it detects local defects on retinal never 
fiber layer(Fig-c). There is no significant difference between CNN 
probability score and area under rRNFLT and these two methods 
are significantly better than SVM. The area under rRNFLT is a 
transparent method providing clinically understandable information 
for the diagnosis of glaucoma. The method can also be extended to 
other diseases as well as other forms of measurements.
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Resolution in estimation of nerve fiber bundle loss as an angular 
segment of Pigment Epithelium Inner limit of the retina Minimal 
Distance (PIMD)
Camilla Sandberg Melin3, 1, Filip Malmberg2, Per G. Soderberg3. 
1Center for Research and Development Region Gavleborg, Uppsala 
University, Gävle, Sweden; 2Center for Image Analysis, Dept. of 
Information Technology, Uppsala university, Uppsala, Sweden; 
3Gullstrand lab, Ophthalmology, Dept. of Neuroscience, Uppsala 
university, Uppsala, Sweden.

Purpose: To estimate the resolution in estimates of nerve fiber bundle 
loss measured as a fraction of PIMD integrated over the optic nerve 
head (ONH), PIMD-[Low angular limit;Upper angular limit].
Methods: 3D represenations of the ONH were captured with Topcon 
OCT-2000 from one eye of each of totally 7 subjects with early 
stage open angle glaucoma. Altogether, 3 volumes were captured at 
two occasions within 3 months and PIMD was semi-automatically 
segmented in each volume in 500 equally spaced angular segments 
distributed over 2Pi in the frontal plane, around the manually 
identified center of the ONH. Each angular segmentation of PIMD-
2Pi started at approximately 3 o’ clock in the frontal plane and 
PIMD was sequentially estimated anticlock-wise. In post processing, 
the rotation of PIMD-2Pi was adjusted in the frontal plane within 
segmentations, volumes and occasions so that each angular fraction 
of each recording was the same for all recordings. In each segmented 
PIMD-2Pi, the individual PIMDs were suborganized into sequential 
bundles of two adjacent PIMDs. Then, the estimated PIMDs were 
analyzed with an analysis of variance to estimate the variance for 
subjects, occasions, volumes, segmentations, bundles and adjacent 
PIMDs.
Results: The estimated variances were for subjects, 923 x10-4 
mm, for occasions negligible in relation to volumes, for volumes 
1.79 x10-4 mm, for segmentations 0.256 x10-4 mm, for bundles 
24 x10-4 mm and for adjacent PIMDs 0.0489 x10-4 mm. A typical 
early glaucomatous nerve fiber bundle notch in the ONH subtends 
one clock hour. Considering 500 PIMDs per full ONH, approx. 40 
PIMDS subtend one nerve fiber notch. The estimated variances imply 
that recording 3 volumes per visit every 3rd month a statistically 
significant change of a 1 clock hour notch at alpha = 0.05 can be 
detected with a power of 0.8 already between the 1st and 2nd follow-up 
visit.
Conclusions: Angular correction in the frontal plane of recordings of 
angular PIMD of the ONH allows comparison of angular segments 
of PIMD-2Pi. This substantially increases the resolution of PIMD for 
reduction of PIMD within a specific angular segment.
Commercial Relationships: Camilla Sandberg Melin, None; 
Filip Malmberg, None; Per G. Soderberg, None
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Angular structure of Pigment Epithelium Inner limit of the 
retina Minimal Distance (PIMD) in the optic nerve head allows 
detection of local nerve fiber bundle loss without calibration to 
the retinal structure
Per G. Soderberg1, Filip Malmberg2, Camilla Sandberg Melin1, 3. 
1Ophthalmology, Dept of Neuroscience, Uppsala University, 
Uppsala, Sweden; 2Information technology, Uppsala University, 
STOCKHOLM, Sweden; 3Ophthalmology, Gävle sjukhus, Gävle, 
Sweden.
Purpose: To elucidate if frontal plane angular PIMD recorded from 
the optic nerve head (ONH) is sufficiently specific to allow angular 
adjustment of recordings of PIMD-2Pi, for comparison of angular 
segments of PIMD between occasions within glaucoma subjects.
Methods: 3D representations of the ONH was captured with Topcon 
OCT-2000 from one eye of each of totally 18 subjects with early 
stage primary open angle glaucoma. Altogether, 3 volumes were 
captured at two occasions within 3 months and PIMD was semi-
automatically segmented in each volume in 500 equally spaced 
angular segments distributed over 2Pi in the frontal plane, around the 
manually identified center of the ONH.
Results: Plots of the angular distribution of PIMD for all subject 
revealed specific low frequency overlaid with higher intermediate 
frequencies, seemingly specific for each subject and high frequencies 
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that appeared similar for all subjects. A fast Fourier transform of 
the angular PIMD revealed a high to low frequency content ratio, 
([1;40] cycles/2Pi)/([>40;80] cycles/2Pi) = 0.33, consistent for all 
segmentations of PIMD-2Pi. The rotational displacent of angular 
PIMD in the frontal plane among segmentations, volumes and 
occasions was determined with cross-correlation. Then, all PIMD-2Pi 
were rotationally phase adjusted in the frontal plane over segments, 
volumes and occasions. Phase adjustments required were found to be 
[-28;62], [-38,67], and [-39;21] Pi/500 radians for segments, volumes 
and occasions, respectively. Finally, the rotation of PIMD-2Pi was 
adjusted to a standard rotation. This allows comparison of angular 
segments of PIMD-2Pi between visits.
Conclusions: Angular PIMD of the ONH in the frontal plane is 
enough subject specific to to allow angular adjustment of PIMD-2Pi 
between occasions. Angular adjustment between occasions opens 
the possibility to compare PIMD averaged over a specific angular 
segment corresponding to an ONH notch in a glaucoma patient with 
high precision without calibrating the rotation of PIMD-2Pi to retinal 
structures.
Commercial Relationships: Per G. Soderberg; Filip Malmberg, 
None; Camilla Sandberg Melin, None
Support: Föreningen Synskadades Vänner i Uppsala Län, Gun och 
Bertil Stohnes Stiftelse, Kronprincessan Margaretas Arbetsnämnd 
för synskadade, Ögonfonden, The Uppsala university/Uppsala Läns 
Landsting’s ALF Research grants, Wallinders gåva, Erik Funks 
Minnesfond
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Relationship between Minimum-Rim Width at Bruch’s 
Membrane Opening and Paracentral Visual Field Loss in 
Glaucoma
Dian Li1, 4, Mengyu Wang4, Tobias Elze4, Eleftherios I. Paschalis1, 2, 
Elise Taniguchi3, Dejiao Li5, Angela V. Turalba1, Louis R. Pasquale1, 6, 
Lucy Q. Shen1. 1Ophthalmology, Massachusetts Eye and Ear, 
Boston, MA; 2Boston Keratoprosthesis Laboratory, Massachusetts 
Eye and Ear - Schepens Eye Research Institute, Harvard Medical 
School, Boston, MA; 3Eye Hospital of Blumenau, Blumenau, Brazil; 
4Schepens Eye Research Institute, Harvard Medical School, Boston, 
MA; 5Ophthalmology, Beijing China-Japan Friendship Hospital, 
Beijing, China; 6Channing Division of Network Medicine, Brigham 
and Women’s Hospital, Boston, MA.
Purpose: To identify optic nerve head (ONH) parameters strongly 
associated with visual field loss involving fixation in primary open 
angle glaucoma (POAG) and chronic angle closure glaucoma 
(CACG) patients.
Methods: Glaucoma patients with reliable Humphrey visual field 
(VF) tests and no significant retinal pathology were imaged with 
swept-source optical coherence tomography (OCT, Topcon). Average 
and minimal values of minimum-rim width at Bruch’s membrane 
opening (BMO-MRW) were obtained from 12 radial images centered 
on the ONH with an algorithm written in MATLAB and manual 
adjustment for segmentation errors. Average and minimal values 
of retinal nerve fiber layer thickness (RNFLT) were acquired using 
spectral domain OCT (Spectralis) from a 3.45-mm circle centered 
on the ONH. VF loss involving fixation was quantified by averaging 
the pattern deviation (PD) values at the central four locations (C4) on 
the Humphrey VF 24-2. One eye per patient was included. Pearson 
correlation was performed between structural parameters and central 
VF loss.
Results: Forty-three patients with POAG and 20 patients with CACG 
were well matched by age, gender, ethnicity and IOP on the day 
of imaging (mean age 66.8±10.0 years, 42.9% male, 88.9% white, 

