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Prevalence and risk factors for epiretinal membrane (ERM) in
glaucomatous eyes with and without exfoliation syndrome
Ravivarn Jarukasetphon1, 3, Lynn Shi2, 3, Robert Fargione1, Zane
Zenon Zemborain3, Luis Silva1, Carlos Gustavo De Moraes4,
Robert Ritch1, Donald Hood3, 5. 1Ophthalmology, New York Eye
and Ear Infirmary of Mount Sinai, New York, NY; 2Ophthalmology,
Columbia University College of Physicians and Surgeons, New York,
NY; 3Psychology, Columbia University, New York, NY; 4Edward S.
Harkness Eye Institute, Columbia University Medical Center, New
York, NY; 5Ophthalmology, Columbia University Medical Center,
New York, NY.
Purpose: To determine whether eyes with exfoliation glaucoma
(XFG) have higher prevalence of ERM than glaucoma eyes without
exfoliation and to evaluate the risk factors for ERM.
Methods: 70 eyes (age: 72.4±7.6 yrs, 24-2 mean deviation (MD):
-7.03±7.47dB) of 46 XFG patients, 115 eyes (age: 72.05±4.90 yrs,
MD: -7.78±6.47 dB) of 64 POAG patients, 120 eyes (age: 52.8±14.3
yrs, MD: -1.52±2.05 dB) of 66 glaucoma suspects (GS) by optic
nerve appearance, and 137 eyes (age: 56.1±14.8 yrs, MD: -1.16±1.91
dB) of 77 OHT patients were evaluated for the presence of complex
ERM. A complex ERM involved a distortion of the retinal nerve fiber
layer (e.g. Figs. 1 and 2). ERM were identified on widefield scans
(9x12 mm, 512x256 B-scans) obtained with swept-source OCT (DRI
OCT, Topcon inc.) or macular cube scan (6x6 mm, 512x128 B-scans)
obtained with spectral domain OCT (3D OCT 2000, Topcon inc.).
Eyes with a history of retinal detachment were excluded. Age, IOP,
refractive error, history of cataract surgery, previous trabeculectomy,
and severity of glaucoma on visual field assessment were considered
as possible contributing factors.
Results: XFG had the greatest prevalence of ERM (28.6%),
followed by POAG (16.5%), GS (5%), and OHT (4.4%). However,
the difference between eyes with XFG and POAG (P=0.09) was
not significant. The prevalence of ERM in GS was about the same
as OHTN (P=0.84). Older age and history of cataract surgery
were significantly associated with ERM (P=0.007 and P=0.004,
respectively). Presence of glaucoma or exfoliation, severity of
glaucoma and myopia did not significantly impact the prevalence of
ERM. Eyes with XFG/POAG had more ERMs than GS/OHTN eyes
(P<0.001). However, after adjusting for confounders, the difference
was not significant.
Conclusions: Prevalence of ERM is highest in XFG eyes. Older age
and history of cataract surgery are predisposing factors for ERM. It is
important to screen for ERM in XFG eyes.
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Retinal vessel shift and its association with axial length elongation
in junior high school students
Pingcheng Shen, Takehiro Yamashita, Naoya Yoshihara,
Naoko Kakiuchi, Taiji Sakamoto. Ophthalmology, Kagoshima
University Graduate School of Medical and Dental Sciences,
Kagoshima, Japan.
Purpose: Our earlier study showed arcade vessel shifted toward
the fovea according as axial length increased (Yamashita T et al,
IOVS 2013). And the retinal vessel shift (RVS) was affected by the
position of nerve fiber layer defect in glaucomatous eyes (Yamashita
T et al, IOVS 2015). However, to our knowledge, there is no report
on the changes of RVS along with growth. Therefore the purpose of
this study is to investigate RVS and its association with axial length
elongation in junior high school students.
Methods: Prospective observational study comprised 168 right eyes.
All participants underwent optical axial length measurement and
color fundus photography in the first grade (age 12 or 13) of junior
high school. The same examinations were done for the same subjects
2 years later at the third grade (age 14 or 15). RVS was assessed
using color fundus photographs. Mann-Whitney U test was used to
detect the significant difference of axial length and its elongation
between RVS(+) and RVS(-) groups.
Results: Eighty three eyes were categorized as RVS(+) group and
the remaining 85 eyes as RVS(-) group. The axial length of eyes
at the first grade, baseline, was significantly longer in the RVS(+)
group than the RVS(-) group (24.76±1.14 mm and 24.40±1.26 mm
respectively, P=0.04). The length of axial length elongation from
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the first to the third grade was not significantly different between the
RVS(+) group and the RVS(-) group (0.30±0.17 mm and
0.28±0.19 mm, respectively, P=0.30).
Conclusions: About half of the junior high school students revealed
the RVS in two years from the first to the third grade. Although the
degree of axial elongation did not affect the change of RVS, the
longer axial length at baseline (the first grade) was associated with
RVS in the following two years. The myopic eye at baseline may
have a more chance to develop RVS in growing.
Commercial Relationships: Pingcheng Shen, None;
Takehiro Yamashita, None; Naoya Yoshihara, None;
Naoko Kakiuchi, None; Taiji Sakamoto, None
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The Fovea-Disc Axis Angle and Macular Thickness Vertical
Asymmetry across The Temporal Raphe
Andrew Hong Nguyen, Sharon Henry, Joseph Caprioli,
Kouros Nouri-Mahdavi. Glaucoma Division, Jules Stein Eye
Institute, Los Angeles, CA.
Purpose: Vertical thickness asymmetry in retinal ganglion cell layer
(GCL) or GCIPL (combined thickness of GCL with inner plexiform
layer) across horizontal raphe is a strong biomarker for early
glaucoma. We tested the hypothesis that the fovea-disc axis angle
(FoDi angle) affects vertical asymmetry in GCIPL thickness across
temporal raphe in normal subjects as measured with spectral domain
optical coherence tomography (SD-OCT).
Methods: 131 eyes (68 normal subjects) with macular and RNFL
SD-OCT images were enrolled. FoDi angle was estimated by the
RNFL imaging algorithm of Spectralis SD-OCT. Macular images
acquired with Posterior Pole Algorithm were segmented. GC/IPL
thickness was calculated on a horizontal 8x8 array of 3-degree
superpixels (Fig.1). Vertical asymmetry was defined as the difference
in average thickness of the 3 most temporal superpixels above and
below horizontal meridian (Fig.1). Association of FoDi angle and
other predictors with vertical GCIPL asymmetry was explored on
bivariate plots and correlation and multivariate regression analyses
correcting for contribution of two eyes of same subjects.
Results: Median (IQR) age of study sample was 54.5 (49.5-61.8)
years. The median (IQR) FoDi angle was –6.7 (–9.5 to –4.8) degrees.
A more negative (inferiorly tilted) FoDi angle was associated with
thinner inferior compared to superior GCIPL thickness on superpixels
adjacent to the temporal raphe (superpixels 5.1-5.3 vs. 4.1-4.3,
r=0.334; p<0.001; Fig. 2) whereas the second row of temporal
superpixels farther from raphe did not show this tendency (r=0.025,
p=0.788). FoDi angle was not associated with central GCIPL
asymmetry (i.e. asymmetry between superpixels 3.4-3.6 vs. 6.46.6 on Fig.1, r=0.121; p=0.194). No other clinical factor including
age or axial length correlated with vertical asymmetry (p>0.312).
Correlation analyses of absolute GCIPL thickness along raphe with
FoDi angle demonstrated that progressively thicker superior GCIPL
along raphe with more negative FoDi angle was the likely cause of
the changing asymmetry.
Conclusions: GCIPL vertical thickness asymmetry adjacent to
the temporal raphe varies as a function of the FoDi angle whereas
temporal superpixels farther from the raphe do not demonstrate this
tendency. This finding has important clinical implications as new
SD-OCT algorithms are developed for incorporating vertical GCIPL
asymmetry as a biomarker for early detection of glaucoma.
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The Temporal Raphe of the Retinal Nerve Fibre Layer and
Ganglion Cell Layer in Glaucoma Patients with a Horizontal
Hemi-field Visual Field Defect
Ziad Butty, Jayme R. Vianna, Lucas A. Torres, Glen Sharpe,
Donna Hutchison, Lesya M. Shuba, Paul E. Rafuse,
Marcelo Nicolela, Balwantray C. Chauhan. Ophthalmology and
Visual Sciences, Dalhousie University, Halifax, NS, Canada.
Purpose: To determine whether the angle between the fovea and the
temporal raphe (temporal raphe angle, TRA) respected the angle of a
clear nasal step visual field (VF) defect.
Methods: Open-angle glaucoma patients followed in a prospective
study who had all 5 locations immediately above or below the
horizontal midline with a pattern standard deviation value of
P < 0.5% in at least the last 3 consecutive VF (24-2, Humphrey
Field Analyzer) were recruited (Figure 1-A). Two optical coherence
tomography macular scans were performed; a 30°x15° comprising
398 B-scans aligned to horizontal image frame, and a 30°x25°
comprising 61 B-scans aligned to the fovea to Bruch’s membrane
opening (FoBMO) angle. A customized VF with 7 stimuli separated
by 1° vertically at each of 5 horizontal eccentricities (6° apart) nasal
to the fovea was performed. The TRA of the RNFL reflectance was
measured (Figure 1-C). The ganglion cell layer angle (GCLA) was
measured with the best-fit line of the highest difference in GCL
thickness and the FoBMO axis centred on fovea (Figure 1-D). The
VF defect angle was measured with a best fit line with the highest
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difference in sensitivity at each horizontal eccentricity and the fovea
(Figure 1-B).
Results: We included 12 (7 right and 5 left) eyes of 9 patients with
median age of 67 (range: 63 to 74) years. There were 9 patients with
an inferior hemi-field VF defect. The FoBMO angle was always
negative with a median of -7.45° (-9.9° to -1.4°) while the median
TRA, relative to horizontal, was +2.98° (-1.76° to +11.59°). The
GCLA did not correspond to the FoBMO axis (median difference,
+2.24° (range, 0.09° to 6.31°). The correlation between the TRA and
VF angles (rho= 0.62, p= 0.04) was higher than that between the TRA
and FoBMO angle (rho = -0.17, p = 0.59).
Conclusions: Glaucomatous hemifield scotomas do not respect
the horizontal midline. Instead, the VF angle correlated with the
orientation of the RNFL temporal raphe which itself is variable
among patients and does not respect the horizontal midline.
Additionally, the highest vertical asymmetry of GCL thickness did
not follow the FoBMO axis demonstrating an additional aspect of
inter-individual anatomical variation.

Methods: Seventy-six individuals (25 glaucoma (G), 26 retinal
pathologies (R) and 25 normal (N)) were examined for the study
(mean age 51.8 years and standard deviation (SD) 12.8). All
participants underwent 12x9mm2 3D wide scan using the 3D OCT-1
Maestro spectral domain OCT (Topcon Corporation, Tokyo, Japan)
and the Ganglion Cell Complex (GCC) scan protocol using iVue
OCT (Optovue, Fremont, CA). The GCC measures obtained by
Maestro and iVue were compared overall and in the superior and
inferior 180 degree hemi retina. The GCC measures were also
obtained simulating the iVue location (shifted 1 mm temporally and
the fovea cutout increasing to 0.75mm radius) from the Maestro
OCT. The agreement was evaluated using the Bland-Altman plots and
95% confidence intervals for the mean difference were calculated and
paired samples t-test was utilized to calculate statistical significance
between differences of means.
Results: The mean GCC, overall, superior and inferior, as measured
by Maestro and iVue OCT is given in the tables below. The GCC
measured by Maestro with built-in functionality was greater than
that measured by iVue (ranging from 7.7 to 10.8 microns). The
mean difference in GCC data from the Maestro with iVue simulated
location and fovea cutout and the iVue measurements is much lesser
(ranging from -1.2 to +1.3 microns). The 95% confidence intervals
indicate that although the GCC data from Maestro and iVue OCT is
significantly different, the difference between iVue simulated data of
Maestro and the iVue data is not clinically significant.
Conclusions: The difference in GCC as measured by Maestro and
iVue appears to be a function of differences in location and area
measured and not due to differences in segmentation algorithms
of the devices. The larger built-in measurements on the Maestro
appear to result from increased retinal nerve fiber layer thickness
contributions stemming from the Maestro measurement grid’s
relatively closer position to the optic disc.
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Ganglion cell thickness measurements obtained using Optical
coherence tomography (OCT): Effect of retinal location, foveal
cutout diameter and image segmentation
Pinakin G. Davey1, Ying Dong2, Qi Yang2, Wei Chieh Huang2,
Danny Leung2, Edmund Ng3, Charles A. Reisman2. 1College of
Optometry, Western University of Health Sciences, Pomona, CA;
2
Topcon Advanced Biomedical Imaging Laboratory, Oakland, NJ;
3
Edmund Ng Consulting, Seattle, WA.
Purpose: OCT related measurement at posterior pole, although
comparable across devices, cannot be used interchangeably as shown
by various studies. We sought to compare the ganglion cell thickness
measurements obtained using two OCT devices using the built-in
machine software and also when the retinal location and foveal cutout
diameter were matched.
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.

