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A comparison of OCT peripapillary and disc measures among
non-arteritic ischemic optic neuropathy (NAION), open-angle
glaucoma (OAG), and healthy controls
Thet Naing1, Seung Lee1, Lynn Shi2, 1, Jeffrey Odel2, Robert Ritch3,
Donald Hood1, 2. 1Psychology, Columbia University, New York,
NY; 2Ophthalmology, Columbia University, New York, NY;
3
Ophthalmology, New York Eye & Ear Infirmary, New York, NY.
Purpose: To better understand the effects of NAION and OAG on
neural and non-neural tissue in and around the disc, we used optical
coherence tomography (OCT) and compared various measures
including Bruch’s membrane opening-minimum rim width
(BMO-MRW), horizontal rim width (BMO-HRW), and peripapillary
retinal nerve fiber layer (pRNFL) thickness among patients with
NAION and OAG, and healthy controls.
Methods: 10 eyes with NAION (64.9±12.2yrs), 10 eyes with
OAG (66.3±14.0yrs), and 10 age-similar healthy control eyes
(66.3±14.0yrs) had 12 radial line scans centered on the optic disc
acquired using swept-source OCT (DRI-OCT, Topcon). OAG eyes
were pairwise selected to match the NAION eyes; each pair matched
in age, 24-2 mean deviation (-16.2±2.7 vs. 16.4±3.3, P=0.96), and
region of field loss. A region of interest (ROI) was defined as
3 consecutive radial line scans through the portion of the disc with
damage. For the ROI in NAION, OAG, and their matched controls,
we determined: BMO-HRW, lamina cribrosa thickness (LCT),
anterior lamina cribrosa depth (ALD), and minimum pre-laminar
tissue thickness (PLT). Additionally, on each radial line scan, we
measured the BMO-MRW and pRNFL (at 1.7 mm from disc center)
thickness. One-way analysis of variance and the Kruskal–Wallis
H test were used to compare among groups, where appropriate.
Pairwise comparisons were adjusted for multiple comparisons using
the Bonferroni method.
Results: Table 1 summarizes the results. Compared to healthy eyes,
NAION eyes had similar LCT [1] and BMO-MRW. Compared to
OAG eyes, NAION eyes had similar pRNFL thickness, both of which
were thinner than healthy eyes (Fig. 1, top, bars are ±1SE). However,
NAION and healthy eyes had thicker MRW (Fig. 1, bottom), HRW,
LCT and PLT than OAG eyes. Interestingly, HRW, MRW/pRNFL
and HRW/pRNFL were all larger in NAION than in OAG or healthy
eyes.
Conclusions: Prelaminar and lamina cribrosa thickness, and MRW/
pRNFL and HRW/pRNFL ratios, differ in NAION and OAG eyes.
OCT scans of the disc may be used in distinguishing between
NAION and glaucoma. 1. Fard et al., IOVS, 2016.
Commercial Relationships: Thet Naing, None; Seung Lee,
None; Lynn Shi, None; Jeffrey Odel, None; Robert Ritch, None;
Donald Hood, Heidelberg Engineering (F), Heidelberg Engineering
(R), Topcon, Inc. (R), Topcon, Inc. (F)
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Utility of optical coherence tomographic angiography in
evaluation of afferent neuro-ophthalmic disease
Eric D. Gaier1, 2, Aubrey L. Gilbert1, 2, Joseph F. Rizzo1, 2,
Dean M. Cestari1, 2, John B. Miller1, 2. 1Ophthalmology,
Massachusetts Eye and Ear Infirmary, Boston, MA; 2Ophthalmology,
Harvard Medical School, Boston, MA.
Purpose: Optical coherence tomographic angiography (OCT-A) is
a powerful emerging tool for visualizing the microvasculature of the
posterior pole in a laminar fashion with micrometer precision and in
a non-invasive manner. We set out to explore the utility of OCT-A
in the evaluation of non-glaucomatous optic neuropathies with the
goal of providing pathophysiologic insight and advancing diagnostic
capability.