14.1±2.7 mmHg overall, Table). POAG group had better VF mean 
deviation (-4.6±5.2dB) than CACG (-7.9±6.5, p=0.04) but similar 
mean PD values at C4 (-2.9±7.0dB overall). Minimal BMO-MRW 
correlated significantly with PD at C4 overall (p=0.02) and in POAG 
(p=0.01), but not in CACG (p=0.42) (Figure). The association 
between minimal BMO-MRW and PD at C4 in POAG patients was 
further assessed with multiple regression analysis; the correlation 
remained significant (p=0.01) after adjusting for age (p=0.17), 
gender (p=0.35) and VF mean deviation (p=0.83). No significant 
correlation was found between PD at C4 and average BMO-MRW or 
average RNFLT, while the correlation with minimal RNFLT reached 
borderline significance in the overall group (p=0.05).
Conclusions: Minimal BMO-MRW quantifies focal damage of the 
neuroretinal rim within the ONH and may represent a structural 
biomarker for paracentral visual field loss in primary open angle 
glaucoma.
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Difference of Primary Angle-Closure Glaucoma and Normal-
Tension Glaucoma by Optical Coherent Tomography and 
Confocal Scanning Laser Ophthalmoscopy
Sungsoon Hwang1, Meenakshisundar Subramanian2, Eun Jung Lee1, 
Si Bum Kim1, Jong Chul Han1, Changwon Kee1. 1Ophthalmology, 
Samsung Medical Center, Seoul, Korea (the Republic of); 2Brian 
Allgood Army Community Hospital, Seoul, Korea (the Republic of).
Purpose: Glaucomatous optic neuropathy is caused by elevated 
intraocular pressure (IOP), and also by IOP-independent factors. 
In primary angle-closure glaucoma (PACG), glaucomatous change 
is known to be caused mainly by elevated IOP while factors other 
than IOP play roles in the pathogenesis of normal-tension glaucoma 
(NTG). We compared morphologic feature of the optic disc, retinal 

nerve fiber layer (RNFL), and macular ganglion cell–inner plexiform 
layer (GC-IPL) between PACG and NTG.
Methods: This is a retrospective, comparative, and case-matched 
study. All patients with PACG and NTG in an early or moderate 
stage who visited Samsung Medical Center, Seoul, between January 
1, 2013 and September 1, 2016 were included in the study. Each 
of the patients diagnosed with PACG was matched with a patient 
diagnosed with NTG on the basis of age (within ± 2 year), sex, lens 
status (phakia or pseudophakia), visual field mean defect (within 
± 2 dB), and pattern standard deviation (within ± 3 dB) measured 
by Humphrey Visual Field Analyser. Optical coherent tomography 
(OCT) and Confocal Scanning Laser Ophthalmoscopy (cSLO) were 
used to evaluate optic disc, retinal nerve fiber layer, and macular 
ganglion cell–inner plexiform layer parameters between the 2 groups.
Results: Seventy three patients with PACG and two hundred fifty 
five patients with NTG were recruited for the study. Excluding eyes 
with other ocular comorbidity and advanced stage glaucoma, 40 
eyes with PACG were matched to 40 eyes with NTG. The rim area 
was significantly larger (P<0.05) in the PACG group. Cup-to-disc 
ratio and total cup volume were significantly smaller (P<0.05) in 
the PACG group. Average RNFL thickness and average ganglion 
cell-inner plexiform layer (GC-IPL) thickness from OCT showed no 
significant difference between the two groups.
Conclusions: The morphologic features of the optic disc in eyes with 
PACG are different from those with NTG. In the setting of even value 
of MD of visual field, average RNFL thickness, and average GC-IPL 
thickness, PACG seems to have less glaucomatous optic nerve head 
morphology compare to NTG. Elevated IOP and high IOP induced 
ischemic damage involved in the PACG might have driven those 
morphologic differences.
Commercial Relationships: Sungsoon Hwang, None; 
Meenakshisundar Subramanian, None; Eun Jung Lee, None;  
Si Bum Kim, None; Jong Chul Han, None; Changwon Kee, None
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Optic nerve head topography and peripapillary retinal nerve 
fibre layer (RNFL) thickness in patients with primary open angle 
glaucoma (POAG) and non arteritic anterior ischemic optic 
neuropathy (NAION) measured with SD-OCT
Hemma Resch2, Lorenz Wassermann2, Ivania Pereira1, 
Christoph Mitsch2, Clemens Vass2. 1Center for Medical Statistics 
Informatics and Intelligent Systems, Section for Medical Information 
Management and Imaging, Medical University of Vienna, Austria, 
Vienna, Austria; 2Ophthalmology and Optometry, Medical University 
of Vienna, Austria, Vienna, Austria.
Purpose: POAG is characterized by an increased excavation of the 
optic nerve head (ONH) while segmental or diffuse pallor without 
cupping is the typical ONH appearance after NAION. RNFL thinning 
is to be expected in both patient groups in a similar amount, which 
should not be true for ONH parameters. In the present study Bruch‘s 
membrane opening based minimal rim width (BMO-MRW), which 
has been introduced as anatomically and geometrically accurate 
neuroretinal rim parameter with a higher diagnostic accuracy for 
glaucoma, as well as circumpapillary RNFL thickness values have 
been compared between the two patient groups, POAG and NAION.
Methods: A sample of age-matched 20 healthy control subjects, 
20 moderate to severe POAG and 20 NAION patients (>6 months 
after the event) with comparable visual field defects regarding 
mean deviation (MD) and localization (hemisphere) of the defect, 
underwent SD-OCT (Spectralis®) measurements of the ONH and 
the circumpapillary area. BMO-MRW and RNFL thickness were 
compared between the groups using ANOVA and post-hoc t-tests.
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Results: ANOVA showed statistically significant differences between 
groups for both parameters (p<0.001). Both glaucoma and NAION 
patients showed significantly smaller RNFL thickness values 
compared to healthy subjects in t-tests (p < 0.001), while only the 
glaucoma patients showed significantly smaller BMO-MRW values 
compared to healthy subjects (p<0.001), see table 1.
Conclusions: Atrophic ONHs after an attack of NAION have similar 
RNFL thickness values as do glaucomatous eyes with the same 
severity of visual field damage, whereas MRW parameters in NAION 
eyes were similar to those seen in healthy controls. This difference 
might help discriminating these conditions.

Commercial Relationships: Hemma Resch, None; 
Lorenz Wassermann, None; Ivania Pereira, None; 
Christoph Mitsch, None; Clemens Vass, Heidelberg Engineering 
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Asymmetry of optic nerve head parameters measured by confocal 
scanning laser ophthalmoscopy in myopic anisometropic eyes
geng wang. Shantou University and Chinese University of Hong 
Kong Joint Shantou International Eye Center, Shantou, China.
Purpose: Assessing the asymmetry of optic nerve head in both eyes 
is important for the diagnosis of glaucoma. Studies have shown that 
hyperopic anisometropia is associated with a remarkable interocular 
difference in optic nerve head morphology. Myopia is a worldwide 
common ocular disorder, which can increase the risk of primary 
open angle glaucoma (POAG) by two to three folds. The aim of the 
study is to evaluate the asymmetry of optic nerve head parameters 
measured by confocal scanning laser ophthalmoscopy (CSLO) in 
myopic anisometropic eyes.
Methods: Forty-four eyes of 22 myopic anisometropic subjects, 
defined as the difference of spherical equivalent (SE) between both 
eyes is ≥1.5D, were recruited and underwent eye examinations and 
investigations to rule out glaucoma and other eye diseases. The optic 
nerve heads were measured using the Heidelberg Retina Tomograph 
II (Heidelberg Engineering, GmBH, Heidelberg, Germany). 
Differences in optic nerve head parameters between more myopic 
eyes and fellow eyes were evaluated using the paired-sample t test.
Results: The mean SE was -4.37D (95% CI -4.36 to -5.05, range: 
0.00 to -8.50). The mean SE difference was 2.33D (95% CI 2.05 to 
2.62, range: 1.5 to 3.88). The vertical cup disk ratio (P=0.039), cup 
disc area ratio (P=0.029) and rim disc area ratio (P=0.029) were 
significantly smaller in more myopic eye. No significant difference 
was found in vertical cup disk ratio (P=0.088) and linear cup disk 
ratio (P=0.068) between both eyes.
Conclusions: The vertical cup disk ratio, cup disc area ratio and rim 
disc area ratio were significantly smaller in the more myopic eyes in 
myopic anisometropic subjects. Marginal significant difference was 
found in vertical cup disk ratio and linear cup disk ratio between both 
eyes in myopic anisometropic subjects. Further studies with larger 
samples are needed to confirm the asymmetry of optic nerve head in 
myopic anisometropic eyes.

Commercial Relationships: geng wang
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Interocular asymmetry of minimum rim width and retinal nerve 
fiber layer thickness in healthy Brazilian individuals
Camila Zangalli1, Alexandre S. Reis1, Jayme R. Vianna2, Jose 
Paulo C. Vasconcellos1, Vital P. Costa1. 1Glaucoma, University of 
Campinas, Campinas, Brazil; 2Dalhousie University, Halifax, NS, 
Canada.
Purpose: To determine interocular differences of retinal nerve fiber 
layer thickness (RNFLT) and minimum rim width (MRW), acquired 
relative to the fovea to Bruch’s membrane opening center axis 
(FoBMO), in healthy Brazilian individuals.
Methods: Both eyes of 213 healthy individuals were included in this 
prospective, cross-sectional study. All individuals had normal clinical 
examination and visual fields. Twenty four radial scans centered on 
the Bruch’s membrane opening (BMO) and a peripapillary circle 
scan (3.5-mm nominal scan diameter) were acquired relative to 
the FoBMO axis, with the Spectralis SDOCT. Global and sectorial 
interocular RNFLT and MRW differences (larger minus smaller) and 
percentage interocular RNFLT and MRW differences (larger minus 
smaller divided by the larger value) were calculated. The effect 
of age, axial length and BMO area asymmetry on the parameters’ 
asymmetry was evaluated. Finally, we evaluated the relationship 
between the RNFLT asymmetry and MRW asymmetry, after 
adjustment for BMO area.
Results: The mean age of participants was 43.92 (± 13.99) years and 
134 participants (63%) were female. The 95th tolerance limits for 
interocular MRW and RNFLT global differences were 48.9 μm and 
9 μm, respectively. The global and sectorial interocular asymmetry 
percentile distributions are shown in Table 1 and Figure 1. RNFLT 
asymmetry was positively correlated with BMO area asymmetry 
(ß=6.0 μm/mm2, R2=0.08, p<0.01), whereas MRW asymmetry was 
negatively correlated with BMO area asymmetry (ß= -34.6 μm/mm2, 
R2=0.06, P<0.01). After adjustment for BMO area, neither MRW 
nor RNFLT asymmetry were correlated with age (ß= -0.0 μm/year, 
P=0.07; ß= -0.0 μm/year, P=0.21, respectively) or AXL asymmetry 
(ß= -3.7 μm/mm, P=0.75; ß= -0.7 μm/mm, P=0.69, respectively). 
MRW asymmetry was positively correlated with RNFLT asymmetry 
(ß= 2.5 μm/μm, R2=0.15, P<0.01).
Conclusions: Our results suggest that global MRW and RNFLT 
interocular differences exceeding 49 μm and 9 μm, respectively, 
suggest statistically abnormal asymmetry, which may suggest early 
structural change. RNFLT asymmetry is correlated with MRW 
asymmetry, and both are correlated with BMO area asymmetry.
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Relationship between Bruch’s membrane opening of the optic 
nerve head and visual field severity in patients with open angle 
glaucoma in a latin population
Daniela Alvarez, Jorge Gamiochipi-Arjona, Pablo Urzua-DeLaLuz, 
Jesus Jimenez-Roman. Glaucoma, Asociacion Para Evitar la Ceguera 
en Mexico, IAP, Mexico City, Mexico.
Purpose: The aim of this study is to evaluate the relationship 
between Bruch’s membrane opening (BMO) of the optic nerve head 
(ONH) and the degree of visual field (VF) severity in patients with 
open angle glaucoma.
Methods: Thirty right eyes of 30 patients with open-angle glaucoma 
(OAG) and 30 right eyes of 30 healthy controls were included. All 
patients underwent spectral-domain optical coherence tomography 
(SD-OCT) and Standard Automated Perimetry (SAP) VF testing. 
Twenty-four radial scans of the optic nerve head and 1 circular scan 