ARVO 2017 Annual Meeting Abstracts
Age, gender and signal strength were not significant in any of the
models.
Conclusions: Macula and ONH parameters might be useful in
following subjects with advanced glaucoma reaching the floor effect
of cRNFL measurements.
Commercial Relationships: Fabio Lavinsky, None;
Joel S. Schuman, Zeiss (P); Katie A. Lucy, None; Mengling Liu,
None; Youngseok Song, None; Hiroshi Ishikawa, None;
Gadi Wollstein, None
Support: NIH: R01-EY013178
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Can Macula and Optic Nerve Head Parameters Detect Glaucoma
Progression in Eyes with Advanced Circumpapillary Retinal
Nerve Fiber Layer Damage?
Fabio Lavinsky1, Joel S. Schuman1, Katie A. Lucy1, Mengling Liu2,
Youngseok Song1, Hiroshi Ishikawa1, Gadi Wollstein1. 1NYU Langone
Eye Center, NYU School of Medicine, New York, NY; 2Division of
Biostatistics, Departments of Population Health and Environmental
Medicine, NYU School of Medicine, New York, NY.
Purpose: To evaluate the ability of OCT optic nerve head (ONH)
and macular parameters to detect disease progression in eyes with
advanced glaucoma, including those reaching the practical minimal
possible thickness measurements (floor effect).
Methods: Subjects with advanced glaucoma with ≥ 4 visits, at least
5 months apart, with Swedish interactive thresholding algorithm
24-2 perimetry (SITA standard; Humphrey Field Analyzer; Zeiss)
and spectral-domain OCT (Cirrus HD-OCT; Zeiss) were enrolled.
Advanced glaucoma was defined as OCT average circumpapillary
retinal nerve fiber layer (cRNFL) ≤60µm. The OCT measurements
that were analyzed were average cRNFL, macular ganglion cell inner
plexiform layer thickness (GCIPL), vertical C/D ratio and average
C/D ratio, rim area and cup volume. The rate of change of each
parameter was computed using a linear mixed effect model (LME)
accounting for baseline age, gender and signal strength.
Results: Forty-nine eyes (41 subjects) qualified for the study. The
average age at baseline was 67 years (range 44-87) and the mean
follow-up duration was 40.1 months. At baseline, subjects presented
with visual field mean deviation (MD) of -11.38± 6.06dB and cRNFL
of 55.20±3.60 μm. The rate of change for MD over the course of
follow-up, while accounting for age at baseline and gender only,
was statistically significant (-0.452 dB/yr (p=0.01)). In the same
follow-up period, cRNFL rate of change was not significant (0.047
μm/yr, p=0.743), while OCT parameters demonstrated a significant
rate of change: GCIPL=-0.504 μm/yr (p<0.001); cup volume=0.006
mm3/yr (p<0.001); rim area=-0.012 mm2/yr (p<0.001); vertical C/D
ratio=0.006/yr (p<0.001); average C/D ratio=0.005/yr (p<0.001).
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Comparison of Macular Ganglion Cell Complex and Retinal
Nerve Fiber Layer Measurements in Glaucomatous Eyes with
Peripapillary Atrophy
Jessica J. Moon, Cynthia Mattox. Ophthalmology, New England Eye
Center/Tufts Medical Center, Boston, MA.
Purpose: Thinning of the retinal nerve fiber layer (RNFL) of the
optic nerve as measured by optical coherence tomography (OCT) is
a well-known parameter for detecting and measuring progression of
glaucoma. However, interpreting the RNFL thickness in glaucoma
can be challenging when peripapillary atrophy (PPA) is present
around the nerve. Recent studies have demonstrated that the macular
ganglion cell complex (GCC) is comparable to the RNFL parameters
in monitoring glaucoma. To our knowledge, this is the first study to
compare the glaucoma detection ability of macular GCC thickness
with that of the RNFL thickness when there is confounding PPA.
Methods: We performed a retrospective chart review and analyzed
139 eyes including 28 control eyes with PPA but no glaucoma and
111 eyes with PPA and glaucoma. The latter group was further
divided into 46 eyes with mild PPA and mild-moderate glaucoma,
34 eyes with mild PPA and severe glaucoma, 16 eyes with severe
PPA and mild-moderate glaucoma, and 15 eyes with severe PPA
and severe glaucoma. Mild PPA was defined as atrophy within the
standard scan circle on OCT. Severe PPA was defined as atrophy
touching or extending outside the circle. The area under the receiver
operating characteristic curves (AUC) of average GCC and RNFL
thickness for differentiating eyes with PPA and glaucoma from
control subjects with PPA but no glaucoma were determined.
Results: When there is mild PPA and severe glaucoma, the AUC
for average RNFL thickness is significantly higher than that of the
average GCC thickness at 0.984 and 0.884, respectively (P<0.05).
The AUCs for average GCC and RNFL thickness are comparable
when there is mild PPA and mild-moderate glaucoma as well as
severe PPA and severe glaucoma. However, when there is severe PPA
and mild-moderate glaucoma, the AUC for GCC is higher than that of
RNFL at 0.944 and 0.854, respectively.
Conclusions: In eyes with mild PPA and severe glaucoma, the
traditional RNFL thickness ultimately had better glaucoma diagnostic
ability. However, in eyes with severe PPA and mild-moderate
glaucoma, GCC thickness was superior to RNFL in detecting
glaucoma. In all other cases, GCC and RNFL were comparable.
Average macular GCC thickness may be a useful method of detecting
and monitoring most cases of glaucoma when the surrounding PPA
makes interpreting the RNFL thickness of the optic nerve difficult.
Commercial Relationships: Jessica J. Moon; Cynthia Mattox,
None
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Diagnostic accuracy of optic disc, macular and retinal nerve fiber
layer analysis by means of SD-OCT at different stages of the
glaucoma disease: Multicentric Italian Glaucoma Imaging Study
(MIGIS)
Manuele Michelessi1, Ivano Riva2, Stefano Miglior3,
Luciano Quaranta2, Enrico Martini4, Paolo Frezzotti5,
Michele Figus6, Gianluca Manni7, Luca Agnifili8, Chiara Posarelli6,
Luigi Calandriello1, Francesco Oddone1. 1IRCCS - Fondazione GB
Bietti, Rome, Italy; 2Glaucoma Unit, University of Brescia, Brescia,
Italy; 3Department of Ophthalmology, University Bicocca of Milan,
Milan, Italy; 4Ophthalmology unit, Sassuolo Hospital, Sassuolo, Italy;
5
Department of medicine, surgery and neuroscience, University of
siena, Siena, Italy; 6Ophthalmology unit, University of Pisa, Pisa,
Italy; 7Glaucoma Unit, DSCMT, University of Tor Vergata, Rome,
Italy; 8Department of Ophthalmology, University of Chieti-Pescara,
Chieti, Italy.
Purpose: To evaluate the diagnostic ability of the optic disc (ONH),
peripapillary retinal nerve fiber layer (pRNFL) and macular analysis
with Spectral Domain-OCT, in discriminating healthy from glaucoma
at different stages of the disease.
Methods: Controls and glaucoma were enrolled from the
Multicentric Italian Glaucoma Imaging Study involving 6 italian
glaucoma clinics. All patients underwent a full eye examination,
standard perimetry and imaging of ONH, pRNFL, and Posterior Pole
(PP) with Spectralis SD-OCT (Heidelberg Engineering, Heidelberg,
Germany). Abnormal and repeatable visual field test were used
to classify glaucomatous eyes. For PP analysis we considered the
thickness of the whole retina and the thickness of the first three
innermost layers, mRFNL, mGCL and mIPL. The analysis was
conducted on the whole sample and after stratification of the patients
according to the disease severity (Hodapp classification). Area under
the ROC curve (AROC) and sensitivity (Sn) at ≥90% fixed specificity
were calculated for each parameter. The Henley-McNeil test was used
to compare AROC of different parameters. P<0.05 was considered
statistically significant.
Results: 182 glaucoma (mean age 65±10 years) and 89 healthy eyes
(mean age 64±7 years) were enrolled. Early glaucoma were 68 (MD,
-3.03±1.58dB), moderate were 58 (MD, -9.2±1.9dB), advanced were
56 (MD, -15.5±2.9dB). In the overall analysis pRNFL, minimum
rim width (MRW) and mRNFL showed similar AROCs (0.95, 0.94,
0.94, p=0.4). MRW showed the highest Sn in the early stage (89%)
followed by mRNFL (82%). mRNFL and pRNFL showed the highest
Sn in the moderate stage (96% and 94%). mRNFL showed the
highest Sn in the advanced stage (100%) followed by pRNFL (94%)
and MRW (94%). MRW showed the most stable Sn across glaucoma
stages (89%, 91% and 94% in the early, moderate and advanced
stage).
Conclusions: RNFL, ONH and Macular analysis as performed by
Spectralis OCT showed overall high diagnostic accuracy in detecting
glaucoma.
mRNFL provided the highest accuracy among macular layers. ONH
analysis by MRW was the most accurate parameter in the early
glaucoma and showed the most stable diagnostic performance across
glaucoma stages.
Commercial Relationships: Manuele Michelessi, None;
Ivano Riva, None; Stefano Miglior, None; Luciano Quaranta,
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None; Chiara Posarelli, None; Luigi Calandriello, None;
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A comparison of circumpapillary retinal nerve fiber and macular
ganglion cell measures in detecting early glaucoma
Kevin K. Ma1, C Gustavo De Moraes2, Abinaya Thenappan1,
Daiyan Xin3, Ravivarn Jarukasetphon4, Dana Blumberg2,
Jeffrey M. Liebmann2, Robert Ritch4, Donald Hood3, 2. 1College of
Physicians and Surgeons, Columbia University, New York, NY;
2
Ophthalmology, Columbia University, New York, NY; 3Psychology,
Columbia University, New York, NY; 4New York Eye and Ear
Infirmary of Mount Sinai, New York, NY.
Purpose: Circumpapillary retinal nerve fiber layer (cpRNFL)
summary metrics using optical coherence tomography (OCT) can
miss macula damage in early glaucoma.[1] Here we compare macular
ganglion cell to cpRNFL thickness measures in eyes with early
glaucoma.
Methods: 102 eyes of 102 patients, which were previously
categorized as glaucomatous (57 eyes) and healthy (45 eyes), had
spectral domain OCT macula and disc cube scans (3D-OCT 2000,
Topcon, Inc).[2] Using the commercial segmentation algorithm,
average retinal ganglion cell plus inner plexiform layer (RGC+)
thickness was calculated for the central ±8° (macula), as well as the
more (MVM) and less (LVM) vulnerable macular regions
(Fig. 1).[3] In addition, the average thickness was calculated for
global cpRNFL, each of the 4 quadrants (superior, temporal, inferior,
nasal), as well as the regions susceptible to damage (Fig. 2; superior
(SVZ), superonasal (SnVZ) and inferior (IVZ) vulnerability zones).
[4] Logistic regression models were used to evaluate the performance
of multiple, combined measures. The area under the ROC curve
(AUC) was compared using the method of DeLong,[5] and statistical
classifications were optimized for accuracy.
Results: Combined cpRNFL quadrants using logistic regression
had a better optimized accuracy, 91.2%, than did global cpRNFL
thickness, 87.3% (p=0.041). Macular measures had a lower accuracy;
82.4% for overall RGC+ thickness and 86.3% for combined MVM
and LVM RGC+ thickness. On the other hand, combining the
4 cpRNFL quadrants and the 2 macula regions led to a slightly
improved accuracy of 92.2%, as compared to cpRNFL quadrants
(p=0.157). However, combining the 3 vulnerable cpRNFL regions
gave the best accuracy, 97.1%, and an AUC greater than overall
cpRNFL (p=0.018), overall macula RGC+ (p=0.002), combined
MVM and LVM RGC+ (p=0.007), and combined cpRNFL quadrants
(p=0.098), although the latter only reached borderline significance.
Conclusions: Combining macula and cpRNFL metrics can improve
the accuracy of glaucoma diagnosis. However, using the cpRNFL
regions most susceptible to glaucomatous damage proved more
effective than global cpRNFL thickness or combined macular and
cpRNFL measures. 1. Wang et al. TVST, 2015, 4, 6; 2. Hood et al.
TVST, 2016, 5,4; 3. Hood et al. PRER, 2013, 32, 1; 4. Hood et al.
IOVS, 2013, 54, 7338; 5. DeLong et al. Biometrics, 1988, 44, 837.

Figure 1
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cpRNFL and quadrant (superior, temporal, inferior, nasal) thicknesses
were calculated. An inter-visit scan difference that exceeded the 95th
percentile of the corresponding intra-visit measure was considered to
represent progression.
Results: Of the macula measures (Table 1A), the less vulnerable
average GCC thickness showed the largest number of progressing
eyes (11 of 29). Of the disc measures (Table 1B), the temporal
cpRNFL quadrant had the largest number of progressing eyes (6 of
24).
Conclusions: The average GCC thickness of the less vulnerable
macula region may be the most effective measure for detecting
progression in advanced glaucoma, consistent with the preservation
of this region until late in the disease process. As expected, among
the cpRNFL metrics, the temporal thickness, which corresponds to
the less vulnerable macula region, performed the best. 1. Hood et al.,
PRER, 2013. 2. Weber et al, Int. Ophthal, 1989

Figure 2
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A comparison of spectral domain optical coherence tomography
(sdOCT) circumpapillary and macular measures of progression
in patients with severe glaucoma
Abinaya Thenappan, Kevin K. Ma, Ashley Sun,
Ravivarn Jarukasetphon, C Gustavo De Moraes, Robert Ritch,
Donald Hood. Columbia University College of Physicians and
Surgeons, Cerritos, CA.
Purpose: The region labeled “less vulnerable” in Fig. 1 is often
the last to be affected in patients with severe glaucoma.[1,2] In this
study, we ask whether measures of this region are more effective than
average circumpapillary retinal nerve fiber layer (cpRNFL) thickness
for detecting progression in eyes with severe glaucoma.
Methods: 38 eyes from 36 patients with sdOCT (3D-OCT 2000,
Topcon, Inc) disc and macula cube scans across at least two visits
were selected from a database of glaucoma patients with 24-2 visual
field mean deviations worse than -12dB. For the macula analysis,
43 pairs of intra-visit and 29 pairs of inter-visit macula cube scans
(2.6±1.8 yrs on average between visits) of acceptable quality
were included. Average ganglion cell complex (GCC) thickness,
average retinal ganglion cell plus inner plexiform layer (RGC+)
thickness, and percent area of significant thinning (PAST), defined
as the percentage of the macula cube scan with cpRNFL thickness
less than the 5th percentile of control values, were calculated for
the macula (central ±8°), as well as the more and less vulnerable
macular regions (Fig. 1). For the circumpapillary analysis, 42 pairs
of intra-visit and 24 pairs of inter-visit disc scans (2.7±1.9 years
between scans) of acceptable quality were included. Average global
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Test of a hypothesis about the sites of early glaucomatous damage
Jason Nunez1, C Gustavo De Moraes3, Camile S. Shaw1,
Ravivarn Jarukasetphon1, 2, Robert Ritch2, Donald Hood1, 3.
1
Psychology, Columbia University, New York, NY; 2Ophthalmology,
New York Eye & Ear Infirmary, New York, NY; 3Ophthalmology,
Columbia University, New York, NY.
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Purpose: Based upon the location of local circumpapillary retinal
nerve fiber layer (cpRNFL) thinning, [1] we hypothesize that the
temporal halves of the superior and inferior quadrants of the disc are
particularly vulnerable to early glaucomatous damage. Here we test
this hypothesis.
Methods: 87 of 205 eyes with abnormal/anomalous discs, but with
a mean deviation (MD) better than -6dB on 24-2 visual fields, were
judged as glaucomatous by two experts based upon disc stereophotos, 24-2 and 10-2 visual fields, an OCT summary report,[2] as
well as information from the patients’ charts. The OCT summary
report (Fig. 1) was based upon a swept source OCT wide-field
cube scan (9x12 mm, DRI-OCT, Topcon, Inc). The region of the
cpRNFL thickness plot falling into the red (1%) zone in Fig. 1A was
considered abnormal, as were the regions of the RNFL (Fig. 1B)
and retinal ganglion cell layer (Fig. 1C) appearing as red (1%) on
the probability plots. The hypothesis is represented in Fig. 2, which
shows the disc of a right eye with the superior (SVZ, orange) and
inferior vulnerability zones (IVZ, green) indicated and the regions
representing the macula shown in light blue and magenta. The
macular vulnerability zone (MVZ) [3] is shown in black.
Results: The example in Fig. 1 shows cpRNFL thinning (upper left
panel A) that includes the IVZ (red arrow) and MVZ (black arrow).
The damage to these regions is confirmed on the RNFL and RGC
probability plots as indicated by the arrows. As predicted by the
hypothesis, 84 (96.6%) of the 87 eyes, had damage in the SVZ (55,
63.2%), the IVZ (69, 79.3%) or both SVZ and IVZ (40, 46.0%). The
remaining 3 eyes also had damage in the IVZ, although it was only
borderline (yellow) on the cpRNFL plot. Damage to the macula was
common (74 eyes, 85.1%), with damage to the inferior macula
(62 eyes, 71.3%) more common than damage to the superior macula
(41 eyes, 47.1%). Damage outside the macula was also common
(84 eyes, 96.6%). Three eyes only had macular damage, while
13 eyes only had damage outside the macula.
Conclusions: Early glaucomatous damage typically includes one or
both of the temporal halves of the inferior and superior quadrants.
Further, as previously shown, it usually involves the macular region.
[3] 1. Hood, Wang, Raza et al. (2013) IOVS, 54, 7338; 2. Hood, De
Cuir, Blumberg et al. (2016) TVST, 5, 4; 3. Hood, Raza, de Moraes
et al. (2013) PRER, 32, 1.
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Progression of Ganglion Cell-Inner Plexiform Layer Thinning
Assessed by Optical Coherence Tomography Guided Progression
Analysis
Gary C. Lee1, Daniel Cheng1, Mary K. Durbin1, Kyung Rim Sung2,
JOONGWON SHIN2. 1R&D, Carl Zeiss Meditec, Inc, Dublin, CA;
2
Ophthalmology, College of Medicine, University of Ulsan, Asan
Medical Center, Seoul, Korea (the Republic of).
Purpose: To examine the performance of Guided Progression
Analysis (GPA) in spectral-domain optical coherence tomography
(OCT) to detect ganglion cell-inner plexiform layer (GCIPL) and
retinal nerve fiber layer (RNFL) progression.
Methods: A total of 85 eyes of 49 glaucoma patients with a mean
follow-up time 5.2 years were included. Macular GCIPL thickness
and circumpapillary RNFL thickness were measured at least four
times by CIRRUS™ HD-OCT 4000 (ZEISS, Dublin, CA) and visual
field (VF) SITA Standard 24-2 tests were performed at the same
visits. CIRRUS GPA can perform event analysis and trend analysis
for RNFL and GCIPL thicknesses. Event analysis assesses change
from baseline compared to expected variability. If change is outside
the range of expected variability, it is identified as progression. Trend
analysis looks at the rate of change over time, using linear regression
to determine rate of change. Glaucomatous eyes were classified as
either early (50 eyes) or advanced (35 eyes) according to VF severity
(Mean Deviation better or worse than -6 dB). Reference standard
of glaucoma progression was determined by expert assessment of
VF tests. Sensitivity and specificity of GCIPL and RNFL GPA, and
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agreement between OCT GPA findings and reference standard were
estimated.
Results: A total of 37 (43.5%) and 23 (27.1%) eyes were identified
as progression by GCIPL and RNFL GPA, respectively, and 26
(30.6%) eyes showed progression by reference standard (see Fig. 1).
The sensitivity and specificity of GCIPL GPA for detecting glaucoma
progression were 84.6% and 74.6%, while those of RNFL GPA were
50.0% and 83.1%. Agreement between GCIPL or RNFL GPA and
reference standard was moderate (κ=0.465 and 0.503, respectively)
in early stage glaucoma. However, GCIPL GPA (κ=0.625) showed
better agreement with reference standard than RNFL GPA (κ=0.045)
in advanced stage glaucoma. An example is shown in Fig 2.
Conclusions: GCIPL GPA provides a new approach to evaluate
glaucoma progression. It may be useful for detecting progression in
advanced stage of glaucoma.

Fig. 1. Venn diagram showing detection of progression by GCIPL
GPA, RNFL GPA, and reference standard.
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Comparing RNFL defects to depth of defect across perimetric
stimuli
Brett J. King, William H. Swanson, Bright S. Ashimatey. School of
Optometry, Indiana University, Bloomington, IN.
Purpose: Current clinical thought is to use larger stimuli for visual
field testing in patients with advanced glaucoma. Several studies have
found visual field defects can be deeper for larger stimuli compared
to size III, which contradicts the current clinical approach. Therefore,
we performed a prospective, observational study to characterize
visual field defects in relation to categories of retinal nerve fiber layer
(RNFL) damage across different stimuli. Specifically, we hypothesize
depth of defect may vary depending on stimulus and according to
type of RNFL damage.
Methods: Twenty subjects with glaucoma (56-84 yr. ave 69 yr.) and
20 age-similar controls (49-89 yr. ave 68 yr.) were enrolled from
our clinic population. All subjects were imaged with Heidelberg
Spectralis to allow for en face imaging and were tested on a custom
testing station allowing for presentation of different stimuli in 18
locations across the nasal field. Stimuli presented were standard size
III and size V as well as flickering sinusoidal grating (FS), nonflickering sinusoidal (NFS) grating stimuli and a Gaussian blob. En
face RNFL images were reviewed with the 18 visual field locations
overlaid allowing for Henle fiber displacement. Each location over
the RNFL was independently labeled as either normal or defects
listed as wedge, slit, edge, or diffuse, allowing for comparison of
perimetric defect to RNFL defect type. The controls were tested to
develop normative data to define depth of defect per stimulus on the
custom station. An ANOVA was run to identify interactions.
Results: Mean depth of defect was similar for all stimuli. Areas
graded as wedge had deeper perimetric defects for all stimuli
compared to other types of RNFL loss (See Figure). There was a
significant interaction between the type of stimulus used and the
defect type; F (13,60) = 4.21;p<0.01. Wedge defects demonstrated the
largest differences between stimuli with sinusoidal gratings having
shallower defects compared to other stimuli (III to NFS p=0.01, V to
NFS p=<0.01 and FS p=0.03, Blob to NFS p=<0.01 and FS p=0.03).
Conclusions: All stimuli produced similar results comparing across
type of RNFL damage. Type of RNFL damage related to severity of
defect which was deepest for diffuse and wedge. Sinusoidal gratings
may not demonstrate as deep of defect as other types of stimulus in
areas of wedge damage.