Methods: OCT-A (AngioVue, Optovue or AngioPlex, Zeiss) was
performed on 1 patient with Leber hereditary optic neuropathy
(LHON), 2 patients with visually significant optic nerve head drusen
(ONHD), and 8 patients with acute ischemic optic neuropathy
(4 arteritic and 4 non-arteritic). Normal-sighted subjects served as
controls.
Results: Optic nerve OCT-A findings varied across different
etiologies of optic neuropathy. Temporal peripapillary capillary
dilation was evident in both the acutely affected eye and the fellow
eye of the patient with LHON. The patients with ONHD showed
focal capillary drop-out in the areas associated with visually
significant superficial drusen. Three of four optic discs affected
by acute non-arteritic anterior ischemic optic neuropathy showed
dilation, and one showed attenuation, of the peripapillary capillary
network that corresponded to optic nerve head edema and visual field
loss. The 4 patients with arteritic optic neuropathy demonstrated focal
areas of capillary drop-out in a non-sectoral pattern.
Conclusions: OCT-A analysis produced distinct findings between
and within categories of optic neuropathy. These findings could
provide new diagnostic utility in distinguishing overlapping clinical
presentations of optic neuropathy. Continued work in this area
could help further elucidate underlying pathophysiology and yield
prognostic data for patients with optic neuropathies.
Commercial Relationships: Eric D. Gaier, None;
Aubrey L. Gilbert, None; Joseph F. Rizzo, Bionic Eye Technologies
(I), Visus Technologies (I), Magic Leap, Inc (C); Dean M. Cestari,
None; John B. Miller, Allergan (C)
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A prospective, randomized clinical trial evaluating the effect of
transcorneal electrical stimulation on visual function
Olivia Y. Wang1, Ann P. Murchison2, Lisa A. Hark1,
Benjamin T. Leiby3, Safa Siraj2, Sayali Kale2, Daniel Kim1,
Kamal Shair2, Robert Sergott2, Mark Moster2, Larry Donoso2,
Jurij R. Bilyk2, Julia A. Haller2. 1Sidney Kimmel Medical College,
Philadelphia, PA; 2Research, Wills Eye Hospial, Philadelphia, PA;
3
Biostatistics, Thomas Jefferson University, Philadelphia, PA.
Purpose: Traumatic optic neuropathy (TON), non-arteritic anterior
ischemic neuropathy (NAION), and optic neuritis associated with
multiple sclerosis (MS) can lead to untreatable visual compromise.
To improve visual outcomes for these populations, new therapies
are needed. The purpose of this prospective, randomized, shamcontrolled study is to investigate the technical feasibility and efficacy
of transcorneal electrical stimulation (TES) to improve visual
function in participants diagnosed with TON, NAION, and optic
neuritis due to MS.

Methods: Eligible participants with visual acuity (VA) worse
than 20/40 and with no other ophthalmic diseases were recruited
from the Wills Eye Hospital Emergency Department and NeuroOphthalmology clinics and randomized into treatment or
sham-treatment groups for TES. After baseline testing for visual
function, quality of life, and cognitive function, participants received
30 minutes of treatment or sham-treatment per week for 6 weeks.
Sham-treatment participants then received 6 weeks of treatment.
Repeat visual function testing was performed 1-week, 3 months,
and 6 months post-treatment. The primary outcome measure for this
study was the mean change in LogMAR values for VA. This report
describes the baseline data for those enrolled and evaluates rate of
adverse events.
Results: A total of 96 participants enrolled in the study between
7/10/2013 and 9/9/2016 and baseline data are reported. Thirteen
participants had TON, 69 had NAION, and 14 had optic neuritis
associated with MS. Thirty-eight (39.6%) participants were female
and the mean age was 58 years. The mean VA (LogMar) was 0.9 in
the TON group, 1.2 in the NAION group, and 0.9 in the MS group.