of the peripapillary retina were obtained with the SD-OCT; BMO-
based ONH parameters were determined. The angle between the 
fovea and BMO center (FoBMO), relative to the horizontal axis of 
the image frame was first determined, and all scans were acquired 
and analyzed in relation to this eye-specific parameter. Minimum 
rim width (MRW), retinal nerve fiber layer thickness (RNFLT), 
perpendicular rim width (PRW), horizontal rim width (HRW), as 
well as the minimum rim area (MRA) within the neuroretinal tissue 
defined by the MRW, and the perpendicular rim area (PRA) within 
the neuroretinal tissue defined by the PRW, were obtained and 
analyzed with respect to age, sector and BMO shape. The obtained 
parameters were also correlated with the Mean Deviation (MD), 
Pattern Standard Deviation (PSD), and the Visual Field Index (VFI) 
of the VF through Spearman’s correlation method.
Results: Mean patient age in the OAG group was 61.4 ±14.7 years, 
60% (n=18) of patients were female. The mean FoBMO angle 
was −5.8° (range: 2.9° to −18.3°), significant correlations were 
found between MD, PSD and BMO parameters, with PRW and 
PRA showing the highest values (0.9646, P < 0.001) in the OAG 
group. This group also showed high correlation in the temporal–
inferior sector in the sectorial analysis (0.8757, P < 0.001); the 
age association showed to be stronger with BMO-MRW than with 
RNFLT (P < 0.01); there was a modest relationship between mean 
global BMO-MRW and RNFLT (P < 0.02).
Conclusions: The BMO-based ONH parameters present a strong 
correlation with the VF severity in patients with open angle 
glaucoma. This method allows to carry out a precise and objective 
evaluation of the anatomy of the ONH, that could represent an 
accurate diagnostic tool for OAG with a good structure-function 
relationship.
Commercial Relationships: Daniela Alvarez, None; 
Jorge Gamiochipi-Arjona, None; Pablo Urzua-DeLaLuz, None; 
Jesus Jimenez-Roman, None
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Reproducibility of Bruch’s membrane opening-minimum 
rim width measurements with Spectralis optical coherence 
tomography
Jiwoong Lee, Keunheung Park. Ophthalmology, Pusan National 
University College of Medicine, Busan, Korea (the Republic of).
Purpose: To evaluate the reproducibility of Bruch’s membrane 
opening-minimum rim width (BMO-MRW) measurements and 
influencing factors.
Methods: One hundred twenty-three subjects were recruited for the 
study: 65 healthy and 58 glaucoma subjects. Spectral-domain optical 
coherence tomography (SD-OCT, Spectralis, Heidelberg, Germany) 
was performed to all subjects. BMO-MRW measurements were 
repeated three times during the same visit. The segmentation was 
checked by a fellow trained glaucoma specialist and corrected when 
necessary. Intravisit repeatability, coefficient of variation (CV) and 
intraclass correlation coefficient (ICC) was calculated.
Results: The intravisit repeatability was from 2.97 (global area) 
to 10.25 (inferotemporal sector) in healthy subjects and from 3.31 
(global area) to 12.09 (inferonasal sector) in glaucoma subjects. 
The CVs ranged from 1.17% (global area) to 3.56% (inferotemporal 
sector) in healthy subjects and from 2.57% (global area) to 6.46% 
(superotemporal sector) in glaucoma subjects. ICCs ranged from 
0.974 (superotemporal sector) to 0.997 (nasal sector) in normal 
subjects and from 0.988 (temporal sector) to 0.997 (global area and 
nasal sector) in glaucoma subjects. Multiple regression analysis 
showed that the CV in global BMO-MRW measurements was 
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negatively correlated with global BMO-MRW and visual field mean 
deviation (P = 0.003, P = 0.005, respectively).
Conclusions: The spectralis SD-OCT showed excellent 
reproducibility of BMO-MRW measurements in both normal and 
glaucoma subjects. The measurements variability increased as the 
glaucoma progresses.

Figure 1. Scatter plot of CV versus global BMO-MRW. Healthy 
subject marked as (H) and glaucoma subject marked as (G).

Figure 2. Scatter plot of CV versus visual field MD. Healthy subject 
marked as (H) and glaucoma subject marked as (G).
Commercial Relationships: Jiwoong Lee; Keunheung Park, None
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Automatic Detection of the Optic Nerve Head in Line Scanning 
Ophthalmoscope Images in CIRRUS™ HD-OCT
Ali Fard, Homayoun Bagherinia, Simon Stock, Jochen Straub. R&D, 
Carl Zeiss Meditec, Dublin, CA.
Purpose: Localization of optic nerve head (ONH) center is beneficial 
for tracking and registration purposes during optical coherence 
tomography (OCT) scan alignment. Detecting this landmark is 
particularly crucial for imaging and tracking patients with poor 
fixation, where manual tracking by the operator is required to ensure 
full capture of the peripapillary region. Here we present an automated 
method for detection of ONH center in healthy and glaucoma eyes 
using the line scanning ophthalmoscope (LSO) available on OCT 
instruments.
Methods: Our method relies on detecting contrast change and feature 
detection in the LSO fundus image in and around the optic disc.  
It combines linear and nonlinear image filtering techniques to 
determine the boundary of optic disc. It then uses cross correlation 
using a customized ONH template to accurately find the center 
coordinates. The ONH template is created by averaging 20 images 
selected from a database of over 100 LSO fundus images from 
healthy and diseased eyes. In order to evaluate the performance of 
our algorithm, we used another 41 LSO fundus images captured over 
an area of 10.3 mm x 8.6 mm from healthy (n=20), glaucoma (n=11), 
and pre-perimetric (n=10) eyes. ONH centers were independently 
marked by an expert grader and the results were compared with 
those of the automated algorithm to determine the success rate and 
accuracy. The images used for development and validation were 
acquired using a CIRRUS™ HD-OCT 5000 instrument (ZEISS, 
Dublin, CA) under an institutional review board protocol.
Results: The mean and standard deviation of error between manual 
grading and automated algorithm was found to be 0.255mm and 
0.635mm for all 50 test cases, respectively. Moreover, the automated 
algorithm detected a location within 0.5mm of the manual grading 
for 92% all test cases, respectively. The processing time was found to 
be sufficiently low to enable real time detection and tracking during 
OCT scan alignment.
Conclusions: Our results suggest that accurate detection of ONH in 
LSO fundus images is feasible with high success rate. The presented 
approach provides a way to reduce the dependency of the OCT scan 
quality on operator and patient fixation by enabling fully automated 
tracking of this landmark both in healthy and diseased eyes.
Commercial Relationships: Ali Fard, Carl Zeiss Meditec Inc (E); 
Homayoun Bagherinia, Carl Zeiss Meditec Inc (E); Simon Stock, 
Carl Zeiss Meditec Inc (C); Jochen Straub, Carl Zeiss Meditec  
Inc (E)