Fig. 2. Representative case of GCIPL progression in advanced
glaucoma. Due to the ‘floor effect’, no further structural change
can be detected in RNFL GPA. However, GCIPL GPA can detect
structural progression corresponding with VF change.
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Results: Mean age was 60.1±11.0 years for normal subjects and
66.5±8.1 years for glaucoma patients (p<0.001). MD was 0.3±1.0
dB and -1.3±1.4 dB in normal and glaucomatous eyes (p<0.001),
respectively. The AROC of the UNC OCT Index was 0.958. The best
single metrics when comparted to the UNC OCT Index were VCDR
(0.933, p=0.053), average RNFL (0.921, p=0.014) and minimum
GCIPL (0.905, p=0.009), as shown in the Figure. The sensitivities at
95% and 99% specificity were 85.4% and 76.0% (UNC OCT Index),
71.9% and 62.5% (VCDR), 64.6% and 53.1% (average RNFL),
and 66.7% and 58.3% (minimum GCIPL), respectively. A separate
analysis including only 71 glaucomatous eyes with MD>-2 dB
(mean: -0.7±0.9 dB) yielded an AROC of 0.949 for the UNC OCT
Index compared to 0.922 (VCDR, p=0.064), 0.908 (average RNFL,
p=0.03), and 0.896 (minimum GCIPL, p=0.026).
Conclusions: The findings confirm that the UNC OCT Index
outperforms single Cirrus OCT parameters and may be a good tool
for detection of early glaucoma.
1
Mwanza JC et al. Combining SDOCT structural parameters
for the diagnosis of glaucoma with early visual field loss. IOVS
2013;54:8393-400.
2
Flanagan JG et al. The influence of perimetric stimulus size on defect
detectability in early glaucoma. IOVS 2016;57 (ARVO Abstract).
Depth of defect and stimulus type related to RNFL damage. Error
bars show SEMs.
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Validation of the Performance of the UNC Optical Coherence
Tomography Index for Early Glaucoma Diagnosis
Jean-Claude Mwanza1, Gary C. Lee2, Joshua L. Warren3,
John G. Flanagan4, Paul H. Artes5, Michael Wall6, Thomas Callan2,
Donald L. Budenz1. 1Ophthalmology, Univ of North Carolina
at Chapel Hill, Chapel Hill, NC; 2Clinical and Applications
Development, Carl Zeiss Meditec, Dublin, CA; 3Biostatistics, Yale
University, New Haven, CT; 4School of Optometry, University of
California Berkeley, Berkeley, CA; 5Peninsula Allied Health Centre,
Plymouth, United Kingdom; 6Ophthalmology and Visual Sciences,
University of Iowa, Iowa City, IA.
Purpose: To independently validate the performance of the UNC
OCT Index,1 which was developed previously and outperforms OCT
single parameters in discriminating normal subjects and patients with
early visual field loss.
Methods: Data of 214 eyes including 118 normal eyes (118 subjects)
and 96 eyes (96 subjects) with early glaucoma defined as visual
field MD>-4dB from the SITA Size III, V, VI comparison study2
was used in this investigation. Cirrus OCT average and quadrants
retinal nerve fiber layer (RNFL); optic disc vertical cup-to-disc ratio
(VCDR), cup-to-disc area ratio (CDR) and rim area; and average,
minimum and 6 sectoral ganglion cell-inner plexiform layer (GCIPL)
measurements were analyzed with the UNC OCT Index algorithm.
This algorithm avoids interpretion of lots of different inter-related
indices and reduces 16 parameters into a composite of 3 significant
parameters (#1: all optic disc; #2: all GCIPL; #3: average, superior
and inferior RNFL). The diagnostic performance was assessed using
the area under the receiver operator characteristic curve (AROC) and
sensitivity. Single parameter AROCs were compared to that of the
UNC OCT Index.
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Automated Analysis of Retinal Images for detection of Glaucoma
based on Convolutional Neural Networks
JUAN JOSE J. GOMEZ1, 2, Clara I. Sanchez3, Bart Liefers3,
Freerk G. Venhuizen3, Gianluca Fatti4, Antonio Morilla-Grasa6,
Yasmin Cartagena4, Alejandra Herranz Cabarcos4, Andres Santos1, 2,
María J. Ledesma-Carbayo1, 2, Alfonso Anton-Lopez5, 4. 1Biomedical
Image Technologies (BIT), Universidad Politécnica de Madrid,
Madrid, Spain; 2Centro de Investigación Biomédica en Red en
Bioingeniería, Biomateriales y Nanomedicina (CIBER-BBN),
Madrid, Spain; 3Department of Radiology and Nuclear Medicine,
Radboud University Medical Center, Nijmegen, Netherlands;
4
Parc de Salut Mar, Barcelona, Spain; 5Universitat Internacional de
Catalunya, Barcelona, Spain; 6Institut Catala de Retina, Barcelona,
Spain.
Purpose: To assess the performance of deep learning architectures
based on convolutional neural networks (CNN) for the diagnosis of
glaucoma in screening campaigns using color fundus images.
Methods: Two independent data sets were used to develop and
evaluate the proposed method. 1) 805 color fundus images with a
field of view of 45 degrees, centered on the macula and including the
optic disc (OD) from patients with age ranging from 55 to 86 years
old included in a glaucoma detection campaign performed at Hospital
Esperanza (Barcelona). Annotations were performed by eight
observers having 8 to 26 years of clinical experience. 2) 101 images
from the publicly available Drishti-GS retinal image dataset
(http://cvit.iiit.ac.in/projects/mip/drishti-gs/mip-dataset2/Home.
php). The total 906 images were further organized into a training,
monitoring and test set according to a 60-20-20 split. The process
to train and validate the CNN had 3 steps. 1) Preprocessing: the
edges and the background were blurred to reduce the effect of the
bright fringe and the border. Then patches centered at the OD of size
256x256x3 pixels were automatically segmented and scaled to values
from 0 to 1. 2) Implementation: The architecture consisted of ten
convolutional layers (32 filters 3x3 pixels size) followed by rectified
linear units and spatial max-pooling. The network ends with a fully
connected layer and a soft-max classifier which outputs a score from
0 to 1. The network was trained using stochastic gradient descent
and a learning rate of 0.005. To avoid overfitting data augmentation
was performed applying randomly translations, flipping and rotations
during the training, and dropout with probability of
0.5. 3) Monitoring and evaluation: the training was completed after
50 epochs. To evaluate the classification capabilities of the algorithm,
the area under the receiver operating characteristic curve (ROC) was
calculated using the training set.
Results: An automatic classification algorithm based on CNN was
developed. The present method achieved an area under the ROC
of 0.894. The accuracy to identify healthy and glaucoma cases was
0.884 and 0.781 respectively, using a threshold of 0.5.
Conclusions: The good performance of the proposed CNN
architecture suggests potential usefulness of these methods for an
initial automatic classification of images in screening campaigns for
glaucoma.
Commercial Relationships: JUAN JOSE J. GOMEZ, None;
Clara I. Sanchez, None; Bart Liefers, None; Freerk G. Venhuizen,
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Profile of macular ganglion cell-inner plexiform layer (GCIPL)
thickness and its glaucoma diagnostic ability in eyes with high
myopia
XIAOYU XU, Hui Xiao, Xing Liu. Glaucoma, Zhongshan Ophthalmic
Center, Guangzhou, China.
Purpose: Diagnosis of glaucoma is challenging in highly myopic
eyes because high myopia itself shares some similarity with
glaucoma, including peripapillary retinal nerve fiber layer (RNFL)
thinning, optic disc tilting and non-progressive visual field defect. We
performed a cross-sectional study to evaluate the GCIPL thickness
in nonglaucomatous eyes with high myopia, and to determine its
glaucoma diagnostic ability in highly myopic eyes.
Methods: A total of 211 highly myopic eyes, 103 eyes with low to
moderate myopia, and 225 emmetropic normal eyes (age-matched,
F=2.526, P=0.089) were enrolled. The GCIPL thickness, RNFL
thickness (average and RNFL thickness of 12 clocks) and optic nerve
head parameters were measured using Cirrus high-definition optical
coherence tomography. The GCIPL thickness of highly myopic
eyes was compared with normal eyes. Correlation between GCIPL
thickness and spherical equivalent refractive error was studied
in myopic eyes. Glaucoma diagnostic ability of OCT parameters
was accessed by the areas under the curves (AUROC) in another
35 highly myopic eyes with glaucoma and 40 age and refractionmatched highly myopic eyes.
Results: The average, minimum, superotemporal, superior,
superonasal, inferonasal, inferior, and inferotemporal GCIPL
thickness of 211 highly myopic eyes was approximately 93.04%,
92.84%, 94.38%, 92.59%, 92.55%, 92.95 %, 92.12% and 93.47%
of thickness in corresponding positions of normal eyes, which was
significantly thinner (t=-9.626 to -6.269, all P<0.001). Significant
positive correlation was found between GCIPL thickness and
refraction in nonglaucomatous myopic eyes (r=0.286-0.466, all
P<0.001). All AUROC of GCIPL parameters were greater than
0.75. The minimum GCIPL thickness, average RNFL thickness, and
vertical C/D were parameters with highest diagnosic ability, whose
AUROC was 0.909, 0.956 and 0.915, respectively. The latter two
parameters showed no significant difference in diagnosic ability with
minimum GCIPL thickness (Z=-1.140, P=0.254; Z=-0.137, P=0.891).
Conclusions: The GCIPL thickness in highly myopic eyes was
thinner than that of normal eyes. Significant positive correlation was
found between GCIPL thickness and refraction in nonglaucomatous
myopic eyes. The minimum GCIPL thickness, average RNFL
thickness and vertical C/D were OCT parameters with highest
glaucoma diagnosic ability in highly myopic eyes.
Commercial Relationships: XIAOYU XU, None; Hui Xiao, None;
Xing Liu, None
Support: Fundamental Research Funds of the State Key Laboratory
of Ophthalmology, China, 2015KF03 (XL); and Medical Scientific
Research Foundation of Guangdong Province, China, A2016094
(XX).
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Agreement Between Macula and Retinal Nerve Fiber Layer
Guided Progression Analysis
Maria de los Angeles Ramos Cadena1, Gadi Wollstein1,
Katie A. Lucy1, Mengling Liu2, Hiroshi Ishikawa1, Joel S. Schuman1.
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Purpose: Guided progression analysis (GPA) is a commonly used
glaucoma progression detection method based on optical coherence
tomography (OCT) that measures retinal nerve fiber layer (RNFL)
thickness obtained with Cirrus HD-OCT. Recently, GPA based on
ganglion cell inner plexiform layer (GCIPL) was introduced. The
purpose of this study was to assess the agreement in progression
detection between GPA using RNFL and GCIPL measurements.
Methods: 118 open angle glaucoma eyes (78 subjects), 50 glaucoma
suspects eyes (28 subjects), and 4 healthy eyes (2 subjects) that had
comprehensive ophthalmic examination and greater than or equal
to 5 visits with qualified OCT scans of the macula and optic nerve
head regions were enrolled. GPA was used in all eyes with matching
dates for baseline and final visits for RNFL and GCIPL analysis.
Considering that trend analyses for both regions was previously
reported, we focused on the event analysis where “probable event”
of progression was defined as the first test showing progression and
“likely event” as the one that immediately followed the probable
event also showing progression. Stuart-Maxwell test was used for
assessing agreement in the categorical analysis of progression.
Results: Mean subject age was 68.5 ± 10.2 years and median
baseline visual field mean deviation was -1.5dB ([Q1, Q3]; -4.32,
-0.13). The majority of the eyes did not progress, but progression
agreement between average RNFL and GCIPL and for superior
RNFL and GCIPL showed statistically significant differences
(P=0.017 and P<0.001, respectively; Table 1). No difference was
detected in agreement for progression between inferior RNFL and
GCIPL (P=0.389).
Conclusions: Superior and inferior RNFL and GCIPL GPAs showed
limited agreement in detecting progression. Further investigation is
required to identify the factors affecting this disparity.
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Ganglion Cell Complex Optical Coherence Tomography Analysis
in Glaucoma Patients: Spectralis vs. RTVue
Vladimir Yevseyenkov, Elizabeth Murray, Lisa Holtman,
Jason Merrell. Arizona College of Optometry, Midwestern
University, Glendale, AZ.
Purpose: To correlate the ability to assess retinal ganglion cell
complex (GCC) thickness measurements by utilizing two different
methodologies of measuring ganglion cell complex which has been
identified as a key player in early glaucoma detection. We will utilize
Spectralis OCT posterior pole analysis which measures the whole
retinal thickness vs RTVue GCC analysis that actually separates the
GCC.
Methods: 16 subjects with a determined history of various stages
of glaucoma were scanned as part of their regular eye exam
utilizing two different optical coherence tomographers (Spectralis
OCT posterior pole analysis and RTVue OCT GCC analysis). At 6
months, the subjects were scanned at a follow up and the level of
progression was noted. There were 3 data points analyzed: superior,
inferior and total thickness around the area of the macula. The level
of progression, thickness consistancy measurements, correlation of
thickness measuremets between the two instruments was compared.
All data was analyzed utilizing Excel correlation coefficient.
Results: Intra class correlation coefficient (r) comparing the two
devices for all three measurements (superior, inferior and total
thickness) showed very consistent results and ranged from 0.87
to 0.92 with all measurements having a p<.001. 95% limits of
agreement (LoA) showed very little variation among normal adults
for these measurements indicating good test retest reliability of the
devices. Results indicate very little variation among normal adults,
and showed non signficant progression of retinal thinning in the span
of 6 month for both devices.
Conclusions: There is a significant positive relationship between
measuring the whole retinal thickness at the macula by both the
posterior pole analysis on the Spectralis OCT and the ganglion cell
complex analysis that separates GCC layers that is done by RTVue
OCT. Therefore, it is our conclusion that separating specific layers
vs measuring full retinal thickness are a very similar method for
measuring progression of glaucoma utilizing ganglion cell layer
analysis.
Commercial Relationships: Vladimir Yevseyenkov;
Elizabeth Murray, None; Lisa Holtman, None; Jason Merrell,
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Detection of Open Angle Glaucoma with Patient-Specific Macular
Structural Measurements
Sami Kabbara2, 1, Linda M. Zangwill2, Christopher Bowd2,
Felipe Medeiros2, Robert N. Weinreb2, Akram Belghith2. 1Medicine,
University of Arizona College of Medicine, Phoenix, Phoenix, AZ;
2
Department of Ophthalmology, University of California, San Diego,
San Diego, CA.
Purpose: Glaucomatous damage is most commonly interpreted using
ONH based markers, however, growing evidence have shown the role
of macular indices in the assessment of glaucoma. In this study, we
compare new cubic grid with the standard circular grid scan pattern,
as well as test our new Bayesian method in identifying patientspecific structural measures in differentiating between healthy and
glaucoma eyes.
Methods: Fifty-six healthy eyes and 73 glaucoma eyes (mean visual
field mean deviation= -3.7dB) were included. Spectralis OCT cubic
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grid macular scans were analyzed in 2 ways; as a 4mm x 4mm with
an excluded center of 1.5mm x 1.5mm, and as the standard circular
grid scans with a diameter of 3.45mm. The minimum ganglion cell
layer (GCL) and the ganglion cell-inner plexiform layer (GCIPL)
thicknesses of the 4 quadrants of the cube grid takes into account the
subject’s defect location, the minimum thickness measurement that
corresponds to the edge of the structural defect. In addition, Bayesian
methods were used to calculate the probability of each structural
parameter for discriminating between healthy and OAG eyes.
Variables with higher probabilities were selected as the best input
for the classifier which allowed us to select individual-based defect
locations and structural measurements with the best discrimination
ability. Area under the receiver operating characteristic (AUROC)
curves were used to compare the diagnostic accuracy of Bayesian
selection methods and different macular thickness measurements.
Results: The cubic grid (Figure 1A) when compared to the standard
circular grid showed improved discrimination between healthy
and OAG eyes for both GCIPL and GCL thickness measurements.
The AUROC of the 1) minimum thickness measures had similar
diagnostic accuracy to 2) global mean values for both GCL (1)
AUROC: 0.92 and 2) 0.91, respectively (p-value=0.08) and GCIPL
(1) AUROC: 0.92 and 2) 0.91, respectively (p-value=0.10). However,
using the Bayesian selection of the best measurements, we obtained
significantly better discrimination (AUROC=0.94) than mean GCL or
GCIPL alone (p-value=0.02) (Figure 1B).
Conclusions: The new macular cubic grid scan facilitates the
identification of patient-specific structural measures and can improve
the diagnostic power of OAG detection compared to the standard
methods.
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Linda M. Zangwill, Topcon Medical Systems Inc. Quark (F),
National Eye Institute (F), Heidelberg Engineering GmbH
(F), GmbH (F), Carl Zeiss Meditec Inc. (F), Optovue Inc. (F);
Christopher Bowd, None; Felipe Medeiros, Heidelberg Engineering
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First peak fractal analysis of optical coherence tomography
angiography in glaucomatous eyes
Bing Q. Chiu1, Edmund Tsui1, Sarwar Zahid1, Nicole K. Scripsema2,
Emma Young1, Patricia M. Garcia2, Joseph Panarelli2,
Paul A. Sidoti2, Richard B. Rosen2, Joshua A. Young1.
1
Ophthalmology, New York University School of Medicine, New
York, NY; 2Ophthalmology, New York Eye and Ear Infirmary of
Mount Sinai, New York, NY.
Purpose: To evaluate fractal analysis box size resolution and selfsimilarity breakdown in box counting method of fractal analysis
of optical coherence tomography angiography (OCTA) images in
eyes with primary open angle glaucoma (POAG) or normal tension
glaucoma (NTG) compared to control patients.
Methods: This retrospective study used OCTA images obtained on
40 eyes with POAG, 26 eyes with NTG, and 28 control eyes. OCTA
images consisted of 4.5x4.5mm peripapillary scans obtained with the
RTVue XR Avanti (Optovue Inc., Fremont, CA), standardized and
binarized using ImageJ (NIH, Bethesda, MD). Fractal dimension by
means of a box-counting algorithm used box sizes with increasing
exponential factor of two with grid algorithm on Fractalyse (ThéMA,
Besançon Cedex, France) was plotted against linear box dimension
and first maximum (first peak) that represents the smallest box size
resolution before breakdown of self-similarity. Statistical analysis
was performed using one-way analysis of variance with post-hoc
Tukey HSD.
Results: There was significant difference among control, POAG,
and NTG groups (p=0.002), with POAG having larger box size
(12.8±1.54) compared to control (8.0±0.0, p=0.008) and NTG
groups (8.0±0.0, p<0.01). When further divided into early, moderate,
and severe subgroups of POAG, there were significant differences
between moderate POAG (16±5.06, p=0.03) versus control and
severe POAG (16.57±3.19, p=0.001) versus control. There was
also a significant difference between early POAG (9.2±1.2) versus
severe POAG (p=0.006). Lastly, the NTG group showed a significant
difference with moderate POAG (p=0.031) and severe POAG
(p=0.001).
Conclusions: The first peak box size of fractal dimension as a
function of increasing box size represents the smallest box size
resolution prior to loss of uniformity of the vascular pattern’s fractal
dimension. The differences in breakdown size among controls,
POAG, and NTG suggest that this resolution is limited by and
serves as an indicator for breakdown of self-similarity and reduced
capillary density. Breakdown of self-similarity for POAG occurred
at significantly higher resolution than that of controls or NTG, and
more so for moderate to severe POAG subgroups, suggesting their
increased loss of microvasculature and highlighting the potential of
fractal analysis in establishing quantitative parameters for evaluation
of glaucoma.
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Retinal Ganglion Cell layer by Fourier-domain Optical
Coherence Tomography and microvasculature density by Optical
Coherence Tomography Angiography at the macular region in
glaucoma
Luis Silva1, Yanin Suwan1, 2, Ravivarn Jarukasetphon1,
Rashmi Rajshekhar3, C Gustavo De Moraes4, Donald Hood3, 4,
Robert Ritch1. 1Ophthalmology, New York Eye and Ear Infirmary of
Mount Sinai, New York, NY; 2Ophthalmology, Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand; 3Psychology, Columbia
University, New York, NY; 4Ophthalmology, Columbia University,
New York, NY.
Purpose: To compare the vascular perfusion in the macular area with
the retinal ganglion cell (RGC) density in patients with glaucoma and
suspects.
Methods: We performed a retrospective, observational clinical study
to compare the RGC density obtained with fourier-domain optical
coherence tomography (OCT - 3D-OCT, Topcon Corp), with macular
blood vessel density determined by OCT angiography (OCTA AngioVue, Optovue), in 32 eyes with open-angle glaucoma, 2 with
exfoliation syndrome and ocular hypertension, and 8 glaucoma
suspect eyes, based on the appearance of the optic disc (mean age:
65.66 ± 12.2 years, MD: -4.64 ± 5.05 dB). The superficial vascular
layer located between the inner limiting membrane (ILM) and
the posterior boundary of the RNFL was analyzed with OCTA
AngioAnalytics software. OCT and OCTA (3 x 3 mm scans) images
were aligned, and OCT RGC thickness and OCTA blood vessel
density were compared by 7 regions – superior, nasal, inferior and
temporal quadrants, superior and inferior hemifields, as well as
the fovea (within 1mm from the foveola). All OCTA images with
inadequate segmentation of the retinal layers, a signal strength index
of <40, motion artifacts or significant macular epiretinal membranes
were excluded from analysis.
Results: Mixed effects modelling revealed a significant relationship
between the RGC+ and vascular density in the fovea (P < 0.005),
inferior quadrant (P < 0.001) and average inferior hemifield
(P < 0.005). OCTA color-coded density maps and gray scale images
showed correlation with the color-coded RGC+ OCT maps (see
figure 1). No significant relationship was seen in the nasal and
temporal quadrants.
Conclusions: Glaucoma affects the RGC density in the macula, and
the decreased blood supply at the affected area could be the result
or consequence of glaucomatous damage. Previous studies have
shown a correlation between a decreased RNFL thickness and a loss
of blood vessels in the peripapillary region (Scripsema et al. IOVS
2016, Yarmohammadi et al. IOVS 2016). We demonstrated that this
correlation is also present at the macula.