The mean National Eye Institute Visual Functioning Questionnaire
(NEI-VFQ-25) score was 62.5 in the TON group, 64.2 in the NAION
group, and 66.9 in the MS group. Sixty-four (67%) were assigned
to the TES treatment group and 32 (33%) received the initial sham
treatment. No participants experienced any adverse events associated
with TES.
Conclusions: This abstract presents baseline data for a 4-year
prospective sham-controlled clinical trial. Although enrolling TON
participants was challenging, it is feasible to enroll participants with
NAION and MS in this study and enrollment is complete. Results of
visual function improvement after TES are under analysis and will be
reported in the future.
Commercial Relationships: Olivia Y. Wang, None;
Ann P. Murchison, None; Lisa A. Hark, None; Benjamin T. Leiby,
None; Safa Siraj, None; Sayali Kale, None; Daniel Kim, None;
Kamal Shair, None; Robert Sergott, None; Mark Moster, None;
Larry Donoso, None; Jurij R. Bilyk, None; Julia A. Haller, None
Support: Department of Defense Grant W81XWH-12-2-0097
Clinical Trial: NCT02019927
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A Decision Analytic Approach for the Management of a Patient
with Suspected Giant Cell Arteritis
Mikel Mikhail1, Leonard A. Levin1, 2. 1Ophthalmology, McGill
University, Montreal, QC, Canada; 2Ophthalmology and Visual
Science, University of Wisconsin, Madison, WI.
Purpose: Giant cell arteritis (GCA) is a significant cause of visual
and systemic morbidity in the elderly. Despite our improved
knowledge of the disease, it is not always obvious when to perform
temporal artery biopsy (TAB) and/or treat with corticosteroids.
To optimize decision-making in GCA, we created an updated
evidence-based formal decision tree analysis to help clinicians
manage suspected GCA.
Methods: A computer-based decision analytic model was created
using TreeAgePro software (TreeAge, Williamstown, MA). This
decision tree reflected common diagnostic and therapeutic options for
a patient with suspected GCA. Distributions for pooled probabilities
and utilities were derived from a comprehensive literature search.
Using utility analysis, the decision model selects the diagnostic
and therapeutic pathway resulting in the least possible disutility
for a pre-defined set of patient characteristics on presentation. The
model assumes that all patients receive laboratory testing prior to
the decision whether or not to perform a unilateral or bilateral TAB
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and/or begin treatment. This is the first decision model incorporating
C-reactive protein (CRP) in its algorithm.
Results: The choice of omitting biopsy and treatment vs. performing
a unilateral or bilateral biopsy vs. instituting empiric treatment
without biopsy depends on several factors, including patient age,
symptoms and laboratory testing. These factors were used to
calculate the pretest probability of GCA being present. The optimal
decision depends on the pretest probability of disease. A biopsy is
recommended when there is visual loss and the prior probability of
GCA is 1.1-93.8 %, with a unilateral biopsy (and no further biopsy if
negative) favored for 1.1-7.6%, a bilateral biopsy for 7.7-76.5%, and
a unilateral biopsy (and a contralateral biopsy if negative) for 76.693.8%. A sufficiently high pre-test probability (> 93.8% and > 97.2%
in patients with and without vision loss at presentation respectively)
favors empiric steroid treatment.
Conclusions: In GCA, the disease, biopsy, and steroid treatment can
result in significant patient morbidity. The decision whether to forego
any further diagnostic modalities or treatment, perform a unilateral
vs. bilateral TAB, or empirically treat a patient with suspected GCA,
is challenging. This decision model provides an evidence-based
method for choosing the optimal pathway for each patient.
Commercial Relationships: Mikel Mikhail, None;
Leonard A. Levin, Inotek (C), Aerie (C), Regenera (C), Quark (C),
Wisconsin Alumni Research Foundation (P), GSK (C)
Support: NIH R21 R21 EY025074 and P30EY016665; Canada
Research Chairs; Canadian Foundation for Innovation
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Histologic markers for determining prognosis in patients with
treated or healing giant cell arteritis
Harris C. Sultan1, 2, Patricia Chevez-Barrios2, Andrew G. Lee2, 1.