Program Number: 4011 Poster Board Number: A0320
Presentation Time: 8:30 AM–10:15 AM
Comparison of Bruch’s membrane opening and scleral ring disc 
margin detection methods using DRI OCT Triton scan data
Ying Dong, Qi Yang, Wei Chieh Huang, Charles A. Reisman. Topcon 
Adv Biomed Imaging Lab, Topcon Medical Systems, Oakland, NJ.
Purpose: To present disc detection results on a study comparing 
Bruch’s membrane opening (BMO) based method and the scleral ring 
based method using the scan data from Deep Range Imaging Optical 
Coherence Tomography (DRI OCT) Triton, a one-micron wavelength 
swept-source OCT device.
Methods: 21 normal eyes and 11 glaucoma eyes were imaged in a 
clinical site using two DRI OCT Triton machines (Topcon, Tokyo, 
Japan). Each eye was imaged with three or more scans for each scan 
mode: three-dimensional optic disc 6x6mm2 horizontal (H) scans, 
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wide fixation 12x9mm2 horizontal (H) scans, and wide fixation 
12x9mm2 vertical (V) scans. The data had exclusions performed 
based on clinical criteria, which included checks for blinks, eye 
motion, clipping, feature centration, segmentation errors, local weak 
signal, and image quality. 211 disc 6x6H, 211 wide 12x9H, and 
217 wide 12x9V datasets were accepted for analysis. Scleral ring 
disc margin points and corresponding disc area measurements were 
detected automatically using the commercially released software 
in DRI OCT Triton (Fastmap v10.05). Bruch’s membrane opening 
disc margin points and disc area measurements were automatically 
detected using an in-house developed software routine. The 
calculated disc areas based on the two methods were compared, 
and in addition, the repeatability standard deviation statistics were 
calculated using a nested ANOVA model.
Results: For the scleral ring based method, the average disc area 
measurements and associated standard deviations were 1.55±0.045 
mm2 (disc 6x6H), 1.68±0.041 mm2 (wide 12x9H), and 1.69±0.056 
mm2 (wide 12x9V) for the normal group and 1.76±0.038 mm2  
(disc 6x6H), 1.77±0.040 mm2 (wide 12x9H), and 1.86±0.062 mm2 
(wide 12x9V) for the glaucoma group. For the Bruch’s membrane 
opening based method, the average disc area measurements and 
associated standard deviations were 1.77±0.057 mm2 (disc 6x6H), 
1.87±0.060 mm2 (wide 12x9H), and 1.79±0.042 mm2 (wide 12x9V) 
for the normal group and 2.05±0.064 mm2 (disc 6x6H), 2.09±0.058 
mm2 (wide 12x9H), and 2.06±0.076 mm2 (wide 12x9V) for the 
glaucoma group.
Conclusions: Both disc detection methods demonstrate good 
repeatability and show potential to distinguish glaucomatous eyes 
from normal eyes. Meanwhile, the Bruch’s membrane opening based 
disc area is larger than scleral ring based disc area as expected when 
border tissue is present.
Commercial Relationships: Ying Dong, Topcon Medical Systems 
(E); Qi Yang, Topcon Medical Systems (E); Wei Chieh Huang, 
Topcon Medical Systems (E); Charles A. Reisman, Topcon Medical 
Systems (E)

Program Number: 4012 Poster Board Number: A0321
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Non-retinal nerve fibre layers within the optic nerve head 
neuroretinal rim
Lucas A. Torres, Jayme R. Vianna, Faisal S. Jarrar, Ziad Butty, 
Glen P. Sharpe, Donna M. Hutchison, Marcelo T. Nicolela, 
Balwantray C. Chauhan. Dalhousie University, Halifax, NS, Canada.
Purpose: The presence of retinal layers other than retinal nerve fibre 
layer (RNFL) within the optic nerve head (ONH) minimum rim width 
(MRW) was previously described in monkeys (Fortune B et al., IOVS 
2016). We aimed to determine the occurrence and relevance of these 
layers within the MRW, herein referred to as “protruded layers” (PL), 
in normal human subjects.
Methods: 24 radial ONH B-scans, centred on the Bruch’s membrane 
opening and aligned to the fovea, were acquired from 30 healthy 
subjects with optical coherence tomography (Spectralis). One 
randomly selected eye per subject was analyzed. In each of the 2 
positions for each B-scan, the MRW was examined for the presence 
of PL, which was manually measured when detected (Fig 1). The 
proportion of PL comprising the MRW was calculated. To evaluate 
the reproducibility of PL detection and measurement, 2 observers 
(Observers 1 and 2) analyzed a subsample of 240 scans from 15 
subjects.
Results: The median age of the subjects was 69 years (interquartile 
range [IQR]: 63.2 – 76.7 years). Of the 240 B-scans evaluated 
for reproducibility, Observer 1 detected PL in 36 (15%) positions 
and Observer 2 in 38 (16%) positions. The observers agreed about 

the presence of PL in 31 of 43 positions (72%) and about the PL’s 
absence in 188 of 208 positions (90%). The median PL thickness 
difference among the observers was 4.0 μm (IQR: -3.0 μm – 16.5 
μm). Of all the 720 B-scans analyzed, PL was detected in 199 (14%) 
of all 1440 positions. Each eye had a median of 8 positions out of 
48 (17%) with PL (IQR: 3.5 [7%] – 14.5 [30%]). 23 (77%) of the 
subjects had at least one position with PL. The temporal half of the 
ONH contained 183 (91%) of all 199 positions with PL (Fig. 2). 
When present, the median PL thickness was 65 μm (IQR: 48 μm 
– 86.5 μm), making up a median of 28% (IQR: 18% - 38%) of the 
MRW.
Conclusions: The frequent presence of PL in the ONH radial scans, 
mainly in the temporal quadrant, and the variable proportion of PL 
that constitutes the neuroretinal rim, may impact diagnostic accuracy 
in single examinations. However, we expect the presence of PL to 
have minimal impact in detecting change over serial examinations.

Commercial Relationships: Lucas A. Torres, None; 
Jayme R. Vianna, None; Faisal S. Jarrar, None; Ziad Butty, 
None; Glen P. Sharpe, None; Donna M. Hutchison, 
None; Marcelo T. Nicolela, Alcon (C), Allergan (C); 
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Balwantray C. Chauhan, Heidelberg Engineering (F), Topcon (F), 
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Program Number: 4013 Poster Board Number: A0322
Presentation Time: 8:30 AM–10:15 AM
Lamina cribrosa and optic nerve head geometry in older normal 
eyes with different levels of myopia
Sara` Nourani, Amitabha S. Bhakta, Danica Marrelli, 
Hope M. Queener, Nimesh B. Patel, Jason Porter. College of 
Optometry, University of Houston, Houston, TX.
Purpose: Increased age and levels of myopia are potential risk 
factors for the development of glaucoma. However, their impact 
on optic nerve head (ONH) structure in normal eyes has not been 
fully described. We examined whether differences exist in ONH and 
lamina cribrosa structure with myopia/axial length in older normal 
eyes.
Methods: Spectral domain optical coherence tomography (SDOCT) 
scans (Spectralis SDOCT with Enhanced Depth Imaging) centered 
on the ONH were acquired in one eye of 15 older normal subjects 
(mean age = 58.1 ± 7.4 years) with high myopia (spherical equivalent 
[SE] ≤ -6.00 D) and 16 normal subjects (mean age = 57.5 ± 6.8 
years) with emmetropia to moderate myopia (SE = plano to -6.00 D). 
Retinal nerve fiber layer thickness (RNFLT) was quantified from 12° 
circular scans. ONH features (Inner Limiting Membrane, Bruch’s 
Membrane termination points, anterior lamina cribrosa surface 
[ALCS]) were marked in each of 48 radial B-scans (20° field) using a 
semi-automated MATLAB program to calculate Bruch’s Membrane 
Opening (BMO) area, mean ALCS depth (ALCSD) and mean 
minimum rim width (MRW). Dilated refractions were measured 
(RK600 autorefractor). Ocular biometry was measured (Lenstar) and 
used to scale SDOCT images to account for differences in retinal 
magnification.
Results: Refractive errors and axial lengths (ALs) in highly myopic 
eyes (mean SE = -7.18 ± 1.17 D; mean AL = 26.4 ± 0.75 mm) were 
statistically different from low myopia eyes (mean SE = -1.59 ± 1.63 
D; mean AL = 24.9 ± 1.1 mm) (P<.001). While RNFLT was thinner 
in older normal eyes with high myopia (mean = 85.5 ± 7.7 μm) 
compared to those with low myopia (mean = 99.2 ± 5.0 μm; P<.001), 
no significant differences were measured in BMO area, mean ALCSD 
and mean MRW between both groups. Mean MRW was significantly 
thinner in highly myopic eyes with larger BMO areas (P<.01) and 
tended to be thinner in eyes with more posteriorly located ALCS’s 
(P=.06). Conversely, no significant relationships were found between 
MRW and ALCSD (P=.60) or BMO area (P=.54) in older normal 
eyes with low myopia.
Conclusions: The tendency for mean MRW to be thinner in highly 
myopic eyes with more posteriorly-located ALCS’s and larger BMO 
areas could indicate that axons are pulled toward the BMO in eyes 
with a deeper lamina. This anatomical configuration may increase 
the biomechanical susceptibility for glaucomatous axonal damage in 
older, highly myopic eyes.
Commercial Relationships: Sara` Nourani, None; 
Amitabha S. Bhakta, None; Danica Marrelli, Alcon Laboratories 
(C), Aerie Pharmaceuticals (C), Carl Zeiss Meditec (C), Allergan (C); 
Hope M. Queener, None; Nimesh B. Patel, None; Jason Porter, 
None
Support: NIH Grants R01 EY021783, K23 EY021761, T35 
EY007088 and P30 EY007551; University of Houston College of 
Optometry