Figure 1. Color Coded RGC+ (A), OCTA Images Gray Scale (B) and
Color Coded Perfused Capillary Density Map (C)
1A-B-C: Normal, 2A-B-C: NTG, mild damage, 3A-B-C: NTG,
moderate damage.
NTG = Normal Tension Glaucoma.
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Optical Coherence Tomography Angiography of Optic Disc in
patients with Obstructive Sleep Apnea Sindrome
Sara Bochicchio, Marco Pellegrini, Chiara Carsana,
Angelica Dipinto, Elena Weiszberger, Carlo Domenico Bianchi,
Rossella Meli, Mario V. Cigada, Marica Pecis, Pierachille Santus,
Andrea Giani, Giovanni Staurenghi. Department of Pneumology,
Ospedale Luigi Sacco Eye Clinic, Milan, Italy.
Purpose: Several studies have demonstrated that patients with
Obstructive Sleep Apnea Sindrome (OSAS) are a glaucoma risk
category. OSAS leads to severe hypoxemia and consequent increases
in vascular resistance, which may compromise optic nerve head and
peripapillary perfusion. Purpose of the study was to investigate optic
nerve head and peripapillary retina perfusion in patients affected by
OSAS using Optical Coherence Tomography Angiography (OCTA)
Methods: Fourteen eyes with OSAS and 14 healthy subjects
were included in the study. Each subject underwent a complete
ophthalmological evaluation including visual field test (VF)
(Humphrey Field Analyzer II Carl Zeiss Meditec, Inc),
circumpapillary retinal nerve fiber layer thickness (cpRNFL)
using HRA + OCT Spectralis (SD-OCT, Heidelberg Engineering,
Heidelberg, Germany). OCTA was performed acquiring a 3x3 mm
volume centered on the disk using the Angiovue OCTA (RTVue-XR;
Optovue, Inc). Microvascular densities were studied at the level
of the radial peripapillary complex (RPC) and nerve head (NH)
segmentation (which included lamina cribrosa) analyzing differences
among sectors
Results: Age, global and sectoral RNFL thicknesses, VF mean
deviation (MD) and pattern standard deviation (PSD) and intra ocular
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pressure (IOP) did not differ between OSAS patients and healthy
subjects. In OSAS RPC segmentation vessel densities for wild
image, inside disc and peripapillary area were respectively 59.27
(SD +/- 1.839), 45.92 (SD +/- 8.685), 67.18 (SD +/- 2.534) whereas
in healthy subjects they were 60.65 (SD +/- 2.266), 49.74 (SD +/8.111), 67.34 (SD +/- 2.055). NH segmentation vessel densities for
wild image, inside disc and peripapillary were 60.94 (SD +/- 2.259),
56.88 (SD +/- 3.298), 64.60 (SD +/- 2.409) in OSAS patients and
62.22 (SD +/- 1.469), 57.32 (SD +/- 2.048), 65.76 (SD +/- 1.300)
in healthy subjects. None of the previous results showed statistical
significancy
Conclusions: Our results suggest that quantitative OCTA may be
useful in OSAS patients to detect optic nerve head and peripapillary
vascular density. Further replication studies with a larger sample
size are necessary to determine whether OSAS is associated with a
significant reduction in optic disc and peripapillary retina perfusion
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Microvascular Compromise Develops Following Nerve Fiber
Layer Damage in Normal-Tension Glaucoma Without Choroidal
Vasculature Involvement
Eun Jung Lee, Jong Chul Han, Changwon Kee. Ophthalmology,
Samsung Medical Center, Seoul, Korea (the Republic of).
Purpose: To investigate capillary densities in patients with unilateral
normal-tension glaucoma (NTG) and normal controls using optical
coherence tomography-angiography.
Methods: We recruited 13 patients with unilateral NTG and 13
healthy controls. Optical coherence tomography angiography was
performed and pure peripapillary retinal capillary density was
calculated after manually excluding large vessels and the optic disc.
Paired comparison of capillary densities was performed among 3
categories of eye: NTG eye, fellow eye, and normal eye. Through
vascular layer stratification we investigated differences in the retinal
and choroidal circulation.
Results: In total, 33 eyes of 11 unilateral NTG patients and 11
controls were analyzed. Capillary densities of NTG eyes were
significantly lower than those of fellow eyes or control eyes (both
P= 0.013). No significant differences were found between fellow
eyes and control eyes (P= 0.328). Area of capillary compromise
was identical to the area of retinal nerve fiber layer (RNFL) defect
in all 11 eyes. In layer analysis, a decrease in capillary plexus
was demonstrated only in the inner retina and no definite changes
were found in the outer retina and choroid. Optic nerve head
microvasculature did not show areas of capillary dropout.
Conclusions: In patients with unilateral NTG, we could observe
significant retinal capillary compromise in the area of RNFL defect.
No changes were demonstrated in the choroid and optic disc area.
We speculated on a possibility of secondary microvascular changes
in the retina to nerve damage from the wedge-shaped but not
geographic shaped capillary compromise corresponding to RNFL
defect area. Further studies on the optic nerve head microvasculature

and blood flow are warranted to assess their relationship to glaucoma
pathogenesis.

Comparison of capillary densities between three categories of eyes:
normal-tension glaucoma (NTG) eyes, fellow eyes, and control eyes.
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A representative case of unilateral normal-tension glaucoma (NTG).
A 53-year-old male with untreated initial intraocular pressure of
17 mmHg for both eyes. Optical coherence tomography-angiography
demonstrated capillary bed loss in the area of RNFL defect,
especially in the inner retina. Outer retinal and choroidal layers
showed no alterations of microvasculature.
Commercial Relationships: Eun Jung Lee, None; Jong Chul Han,
None; Changwon Kee, None
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ASSESSMENT OF PERIPAPILLARY AND MACULAR
VESSEL DENSITY ESTIMATED WITH OCT-ANGIOGRAPHY
IN GLAUCOMA SUSPECTS AND GLAUCOMA PATIENTS
Giacinto Triolo1, Alessandro Rabiolo1, Mario Galasso1, Luigi De
Vitis1, Riccardo Sacconi1, Federico Di Matteo1, Paolo Bettin1,
Piero Barboni1, Giuseppe Querques1, Francesco Bandello1,
Luis E. Vazquez2. 1Ophthalmology, University Scientific Institute
San Raffaele, Milano, Italy; 2Ophthalmology, University of Miami,
Bascom Palmer Eye Institute, Miami, FL.
Purpose: OCT-Angiography (OCT-A) studies reported decreased
peripapillary vessel density (pVD) in glaucoma (G), and its
correlation with RNFL defects. Conversely, the macular VD (mVD)
has not been described. The purpose of this study is to evaluate mVD
and pVD in glaucoma suspects (GS) and G, and their relationship
with ganglion cell-inner plexiform layer (GCIPL) and retinal nerve
fiber layer (RNFL) defects.
Methods: The study cohort consisted of healthy controls (C), GS,
and G patients. Macular and peripapillary 6x6 mm scans were
acquired with OCT (Cirrus, Zeiss) to get GCIPL, macular and
peripapillary RNFL (mRNFL, pRNFL, respectively) thickness. Swept
Source (SS) OCT-A (Angioplex, Cirrus, Zeiss) was used to acquire
macular and peripapillary 6x6 mm scans to get mVD and pVD.
OCT-A scans were segmented to get full-thickness, superficial and
deep VD (FT-, SUP-, DEEP-VD), exported to Image J software, and
binarized using the “mean” autothreshold tool. Two region of interest
(ROI) were used to evaluate the VD: 1. ellipsoid ROI centered on
the fovea (0.5x0.6mm vertical x horizontal inner radius; 2.0x2.4mm
vertical x horizontal outer radius); 2. annular ROI centered on the
optic disc (1.95x3.45mm inner x outer radius). ANOVA and t-test
were performed stratifying patients first by diagnosis (C, GS, G),

then by mGCIPL/pRNFL hemifield defects in order to evaluate the
relationship with mVD and pVD.
Results: Twenty, 15, and 20 eyes from C, GS and G patients –
respectively, were included in the analysis. Stratification by groups:
thinning among groups was found in all the GCIPL sectors (p<0.001),
average (avg), supero-temporal (ST), infero-nasal (IN), inferior (I),
infero-temporal (IT), inferior-hemifield (inf-hem) mRNFL sectors
(p<0.05), and S/I pRNFL quadrants (p<0.001). Avg, S and I FTpVD (but not SUP and DEEP-pVD) was decreased among groups
(p<0.05). FT-, SUP-, DEEP-mVDs were not significantly decreased.
Stratification by Sup/Inf-hemifield GCIPL defects or
Sup/Inf-quadrant pRNFL defects: no mVD differences were found
in all sectors; FT-, SUP- and DEEP-pVDs were significantly reduced
(p<0.01), according with the GCIPL/pRNFL defects.
Conclusions: Superficial and deep pVD seems reduced in glaucoma
(but not in GS), showing good relationship with pRNFL defects.
Conversely, mVD may be spared both in GS and glaucoma,
regardless GCIPL/RNFL defects.
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Optical Coherence Tomography Angiography in Patients with
Focal, Diffuse, and Sclerotic Glaucomatous Optic Discs
Amir Marvasti1, 2, Andrew Camp1, 2, Adeleh Yarmohammadi1, 2,
Akram Belghith1, 2, Linda M. Zangwill1, 2, Felipe Medeiros1, 2,
Robert N. Weinreb1, 2. 1Ophthalmology, University of California,
San Diego, San Diego, CA; 2Shiley Eye Institute, Department of
Ophthalmology, University of California, San Diego, Hamilton
Glaucoma Center, La Jolla, CA.
Purpose: To examine peripapillary vessel density measurements
in glaucoma eyes with focal, diffuse, and sclerotic glaucomatous
damage.
Methods: The study included 143 eyes of 143 patients with
repeatable visual field defect and glaucomatous optic neuropathy. All
eyes underwent optic disc digital photography, standard automated
perimetry (SAP), spectral-domain optical coherence tomography
(SD-OCT), and optical coherence tomography angiography (OCT-A).
Optic disc photographs were reviewed by 2 masked observers (AHM
and AC) and classified into focal, diffuse, and sclerotic patterns
of disc damage. If a disc didn’t fit into one of these categories, it
was labeled “other” and excluded from further analysis. In cases
of disagreement, a third masked observer (RNW) adjudicated.
Peripapillary microvasculature was measured by OCT-A global and
sectoral (6 sectors) vessel density as the percentage of area occupied
by flowing vessels. To assess focal microvascular loss, the difference
in OCT-A sectoral vessel density between the sector with the lowest
measurement and the mean of the remaining 5 sectors was measured
and compared between various disc phenotypes.
Results: Thirty-six (25.2%) eyes were classified into the focal, 50
(35.0%) into the diffuse, and 31 (21.7%) into the sclerotic group. 26
(18.2%) were judged as “other”. There was no statistically significant
difference in the mean visual field mean deviation (VF MD) (P=0.4)
and mean global retinal nerve fiber layer thickness (P=0.7) between
the three groups. Peripapillary vessel density in eyes with sclerotic
damage (mean 49.4%) was lower than in eyes with focal (mean
54.4%) and diffuse (mean 53.1%) optic disc damage (P=0.005). Eyes
with focal damage had a larger sectoral microvascular vessel density
difference between the sector with the lowest measurement and the
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remaining 5 sectors compared to the diffuse and sclerotic group
(11.1%, vs. 9.5% and 9.8%, respectively), although this difference
did not reach a statistical difference (p=0.292).
Conclusions: Eyes with sclerotic damage might have greater
peripapillary circulatory abnormalities. OCT-A might enhance
our understanding of the role of ocular vasculature in the
pathophysiology of glaucoma.
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Optical coherence tomography angiography of low radial
peripapillary capillary density area in glaucoma
Yali Jia, Jie Wang, Liang Liu, John C. Morrison, David Huang.
Casey Eye Institute, Oregon Health & Science Univ., Portland, OR.
Purpose: To detect low capillary density area in the radial
peripapillary capillary (RPC) plexus in primary open angle glaucoma
(POAG) patients using optical coherence tomography angiography
(OCTA).
Methods: One eye of each subject was scanned using the AngioVue
4.5-mm OCTA scan centered on the disc. En face RPC plexus
(corresponding to the anatomic nerve fiber layer) angiogram was
generated. The disc area (2mm diameter) and large vessels were
identified by automated software and excluded from analysis.
A binary capillary map is generated with a reflectance-adjusted
threshold, and then low-pass filtered to obtain the capillary density,
the fraction of area occupied by capillary pixels. To identify areas of
low RPCP density, the threshold was set at 2.57 standard deviations
below the reference mean at that location (0.5 percentile for normal
distribution) derived from 40 healthy eyes.
Results: Ten POAG and 10 healthy subjects (different from the
40 healthy subjects in the reference group) were analyzed. Focal
capillary loss could be visualized in the RPC density map and on
the map of low capillary density area (Fig. 1). The area of low RPC
density (Fig. 2) in POAG eyes (3.46±1.74 mm2; mean±standard
deviation) was higher than the healthy eyes (0.01±0.03 mm2,
p<0.001, Mann-Whitney U Test), and highly correlated with visual
field mean deviation (Pearson R = -0.88, p=0.001).
Conclusions: The area of low RPC density is a novel OCTA
parameter that identifies focal glaucoma damage with high diagnostic
accuracy.
Conclusions: The area of low RPC density is a novel OCTA
parameter that identifies focal glaucoma damage with high diagnostic
accuracy.

Mapping of capillary density in the radial peripapillary capillary
plexus is demonstrated on 4.5mm OCTA scans of a normal eye and a
glaucomatous eye. The glaucomatous eye has lower capillary density
in general and shows an bi-arcuate pattern of focal loss on the map of
low capillary density area (red area in panel F).

Comparison of low radial peripapillary capillary (RPC) density area
in normal and glaucomatous eyes.
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Peripapillary Perfused Capillary Density in Exfoliation
Syndrome and Exfoliation Glaucoma versus Primary OpenAngle Glaucoma and Healthy Controls: an Optical Coherence
Tomography Angiography Study
Yanin Suwan1, 2, Lawrence Geyman3, Masoud A. Fard4,
Apichat Tantraworasin5, Toco Y. Chui1, Richard B. Rosen1,
Robert Ritch1. 1Einhorn Clinical Research Center, New York Eye
and Ear Infirmary of Mount Sinai, New York, NY, New York, NY;
2
Department of Ophthalmology, Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand; 3Icahn School of Medicine at Mount
Sinai, New York, NY; 4Farabi Eye Hospital, Tehran, Iran (the Islamic
Republic of); 5Department of Surgery, Faculty of Medicine, Chiang
Mai University, Chiang Mai, Thailand.
Purpose: To compare the peripapillary perfused capillary density
(PCD) among eyes with exfoliation syndrome (XFS), exfoliation
glaucoma (XFG), primary open-angle glaucoma (POAG), and
controls.
Methods: 4.5x4.5 mm optical coherence tomography angiography
(OCTA) images of the optic nerve head were obtained using a
commercial spectral domain OCTA system (AngioVue Avanti
RTVue-XR, OptoVue, Fremont, CA). Two concentric circles with
1.95-mm (inner) and 3.45-mm (outer) diameters were placed
manually, producing an annulus of width 0.75 mm centered at
the optic disc. After the removal of large blood vessels, capillary
network located between the inner limiting membrane and the
posterior boundary of the RNFL was included for perfused capillary
density (Scripsema et al. IOVS 2016). Perfused capillary density
was calculated as the ratio of pixels associated with capillaries to
the number of pixels in the annulus after large blood vessel removal.
Continuous variables were assessed by analysis of variance and
Tukey’s test. Multiple linear regression analysis was performed to
adjust for confounding factors.
Results: 33 XFS eyes, 39 XFG eyes (visual field mean deviation
(VF MD), -7.8±6.8 dB), 32 POAG eyes (VF MD, -9.3±9.4 dB), and
46 control eyes were included for analysis. Mean ages and axial
lengths are shown in Table 1. PCD demonstrated a progressive
stepwise decrease from control, XFS, POAG, to XFG (Fig 1).
Pairwise comparisons revealed significant differences in PCD
between each group (all p<0.05) except for XFS vs POAG (p=0.112).
A multivariable model adjusting for age and stage showed a more
significant decrease in PCD in XFG compared to POAG (p<0.001).
Conclusions: PCD was significantly decreased in XFG compared
to POAG eyes and in XFS compared to control eyes. Decreased
PCD precedes detectable VF defects in XFS. OCTA provides the
first quantitative evidence of the microvascular disturbance which
accompanies XFS and ultimately contributes to XFG.