1
Ophthalmology, University of Texas Medical Branch, Galveston,
TX; 2Ophthalmology, Houston Methodist Hospital, Houston, TX.
Purpose: Recent advances in the understanding of the immunology
of giant cell arteritis (GCA) have suggested that chemokines
expressed by vascular endothelium attract CD68+ macrophages
to infiltrate the vessel wall and to contribute to the vaso-occlusive
disease of GCA. We hypothesize that the presence of these cells
along the internal elastic lamina (IEL) of temporal artery biopsies
(TAB) predict the prognosis for patients with treated or healing
disease.
Methods: This is a retrospective, observational clinical study,
correlating clinical data with pathology specimens. The patients
were seen at the Blanton Eye Institute in Houston, TX and TABs
were reviewed at Houston Methodist Hospital. Only TABs from
patients with treated or healing arteritis were reviewed. The primary
outcome measure was to define the number of CD68+ macrophages
at the level of the IEL per histologic section with relation to
clinical outcomes (referral to rheumatology, need for further
immunomodulators, and recurrence of disease). Interval data was
compared using one-way-ANOVA, while nominal data was compared
using Chi-square analysis.
Results: A total of 42 patients were reviewed, 15 male and
27 female. Average age of diagnosis was 72 with a mean follow up of
57 weeks. Seventeen patients had recurrence of disease during their
steroid taper, 25 were referred to rheumatology, and 11 were placed
on immunomodulators including methotrexate, azathioprine, and
tocilizumab among others.
When controlling for number of days on steroids prior to TAB, the
number of disease recurrences were directly correlated to the number
of CD68+ cells per histologic section (p=0.037, One-way ANOVA).
Sections with greater than 2-CD68+ cells per slice were correlated

with a greater chance of being placed on immunomodulators
(p=0.038), however referral to rheumatology was not (p=0.713,
Chi-square with Fisher’s Exact test).
Conclusions: The CD68+ macrophage marker and the location of
these cells on the IEL can be a useful way to prognosticate clinical
course in patients with treated or healing GCA. Patients refractory to
initial steroid tapers were found to have increased number of CD68+
cells per section. Although referral to rheumatology was not found
to be significant likely due to provider preferences, identifying an
average of 2 or more CD68+ cells per section may predict likelihood
of being placed on immunomodulator treatment.
Commercial Relationships: Harris C. Sultan, None;
Patricia Chevez-Barrios, None; Andrew G. Lee, None
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Systematic review and meta-analysis of the association between
giant cell arteritis and herpes viruses
Magdalena Niestrata-Ortiz1, 2, Baljean Dhillon2, Elzbieta Kaczmarek3.
1
Ophthalmology, Northampton General Hospital, London, United
Kingdom; 2Ophthalmology, Edinburgh University, Edinburgh, United
Kingdom; 3Poznan University of Medical Sciences, Poznan, Poland.
Purpose: The aetiology of giant cell arteritis (GCA) remains
incompletely understood. Recently, a new hypothesis has emerged
proposing an antigen-driven process and viruses have been suggested
as potential triggering antigens. Proving such an association would
have important implications for the treatment. We performed a
systematic review and meta-analysis to evaluate the evidence for the
association between GCA and herpes viruses.
Methods: Following a systematic search of PubMed, Medline,
Embase, Web of Science and Cochrane databases, suitable studies
were identified which investigated the presence of herpes viruses in
patients with temporal arteritis. The critical appraisal was performed
and included the Newcastle-Ottawa Scale scoring. The heterogeneity
was determined by means of the I2 statistic, complemented with the
Cochran’s Q test. Pooled odds ratios and pooled proportions of GCA
patients positive for each virus with 95% confidence intervals were
calculated using a random-effect model. Sensitivity analyses were
performed were appropriate.