Program Number: 4014 Poster Board Number: A0323
Presentation Time: 8:30 AM–10:15 AM
In vivo 3D analysis of the lamina cribrosa in glaucoma eyes
Zwillinger Stephanie1, 2, florence Rossant3, Jose A. Sahel1, 
Christophe BAUDOUIN2, 1, Michel Paques1. 1Clinical Investigation 
Center 1423, Quinze-Vingts hospital, Paris, France; 2Ophthalmology 
III, Quinze-Vingts hospital, Paris, France; 3Lisite, ISEP, Issy-les-
Moulineaux, France.
Purpose: Compared to other optic neuropathies, the optic disc 
cupping which is linked to posterior displacement of the lamina 
cribrosa (LC), is peculiar to primary open-angle glaucoma (POAG). 
Therefore, it can be hypothesize that the deformation of the lamina 
cribrosa (LC) contributes to axonal damage. Here, we analyzed the 
three-dimensional trajectories of LC channels in vivo in humans
Methods: Cross-sectional, observational study. In patients with 
POAG, stacks of dense serial SD-OCT scans (Spectralis, Heidelberg 
Engineering) were acquired over the optic nerve (mean interscan 
spacing, 11μm). LC channels were semi-automatically traced i n3D 
using a segmentation method based on a tracking algorithm involving 
both radiometric (pixel intensity and contrast) and structural 
information (shape and regularity). The result obtained at every step 
is checked by an expert and corrected if necessary (1% of manual 
correction). An active contour model is finally applied in order to 
refine and regularize the obtained axonal channels. This enable a 3D 
rendering of the LC channels.
Results: Eighteen eyes from 11 patients with POAG (8 females; 
mean age 63 years) were included. in each LC, 3D viewing of 5 to 15 
axonal channels were obtained, over a mean depth of 238μm from the 
anterior surface of the LC.
Conclusions: We designed a procedure for assessing the 3D 
arrangement of LC channels in POAG eyes. As the LC provides 
a scaffold for ganglion cells axons, this approach may help to 
understand the 3D disposition of axons and hence detect local 
deformations. We thus expect that this approach will contribute to 
determine if damage to axons occurs at the LC..
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Top rom, en face and lateral view of the lamina cribrosa with 
examples of tracing. Bottom, 3D rendering of lamina cribrosa 
channels.
Commercial Relationships: Zwillinger Stephanie, None; 
florence Rossant, None; Jose A. Sahel, chronolife (I), GenSight 
Biologics (C), Pixium Vision (I), pixium visio (C), genesignal 
(C), Chronocam (I), gensight (I); Christophe BAUDOUIN; 
Michel Paques, None

Program Number: 4015 Poster Board Number: A0324
Presentation Time: 8:30 AM–10:15 AM
The African Descent and Glaucoma Evaluation Study 
(ADAGES): Racial differences in the posterior displacement of 
the anterior laminar cribrosa surface depth
Akram Belghith1, Christopher A. Girkin2, Robert N. Weinreb1, 
Felipe Medeiros1, Christopher Bowd1, Jeffrey M. Liebmann3, 
Massimo A. Fazio2, Linda M. Zangwill1. 1Hamilton Glaucoma 
Center, University of California San Diego, San Diego, CA; 2School 
of Medicine, University of Alabama at Birmingham, Birmingham, 
AL; 3Bernard and Shirlee Brown Glaucoma Research Laboratory, 
Harkness Eye Institute, Columbia University Medical Center, New 
York, NY.
Purpose: The lamina cribrosa (LC) is considered to be a primary 
site of axonal injury in glaucoma. Several studies have shown that 
eyes with glaucoma often have deformities of the LC in particular 
posterior LC displacement. The objective of this report is to assess 
the change in depth of the anterior laminar cribrosa surface (ALCSD) 
over time in healthy and glaucoma eyes of individuals of European 
(ED) and African descent (AD).
Methods: A total of 295 eyes, including 120 healthy eyes (60 AD and 
60 ED) and 175 glaucoma eyes (93 AD and 82 ED) were followed for 
an average of 3 years. Enhanced-depth imaging (EDI) Spectralis OCT 
(Heidelberg Engineering) optic nerve head scans were acquired using 
48 equally spaced radial scan lines, each with 1024 A-scans. The 
San Diego Automated Layer Segmentation Algorithm (SALSA) was 

used to estimate ALCSD (the ALCSD was measured at each B-scan, 
and defined as the average distance from the Bruch’s membrane 
opening level to the anterior LC surface). Eyes were classified as 
glaucomatous if they had 3 repeatable abnormal standard automated 
perimetry results. Multivariable mixed effects models were used to 
estimate the rate of change after controlling for age, axial length, IOP 
and optic disc size.
Results: In healthy eyes, no racial differences in the rate of age-
related change in ALCSD were observed. In multivariable analysis 
of OAG eyes, the rate of change of ALCSD was faster in ED than 
AD eyes: 3.5 μm/year and 2.1 μm/year, respectively (p =0.02, see 
Figure). Because IOP change can have a strong influence on ALCSD, 
we included acceleration of IOP change over time (second derivative 
of IOP over the whole follow-up time) in the multivariable model. 
There was no effect of the IOP fluctuation on change in ALCSD in 
AD (p =0.59) but it was statistically significant in ED (p=0.03). In 
glaucoma eyes, SAP MD (-7.27± 7.12 and -8.22±7.54 dB), axial 
length (23.7± 2.7 and 23.9±0.8 mm) and optic disc size (2.08± 0.48 
and 2.3±2.3 mm2) were similar in the ED and AD groups at baseline 
(p ≥0.05) respectively. However, ED subject were significantly older 
(70.8±8.7 vs 65.6±1.25 years, p =0.002).
Conclusions: Posterior displacement of ALCS was observed in both 
ED and AD glaucoma eyes but with different amplitudes. These 
results suggest that lamina cribrosa rigidity may be different in AD 
and ED glaucoma eyes.

Commercial Relationships: Akram Belghith, None; 
Christopher A. Girkin, Heidelberg Engineering (F), SOLX (F), 
National Eye Institute (F), Carl Zeiss Meditech, Inc. (F), EyeSight 
Foundation of Alabama (F), Research to Prevent Blindness (F); 
Robert N. Weinreb, Carl Zeiss Meditec (F), Heidelberg Engineering 
(F), Aerie Pharmaceutical (C), Genentech (F), Allergan (C), Alcon 
(C); Felipe Medeiros, Alcon, Inc (C), Optovue, (F), Heidelberg 
Engineering (F), Bausch & Lomb (F); Christopher Bowd, None; 
Jeffrey M. Liebmann, Carl Zeiss Meditec (F), Alcon, Inc (C), 
Heidelberg Engineering (F), Bausch & Lomb (F), Allergan (C); 
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Institute (F), Heidelberg Engineering GmbH (F), Topcon Medical 
Systems Inc. (F)
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Factors Influencing OCT Central Anterior Lamina Cribrosa 
Surface Depth within a Normal Population: A Multi-Center 
Study
Haomin Luo1, 3, Hongli Yang1, Stuart K. Gardiner2, 
Christy Hardin1, Glen Sharpe4, Joseph Caprioli5, Shaban Demirel2, 
Christopher A. Girkin6, Jeffrey M. Liebmann7, Christian Y. Mardin8, 
Harry A. Quigley9, Alexander Scheuerle10, Brad Fortune2, 
Balwantray C. Chauhan4, Claude F. Burgoyne1. 1Optic Nerve Head 
Research Lab, Devers eye Institute, Portland, OR; 2Discoveries in 
Sight Research Labs, Devers Eye Institute, Portland, OR; 3The 2nd 
Xiangya Hospital of Central South University, Changsha, China; 
4Ophthalmology and Visual Sciences, Dalhousie University, Halifax, 
NS, Canada; 5Glaucoma, Jules Stein Eye Institute, UCLA, Los 
Angeles, CA; 6Ophthalmology, Univ of Alabama at Birmingham, 
Birmingham, AL; 7Ophthalmology, Columbia University Medical 
Center, New York, NY; 8Ophthalmology, University Erlangen-
Nurnberg, Nurnberg, Germany; 9Ophthalmology, Johns Hopkins 
Wilmer Eye Inst, Baltimore, MD; 10Ophthalmology, University of 
Heidelberg, Heidelberg, Germany.
Purpose: To quantify the effects of age, axial length (AL), ethnicity 
and gender on OCT anterior lamina cribrosa surface depth (ALCSD) 
in 1 eye of 362 subjects who represent the ethnic composition of the 
US population.
Methods: Subjects from 8 centers in Canada, Europe and the US and 
who were normal by ocular and visual field examination underwent 
OCT enhanced depth imaging (Spectralis) of the optic nerve head 
(ONH) using a 24 radial B-scan pattern aligned to the Foveal-Bruch’s 
Membrane Opening (BMO) axis. BMO, ALCS, anterior scleral 
canal opening (ASCO), Bruch’s membrane (BM), and the anterior 
scleral surface (SS) were manually delineated in each B-scan. ALCS 
visualization was quantified within 72 ASCO subsectors, requiring ≥1 
delineated point per subsector. OCT B-scans from 9 eyes were each 
delineated by 4 operators and the intra-class correlation coefficients 
(ICC) were calculated. Central (central 24 subsectors) ALCSD was 
quantified relative to 4 reference planes: BMO, ASCO, BM (1700um 
from the BMO centroid), and SS (1700um from the ASCO centroid). 
The effects of age, gender, ethnicity, BMO area, ASCO area and AL 
on Central ALCSD were assessed by ANOVA and univariate and 
multiple regression.
Results: Median LC visualization within the central sub-sectors 
was 89%, (range 69-95%, Fig. 1). Central ALCSD ICCs were 
≥0.87 for each reference plane. The final analysis included 339 
subjects, (median age 50, range 20-90; 143 male, 196 female; 232 
European descent, 43 Hispanic, 43 African descent (AD), 18 Asian, 
3 Native American) after exclusion of 23 eyes for poor laminar 
(18) and scleral (5) visualization. By ANOVA, central ALCSD-
BMO was shallower in females (p=0.005) and was shallower in 
eyes with greater age (p=0.0005), BMO area (p=0.03) and AL 
(p=0.001) (Fig. 2). Central ALCSD-BM behaved similarly, but 
was the only parameter influenced by ethnicity, being deeper in 
AD eyes (p=0.0002). Central ALCSD-ASCO was shallower in 
females (p=0.04) and was shallower in eyes with greater ASCO area 
(p=0.0003) and AL (p=0.01). Central ALCSD-SS was influenced by 
ASCO area (shallower in eyes with greater ASCO area (p=0.007)), 
and gender (shallower in females (p=0.04)), only.
Conclusions: OCT Central ALCSD is modestly shallower in females 
and also shallower in eyes with greater age, AL, ASCO area and 
BMO area, being affected by the fewest of these when measured 
relative to the ASCO and SS.
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Correlation among optical properties, demography and biometric 
parameters in optic nerve head by Jones matrix OCT
Yoshiaki Yasuno1, 2, Young-Joo Hong1, 2, Shuichi Makita1, 2, 
Deepa Kasaragod1, 2, Aaron C. Chan1, 2, Masahiro Miura3, 2. 
1Computational Optics Group, Univ. Tsukub, University of Tsukuba, 
Tsukuba, Japan; 2Computational Optics and Ophthalmology Group, 
Tsukuba, Japan; 3Dept Ophthalmology, Tokyo Med Univ, Ibaraki 
Med Ctr, Ami, Japan.
Purpose: The micro-structures and circulation in optic nerve head 
(ONH) are expected to be associated with glaucoma and myopia. 
However, there was no modality which can measure the micro-
structure of ONH in vivo. Jones matrix OCT (JM-OCT) is an 
emerging modality which can image the ocular tissue and also can 
quantitatively measure the several optical properties in vivo. It 
includes scattering coefficient (SC), birefringence (BR), polarization 
uniformity (PU), and flow (OCTA). Since the SC and BR are 
associated with tissue micro-structure, JM-OCT can assess the 
micro-structure in vivo. Here we investigate the relationship among 
the optical properties of ONH tissues and demographic and biometric 
parameters.
Methods: A custom-build posterior JM-OCT with a 1-μm probe 
was used in this study. JM-OCT provides the above mentioned 4 
optical properties by a single scan. SC, BR, and PU are known to 
be associated with tissue density (SC), collagen content (BR), and 
melanin (PU). Right eyes of 6 non-glaucomatous subjects (37.2 ± 
10.3 y/o, mean ± SD) were measured by JM-OCT. Six regions of 
interest (ROIs) are manually selected in a horizontal cross-section 
around the ONH center. The ROIs are lamina cribrosa (LC), 
prelaminar region (PL), nasal and temporal scleral canal rims (NSCR 
and TSCR), and nasal and temporal nerve fiber layers (NNFL and 
TNFL). The correlations among the average optical properties within 
the ROIs, age, refractive error (RE), and intraocular pressure (IOP) 
are evaluated.
Results: The mean IOP, RE are 16.2 ± 1.5 mmHg, and -4.3 ± 3.1 D, 
respectively. LC’s BR was correlated with OCTA of TSCR (r = -0.95, 
p = 0.003), and RE (r = -0.82, p = 0.044). LC’s OCTA was correlated 
with BR of NNFL (r = -0.85, p = 0.032), OCTA of NSCR (r = 0.90, p 
= 0.013), and age (r = -0.85, p = 0.035). PL’s BR was correlated with 
PL’s OCTA (r = -0.82, p = 0.046) and age (r = 0.92, p = 0.01).
Conclusions: Although no direct correlation was found between 
LC and PL, both tissues are correlated with age through OCT (LC) 
and BR (PL). It is an in-vivo measureable evidence of age-related 
alterations of these tissues. Myopia seems to affect the collagen 
microstructure of LC as suggested by its BR. The microstructure of 
LC seems to be associated with the microstructure of sclera. Since 
both tissues are collagenous, this relation is plausible. These relations 
are summarized in the figure.