Table 1. Clinical and Demographic Characteristics of XFS, XFG,
POAG, and Control Groups

Figure 1. OCTA Images Gray Scale (A) and Color Coded Perfused
Capillary Density Map (B)
1A-B: Control, 2A-B: Exfoliation Syndrome, 3A-B: Exfoliation
Glaucoma, 4A-B: Primary Open-Angle Glaucoma
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Quantification of Peripapillary Microvasculature Defects in the
Retinal Nerve Fiber Layer Using Optical Coherence Tomography
Angiography and Correlation with Visual Field Defects in
Primary Open Angle Glaucoma
Arman S. Zaman1, Beau Sylvester1, Ingy Madi1, Zhongdi Chu2,
Amir H. Kashani1, Ruikang K. Wang2, Grace M. Richter1.
1
Ophthalmology, University of Southern California, Los Angeles,
CA; 2Bioengineering, University of Washington, Seattle, WA.
Purpose: To quantify peripapillary microvascular defects from
optical coherence tomography angiography (OCTA) en face optic
nerve head images of the retinal nerve fiber layer, and to correlate
microvascular perfusion defects with visual field defects.
Methods: 19 eyes with primary open angle glaucoma (POAG)
and with spectral domain (SD)-OCTA scans of signal strength ≥6
(out of 10) and reliable Humphrey Visual Fields (HVFs) 24-2 (Carl
Zeiss Meditec; Dublin, CA) were selected for this study. Volumetric
peripapillary retina scans were segmented using a prototype semi-
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automatic segmentation software, to generate en face images of the
retinal nerve fiber layer (Figure 1). These were then quantified using
prototype software, measuring vessel area density (VAD), vessel
complexity index (VCI), and vessel skeleton density (VSD) for the
superior and inferior peripapillary regions. Mean deviations (MD)
were calculated for superior and inferior hemifields in each eye using
proprietary formulas (Carl Zeiss Meditech, Dublin, CA.). Strength of
correlation between each perfusion parameter and the corresponding
hemifield MD was determined using Spearman’s rank correlation.
Results: On HVF, 5 eyes had superior hemifield defects, 4 eyes
had inferior hemifield defects, and 10 eyes had both. Correlations
between hemifield perfusion parameters and corresponding hemifield
visual field defects were strongest for VAD (rho=0.4509, p=0.05)
and VSD (rho=0.5088, p=0.02) in the superior RNFL and inferior
visual field. Inferior RNFL and superior hemifield defects on HVF
also had strong correlations for VCI (0.3754) and VSD (0.2947),
although these were not statistically significant (p=0.11 and p=0.22,
respectively).
Conclusions: VAD, VCI, and VSD are perfusion parameters on
OCTA that correlate well with visual field defects on HVF. The
strongest correlations were seen between superior RNFL parameters
and inferior field defects. OCTA may be a valuable alternative or
supplement to HVF and OCT RNFL measurements for identifying
glaucomatous changes in patients with POAG.

Commercial Relationships: Arman S. Zaman, Zeiss (F);
Beau Sylvester, Zeiss (F); Ingy Madi, Zeiss (F); Zhongdi Chu,
None; Amir H. Kashani, Zeiss (F); Ruikang K. Wang, Carl Zeiss
Meditec (F), Carl Zeiss Meditec (R), Carl Zeiss Meditec (P), Carl
Zeiss Meditec (C); Grace M. Richter, Zeiss (F)
Support: 1. Unrestricted institutional grant from Research to Prevent
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PERIPAPILLARY RETINAL NERVE FIBER LAYER
(RNFL) VASCULAR MICROCIRCULATION USING
OPTICAL COHERENCE TOMOGRAPHY BASED
MICROANGIOGRAPHY TO DISCRIMINATE GLAUCOMA
OR GLAUCOMA SUSPECT AND HEALTHY CONTROL
PATIENTS
Cedric Schweitzer1, 2, CYRIL DUTHEIL1, QUENTIN DE
BOSREDON1, STEPHANIE ROSENG1, ALI FARD3,
Homayoun Bagherinia3, Gary C. Lee3, Mary K. Durbin3, ChiehLi Chen4, Ruikang K. Wang4. 1Ophthalmology, University Hospital
Pellegrin, Bordeaux, France; 2Univ. Bordeaux, ISPED, INSERM
U1219, Bordeaux, France, BORDEAUX, France; 3CARL ZEISS
MEDITEC, DUBLIN, CA; 4UNIVERSITY OF WASHINGTON,
SEATTLE, WA.
Purpose: To analyze peripapillary RNFL microcirculation between
age- and sex-matched open-angle glaucoma (OAG), glaucoma
suspect (GS) and healthy control (HC) patients using optical
coherence tomography angiography.

Methods: Cross-sectional study involving 93 age- (+/- 3 years)
and sex-matched patients divided in 3 groups: OAG group (31
patients), GS group (31 patients) and HC group (31 patients). One
eye of each patient was randomly selected for analysis. All patients
underwent a complete eye examination including intraocular pressure
measurement, an evaluation of optic nerve head vertical cup disc
ratio, gonioscopy and standard automated perimetry using Humphrey
visual field test (HFA 720i, ZEISS, Dublin, CA). All patients were
scanned using CIRRUS HD-OCT 5000 with AngioPlex OCT
angiography (ZEISS, Dublin, CA) and peripapillary perfusion was
evaluated within a field of view of 3-by-3 mm. Flow signals were
generated from the Optical Micro Angiography (OMAGC) dataset by
detecting the differences in OCT signal between consecutive B-scans.
The retinal nerve fiber layer (RNFL) was automatically segmented
from the structural cube data and an enface angiography image of the
RNFL layer was generated. Vessel area density and normalized flux
index were calculated within an annulus (inner and outer diameters
of 2.0 mm and 3.0 mm) centered at the optic disc. Area under the
receiver operating curve (AUROC) analyses were used to evaluate
the discrimination ability of flux index, vessel area density, and
RNFL thickness (RNFLT) among groups.
Results: The mean age was 64.8+/-6.9 years and 51 patients were
female (54.9%), When analyzing OAG and HC groups, highest
AUROC was observed for RNFLT average (0.888) followed by flux
index average (0.833) and vessel area density average (0.794). When
analyzing GS and HC groups, the highest AUROC was observed for
vessel area density average (0.725) followed by flux index average
(0.713) and RNFLT average (0.712).
Conclusions: Peripapillary RNFL microcirculation parameters
had good diagnostic performance to discriminate glaucoma and
performed slightly better than RNFLT to discriminate glaucoma
suspect patients. Prospective studies are required to determine
whether impaired peripapillary RNFL microcirculation could be used
as an early biomarker of glaucoma progression.
Commercial Relationships: Cedric Schweitzer, THEA (C),
AMO (C), ALLERGAN (C), ALCON (C); CYRIL DUTHEIL;
QUENTIN DE BOSREDON, None; STEPHANIE ROSENG,
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(P), ZEISS (C)
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Projection-Resolved Optical Coherence Tomography
Angiography of the Peripapillary Retina in Glaucoma
Beth Edmunds2, 1, Liang Liu2, 1, Yali Jia2, 1, Miao Zhang2, 1,
Simon S. Gao2, 1, Hana L. Takusagawa2, 1, John C. Morrison2, 1,
David Huang2, 1. 1Glaucoma, Casey Eye Institute, Portland, OR;
2
Ophthalmology, Oregon Health and Science University, Portland,
OR.
Purpose: To detect plexus-specific peripapillary retinal perfusion
defects in glaucoma using projection-resolved optical coherence
tomography angiography (PR-OCTA).
Methods: This observational study enrolled primary open angle
glaucoma and age-matched normal control subjects. One eye of each
subject was scanned using the AngioVue 4.5-mm OCTA scan centered
on the disc. The scans were exported and analyzed using a custom
PR-OCTA algorithm that removed flow projection artifacts. Four
en face OCTA slabs were analyzed (Fig.1): the radial peripapillary
capillary plexus (RPCP); the superficial vascular complex (SVC =
RPCP + superficial capillary plexus); the deep vascular complex
(DVC = intermediate + deep capillary plexuses); (4) all plexuses
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combined. The vessel density (VD), defined as the percentage area
occupied by flow pixels, was calculated from a 4×4 mm square
centered on the disc using a reflectance-compensated algorithm.
Results: 40 glaucoma and 38 normal subjects were analyzed. In
glaucoma, focal capillary dropout could be visualized more clearly
in the RPCP slab than in the SVC and all-plexus angiograms (Fig.2),
while the DVC appeared unaffected. The RPCP, SVC and all-plexus
VD in the glaucoma group (mean±SD, 53%±12%, 66%±10% and
82%±9%) was lower than the normal group (76%±6%, 83%±4% and
92%±3%, all P <0.001, t-test). There was no significant difference
in DVC VD between the two groups (P=0.171). Among the overall
parameters, the RPCP VD had the best diagnostic accuracy (0.941) as
measured by the area under the receiver operating characteristic curve
(AROC). The accuracy was even better when the worse hemisphere
(inferior or superior) was used, achieving an AROC of 0.953 and a
sensitivity of 90% at a specificity of 95%. The hemispheric RPCP VD
was correlated with corresponding retinal nerve fiber layer thickness
and visual field sensitivity (Pearson R=0.889 and 0.643, P<0.001).
Conclusions: Glaucoma preferentially affects RPCP perfusion in
the peripapillary retina more than the deeper plexuses. Reflectancecompensated RPCP VD measurement by PR-OCTA detected
glaucoma with high accuracy and could be useful in the clinical
evaluation of glaucoma.

Figure 1. Relationship between the retinal vascular plexuses and
anatomic layers.

Figure 2. Focal capillary dropout (arrow) could be visualized in
RPCP, SVC and all-plexus retina angiograms, but not in DVC.
Commercial Relationships: Beth Edmunds, None;
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(F), Optovue, Inc. (I), Optovue, Inc. (P)
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A comparison of the diagnostic ability of vessel density and
structural measurements of optical coherence tomography in
primary angle closure disease
Harsha L. Rao1, Zia S. Pradhan1, Robert N. Weinreb2,
Mohammed Riyazuddin1, Srilakshmi Dasari1, Jayasree Venugopal1,
Narendra Puttaiah1, Dhanaraj Rao1, Sathi Devi1, Kaweh Mansouri3, 5,
Carroll Webers4. 1Glaucoma, Narayana Nethralaya, Bangalore, India;
2
Shiley Eye Institute, Hamilton Glaucoma Center and Department of
Ophthalmology, University of California, San Diego, CA; 3Glaucoma
Center, Montchoisi Clinic, Swiss Vision Network, Lausanne,
Switzerland; 4University Eye Clinic Maastricht, University Medical
Center, Maastricht, Netherlands; 5Department of Ophthalmology,
University of Colorado, Denver, CO.
Purpose: To evaluate the vessel density measurements of the optic
nerve head (ONH), peripapillary and macular regions on optical
coherence tomography (OCT) angiography in eyes with primary
angle closure disease (primary angle closure glaucoma, PACG eyes
and PAC eyes with history of high intraocular pressure, IOP) and
to compare their diagnostic abilities with that of the ONH rim area,
peripapillary retinal nerve fiber layer (RNFL) thickness and the
macular ganglion cell complex (GCC) thickness measurements on
OCT.
Methods: In a cross sectional study, 77 eyes of 50 control subjects,
65 eyes of 45 PACG and 31 eyes of 22 PAC patients underwent
vessel density and structural measurements with spectral domain
OCT. Area under receiver operating characteristic curves (AUC)
and sensitivities at fixed specificities of vessel densities in ONH,
peripapillary and macular regions were compared with rim area,
RNFL and GCC thickness.
Results: All the vessel density and structural measurements were
significantly lower (p<0.05) in the PACG compared to the control
group. Vessel densities in the PAC eyes were comparable (p>0.05)
to that in the control eyes while the superotemporal RNFL thickness
was significantly lesser in the PAC group (127 µm vs. 135 µm,
p=0.01). The AUC and sensitivity at 95% specificity of vessel
densities within the ONH (0.76 & 42%) and macular region (0.69
& 18%) in PACG were significantly lower (p<0.001) than ONH rim
area (0.90 & 77%) and GCC thickness (0.91 & 55%) respectively.
The same of peripapillary vessel density (0.85 & 53%) was
comparable (p=0.25) to the RNFL thickness (0.91 & 65%).
AUCs of vessel density and structural measurements in
differentiating PAC from control eyes were all less than 0.65.
Conclusions: Diagnostic abilities of OCTA vessel density
measurements of the ONH and the macular regions in PACG were
significantly lower than the ONH rim area and GCC thickness
measurements, respectively, while that of peripapillary vessel
densities were comparable to the RNFL thickness measurements.
Vessel density measurements were comparable, while the
superotemporal RNFL thickness was significantly lower in PAC
compared to control eyes. This implies that the structural changes
in PACD occur earlier than the vessel density reduction seen with
OCTA.
Commercial Relationships: Harsha L. Rao, None; Zia S. Pradhan,
None; Robert N. Weinreb, Optos (S), Heidelberg Engineering (S),
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The effect of intraocular pressure reduction on peripapillary and
optic nerve head vessel densities: An OCT Angiography Study
Zia S. Pradhan1, Harsha Rao1, Abhijit Sinha Roy2. 1Glaucoma,
Narayana Nethralaya, Bangalore, India; 2Narayana Nethralaya,
Bangalore, India.
Purpose: Glaucoma pathogenesis has been explained by mechanical
and vascular theories; the interplay between these factors, however,
is poorly understood. This prospective, interventional study
was conducted to determine the effect of intraocular pressure
(IOP) reduction on the vessel density (VD) in the peripapillary
and optic nerve head (ONH) regions in eyes with glaucoma or
ocular hypertension using optical coherence tomography (OCT)
angiography.
Methods: Thirty-eight eyes of 28 patients with glaucoma or ocular
hypertension were studied. The median age was 59 years (interquartile range, IQR= 56-68) and 19 were male. The inclusion
criterion was eyes requiring anti-glaucoma medications due to an
IOP over target. All participants underwent spectral domain OCT
and OCT Angiography (Optovue Inc., Fremont, CA) prior to, and
following treatment with IOP-lowering medications. Scans were
taken less than 10 weeks apart. Multi-level mixed effect modelling
was used to determine the effect of IOP on the peripapillary and ONH
VD after accounting for the effect of change in signal strength index
(SSI) of the scans.
Results: Median IOP at the time of initial scan was 25 (IQR=2332) mmHg and after IOP reduction was 16 (IQR=14-18) mmHg
(p<0.001). Mixed effect modelling showed that change in SSI had
no effect on neuro-retinal rim (NRR) and retinal nerve fiber layer
(RNFL) thickness parameters but a significant positive effect on
the peripapillary and ONH VD in most sectors (coefficient 0.26 to
0.83; p<0.01) as shown in Figure 1. Although, change in IOP had no
effect on RNFL thickness, the global and sectoral NRR area showed
a significant negative association (r = -0.001 to -0.01, p<0.02).
Similarly, the change in IOP had no effect on the peripapillary VD
(p>0.05), but a small, statistically significant effect on the average
ONH VD (-0.11, 95% confidence intervals -0.20 to -0.02, p =0.02)
and the vessel densities in the temporal, supero-nasal and superotemporal sectors of the ONH (r = -0.22 to -0.16, p≤0.05).
Conclusions: Interpretation of alterations in VD should factor in the
SSI of the images. Reduction in IOP does not affect the peripapillary
VD, but does result in a small increase in the VD within the ONH.

The effect of change in signal strength index on peripapillary retinal
nerve fiber layer thickness and vessel density
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Effect of “I-stent Inject” implantation on macular and optic
nerve vessel density in OCT-angiography
Viktoria Müller, Maged alnawaiseh, Nicole Eter. Department of
Ophthalmology, University of Muenster Medical Center, Muenster,
Germany.
Purpose: To evaluate the impact of “I-stent Inject” implantation on
the macular and optic nerve perfusion measured by OCT-angiography
(OCTA).
Methods: This prospective study includes 10 eyes of 10 patients with
a primary open-angle glaucoma (POWG) before and after “I-stent
Inject” Implantation combined with cataract surgery. The OCTA was
performed using AngioVue (Optovue Inc, Fremont, California, USA).
The vessel density in the macula (3x3mm image size) and the optic
nerve head (4.5x4.5mm image size) was determined before and 4
weeks after surgery for analysis.
Results: The difference betweene the pre- and postoperative
intraocular pressur (IOP) was not significant (p = 0,212). The vessel
density in the superficial OCT-angiogram (whole-enface image)
improved significantly after“I-stent Inject” implantation (p = 0.005).
The differences in mean vessel density before and after surgery in the
deep retinal OCT angiogram and in the OCT angiogram of the optic
nerve head were not significant (deep retinal OCT angiogram of the
macula: p = 0.076; OCT angiogram of the optic nerve head:
p = 0.320).
Conclusions: The vessel density in the superficial retinal OCT
angiogram improved significantly after surgery eventhough reduction
of IOP was not significant. OCT A is a novel method which can help
monitoring glaucoma patients.
Commercial Relationships: Viktoria Müller, None;
Maged alnawaiseh, None; Nicole Eter, Bayer, Novartis, Allergan,
Alimera Sciences, Roche (C), Novartis, Bayer, Allergan, Heidelberg
Engineering, Alimera (R), (Novartis, Bayer, Allergan (F)
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Response of Retinal Capillary Filling to Changes in Intraocular
Pressure in Elderly Rats Measured by Optical Coherence
Tomography (OCT) Angiography
Xiaoyun Jiang1, Elaine C. Johnson2, Chieh-Li Chen1, Shaojie Men1,
Diana C. Lozano2, William O. Cepurna2, John C. Morrison2,
Ruikang K. Wang1. 1Bioengineering, University of Washington,
Seattle, WA; 2Ophthalomology, Casey Eye Institute-OHSU, Portland,
OR.
Purpose: To determine the effect of elevated intraocular pressure
(IOP) on retinal capillary filling in aged rats using optical coherence
tomography (OCT)-based angiography.
Methods: The IOP of 24-month-old rats (N=8, Brown Norway,
anesthetized with isoflurane) was elevated by cannulation of the
anterior chamber from 10 to 100 mmHg in 10 mmHg increments and
returned back to 10 mmHg. At each IOP level, 3D OCT data were
captured using the optical microangiography (OMAG) scanning
protocol and then post-processed to obtain both structural and
vascular images. Mean arterial blood pressure (MAP), respiratory
rate, pulse and blood oxygen saturation were monitored. Ocular
perfusion pressure (OPP) was calculated as the difference between
MAP over the entire experiment for each animal minus IOP at each
level. The capillary vessel density (CVD) at each level was calculated
and analyzed using the OCT angiograms, excluding large vessels
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(>30 µm). Relative capillary vessel density vs IOP was plotted for
each animal, and for the group means. Data from all animals were
combined in a density vs OPP scatter plot.
Results: For 7 of 8 rats, MAP was stable (SD<5%). However,
average MAP for the group was 86.8±14 mmHg (mean±SD),
indicating substantial variability among animals. All other
physiologic parameters were uniform and stable. Normalizing
CVD readings to IOP 20 mmHg (normal awake IOP) demonstrated
variable decay patterns with increasing IOP (Fig.1A). The mean
relative CVD (Fig. 1B) was reduced to 80% at IOP 40 mmHg, a
lower level than observed previously in 6-month-old animals. When
IOP was returned to 10 mm Hg, recovery appeared incomplete. The
scatter plot of CVD vs OPP (Fig.1C) showed a distribution that was
too wide to demonstrate a clear relationship.
Conclusions: OMAG can provide intuitive enface images for
quantitative analysis of retinal capillary filling in 24 month old
rats. Compared to previous work on 6 to 8-month old rats, elderly
animals demonstrate a much greater variability in their response to
IOP elevation and OPP. This increased variability must be considered
when studying the relationship between IOP, ocular perfusion and
glaucoma in elderly animal models.
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John C. Morrison, None; Ruikang K. Wang, None
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Quantification of Retinal Blood Flow Using Doppler OCT with a
PLEX TM Elite 9000
Johannes M. Blaesi, Nathan D. Shemonski, Jochen Straub. R&D,
Carl Zeiss Meditec, Inc., Dublin, CA.
Purpose: Doppler OCT is a promising method to quantify retinal
blood flow. Various studies have shown that for Glaucoma patients
the amount of blood flow is highly correlated to visual field loss
and therefore can be used as an indicator of the disease and to
monitor its development. Furthermore, with the development of
OCT Angiography, tracking and motion correction techniques have
improved likely leading to improved Doppler OCT measurements.
This poster presents Doppler-OCT results using active tracking.
Methods: For data acquisition, a circular OCT scan with a radius
of 2.1 mm and 13200 A-Scans is acquired around the ONH with
a PLEX TM Elite 9000 (ZEISS, Dublin, CA). The circular scan
is repeated 22 times. This allows averaging of the TRBF over
approximately three cardiac cycles. The intensity and phase data are
both recorded and used to calculate the phase shift and therefore the
Doppler shift of light scattered by corpuscles. With the knowledge
of the angle between the particular blood vessel and the light beam
(Doppler angle) the blood flow and its velocity can be calculated. The
retinal blood flow is calculated through a fully automated algorithm
which includes angle measurements and blood vessel detection.
Results: The data measured over a time period of 2.6 s is shown
in Figure 1. In the upper image of Figure 1, the calculated Doppler
phase shift for one moment in time is shown. In the lower picture,
the calculated blood flow velocity for 18 blood vessels is illustrated.
According to the vessel flow direction, the velocity is positive or
negative which corresponds to blood flowing into or out of the ONH
respectively. The average velocity of the six major vessels is 17.04
mm/s thereby their average blood flow ranges from 0.85 µl/min to
5.5 µl/min. In Figure 2, the calculated blood flow for two close-by
vessels is plotted over time. It can be clearly seen that it follows the
cardiac cycle which is determined to be approximately TC = 750 ms.
Conclusions: The results show blood flow measurements on a PLEX
TM Elite 9000 using Doppler OCT. The period, shape, and flow
speeds during the cardiac cycle matches with previous literature.
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Figure 1: Doppler-OCT circular scan around ONH. The upper picture
shows the calculated blood flow velocity and the lower picture
illustrates the Doppler phase shift.