Results: Thirteen observational studies, with 1267 participants, were
included in the systematic review and meta-analysis. A statistically
significant increased risk of varicella virus presence in GCA
patients was identified, with a pooled odds ratio of 7.534 (95%CI:
3.642-15.587; p<0.001). The studies were statistically highly
homogenous with the I2 of 0.00% (95%CI: 0.00-0.00%; Q=0.1505;
p=0.6981). The pooled odds ratios for the presence of HSV and EBV
viruses were 4.974 (95%CI: 0.0615-402.069, p=0.474) and 0.183
(95%CI: 0.00325-10.270; p=0.408), respectively. These studies
were highly heterogeneous with the I2 of 88.69% (95%CI: 57.1097.02%; Q=8.8386; p=0.0029) and 83.56% (95%CI: 31.83-96.04%;
Q=6.0834; p=0.0136) for studies investigating the HSV and EBV
presence, respectively. The pooled proportions of virus positive
GCA patients were 9.451%, 12.965%, 0.965%, 9.820%, 4.014% and
0.352% for VZV, HSV, CMV, EBV, HHV6 and HHV7, respectively.
Conclusions: The analysis implies a possibility of an increased risk
of VZV presence in GCA patients. No significant association was
shown between GCA and other herpes viruses. Large methodological
differences were noted between the studies and several potential
sources of bias were identified. Further robust studies are required
to reliably evaluate any association between VZV and other herpes
viruses and GCA.
Commercial Relationships: Magdalena Niestrata-Ortiz, None;
Baljean Dhillon, None; Elzbieta Kaczmarek, None
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Aetiologies of Giant Cell Arteritis: A Systematic Review of the
Literature from 1995 to 2015
Christian El-Hadad1, Andrei Dan1, Zoya Chaudhry1, Mark Gans1,
Sarah chorfi2, Arzu Chaudhry2, Tara Landry3. 1Ophthalmology,
McGill University, Montreal, QC, Canada; 2McGill University,
Montreal, QC, Canada; 3Library, McGill University Health Center,
Montreal, QC, Canada.
Purpose: Giant Cell Arteritis (GCA) is a common vasculitis that can
lead to severe neuro-ophthalmological disorders. Despite its severity,
its etiology is still unknown. We attempted to elucidate the aetiology
of GCA through a systematic review of the literature.
Methods: We conducted a systematic review with two independent
librarians concerning the aetiologies of GCA in which Medline,
EMBASE, PubMed, Cochrane Library, Biosis Previews, Web of
Science, Scopus, ClinicalTrials.gov, International Clinical Trial
Registry Platform and International standard Randomized Controlled
Trial Number Register were employed to search for relevant studies
published from January 1995 to March 2015. Only studies with
10 or more subjects that were observational, cohort, randomized
control trials or cross-sectional studies were included. In addition,
only articles with biopsy-proven GCA in patients above 50 years of
age with clear statistical data were selected. We extracted from each
article the number of subjects, baseline demographics, cases and
controls in addition to the odds ratios, confidence intervals, and
P-values.
Results: Of the 3410 studies whose abstracts were reviewed, 45
eligible abstracts were selected based on the inclusion criteria. These
studies fell into one of the following categories: case-control [37
(82.2 %)], cohort [(5, 11.1 %)], cross-sectional [1 (2.2 %)], and metaanalysis [2 (4.4 %)]. 29 (64.4%) studies looked at genetic aetiologies,
11 (24.4%) studies assessed infectious aetiologies and 5 (11.1%)
studies evaluated an immunological phenomenon. Only 15 studies
were able to establish a relation between the presumed aetiology and
GCA. The common finding across all of these studies was a genetic
polymorphic mutation. However, none of these 15 studies examined
the same gene. One study showed a significant relationship between
HSV and GCA; however, a larger, more recent study did not confirm
this initial finding. The results of this review strongly indicate an
underlying genetic disposition for GCA. However, due to multiple
polymorphisms of the various genes involved, it is difficult to
establish causality between a specific genetic aetiology and GCA.