Diagram of tissue relations.
Commercial Relationships: Yoshiaki Yasuno, Tomey Corp. (F), 
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Comparison of Prelaminar Tissue Thickness and Anterior 
Prelaminar Depth in between Glaucoma Patients with and 
without Laminar Dot Sign
Won June Lee, Young Kook Kim, Jin Wook Jeoung, Ki Ho Park. 
Ophthalmology, Seoul National University Hospital, Seoul, Korea 
(the Republic of).
Purpose: To analyze and compare the deep optic nerve head (ONH) 
structure between the glaucomatous eyes with laminar dot sign 
(LDS) and without LDS, using the swept-source optical coherence 
tomography (SS-OCT).
Methods: In 45 patients (45 eyes) with early glaucoma, the eyes 
were classified into LDS and non-LDS groups with the stereoscopic 
optic disc photography. The deep structure of ONH including the 
anterior prelaminar depth (APLD), prelaminar tissue thickness (PTT), 
and lamina cribrosa thickness (LCT) were measured using built-in 
software of SS-OCT and compared the parameters between LDS and 
non-LDS groups. Multivariate logistic regression analysis was used 
to analyze factors associated with LDS presence.
Results: The APLDs of the LDS group were significantly deeper 
than those of the non-LDS group (LDS vs non-LDS: 407.1 ± 118.7 
vs. 324.4 ± 139.5 μm, p=0.038). The PTTs of the LDS group were 
significantly thinner than those of the non-LDS group (LDS vs non-
LDS: 71.4 ± 23.6 vs. 120.7 ± 27.7μm, p<0.001). The thin PTT was 
significantly associated with the LDS presence (aOR = 0.93, 95% 
confidence interval: 0.88-0.97, p=0.001).
Conclusions: The SS-OCT showed the significantly deeper APLD 
and thinner PTT in LDS group compared to those in non-LDS group. 
The presence of LDS in glaucoma patients can provide valuable 
information related to the deep structure of the ONH.

Representative case without lamina dot sign.
Disc photography (A) and row SS-OCT image (B) was shown, 
and measurement was performed in images (C). Yellow dot lines 
indicated the anterior and posterior border of the lamina cribrosa.