Purpose: Improper perfusion of the lamina cribrosa (LC) may lead to
severe alterations of the visual function.
LC perfusion parameters are difficult to estimate with noninvasive measurements and are affected by many factors that vary
among individuals and cannot be easily isolated. Here we utilize a
mathematical virtual simulator (MVS) to address these challenges.
Methods: The MVS combines i) a three-dimensional porous-media
model for LC perfusion with ii) a circuit-based model for blood flow
in the retrobulbar and ocular posterior segments (Fig. 1).
Systems i) and ii) are solved using advanced computational and
visualization methods (Feel++).
Simulation inputs may include some patient-specific factors that
can be measured non-invasively, e.g. systolic blood pressure (SBP),
diastolic blood pressure (DBP), intraocular pressure (IOP) and ocular
geometry.
Results: Fig. 2a shows the MVS visualization of ocular geometry.
MVS simulated LC perfusion velocities at time t = 2.4 s (green line)
are shown for IOP = 15 mmHg and SBP/DBP = 100/70 mmHg (Fig.
2b), SBP/DBP = 120/80 mmHg (Fig. 2c), SBP/DBP = 140/90 mmHg
(Fig. 2d).
Increasing SBP and DBP leads to higher LC perfusion velocities,
especially near the nasal area.
MVS also simulates blood velocities in the central retinal artery
and vein (CRA and CRV), as shown in Figs. 2e and 2f, respectively,
which are similar to those obtained via direct Imaging modalities.
Conclusions: MVS may serve as an instrument to illustrate and
estimate LC perfusion parameters and predict their spatial variability,
thereby providing new means to address the increasing demand of
information on parts of the eye that are not-easily accessible with
standard investigation instruments.

Figure 2: Plot of the blood flow of one vessel over time. The cardiac
cycle is approximately TC = 750 ms.
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PATIENT-SPECIFIC VIRTUAL SIMULATOR OF TISSUE
PERFUSION IN THE LAMINA CRIBROSA
Lorenzo Sala1, Christophe Prud’homme10, Daniele Prada3,
Fabrizia Salerni2, Christophe Trophime5, Vincent Chabannes1,
Marcela Szopos10, Rodolfo Repetto4, Silvia Bertoluzza9,
Riccardo Sacco8, Alon Harris7, Giovanna Guidoboni6. 1IRMA,
Université de Strasbourg, Strasbourg, France; 2Departiment of
Physics and Earth Science, University of Parma, Parma, Italy;
3
Department of Mathematical Sciences, IUPUI, Indianapolis, IN;
4
DICCA, University of Genova, Genova, Italy; 5LNCMI, Université
Grenoble Alpes, Grenoble, France; 6LabEx IRMIA, Strasbourg,
France; 7Eugene and Marilyn Glick Eye Institute and Department of
Ophthalmology, Indiana University School of Medicine, Indianapolis,
IN; 8Politecnico di Milano, Milano, Italy; 9CNR - IMATI, Pavia,
Italy; 10Université de Strasbourg, CNRS, IRMA UMR 7501,
Strasbourg, France.

Figure 1: MVS multiscale scheme
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during an artificial IOP increase of 20 or 30 mmHg using an
ophthalmodynamometer, and after IOP increase.
Results: The OPP was significantly reduced during 20 (-54.5%,
p<0.001) and 30 mmHg (-78.5%, p<0.001) IOP elevation. The
macular choroidal MBR and the SFCT were significantly reduced
during 20mmHg elevation (ratio -32.5%, p<0.001) (ratio -3.8%,
p<0.001) and during 30mmHg elevation (ratio -46.6 %, p<0.001)
(ratio -7.7%, p<0.001), but the reduction ratio was smaller than
that of the OPP. The luminal area was reduced during 20 mmHg
(p<0.001) or 30 mmHg elevation (p<0.001), while the stroma area
did not change. There was no correlation between the reduction ratio
of OPP and other factors during 20 mmHg elevation, but significant
correlation between the percentage reduction of OPP and the
choroidal MBR during 30 mmHg elevation.
Conclusions: The present study corroborates previous findings that
the choroid shows some ability to regulate its blood flow in response
to experimental changes in OPP induced by IOP elevation.
Commercial Relationships: Tomohiko Akahori, None;
Takeshi Iwase, None; Kentaro Yamamoto, None; Eimei Ra, None;
Hiroko Terasaki, None

Figure 2: MVS perfusion simulations
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Changes in choroidal blood flow and morphology in response to
increase of intraocular pressure
Tomohiko Akahori, Takeshi Iwase, Kentaro Yamamoto, Eimei Ra,
Hiroko Terasaki. Nagoya University, Nagoya, Japan.
Purpose: The choroid has a weak own autoregulation for blood
flow, resulting that the status of choroidal blood flow in lasting
high intraocular pressure (IOP) would be unclear because of the
autoregulation and remains controversial whether blood flow in
choroid is decrease in eyes with high IOP, e.g. glaucoma. We
investigated choroidal blood flow and the morphology in response to
ocular perfusion pressure (OPP) during artificial increase in IOP and
whether the choroidal blood flow has some capability to autoregulate.
Methods: We included 17 healthy subjects in our study. Choroidal
blood flow was assessed by laser speckle flowgraphy (LSFG)
using mean blur rate (MBR). Spectral-domain optical coherence
tomography was used to image macular regions, to measure the
subfoveal choroidal thickness (SFCT), and to calculate the luminal
and the stromal areas by the binarisation method before IOP increase,
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Choroidal blood flow compensates for decreases in ocular
perfusion pressure in glaucoma
Wulff-Dieter Ulrich1, Klaus-Dieter Wernecke2, Andrea Moeller1,
Christa Ulrich1, Carl Erb3. 1Private Practice of Opthalmology,
Leipzig, Germany; 2Sostana GmbH, Berlin, Germany; 3Augenklinik
am Wittenbergplatz, Berlin, Germany.
Purpose: Pulsatile choroidal blood flow (pChBF) and ocular
perfusion pressure (OPP) can be measured noninvasively on both
eyes simultaneously, without dilation of the pupils with the Ocular
Pressure Flow Analyzer (OPFA). In a retrospective, observational
clinical study we examined glaucoma patients before and after
selective laser trabeculoplasty (SLT) to prove that choroidal
regulation compensates for declines in OPP.
Methods: OPFA examinations before and three months after SLT of
59 patients with POAG were evaluated. Patients received 360° SLT
with a total energy of 0.71 ± 6.1 mJ (Trabeculas, A.R.C., Nürnberg,
Germany). The relation between OPP and the relative ocular pulse
blood volume (OPV) was measured with the OPFA device (tpm,
Lüneburg, Germany). The pChBF-OPP curve reveals the choroidal
regulatory function and makes it possible to determine the ocular
perfusion reserve (OPR), meaning the eye’s autoregulatory capacity,
OPP, ocular blood pressure (poc) and ocular pulse blood volumes.
Comparisons between untreated glaucoma patients and SLT treated
patients were proven by the t-test and the non-parametric Wilcoxontest.
Results: Mean values and standard deviations were summarized for
IOP, ocular perfusion reserve (OPR), maximum ocular pulse blood
volume (PVmax), mean ocular blood pressure (pmoc), and mean
ocular perfusion pressure (OPPm).
Pre-treatment SLT-treated
IOP (mm Hg) 23.35 ± 2.42 14.80 ± 2.25
OPR (mm Hg) 15.34 ± 3.53 25.31 ± 5.09
PV (µl/beat) 1.19 ± 0.44 0.86 ± 0.27
pmoc (mm Hg) 94.89 ±10.58 65.71 ± 7.66
OPPm (mm Hg) 56.94 ± 8.13 55.79 ± 8.05
The ocular perfusion reserve (OPR) was significantly lower in
untreated POAG patients compared to the SLT treated patients. The
reduction of IOP after SLT is associated with a decline in ocular
arterial blood pressure and pulsatile choroidal blood flow, meaning
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they returned to normal. In untreated POAG, pChBF and poc were
distinctly higher, obviously due to a strong choroidal vasodilation.
Conclusions: The results support the hypothesis that an effective
choroidal blood flow regulation does exist, which tries to maintain
the OPP, particularly when IOP is elevated in glaucoma. Further
investigations will be needed to clarify the importance of choroidal
regulation for ocular perfusion. Is a permanent choroidal regulation
necessary to guarantee an optimal OPP to secure the supply of the
retina and the optic nerve with oxygen and nutrients?
Commercial Relationships: Wulff-Dieter Ulrich; KlausDieter Wernecke, None; Andrea Moeller, None; Christa Ulrich,
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Systemic Antihypertensive Use Increases the Incidence of
Glaucoma Progression
Daniel S. Kermany1, Chelsey Krambeer2, Michael Jansen3,
Jana Waters3, Sepehr Bahadorani3, Wayne Tie3, Michael Singer4.
1
University of Texas at Austin, Katy, TX; 2Texas Tech University
Health Science Center Paul L. Foster School of Medicine, El Paso,
TX; 3University of Texas HSC San Antonio, San Antonio, TX;
4
Medical Center Ophthalmology Associates, San Antonio, TX.
Purpose: A reduction in blood pressure (BP) may reduce ocular
perfusion pressure (OPP) which can promote glaucoma progression,
especially in those with elevated intraocular pressures (IOP). This
study tests the hypothesis that systemic antihypertensive drugs can
increase the incidence of glaucoma progression by reducing the OPP.
Methods: The data presented is from a 10-year retrospective analysis
of an electronic medical record database from Medical Center
Ophthalmology Associates in San Antonio, Texas. Glaucoma suspects
were isolated and analyzed for diagnosis of disease progression with
a chi-squared test of independence and logical regression, controlling
for systemic antihypertensive use, hypertension diagnoses, ethnicity,
and gender.
Results: Of the 6625 glaucoma suspects on systemic
antihypertensives, 2133 (32.2%) showed progression to glaucoma,
while of the control group of 1045 glaucoma suspects not on systemic
antihypertensives but still diagnosed with hypertension, 245 (23.4%)
showed progression (p=1.617e-08). These results show a 37.6%
increase in the risk of glaucoma progression for glaucoma suspects
on systemic antihypertensives. When controlled for ethnicity and
gender, the effect of antihypertensives is still significant (p=1.9e-07),
the effect of race is significant (p<0.05), and the effect of gender
is insignificant (p=0.919). The differences in progression between
the different antihypertensives were not significant, except for beta
blockers, which shows a progression rate increase significantly higher
than the other drugs (n=5038, p=7.321e-05). See table.
Conclusions: Systemic antihypertensive use was associated with
significantly increased risk of glaucoma progression. This increase in
risk was consistent among the different classes of antihypertensive
drugs. However, beta blockers, which induced vasodilation in
addition to lowering heart rate, are correlated with a greater
progression rate compared to other antihypertensives which only
cause vasodilation. These results suggest that the decrease in BP
caused by these systemic drugs may reduce the OPP in glaucoma
suspects by increasing the difference between intraocular pressure
and ocular perfusion pressure. This may cause glaucoma progression
especially since patients are directed to take these drugs before
sleep, when the prone body position further increases IOP levels and
decreases BP.
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Effect of orally administered nitrates on central retinal venous
pressure in primary open angle glaucoma patients
Lutz E. Pillunat, Eberhard Spoerl, Evelyn Voigt, Karin R. Pillunat.
Dept of Ophthalmology, Medical Faculty Carl Gustav Carus,
University of Dresden, Dresden, Germany.
Purpose: Primary open angle glaucoma (POAG) patients often show
an increased central retinal venous pressure (CRVP) which leads to
a significantly reduced ocular perfusion pressure (OPP). Aim of the
present study was to evaluate whether an increased CRVP in POAG
patients is lowered by the oral administration of nitrates.
Methods: 22 eyes of 14 primary open angle glaucoma patients
(11 female, 3 male, mean age 65.4±10.5 years) with an initially
increased CRVP were included in the study. All patients received
50mg Pentaerithrityltetranitrat orally once daily. Topical therapy
was not changed during follow up. Intraocular pressure (IOP), mean
blood pressure (MAP) and CRVP were measured before treatment
and after 4 months of therapy. CRVP was measured with a contact
lens dynamometer calibrated in mm Hg (Imedos, Jena, Germany).
For statistical analysis, the data from both eyes were combined using
the mixed-model method, which adjusts for the correlation between
the 2 eyes in a single person.
Results: Intraocular pressure did not change (11.88±0.65 vs
12.02±0.59 mmHg; p = 0.77) nor did mean arterial blood pressure
(89.91±7.7 vs 104.143.75 mmHg; p = 0.127). CRVP, however,
showed a statistically significant decrease after 4 months of treatment
(47.95±4.27 vs 28.08±2.08 mmHg; p< 0.001). No effect of treatment
was found on OPP (51.33±4.64 vs 56.07±2.19 mmHg, p= 0.270),
when using the wide spread formula OPP= 2/3 MAP – IOP. Inserting
CRVP into the formula (OPP = 2/3 MAP – CRVPP), however, leads
to a statistically significant increase in OPP (1.41±6.01 vs 39.31±2.87
mmHg, p <0,001).
Conclusions: Orally administered nitrates (Pentaerithrityltetranitrat)
reduce an initially increased CRVP in POAG patients and therefore
lead to an increase in OPP. Reduced OPP, however, represent a
risk factor for the prevalence and progression of POAG. Therefore
a treatment with nitrates might be beneficial for the course of the
disease in patients who show an initially increased CRVP.
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Central retinal venous pressure in patients with large discs
Karin R. Pillunat, Sylvana Georgii, Eberhard Spoerl,
Richard P. Stodtmeister, Lutz E. Pillunat. Dept of Ophthalmology,
Univ Clinic Carl Gustav Carus Dresden, Dresden, Germany.
Purpose: To evaluate central retinal venous pressure (CRVP) in
patients with macrodiscs and to investigate a possible association
with retinal nerve fiber layer parameters.
Methods: A total of 59 eyes with macrodiscs was included in
this cross-sectional study. None of the eyes were treated with
intraocular pressure (IOP) lowering medication or had visual field
defects. IOP was measured with Goldmann applanation tonometry
and CRVP with contactlens dynamometry calibrated in mmHg
(Imedos, Jena, Germany). CRVP was considered to be elevated, if
it was higher than IOP+2x standard deviation which approximately
equaled IOP+5mmHg. Rim parameters were examined with the
glaucoma modul of OCT (Spectralis; Heidelberg Engineering
GmbH, Heidelberg, Germany). Student’s t tests were used to test for
differences between the groups.
Results: CRVP was within the range of IOP+5mmHg in 37 eyes
(63%). The mean CRVP in this group was 12.8±2.5 mmHg and
the mean IOP 12.7±2.3 mmHg. 22 eyes (37%) showed an elevated
CRVP. The mean CRVP in this group was 32.1±8.5 mmHg and the
mean IOP 13.7±1.6 mmHg. The difference of CRVP between the two
groups was statistically significant (P<0.001), the difference between
IOP was not significant (P=0.088). There was no difference regarding
age (49.5±13.8y; 48.9±10.6; P=0.849) and mean BMO (2.92±0.64
mm2; 2.82±0.38 mm2; P=0.536). Minimal rim width parameters
showed no difference. Retinal nerve fiber layer parameters showed
a statistically significant reduction in the group with elevated CRVP
in the temporal inferior segment (154.8±13.7µm vs. 141.9±15.8µm;
P=0.004) and the temporal superior segment (130.9±16.4µm vs.
116.9±19.0 µm; P=0.008).
Conclusions: An elevated CRVP leads to reduced ocular perfusion
pressures, which represent a risk factor for the prevalence and
progression of primary open-angle glaucoma. Therefore, an elevated
CRVP (>IOP+5mmHg) in clinically normal macrodiscs might be
a sign of beginning glaucoma and could help discriminate normals
from glaucoma suspects. The measurement of CRVP might be
beneficial to detect patients with macrodiscs being at risk for
developing glaucomatous damage.
Commercial Relationships: Karin R. Pillunat, None;
Sylvana Georgii, None; Eberhard Spoerl, None;
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The distribution of thecentral retinal vein pressure and of the
intraocular pressure significantly differs in patients with primary
open angle glaucoma
Richard P. Stodtmeister, Wiebke Koch, Sylvana Georgii,
Karin R. Pillunat, Eberhard Spoerl, Lutz E. Pillunat. Ophthalmology,
Univ. Hospital Carl Gustav Carus, TU Dresden, Dresden, Germany.
Purpose: In earlier comparative studies the mean central retinal vein
pressure (CRVP) was higher than the mean intraocular pressure (IOP)
in patients with primary open angle glaucoma (POWG) and has been