Conclusions: The results of this review strongly indicate an
underlying genetic disposition for GCA. However, due to multiple
polymorphisms of the various genes involved, it is difficult to
establish causality between a specific genetic aetiology and GCA.
Commercial Relationships: Christian El-Hadad, None;
Andrei Dan, None; Zoya Chaudhry, None; Mark Gans, None;
Sarah chorfi, None; Arzu Chaudhry, None; Tara Landry
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Very Poor Visual Acuity in Non-Arteritic Anterior Ischemic Optic
Neuropathy (NAION)
Michael Dattilo1, Tian Tian1, Beau B. Bruce2, Kannan Narayana1,
Jason Peragallo3, Nancy J. Newman4, Valerie Biousse5.
1
Ophthalmology, Emory University, Atlanta, GA; 2Ophthalmology,
Neurology, and Epidemiology, Emory University, Atlanta, GA;
3
Ophthalmology and Pediatrics, Emory University, Atlanta, GA;
4
Ophthalmology, Neurology, and Neurological Surgery, Emory
University, Atlanta, GA; 5Ophthalmology and Neurology, Emory
University, Atlanta, GA.

Purpose: Very poor visual acuity (VA) at presentation is unusual in
NAION, and is usually suggestive of arteritic AION. In the IONDT,
34/420 (8%) had HM or worse VA (21 HM, 13 LP, and 0 NLP). In
Hayreh’s cohort, 34/237 (14%) had VA of CF or worse. Our goal was
to report the frequency of very poor VA in NAION patients and to
describe patient characteristics.
Methods: Retrospective review of 151 consecutive NAION patients
with detailed neuro-ophthalmologic evaluation seen at our institution
between 07/14/2014-04/27/2016. Patients with HM or worse initial
VA were included. Temporal arteritis and other causes of optic
neuropathies were excluded in all patients.
Results: In 17/151 (11%) NAION patients, very poor VA (2 NLP,
6 LP, 10 HM (one had HM VA OU from bilateral sequential
NAION)) was documented (11 (65%) men; average age 63yo
(<29-86yo); 14 (82%) white, 2 (12%) African-American, 1 (6%)
Indian). All patients had a disc-at-risk and at least one vascular risk
factor; 14 (82%) had ≥2 vascular risk factors. Eight had fundus
photographs obtained within 30 days of onset; all had severe,
pallorous optic disc edema. Ten (59%) had bilateral sequential
NAION (3/10 with incidentally discovered previous NAION at the
time of presentation) and 2 (12%) had recurrent NAION. Seven
(41%) had a temporal artery biopsy. Oral or IV steroids were given to
3/7 patients with unilateral NAION, to 4/10 with bilateral sequential
NAION after the first NAION and to 7/10 patients after the second
NAION. Visual acuity at last follow-up ranged from 20/50 to light
perception (LP) with VA 20/400 or better in 4/17 patients.
Conclusions: 11% of NAION patients had profound visual
impairment, similar to previous large studies. The 8 patients with
photographs had unusually severe disc edema at presentation.
Bilateral sequential NAION was more common than in the IONDT.
Commercial Relationships: Michael Dattilo, None; Tian Tian,
None; Beau B. Bruce, None; Kannan Narayana, None;
Jason Peragallo, None; Nancy J. Newman, None; Valerie Biousse,
None
Support: Unrestricted Departmental Research to Prevent Blindness
Grant (Department of Ophthalmology, Emory University), NIH/NEI
Core grant P30-EY06360 (Department of Ophthalmology, Emory
University)
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Characterization of retinal function, microstructure,
microvascular networks, and microcirculation in acute
non-arteritic anterior ischemic optic neuropathy
Amanda D. Henderson2, 1, Samuel P. Burke2, Pedro Monsalve2,
Giovanni Gregori2, Hong Jiang2, Vittorio Porciatti2, Byron L. Lam2,
Luis E. Vazquez2, Jianhua Wang2. 1Neuro-Ophthalmology,
Wilmer Eye Institute/Johns Hopkins University, Baltimore, MD;
2
Ophthalmology, Bascom Palmer Eye Institute, Miami, FL.