Representative case with lamina dot sign.
Disc photography (A) and row SS-OCT image (B) was shown, 
and measurement was performed in images (C). Yellow dot lines 
indicated the anterior and posterior border of the lamina cribrosa.
Commercial Relationships: Won June Lee, None; Young 
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The association between prelaminar tissue thickness and 
peripapillary choroidal thickness in untreated normal-tension 
glaucoma patients
Ji-Hye Park1, Chungkwon Yoo1, Jae Hoon Jung1, Michael J. Girard2, 
Jean-Martial Mari3, Yong Yeon Kim1. 1Ophthalmology, Korea 
University Medical Center, Seocho-gu, Seoul, Korea (the Republic 
of); 2National University of Singapore, Singapore, Singapore; 
3University of French Polynesia, Tahiti, French Polynesia.
Purpose: Optic nerve head (ONH) and peripapillary choroid are 
both supplied by short posterior ciliary artery (PCA). Therefore, 
circulatory disturbances in the short PCAs may reduce the blood flow 
to the ONH and to the choroid. This study evaluated the association 
between prelaminar tissue thickness (PLT) and peripapillary 
choroidal thickness (PCT) in untreated normal-tension glaucoma 
(NTG) patients.
Methods: A cross-sectional study was conducted in 65 untreated 
NTG patients. All of the subjects were imaged with swept-source 
optical coherence tomography (SS-OCT, DRI OCT, Topcon) to obtain 
the horizontal scan crossing the optic nerve head center. The PLT 
was calculated by subtracting the anterior prelaminar depth (APLD) 
from the anterior lamina cribrosa depth (ALCD). The retinal nerve 
fiber layer (RNFL) thickness and PCT were measured automatically 
using the in-built automated software of the OCT device. The 
correlation between PLT and PCT was evaluated with the Spearman 
rank correlation test. Linear regression analysis was conducted to 
investigate the ocular factors that were associated with PLT.
Results: The average PLT, APLD, ALCD, and PCT values were 
134.05 ± 55.54, 314.59 ± 113.59, 448.64 ± 125.69, and 121.23 ± 
59.56 μm, respectively. PLT was significantly correlated with the 
axial length, visual field index (VFI), ALCD, and PCT. Moreover, 
multivariate linear regression analysis revealed that PCT, axial 
length, and VFI were independent factors that were associated with 
PLT. When the subjects were divided into two groups according to 
their PLT values (median value, 125.114 μm), the thin PLT group 
showed worse MD, VFI values, and thinner PCT when compared to 
the thick PLT group.
Conclusions: The PLT was significantly associated with the PCT, 
and the thinner PLT showed the greater glaucomatous damage in 
untreated NTG. The thickness of the prelaminar tissue may be related 
with the choroidal blood flow in untreated NTG patients.
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Factors Influencing OCT Peripapillary Choroidal Thickness 
(ppCT) in a Normal Population: A Multi-Center Study
Hongli Yang1, Haomin Luo1, 2, Stuart K. Gardiner5, 
Christy Hardin1, Glen Sharpe3, Joseph Caprioli4, Shaban Demirel5, 
Christopher A. Girkin6, Jeffrey M. Liebmann7, Christian Y. Mardin8, 
Harry A. Quigley9, Alexander Scheuerle10, Brad Fortune5, 
Balwantray C. Chauhan3, Claude F. Burgoyne1. 1Optic Nerve 
Head Research Lab, Devers Eye Institute, Portland, OR; 2The 2nd 
Xiangya Hospital of Central South University, Changsha, China; 
3Department of Ophthalmology and Visual Sciences, Dalhousie 
University, Halifax, NS, Canada; 4Glaucoma, Jules Stein Eye 
Institute, UCLA, Los Angeles, CA; 5Devers Eye Institute, Portland, 
OR; 6Ophthalmology, Univ of Alabama at Birmingham, Birmingham, 
AL; 7Ophthalmology, Columbia University Medical Center, 
New York, NY; 8Ophthalmology, University Erlangen-Nurnberg, 
Nuremberg, Germany; 9Ophthalmology, Johns Hopkins Wilmer Eye 
Institute, Baltimore, MD; 10Ophthalmology, University of Heidelberg, 
Heidelberg, Germany.
Purpose: To quantify ppCT by OCT at 100, 300, 500, 700, 900 and 
1100 ums from the anterior scleral canal opening (ASCO) within 
12 clock-hour sectors oriented to the Foveal-Bruch’s Membrane 
Opening (FoBMO) axis in 1 eye of 362 normal subjects who 
represent the ethnic composition of the US population.
Methods: Subjects from 8 centers in Canada, Europe and the US and 
who were normal by ocular and visual field examination underwent 
OCT enhanced depth imaging (Spectralis) using a 24 radial B-scan 
pattern centered on the optic nerve head (ONH) and oriented relative 
to the FoBMO axis. BMO, Bruch’s membrane (BM), ASCO, and the 
anterior scleral surface (SS) were manually delineated in each B-scan. 
OCT B-scans from 9 eyes were each delineated by 4 operators and 
the intra-class correlation coefficients (ICC) were calculated (two-
way ANOVA). The effects of age, axial length (AL), ethnicity, gender, 
sector, ASCO area, distance from ASCO (ASCO distance) and their 
interactions, were assessed globally and by sector, by ANOVA, and 
univariate and multiple regression.
Results: The final analysis included 357 subjects (median age 50.3, 
range 19.8 to 90.3; 156 male, 201 female; 244 European descent 
(ED), 46 Hispanic, 45 African descent (AD), 19 Asian, 3 Native 
American), following exclusion of 5 eyes with poor SS visualization 
(< half B-scans delineated). Inter-operator ICCs ranged from 0.65 to 
0.89. Globally, ppCT was thicker as ASCO distance increased, thicker 
in AD subjects, thinner in eyes with greater age, AL and ASCO area, 
(all p<0.001), and slightly thinner in females (p=0.05). Among these, 
Age and AL explained the greatest proportion of variance  
(Fig. 1). The rate of age-related decline increased with ASCO 
distance (p<0.001) (Figs. 1-2). By sector, ppCT was thinnest, and also 
showed the greatest decline with Age, in the inferior temporal sectors 
(Fig. 2). Sector 7 (Fig. 2), 500 um from the ASCO, and sectors 7 and 
8 at all distances ≥ 700 μm, were significantly thinner than sector  
12 and demonstrated a significantly higher rate of age-related loss 
(data not shown).
Conclusions: In normal eyes, OCT ppCT was thinnest within the 
inferior temporal sectors and thinner closest to the ASCO. Thinner 
ppCT was also associated with being female, ED, older (age), larger 
ASCO area, and longer AL. Among these effectors, age had the 
strongest influence, and its effect was greatest within the inferior 
temporal sectors.
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Prevalence of Peripapillary Atrophy Defined by Optical 
Coherence Tomography in an Elderly Chinses Population
Ya Xing Wang1, Qi Zhang1, Liang Xu1, Jost B. Jonas2. 1Beijing 
Institute of Ophthalmology, Beijing Tongren Hospital, Beijing, 
China; 2Department of Ophthalmology, Medical Faculty Mannheim, 
Manheim, Germany.
Purpose: To study the prevalences of Beta zone peripapillary 
atrophy (PPA) and Gamma zone PPA defined by optical coherence 
tomography (OCT) and their associations in a subgroup of a 
population-based Study.
Methods: The population-based Beijing Eye Study 2011 included 
3468 individuals with a mean age of 64.6 ± 9.8 years (range: 50-93 
years). Individuals without any ocular disease and with best corrected 
visual acuity of no less than 16/20 were randomly selected after 
stratification based on the refractive error. Beta zone PPA was defined 
as the peripapillary zone with existing Bruch’s membrane without 
retinal pigment epithelium and Gamma zone was the region from 
the Bruch’s membrane’s end to the optic disc margin. The maximum 
width of Beta zone and Gamma zone was measured.
Results: A total of 590 eyes were randomly selected (refractive 
error -1 to +1dpt: n=267 eyes; -2 to -1dpt: n=159; -3 to -2dpt: n=65; 
-4 to -3dpt: n=50; -5 to -4dpt: n=49). The prevalence of Beta zone 
and Gamma zone were 74.5±2.7% and 22.1±2.5%, respectively, in 
emmetropic eyes, and 95.0±5.0% and 70.0±10.5%, respectively, 
in eyes with a refractive error between -5 to -4dpt. The mean 
maximum width was 349 ± 169 μm (112 μm to 1499 μm), and 281 
± 172 μm (59 μm to 910 μm), for Beta zone and Gamma zone, 
respectively. The location of maximum PPA width was the temporal 
region for Beta zone, and the infero-temporal region for Gamma 
zone. After multivariate analysis, wider width of Beta zone was 
significantly associated with older age (P<0.001; standaradized 
regression coefficient ß=0.33), higher best corrected visual acuity 
(P=0.023; ß=0.11), and longer axial length (P<0.001; ß=0.22). 
Wider width of Gamma zone was associated with longer axial length 
(P<0.001ß=0.49), and wider horizontal Bruch’s membrane opening 
(BMO) diameter (P<0.001; ß=0.31).
Conclusions: The prevalence of Beta zone and Gamma zone PPA 
as measured by OCT were higher than as determined previously on 
fundus photographs. The presence and size of PPA increased with age 
and myopic refractive error for Beta zone, and increased with axial 
length and horizontal BMO diameter for Gamma zone.

Association of axial length with maximum Beta zone peripapillary 
atrophy width (left) and with maximum Gamma zone peripapillary 
atrophy width (right).
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Radar bar representing the location (clock; orientated for right eyes) 
of maximum Beta zone and Gamma zone peripapillary atrophy
Commercial Relationships: Ya Xing Wang, None; Qi Zhang, 
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Peripapillary choroidal thickness in pseudoexfoliation glaucoma 
versus primary open-angle glaucoma
Ivo F. Gama1, 2, Leonor D. Almeida1, 2, Inês Gonçalves1, 2, 
Manuel Monteiro-Grillo1, 2. 1Ophthalmology, Hospital Santa Maria 
- Centro Hospitalar Lisboa Norte, Lisbon, Portugal; 2University of 
Lisbon, Faculty of Medicine of Lisbon, Lisbon, Portugal.
Purpose: No study has directly compared the peripapillary choroidal 
thickness(PPCT) between pseudoexfoliation glaucoma(PXFG) 
and primary open angle glaucoma(POAG). We performed a cross-
sectional observational study to compare the PPCT between PXFG 
and POAG, using Enhanced Depth Imaging(EDI)-optical coherence 
tomography(OCT).
Methods: Eighty-two eyes(82 subjects) were included in this study: 
POAG(n=35), PXFG(n=24), controls(n=23). Exclusion criteria 
were:other ocular disease besides glaucoma;smoking;diabetes;arterial 
hypertension;hormonal disturbances;systemic diseases causing 
chronic edematous, hypoxic or inflammatory states;chronic use 
of drugs with vasoconstrictor/vasodilating effects, diuretics or 
immunosuppressants. Two peripapillary circular 3,4mm-diameter 
OCT B-scans with and without EDI were performed in all eyes for 
evaluation of PPCT and retinal nerve fiver layer thickness(RNFLT), 
which were compared between groups. PPCT was obtained by 
manual segmentation performed by 2 independent observers. 
We investigated correlations between the variables:PPCT, 
RNFLT, intraocular pressure(IOP), visual acuity(VA) and mean 
defect(MD,Octopus perimetry). Results are in M±SD format.
Results: Age was 71.38±8.03 in PXFG,71,09±9.27 in POAG 
and 71.57±6.24 years in controls(p=0,959). MD was 10.61±8.28 
in PXFG,7.68±7.26dB in POAG(p=0.119). IOP was 20.63±6.34 
in PXFG,18.89±7.34 in POAG and 14.52±2.71mmHg in 
controls. PXFG had lower average PPCT(110.21±50.83 μm) 
than POAG(163.49±62.69, p=0.003) and controls(171.30±61.85, 
p=0.002). In sectorial PPCT, the differences between PXFG 
and POAG/controls were significant for all locations:temporal(-
44.40±15.92;p=0.020; -59.08±17.52, p=0.003);inferior-
temporal(-50.67±16.18μm, p=0.007; -64.45±17.82, 
p=0.002);inferior-nasal(-61.38±16.12, p=0.001; -69.86±17.75, 
p=0.001);nasal(-52.40±17.44, p=0.011; -50.05±19.20, 

p=0.033);superior-nasal(-62.64±18.02, p=0.002; -65.34±19.84, 
p=0.004);superior-temporal(-60.77±16.35, p=0.001; -60.24±18.01, 
p=0.004). In multivariate regression analysis, PPCT was associated 
with RNFLT in healthy eyes(β=0.502, p=0.011), but not on 
glaucomatous eyes. PPCT was associated with LogMAR VA(β[-
0.321;-0.586], p<0,05).
Conclusions: PXFG is associated with a decreased PPCT, which 
could be related to the vascular dysfunction in PXFG. PPCT in 
POAG does not differ from healthy eyes. The lack of association 
between RNFLT and PPCT in glaucoma suggests that axonal loss is a 
multifactorial process.
Commercial Relationships: Ivo F. Gama; Leonor D. Almeida, 
None; Inês Gonçalves, None; Manuel Monteiro-Grillo, None
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Retinal and Optic Nerve Head Imaging of Ex Vivo Porcine Eyes 
using Spectralis SD-OCT
Madhusudhanan Balasubramanian, Srinivas Rajaraman. 
Electrical and Computer Engineering, The University of Memphis, 
Germantown, TN.
Purpose: To present experimental methodological details for non-
invasive imaging of the retina and optic nerve head of porcine eyes 
ex vivo using Spectralis SD-OCT
Methods: Twenty four porcine eyes were obtained (in PBS) from 
a USDA inspected meat processing facility within 4 hours after 
harvesting. In the experimental eyes, the central cornea was trephined 
(8.5 mm), lens removed and vitreous replaced (Intrector, Insight 
Instruments, Inc) rapidly with saline. The corneal opening was sealed 
with a custom made 67 D keratoprosthesis that replaced the effective 
refractive power of the eye. The intraocular pressure was controlled 
by infusing saline through a canula and monitored using a calibrated 
manometer. Eyes were mounted on a gimbal with 6 degrees of 
freedom of movement. Spectralis SD-OCT (Heidelberg Engineering, 
GmbH) arrangement was modified to allow continuous imaging of 
the optic nerve head in ex vivo porcine eyes. Volume scans were 
obtained with a uniform A and B-scan resolution of 11 microns. IOP 
was maintained at 18 mmHg at baseline and at 40 mmHg during all 
follow-ups. ONH volume scans were acquired at 1, 2, 3 and 4 hours 
while maintaining the IOP at 40 mmHg.
Results: Figure shows the experimental arrangement and a 
representative high density volume scan of the porcine optic nerve 
head. The presented methodology allowed for continuous ex vivo 
imaging of all of study eyes with a superior image quality (> 32 dB) 
without requiring hydration or artificial tears.
Conclusions: We have presented a methodology that is convenient 
for continuous imaging of the retina and optic nerve head ex vivo 
using Spectralis SD-OCT without requiring artificial tears or corneal 
hydration. The presented method is likely useful for experimental 
studies in glaucoma and beyond.
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The correspondence between OCT and histological measures in 
the optic nerve head region of a non-human primate model of 
glaucoma
Kwame Antwi-Boasiako, Louvenia Carter-Dawson, 
Margaret M. Gondo, Ronald S. Harwerth, Nimesh B. Patel. College 
of Optometry, University of Houston, Houston, TX.
Purpose: Glaucoma diagnosis is aided by assessing structural 
changes that occur at the posterior retina using technologies 