identified as a potent risk factor. The purpose of this study was the
measurement of the CRVP in unselected patients with primary open
angle glaucoma and the comparison of its distribution with that of the
IOP.
Methods: Study type: prospective cross-sectional. Subjects were 50
unselected patients with POAG defined according the guidelines of
the European Glaucoma Society who underwent intraocular pressure
(IOP) diurnal curve measurement under medication. Age: 69±8years.
M/F:24/26. BMI:25.8±3.5. The more affected eye was included.
Measurement of CRVP: Contactlens dynamometry (CLD) (Imedos,
Jena, Germany). IOP measurement before CLD : Dynamic contour
tonometry (Ziemer, Port, Switzerland. Two formulas were used for
the calculation of the retinal perfusion pressure (RPP): Mean arterial
pressure in the ophthalmic artery minus IOP or minus CRVP.
Results: Pressure unit: mmHg. Systemic blood pressure:
158±23/90±12. IOP under medication:15.9±2.8. There is no
IOP value above 30 mmHg (fig 1). CRVP:21.3±9.7. CRVP was
significantly higher than the IOP (p=0.00045, paired t-test). Nine
CRVP values were above 30mmHg (fig.1). When the retinal
perfusion pressure was calculated inserting the IOP in the formula
RPP was 59±9mmHg. There was no value below 40mmHg (fig.2).
With CRVP inserted in the formula RPP was 54±14mmHg and 8 of
the 50 patients showed a RPP below 40mmHg (fig.2).
Conclusions: In this cross sectional study the the mean CRVP was
higher than the IOP by 5.4 mmHg. This difference is statistically
highly significant and confirms earlier results. The distribution of the
pressure values shows a clearly different pattern. Inserting the IOP
in the formula for the perfusion pressure all RPPs were above 40
mmHg. When the CRVP was inserted in the formula the RPP in 8 of
our 50 patients showed values below 40 mmHg. It may be concluded
that the calculation of the RPP by using the CRVP may more clearly
identify single patients at risk.

Fig. 1. Distribution of the central retinal vein pressure and of the
intraocular pressure
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<0.001). No significant decrease in SVPA or VF sensitivity over three
years was observed (one-way ANOVA, p >0.05). Slopes describing
change over time of SVPA and VF sensitivities were not significantly
different. The pooled slope was -0.39.
Conclusions: This study confirms a positive association between
SVP amplitude and glaucoma severity assessed by VF loss. While the
overall VF loss was non-significant (likely due to study participant
treatment), the rate of SVP amplitude drop was proportional to
VF loss. Further longitudinal study is required to establish if SVP
amplitude is predictive of repeatable visual field abnormality or
glaucomatous progression.

Fig.2. Distribution of the retinal perfusion pressure calculated by
different formulas
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Visual field sensitivity is decreased with reduced spontaneous
venous pulsation in glaucoma eyes
Mojtaba Golzan1, 2, Dana Georgevsky2, Christopher Bowd3,
Robert N. Weinreb3, Stuart L. Graham2. 1Graduate School of
Health (Vision Science Group, Orthoptics Discipline), University
of Technology, Sydney, Ultimo, NSW, Australia; 2Department of
Clinical Medicie, Macquarie University, Sydney, NSW, Australia;
3
Hamilton Glaucoma Center, Shiley Eye Institute, Department of
Ophthalmology, University of California, San Diego, La Jolla, CA.
Purpose: Reductions in amplitude of spontaneous venous pulsation
(SVP) may be associated with glaucoma severity and glaucomatous
progression. We determined if reduced SVPs are associated with
reduced visual field (VF) sensitivity in glaucoma and thus might be
predictors of the development of VF loss and VF progression.
Methods: 38 randomly selected eyes of 38 glaucoma patients were
included (67.3 ± 10.5 years, VF MD = -6.6 ± 5 dB at baseline). Of
these 38, 20 were followed annually for three years. At each visit,
patients had a dilated ocular examination followed by measurement
of SVP using a dynamic vessel analyser (Imedos GmbH) and 24-2
Humphrey SITA (Carl Zeiss Meditec Inc.) testing. SVP amplitude
(SVPA) was defined as the peak-to-trough change in vein diameter
over ≥ 10 cardiac cycles controlled for individual IOP. Average SVPA
in the superior and inferior hemi-retinae and average VF sensitivity
(dB) in the corresponding inferior and superior hemi-fields were
calculated. The association between SVPA in the hemi-retina with the
lowest (i.e., “worse”) SVPA and VF sensitivity in the corresponding
hemi-field was assessed using linear regression. Change over time
(slope) of both parameters was assessed over 3 years in 20 eyes tested
longitudinally.
Results: Mean SVPA in the “worse” hemi-retina in years one,
two and three was 3.5 ± 1.2 um, 3.1 ± 1 um and 2.8 ± 0.8 um,
respectively. Mean sensitivities in corresponding hemi-fields in years
one, two and three were 23.4 ± 5.7 dB, 22.9 ± 6.1 dB, and 21.8 ± 3.8
dB. A significant positive correlation between SVPA and threshold
sensitivity was observed at year one (n = 38, r = 0.60, p <0.001, see
Figure) and years two and three (n = 20, r = 0.70 and r = 0.66, p
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Oxygen saturation of the retinal vessels may differ between
primary open-angle glaucoma and normal-tension glaucoma
Kazuyuki Hirooka, Takeru Shimazaki, Yuki Nakano, Eri Nitta,
Kaori Ukegawa, Akitaka Tsujikawa. Ophthalmology, Kagawa Univ
Faculty of Medicine, Kita-gun, Japan.
Purpose: To investigate if there are differences in the retinal oxygen
saturation between primary open-angle glaucoma (POAG) and
normal-tension glaucoma (NTG) patients.
Methods: This study enrolled POAG and NTG patients exhibiting
differences between the upper and lower total deviation (TD) that
were either more than 10 or less than 5 dB. Retinal oxygen saturation
measurements in these glaucoma patients were performed by a
noninvasive spectrophotometric retinal oximeter. A Student’s t-test
was used for the statistical analysis.
Results: Evaluations of the worse and better hemifields in the POAG
patients who exhibited differences in the upper and lower hemifield
TD that were less than 5 dB (n = 25) showed that there were no
statistically significant differences for the retinal venous saturation
of oxygen (SaO2) in the venous vessels. However, there was a higher
mean SaO2 in the worse (57.0 ± 7.5%) versus the better (54.3 ± 7.0%)
hemifield in the NTG patients (n = 22; P = 0.007). Evaluations of the
patients with more than a 10 dB difference in the upper and lower
hemifield TD showed there were statistically significant differences
for the retinal venous SaO2 in the venous vessels between the POAG
(n = 19) and the NTG (n = 26) patients.
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Conclusions: POAG and NTG patients exhibited a difference in
the oxygen saturation of the retinal vessels, which may indicate the
existence of a different pathology for POAG and NTG.
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Viscosity in POAG: effects of shear rate and cross-linking
Paul A. Knepper1, 2, Kovas Polikaitis1, Michael Giovingo3,
Kevin Carey1, Indre Bielskus1, Michael D. Miazga1,
Nicholas M. Pfahler1, Jeffrey Ma2, Nicholas J. Volpe2.
1
Ophthalmology and Visual Sciences, University of Illinois at
Chicago, Chicago, IL; 2Ophthalmology, Northwestern University,
Chicago, IL; 3Ophthalmology, John H. Stroger, Jr. Hospital of Cook
County, Chicago, IL.
Purpose: Previous studies from our laboratory have demonstrated
increased number of hemorrhages and superactivated platelets (SAPs)
in both primary open-angle glaucoma (POAG) and Alzheimer’s
disease. Notably inhibitors of the innate immune receptor toll-4
block SAPs in both diseases. To determine the possible causes of the
platelet activation and hemorrhages, viscosity of platelet rich plasma
(PRP) from POAG and controls was measured at low shear rates with
varying agonist concentrations.
Methods: Blood samples were obtained from control (n=3) and
POAG (n=3) patients after obtaining informed consent from subjects
and Institutional Review Board approval. PRP was isolated by
centrifugation. PRP in the presence of calcium was then stimulated
with graded amounts of thrombin with and without the presence
of selected toll-4 inhibitors—resveratrol (R), quercetin (Q), and a
μ-opiate antagonist (N)—to prevent increases in viscosity and fibrin
clot formation. Low shear rates between 50, 250 and 500 seconds-1
were applied for 6 minutes at 37○C using a cone-plate rheometer
(Brookfield). The rheometer detects the resistance to rotation (shear
stress) as a function of speed (shear rate). Viscosity was measured in
centipoises (cP) at 1 second intervals.
Results: At a low shear rate of 50 seconds -1, there is a significant
(p<0.02) increase in viscosity and responsiveness to thrombin in
POAG vs. control PRP as shown in Table 1. POAG PRP clots at
lower thrombin concentrations (2.3 fold; p<0.02).
Conclusions: The results showed a significant difference in
responsiveness to thrombin in POAG vs. control PRP at 50 seconds-1.
Notably, the toll-4 inhibitors prevent fibrin clot formation. The
mechano-transduction at low shear rate is most likely mediated by
an integrin. Notably, the fibrin cross-link is due to coagulation factor
XIII, a transglutaminase. Thus, our preliminary results suggest a
marked difference in PRP response to thrombin between control and
POAG PRP. POAG patients may be more likely to have clots and
hemorrhages at low shear rate, and thus, this observation may be
an important factor in the occurrence of hemorrhages in POAG and
other microvascular pathologies such as Alzheimer’s disease.
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Association between radiation, glaucoma subtype, and retinal
vessel diameter in atomic bomb survivors
Yoshiaki Kiuchi1, Masahide Yanagi1, Katsumasa Itakura1,
Ikuno Takahashi2, Waka Ohishi2. 1Ophthalmology & Visual Science,
Hiroshima University, Minami-ku, Japan; 2Radiation Effects
Research Foundation, Hiroshima, Japan.
Purpose:
The prevalence of normal tension glaucoma (NTG) increased with
radiation dose among Japanese atomic bomb survivors (Radiat
Res.2013;180:422-30), but the pathophysiology has been unclear.
Glaucoma is thought to be a multifactorial disease, and it is
hypothesized that abnormal ocular blood flow is involved in the
pathogenesis of glaucoma, and in particular NTG. We conducted
an observational cross-sectional study to examine the relationship
between glaucoma and retinal vascular caliber as markers of ocular
circulation, in relation to radiation dosage.
Methods:
In the Adult Health Study of Japanese atomic bomb survivors, 1,664
subjects were diagnosed with prevalent glaucoma and their retinal
photographs from 2006 to 2008 were included. Glaucoma was
diagnosed from disc cup ratio and visual field tests, and was classified
into primary open angle glaucoma (POAG), NTG, and primary
angle closure glaucoma (PACG) based on gonioscopic findings
and intraocular pressure. Central retinal artery and vein equivalents
(CRAE and CRVE) were calculated using a semi-automated software
program. Multiple linear regression analyses were used to identify
the associations between radiation exposure, glaucoma subtype, and
CRAE and CRVE.
Results: Baseline characteristics including age at examination
(ATE), sex, blood pressure, and radiation dose were heterogeneously
distributed across the glaucoma subtypes. Notably, patients with NTG
had higher mean radiation doses (731 mGy) than those with other
glaucoma subtypes (POAG, 341.8 and PACG, 203 mGy). Multiple
regression analyses showed that CRAE and CRVE had statistically
significant associations with ATE (P<0.001), smoking status
(P=0.03), and glaucoma subtypes (P<0.001). Decreases in CRAE
and CRVE in the NTG group were statistically significant compared
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to contol, while no relationships were found between radiation doses
and CRAE and CRVE.
Conclusions: Among the atomic bomb survivors, the smaller CRAE
and CRVE in NTG patients than in normal subjects may indicate
an association between ocular blood flow and the pathogenesis of
NTG. However, significant relationships between vessel calibers and
radiation exposure were not shown.
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Detection of dynamic changes in retinal vessel caliber in vivo
using steady-state fluorescein angiography
Blake H. Fortes1, Javier Nahmias1, Manuel Tapia2, Tsung-Han Chou2,
Giovanni L. Romano2, Vittorio Porciatti2, Luis E. Vazquez2.
1
Florida International University College of Med, Miami, FL;
2
Ophthalmology, Bascom Palmer Eye Institute-University of Miami,
Miami, FL.
Purpose: Decreased ocular perfusion is hypothesized to contribute to
retinal ganglion cell death in glaucoma. To study factors that regulate
ocular perfusion, we developed a method to measure in vivo changes
in retinal vessel caliber in response to oxygen and carbogen.
Methods: Fluorescein 100 mg/ml solution was injected
intraperitoneally (IP) in 6-month old C57/B6J mice. Mice were
subsequently anesthetized and imaged 15 minutes after IP injection
with a Heidelberg Retinal Angiography confocal scanning laser
ophthalmoscope, a 55° lens and a sensitivity set to 60. After baseline
imaging, mice were ventilated for 10 minutes with 100% oxygen, or
carbogen (30% CO2, 70% O2), followed by room air. Repeat imaging
using the same settings was acquired at 1 and 10 minutes of gas
inhalation and 2 minutes after return to room air. Average diameter of
8 separate 0.5mm-long retinal vessel segments from different vessels
were measured using ImageJ software (NIH). Vessel segments
selected had ~80% pixel brightness saturation in the baseline
image. Average diameter in the same segments after treatment were
compared to baseline using a paired t test. N refers to the number
of experiments using different mice on different days; p<.05 was
considered significant.
Results: The retinal vasculature was easily visualized with IP
injection of 10µl-100 µl fluorescein. 40 µl fluorescein had the most
stable fluorescence brightness over time; steady-state brightness was
observed at 15 minutes and lasted up to 30 minutes after IP injection.
100% oxygen resulted in a reduction in retinal vessel caliber
(0.71-fold of baseline; N=4, p<0.0001) at 1 minute after inhalation.
Conversely, carbogen resulted in an increase in retinal vessel caliber
(1.23-fold of baseline; N=4, p<0.0001) at 1 minute after inhalation.
Changes in caliber were observed throughout the entire vasculature,
including large and small vessels, as well as arteries and veins, and
persisted during the observation period of 10 minutes. Vessel caliber
returned to baseline 2 minutes after returning to room air.
Conclusions: We report a useful method for detecting dynamic,
bi-directional changes in mouse retinal vessel caliber in vivo. Data
from a companion abstract (Nahmias, et al) suggests vessel caliber
depends on retinal vascular smooth muscle tone. Co-measurement of
blood flow velocity is required to estimate dynamic changes in ocular
perfusion in future studies.
Commercial Relationships: Blake H. Fortes, None;
Javier Nahmias, None; Manuel Tapia, None; Tsung-Han Chou,
None; Giovanni L. Romano, None; Vittorio Porciatti, None;
Luis E. Vazquez, None
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Effect of intravitreal injections of calcium channel blockers on
retinal blood vessel caliber
Javier A. Nahmias1, Blake H. Fortes1, Manuel Tapia2,
Tsung-Han Chou2, Giovanni L. Romano2, Vittorio Porciatti2,
Luis E. Vazquez2. 1Florida International University Herbert Wertheim
College of Medicine, Miami, FL; 2Ophthalmology, Bascom Palmer
Eye Institute-University of Miami, Miami, FL.
Purpose: Calcium channel blockers (CCB) vasodilate blood vessels
by decreasing vascular smooth muscle tone. We test the effects of
intravitreal injections of nicardipine and verapamil on retinal blood
vessel caliber using in vivo fluorescein angiography (FA).
Methods: 6-month old C57/B6 mice were given intraperitoneal
injections of 40uL of fluorescein and anesthetized with 150uL
of ketamine/xylazine mixture. Baseline images were taken 15
minutes after injections to allow the fluorescein to reach steadystate circulation. FA images of the retinal blood vessels, centered on
the optic disc, were taken utilizing a Multiline Heidelberg Retinal
Angiography confocal scanning laser ophthalmoscope with a 55°
lens, and sensitivity set to 60. After baseline imaging, 1uL intravitreal
(IV) injections of 0.2mg/mL nicardipine or 2.5mg/mL verapamil
were administered. FA images were taken 1 minute and 10 minutes
after administration of drugs. The results were analyzed with
ImageJ software using the area measurement within 4 consecutive
bounding rectangles in 2 adjacent vessels to account for effects on
retinal arteries and veins. Vessel regions selected for inclusion within
bounding rectangles were those with ~80% pixel saturation. The ratio
of post-injection area to pre-injection area obtained for each drug
was compared using the paired t-test, with p<.05 indicating statistical
significance.
Results: Intravitreal injection of nicardipine resulted in a significant
increase in retinal vessel caliber (1.32-fold of baseline; N=3,
p<0.0001) within 1 minute of administration. Measurements taken
10 minutes post intravitreal nicardipine showed retinal vessel caliber
returning to baseline. Similar results were observed at 1 minute after
with intravitreal verapamil (1.50-fold of baseline; N=3, p<0.0001),
vessel caliber significantly decreased 10 minutes after intravitreal
verapamil (-1.13-fold of baseline; N=3, p=0.0007).
Conclusions: Preliminary data supports the use of intravitreal
administration of nicardipine and verapamil to increase vessel
caliber. However, the short duration of action is unlikely to have a
significant effect in retinal perfusion in chronic conditions such as
glaucoma. Formulations or pharmacological agents with long-lasting
vasodilatory effects will be tested in future studies.
Commercial Relationships: Javier A. Nahmias, None;
Blake H. Fortes, None; Manuel Tapia, None; Tsung-Han Chou,
None; Giovanni L. Romano, None; Vittorio Porciatti, None;
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The Association of Retinal Vessel Diameter and Intraocular
Pressure with Maximum Cup Depth: the Handan Eye Study
Qing Zhang1, zheng zhang1, Yuanbo Liang2, Fenghua Wang1,
Ravi Thomas3, Ningli Wang1. 1Beijing Tongren Hospital, Capital
Medical University, Beijing, China; 2School of Ophthalmology
& Optometry, Wenzhou Medical College, WENZHOU, China;
3
Queensland Eye Institute,University of Queensland, Brisbane, QLD,
Australia.
Purpose: To study the association between intraocular pressure
(IOP), and diameter of retinal vessels (central retinal arteriolar
equivalent and central retinal venular equivalent [CRVE]) with
maximum cup depth (MCD) in subjects with and without primary
open angle glaucoma (POAG) in the population-based study.
Methods: All individuals who participated in the population-based
Handan Eye Study (HES) who had gradable fundus photographs and
Hiedelberg Retinal tomography (HRT 2) images were eligible for
inclusion. The association of maximum cup depth (MCD) with IOP,
central retinal arteriolar equivalent (CRAE)and central retinal venular
equivalent (CRVE)as measured on fundus photographs) while
adjusting for other confounders was determined.
Results: Data from forty subjects with and 4194 non-glaucoma
without POAG from the HES who fulfilled the inclusion and
exclusion criteria were analyzed. On univariable analysis, MCD
was significantly associated with younger age, male gender, lower
mean systolic blood pressure, lower refractive error, higher IOP,
longer axial length, narrower CRAE, narrower CRVE, larger disc
area, and with lower prevalence of hypertension, and diabetes. On
multivariable analysis the significant independent determinants
of MCD were larger disc area (DA) (P<0.001; standardized beta
coefficient: 0.43; correlation coefficient B: 0.21; 95%CI: 0.20 0.23), younger age (P<0.001; beta: -0.10; B: -0.002; 95%CI: -0.003
- 0.001), male gender (P<0.001; beta: -0.08; B: -0.03; 95%CI: -0.05
- 0.02), higher IOP (P=0.02; beta: 0.04; B: 0.003; 95%CI: 0.000 0.005), diagnosis of POAG (P<0.001; beta: 0. 0.08; B=0.17; 95%CI:
0.100 - 0.236), narrower CRAE (P<0.001; beta: -0.06; B=-0.001;
95%CI: -0.001, - <0.001). The association between narrow CRAE
and deeper maximum cup depth was stronger than for other optic disc
parameters (P≥0.210).
Conclusions: An increased MCD was significantly associated
with higher IOP and narrower CRAE while ajusted for other
confounders in the Chinese adult population. As MCD is a marker of
glaucomatous optic nerve damage (ONH), our findings lend support
to the role of both intraocular pressure factor as well as vascular
factors in the pathogenesis of ONH damage in POAG.
Commercial Relationships: Qing Zhang, None; zheng zhang,
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None; Ningli Wang, None
Support: This study was supported by a grant from the Special
Research Fund of Ministry of Health of the People’s Republic of
China (No.201002019)

Program Number: 741 Poster Board Number: B0488
Presentation Time: 1:30 PM–3:15 PM
Baseline macular thickness correlates more strongly with changes
in retinal capillary blood flow in open angle glaucoma patients
with diabetes mellitus after 4 years
Alice Chandra Verticchio Vercellin1, Alon Harris2, Brent A. Siesky2,
Nathaniel Kim2, Tyler Knight2, Adrienne Ng2, George Eckert3,
Yara Catoira-Boyle2, Josh C. Gross2. 1University Eye Clinic, IRCCS
Policlinico San Matteo, Pavia, Italy; 2Ophthalmology, Indiana
University School of Medicine, Indianapolis, IN; 3Biostatistics,
Indiana University, Indianapolis, IN.
Purpose: To examine the relationship between baseline macular
thickness and changes in retinal capillary blood flow in open angle
glaucoma (OAG) patients with and without diabetes mellitus (DM)
over 4 years.
Methods: 82 patients with OAG (16 with DM, 66 without DM)
were evaluated for baseline macular thickness by optical coherence
tomography and retinal capillary blood flow by Heidelberg retinal
flowmetry (HRF) every 6 months for 4 years. Pearson correlations
were used to test for associations between measurements with p<0.05
considered statistically significant.
Results: In OAG patients with DM, baseline outer nasal macular
thickness (r=-0.64, p<0.01), inner nasal macular thickness (r=-0.77,
p<0.00), outer temporal macular thickness (r=-0.53, p<0.04), and
inner temporal macular thickness (r=-0.77, p<0.00) were negatively
and significantly correlated with changes in the percentage of
avascular area in the superior retina. In non-DM patients, these
relationships were weakly correlated and significantly different
compared to OAG patients with DM (all comparisons p<0.05).
The percentage of avascular area in the inferior retina did not differ
significantly between groups.
Conclusions: In OAG patients with DM, lower baseline macular
thickness was associated with decreasing retinal capillary blood flow
after 4 years.
Commercial Relationships: Alice Chandra Verticchio Vercellin,
None; Alon Harris, Ono Pharmaceuticals (C), Stemnion Inc. (C),
Nano Retina (C), Oxymap (I), Biolight (C), AdOM (C), Nano Retina
(I), Isarna Therapeutics (C), Science Based Health (C), AdOM (I);
Brent A. Siesky, None; Nathaniel Kim, None; Tyler Knight, None;
Adrienne Ng, None; George Eckert, None; Yara Catoira-Boyle,
None; Josh C. Gross, None
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Changes in blood pressure and ocular perfusion pressure are
associated with functional progression in open-angle glaucoma
patients with diabetes mellitus after 5 years
Colin Ridenour1, Alon Harris1, Brent A. Siesky1, Alice
Chandra Verticchio Vercellin2, Tyler Knight1, Aaditya Shah1,
Christian P. Jonescu-Cuypers3, Josh C. Gross1. 1Ophthalmology,
Indiana University School of Medicine, Indianapolis, IN;
2
University Eye Clinic, IRCCS Policlinico San Matteo, Pavia, Italy;
3
Neurosciences Cliniques, Ophthalmology, Hôpitaux Universitaires
de Genève, Genève, Switzerland.
Purpose: To examine the relationship between blood pressure and
ocular perfusion pressure and functional progression in open-angle
glaucoma (OAG) patients with and without diabetes mellitus (DM)
over 5 years.
Methods: 111 patients with intraocular pressure (IOP) controlled
OAG (21 with DM, 90 without DM) were evaluated for baseline
blood pressure (BP) and systolic and diastolic ocular perfusion
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pressure (SPP, DPP) every 6 months for 5 years. Functional
progression, evaluated by 24-2 Swedish interactive threshold
algorithm visual field (VF) (Humphrey), was defined as 2 consecutive
visits with a mean deviation decrease ≥ 2 compared to baseline and/or
advanced glaucoma intervention study (AGIS) increase ≥ 2 compared
to baseline. Mixed-model ANCOVA was used to test for statistically
significance changes from baseline to 5-year follow-up. Time to
functional progression was analyzed using Cox proportional hazards
survival analysis. Interactions were tested to determine if the effects
of the factors on progression time differed by diabetic status.
Results: Systolic BP decreased -9.41 (95% CI=-19.73, 0.92)
(p=0.07) in patients with DM and significantly decreased -5.93
(-10.68, -1.18)(p=0.01) in patients without DM over 5 years. IOP
(mmHg) significantly decreased -3.36 (-5.59, -1.13)(p<0.01) in
DM patients and decreased -0.94 (-1.97, 0.10)(p=0.08) in patients
without DM over 5 years. In DM patients, changes in systolic BP
(Hazard Ratio (HR)=1.07) (1.01, 1.12) and SPP (HR=1.08) (1.01,
1.15) were associated with shorter time to functional progression.
Hazard ratios were higher and significantly different for patients with
DM compared to patients without DM (systolic BP: p=0.01; SPP:
p=0.02). There were no significant differences regarding diastolic BP
between patients with and without DM.
Conclusions: In OAG patients with DM, changes in systolic BP and
SPP are associated with a shorter time to functional progression after
5 years.
Commercial Relationships: Colin Ridenour, None;
Alon Harris, Ono Pharmaceuticals (C), Stemnion Inc. (C),
Nano Retina (C), Oxymap (I), Biolight (C), AdOM (C), Nano
Retina (I), Isarna Therapeutics (C), Science Based Health (C),
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Retinal capillary blood flow is more strongly correlated with
blood pressure parameters and intraocular pressure in male
glaucoma patients
Tyler Knight1, Alon Harris1, Alice Chandra Verticchio Vercellin2,
Josh C. Gross1, Colin Ridenour1, Aaditya Shah1, Darrell WuDunn1,
Brent A. Siesky1. 1Ophthalmology, Indiana University School
of Medicine, Indianapolis, IN; 2University Eye Clinic, IRCCS
Policlinico San Matteo, Pavia, Italy.
Purpose: To assess the relationship between blood pressure
parameters, intraocular pressure (IOP), and retinal capillary blood
flow in males and female patients with primary open angle glaucoma
(OAG).
Methods: 42 patients with OAG (18 males, 24 females) were
assessed for blood pressure using an automated ambulatory blood
pressure monitor. Intraocular pressure (IOP) was measured using
Goldmann applanation tonometry, and retinal capillary blood
flow was assessed with Heidelberg Retinal flowmetry (HRF).
Pearson correlation and multivariate linear regression analysis were
performed with p<0.05 considered statistically significant.
Results: In male OAG patients, the percentage of avascular area in
the superior retina was positively and significantly correlated with
IOP (r=0.52, p=0.02) and systolic blood pressure (SBP) (r=0.48,
p=0.04). The percentage of avascular area in the inferior retina was
positively correlated with IOP (r=0.34, p=0.16) and positively and
significantly correlated with SBP (r=0.49, p=0.04). In addition,
mean arterial pressure (MAP) (r=0.52, p=0.02) and diastolic blood

pressure (DBP) (r=0.56, p=0.02) were positively and significantly
correlated with IOP in male patients. In female OAG patients, these
relationships were weakly correlated and insignificant compared to
male OAG patients (all comparisons p>0.05)
Conclusions: In male OAG patients, retinal capillary blood flow was
more strongly correlated with blood pressure and IOP compared to
female OAG patients.
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Retinal capillary blood flow in open-angle glaucoma patients of
African descent decreases more over time compared to patients of
European descent
Brent A. Siesky1, Alon Harris1, Alice Chandra Verticchio Vercellin2,
Nathaniel Kim1, Ingrida Januleviciene3, Amelia Huang1, June Geng1,
Yara Catoira-Boyle1, Josh C. Gross1. 1Ophthalmology, Indiana
University School of Medicine, Indianapolis, IN; 2University Eye
Clinic, IRCCS Policlinico San Matteo, Pavia, Italy; 3Ophthalmology,
Lithuanian University of Health Sciences, Kaunas, Lithuania.
Purpose: To examine the changes in retinal capillary blood flow in
open angle glaucoma (OAG) patients of African (AD) and European
descent (ED) over 3, 4, and 5 years.
Methods: OAG patients of AD and ED were assessed every
6 months for 3 years (18 AD, 58 ED), 4 years (20 AD, 59 ED), and 5
years (7 AD, 23 ED) for retinal capillary blood flow using Heidelberg
retinal flowmetry (HRF). Mixed-model ANCOVA was used to test for
statistically significant changes at 3, 4, and 5-year follow-up, and to
test the differences between groups.
Results: In OAG patients of AD, the percentage of avascular area
in the inferior retina significantly increased by 3.30% at 3 years
(95% CI=1.30%, 5.00%; p<0.00), 4.20% at 4 years (1.90%, 6.20%;
p<0.00), and 4.20% at 5 years (1.30%, 6.60%, p<0.01). In OAG
patients of ED, the percentage of avascular area in the inferior retina
increased by 0.10% at 3 years (-1.30%, 1.40%; p=0.86), 1.30% at
4 years (-0.50%, 3.00%; p=0.14), and 0.80% at 5 years (-1.20%,
2.70%; p=0.41). These changes in ED patients were smaller and
insignificant, leading to significant differences between groups
(p=0.01 at 3 years; p=0.03 at 4 years; p=0.04 at 5 years). The
percentage of avascular area in the superior retina did not differ
significantly between groups.
Conclusions: In OAG patients of AD, retinal capillary blood flow
significantly decreases more over time compared to OAG patients of
ED.
Commercial Relationships: Brent A. Siesky, None; Alon Harris,
Ono Pharmaceuticals (C), ScienceBased Health (C), Oxymap
(I), Nano Retina (C), AdOM (C), Biolight (C), Nano Retina
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Association between nocturnal hypotension and optic disc
hemorrhage in glaucomatous eyes
Amitabha S. Bhakta, Arindel Maharaj, David S. Greenfield. Bascom
Palmer Eye Institute, University of Miami Miller School of Medicine,
Palm Beach Gardens, FL.
Purpose: Low diastolic perfusion pressure is an established risk
factor for glaucoma onset and progression. The purpose of this study
was to prospectively examine 24-hour blood pressure (BP) and
daytime mean ocular perfusion pressure (MOPP) in glaucomatous
eyes with and without optic disc hemorrhage (ODH).
Methods: Open-angle glaucoma patients meeting enrollment criteria
were prospectively enrolled. Baseline examination consisted of
complete ocular exam, standard automated perimetry, optic disc
photography. Eyes were classified based upon the presence (DH) or
absence (NDH) of disc hemorrhage. All oral and ophthalmologic
medications were recorded. Patients had their systemic BP monitored
every 60 minutes for 24 hours using an ambulatory recording
device (Welch Allyn ABPM 6100, Skaneateles Falls, NY). Diurnal
BP measurements were defined as recordings from 8 AM - 9 PM;
nocturnal measurements from 10 PM - 7 AM. Nocturnal hypotension
was defined as ≥ 10 mmHg difference between mean diurnal and
mean nocturnal mean arterial pressure (MAP). In-office daytime IOP
and seated BP measurements were obtained at four time points (8:00
AM, 10:00 AM, 12:00 PM, and 4:00 pm) and MOPP was calculated
[2/3 MAP – IOP].
Results: Twenty-three eyes of 23 patients were enrolled (15 NTG,
8 POAG) Ten patients were classified as having DH at enrollment;
13 patients had NDH. Mean age (75.4 ± 7.1 vs 71.4 ± 9.0 yrs; p =
0.24) and visual field mean deviation (-5.5 ± 4.0 vs -6.5 ± 6.7 dB; p
= 0.65) were similar between the DH and NDH groups, respectively.
Mean daytime IOP (12.3 ± 1.6 mmHg, 12.5 ± 2.6 mmHg, p =0.86),
MAP (91.6 ± 8.6, 93.6 ± 8.1 mmHg; p = .59) and MOPP (53.9 ± 5.4,
54.7 ± 4.6 mmHg; p = 0.70) were similar between the DH and NDH
groups, respectively. Nocturnal MAP was lower (79.0 ± 7.1 vs 87.9
± 14.3 mmHg, p = .07) in the DH group. Nocturnal hypotension was
observed in 8 of 10 (80%) DH patients compared to 4 of 13 (30.8%)
NDH patients (p = .04).
Conclusions: Glaucomatous eyes with DH are associated with
reduced nocturnal MAP which may contribute to the pathogenic
mechanism of impaired optic nerve perfusion.
Commercial Relationships: Amitabha S. Bhakta;
Arindel Maharaj, None; David S. Greenfield, None

and Knepper Ltd. and Northwestern University, Department
of Ophthalmology). POAG status, refractive error (RE) and
demographic information were obtained for all enrolled POAG
(n=75) and control (n=144) subjects. Only subjects myopic in at
least one eye were enrolled in the study. RE ≤ -3 diopters (D) and -3
D < RE < 0 D were considered high- and low-myopic respectively.
Presence of nailfold hemorrhages was determined with video
capillaroscopy as described in [IOVS 2015], and expressed as a
count per 100 capillaries. Subjects with ≥2 and <2 hemorrhages per
100 capillaries were considered positive and negative for significant
nailfold hemorrhages respectively.
Univariate and multivariable-adjusted logistic regression analyses
were conducted to investigate association between myopia and the
presence or non-presence of POAG (model 1), or significant nailfold
hemorrhage (model 2). Odds ratios (ORs) and 95% confidence
intervals (CIs) were calculated. Model 1 was adjusted for age, sex,
race, and study site. Model 2 was adjusted for age, race and study
site. All analysis was performed with SAS 9.4.
Results: A total of 219 myopic subjects were enrolled in the study.
Of the 75 POAG subjects, 23 (31%) were considered high myopic.
Univariate analysis revealed slight positive, but non-significant
relationships between high myopia and the presence of POAG: OR =
1.2 (95% CI, 0.6-2.2) and ≥2 nailfold hemorrhages: OR = 1.3 (95%
CI, 0.7-2.4). Adjustment reveals stronger, significant relationships
between high myopia and either POAG: OR = 3.1 (95% CI, 1.3-8.3,
P ≤ .0250) or ≥2 nailfold hemorrhages: OR = 3.0 (95% CI, 1.4-6.6, P
≤ .0069).
Conclusions: This study provides statistical evidence of an
association between high myopia and increased odds of both POAG
and nailfold hemorrhages. Thus, high myopia may be a cofactor in
POAG.
Commercial Relationships: Michael D. Miazga, None;
Indre Bielskus, None; Nicholas M. Pfahler, None;
Angelo P. Tanna, None; Nicholas J. Volpe, None;
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Paul A. Knepper, Testog Inc. (P)

Program Number: 746 Poster Board Number: B0493
Presentation Time: 1:30 PM–3:15 PM
High myopia in POAG and nailfold hemorrhages
Michael D. Miazga1, Indre Bielskus1, Nicholas M. Pfahler1,
Angelo P. Tanna2, Nicholas J. Volpe2, Michael Giovingo3,
Zibute Zaparackas2, Paul A. Knepper1, 2. 1Ophthalmology and
Visual Sciences, University of Illinois at Chicago, Chicago,
IL; 2Ophthalmology, Northwestern University, Chicago, IL;
3
Ophthalmology, John H. Stroger, Jr. Hospital, Chicago, IL.
Purpose: POAG is a common debilitating disease without known
cause. Several systemic risk factors have been implicated in POAG
etiology including nailfold hemorrhages, systemic hypotension and
migraine. Myopia has also been associated with POAG. The purpose
of this study is to elucidate relationships between myopia, POAG
and nailfold hemorrhage by modeling high myopia as an exposure
variable in POAG and increased nailfold hemorrhages.
Methods: A cross-sectional case-control study was conducted among
two study sites in Chicago, Illinois (the practice of Zaparackas
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