such as optical coherence tomography (OCT). Measures of the 
circumpapillary retinal nerve fiber layer (RNFL) thickness and the 
neural rim tissue in the optic nerve head (ONH) sample the majority 
of RGC axons in the eye. The purpose of this study was to investigate 
the correspondence between these in vivo measures and the 
histologically determined optic nerve axonal counts in a non-human 
primate model of glaucoma.
Methods: Unilateral experimental glaucoma was induced in 15 
macaque monkeys (age 4-6 years) using argon laser energy to scar 
the trabecular meshwork. OCT scans (Spectralis HRA+OCT) were 
acquired and laterally scaled incorporating optical biometry data 
(Lenstar, LS900). Using radial scans centered on the ONH, the 
minimum rim width (MRW) was calculated as the shortest distance 
between the Bruch’s membrane opening (BMO) and inner limiting 
membrane (ILM). From 20x20 degree raster scans centered on the 
ONH, elliptical B-scans 550μm from the BMO were interpolated 
and used to quantify RNFL thickness, with major retinal vasculature 
removed. At varying stages of neuropathy, optic nerve sections 
(~0.5mm thick) were acquired 3-5mm posterior to the globe of 
each eye. Sections were fixed in 2.5% gluteraldehyde and 2% 
paraformaldehyde, post-fixed in 2% osmium tetroxide, dehydrated 
and embedded in epoxy resin. Thin sections were mounted on slides, 
stained for light microscopy. Images of 26 optic nerves were captured 
at high magnification (100X) and a semi-automated technique was 
used to count all of the axons (Bioquant Imaging System).
Results: The mean total axon count in the control eyes was 1,308,155 
± 108,382. Axon loss ratio (axons in experimental eye / control eye) 
ranged from 0.16 – 0.79. Axon count was linearly related to RNFL 
thickness (r2=0.96, p<0.01, slope=15,168) and an exponential rise 
to maximum fit best described the relationship with MRW (r2=0.86, 
p<0.01, AICc = 1.81).
Conclusions: In experimental glaucoma with mild to moderate 
RGC loss, the OCT derived RNFL and MRW measures are accurate 
estimates of RGC axonal content. The nature of the relationships 
suggests that tissue remodeling, rim tissue orientation and other 
non-neuronal changes could weaken the predictability of the MRW 
parameter during early stages of the optic neuropathy.
Commercial Relationships: Kwame Antwi-Boasiako, None; 
Louvenia Carter-Dawson, None; Margaret M. Gondo, None; 
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Support: P30 EY007551, R01 EY001139, K23 EY021761

Program Number: 4026 Poster Board Number: A0335
Presentation Time: 8:30 AM–10:15 AM
Optical Coherence Tomography RNFL Contrast in Experimental 
Glaucoma Eyes
Nimesh B. Patel, Louvenia Carter-Dawson, Ronald S. Harwerth. 
College of Optometry, University of Houston, Houston, TX.
Purpose: Circumpapillary retinal nerve fiber layer (RNFL) thickness 
measures using optical coherence tomography (OCT) provides 
important information for evaluation of the optic nerve. In glaucoma, 
with advancing disease the RNFL becomes harder to segment 
because of a decrease in its reflectance. The purpose of this study 
was to investigate the relationship between RNFL thickness and layer 
contrast in an experimental model of glaucoma.
Methods: Unilateral argon laser application to the trabecular 
meshwork was used to elevate the IOP in ten monkeys that were 
followed longitudinally with OCT. RNFL thickness was derived from 
elliptical scan paths 550μm from the Bruch’s membrane opening. 
The RNFL was manually segmented, and major retinal vasculature 
subtracted from thickness measures. RNFL contrast was quantified 
using the pixel intensity of the RNFL and the underlying retina up to 
the RPE. In four post mortem eyes, neural and glial contributions to 



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.

the RNFL were estimated using immunohistochemistry. Axons were 
labeled with neurofilament (NF), and glial cells were labeled using 
glial fibrillary acidic protein (GFAP), glutamine synthetase (GS), and 
antibodies to ionized calcium binding adaptor molecule 1 (IBA-1). 
The tissue was imaged using confocal microscopy to determine the 
ratio of neural to non-neural components in the RNFL.
Results: A total of 208 OCT RNFL scans from ten subjects were 
analyzed. Each b-scan from which elliptical scans were interpolated 
had a quality of 25dB or greater. There was a linear decrease in RNFL 
contrast with thickness (RNFL contrast = 0.07 +0.0026xRNFL, 
 R2 = 0.69, p<0.01). In the four post mortem eyes, the glial proportion 
to the RNFL was negatively related to the RNFL thickness  
(Glial = 0.89 – 0.005xRNFL, p<0.01).
Conclusions: In experimental glaucoma there is a decrease in RNFL 
contrast with axonal loss. It is likely that RNFL contrast reflects the 
tissue makeup, with relative glial contribution increasing with retinal 
ganglion cell axonal loss. Although an increase in IBA-1 labeling was 
noted in experimental eyes, this study could not determine a change 
in the number of glial cells with advancing loss.
Commercial Relationships: Nimesh B. Patel, None; 
Louvenia Carter-Dawson, None; Ronald S. Harwerth, None
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Characterising the Microbead induced Chronic Experimental 
Glaucoma (EG) Model using optic coherence tomography (OCT) 
in non-human primates (NHP)
Anita Chan1, 3, Tin Aung TUN3, Sai Bo Bo Tun3, John C. Allen2, 
Veluchamy A. Barathi3, Michael J. Girard4, Tin Aung1, 3. 
1Ophthalmology, Singapore National Eye Center, Singapore, 
Singapore; 2Duke NUS GMS, Singapore, Singapore; 3Singapore 
Eye Research Centre, Singapore, Singapore; 4National University of 
Singapore, Singapore, Singapore.
Purpose: To characterize a Microbead induced Chronic experimental 
glaucoma (EG) model using optic coherence tomography (OCT) 
to determine the longitudinal optic nerve head (ONH) structural 
changes.
Methods: Bilateral eyes of 8 Cynomolgus macaque monkeys 
(macaca fascicularis) were imaged with slit lamp, gonioscopy, 
funduscopy and OCT (Spectralis) monthly from Baseline to  
7 months. The IOP was measured with Tonovet and chronic IOP 
elevation was achieved unilaterally by repeated 15um polystyrene 

microbeads (Triton technologies) injections into the anterior chamber 
(AC). Presence of intraocular inflammation, cataract and angle 
changes were documented. Changes in depth of anterior lamina 
cribrosa surface (LCdepth) and the minimum rim width (MRW) from 
Bruch’s membrane opening (BMO) were calculated and compared 
between EG and control eyes during Phase 1 (Ph1) defined as 
month 1-3 IOP elevation from baseline to >30mmgHg and Phase 
2 (Ph2) defined as month 4-7 when IOP elevation was consistently 
maintained (30-50 mmHg).
Results: All monkeys were female, aged 5 years. There was no 
difference of IOP, LC depth and MRW between EG and control eyes 
at baseline and month 1. No cataract, PAS (>1 clock hour), or AC 
inflammation was documented. 8 weekly injections over 2 months 
with <1 additional injection/monkey was required for sustained IOP 
>30mmHg (month 3-7). The mean IOP was higher (36+6SD mmHg, 
P<0.001), the mean LCdepth was deeper (P=0.006), the MRW was 
thinner (P<0.001) and the CD ratio higher (mean 0.6, P<0.001) in 
EG eyes significantly from month 2 to 7 when compared to control 
eyes (mean CD ratio 0.2, mean IOP 16+3SD mmHg). Consistent and 
significant differences between the rate of change in LCdepth and 
MRW difference between all EG and control eyes were detected in 
Ph1 when compared to Ph2 (P<0.01).
Conclusions: This chronic microbead EG model produces IOP 
and structural changes comparable to the laser EG models without 
trabecular meshwork damage or inflammation. An increased rate of 
LC depth and MRW change corresponded to a higher rate of IOP 
change (Ph 1) whilst a slower rate of change in LC depth and MRW 
in Ph2 corresponded to a chronic IOP elevation (lower rate of IOP 
change) suggesting that early and adequate IOP control may be more 
useful in delaying structural damage.
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