Purpose: Non-arteritic anterior ischemic optic neuropathy
(NAION) is the most common cause of acute optic neuropathy in
patients over age 50, causing often-devastating effects on vision.
However, understanding of the pathophysiology of NAION is
limited. We performed a prospective clinical study to generate
the first comprehensive characterization of retinal microstructure,
microcirculation, microvascular networks, and ganglion cell function
in patients with acute NAION.
Methods: 5 patients (3 female/2 male, age range 46-70, mean age
59) with acute NAION underwent pattern electroretinogram (PERG),
retinal functional imaging (RFI), optical coherence tomography
angiography (OCTA), and ultra high resolution optical coherence
tomography (UHR-OCT) at intervals of 2 weeks, 1 month, and
3 months after the onset of vision loss. Images were processed
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according to previously established techniques. Results were
evaluated using Microsoft Excel.
Results: 5 patients with acute NAION were enrolled and underwent
imaging. 2 patients withdrew after the 1-month imaging session,
and 3 patients completed imaging. RFI demonstrated a trend toward
decreasing retinal blood flow velocity over time after NAION.
PERG showed decreased retinal ganglion cell function that improved
over time while remaining subnormal. Compared with a normative
database of 30 patients (age range 25-79, mean 39), amplitude was
diminished, whereas phase remained comparable to controls. PERG
amplitude of NAION patients was 29%, 32%, and 36% (p=0.00008,
0.0002, and 0.0000001, respectively) that of controls at the 2-week,
1-month, and 3-month imaging sessions, whereas phase represented
101%, 100%, and 98% of controls at the same time intervals
(not statistically significant). OCTA demonstrated an increase in
superficial microvascular network complexity after NAION, and a
decrease in deep microvascular network complexity. Retinal nerve
fiber layer and ganglion cell layer thickness declined between weeks
2 and 4, then plateaued. Time point comparisons did not reach
statistical significance.
Conclusions: Results demonstrate the feasibility of comprehensive
characterization of NAION using a full suite of advanced ophthalmic
imaging techniques. A larger sample size and comparison to
age-matched controls will be required for further correlations to be
established.
Commercial Relationships: Amanda D. Henderson,
None; Samuel P. Burke, None; Pedro Monsalve, None;
Giovanni Gregori, F & P (F), Carl Zeiss Meditech (F);
Hong Jiang, None; Vittorio Porciatti, None; Byron L. Lam, None;
Luis E. Vazquez, None; Jianhua Wang, Optical Imaging Ltd. (C)
Support: NIH-NEI R43 EY023460, NIH-NEI RO1 EY019077, NIH
center grant P30-EY014801, unrestricted grant to Bascom Palmer
Eye Institute from Research to Prevent Blindness, Inc.
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Brachial artery flow-mediated vasodilation, carotid artery
intimal medial thickness and carotid artery plaques in
hypertensive patients with NAION
Wenhui Zhu1, 2, Tingting Chen2, Ling Jin2, Haoyu Wang3,
Nathan G. Congdon2. 1Ophthalmology, First Affiliated Hospital of
Sun Yat-sen University, Guangzhou, China; 2Zhongshan Ophthalmic
Center, Guangzhou, China; 3School of Medicine, Stopford Building,
University of Manchester, Manchester, United Kingdom.
Purpose: The exact causal mechanism of non-arteritic anterior
ischaemic optic neuropathy (NAION) still remains unclear, especially
the relationship between NAION and systemic diseases. The purpose
of this study was to evaluate systemic endothelial function and
carotid artery atherosclerosis in middle-aged and elderly hypertension
patients with NAION by high-resolution ultrasonography.
Methods: This case-control study included 192 patients, in which,
48 of them were NAION patients with systemic hypertension,
46 of them were hypertension patients without NAION and 98 of
them were normal control participants. Brachial artery flow-mediated
vasodilation (FMD), intima-media thickness of the common carotid
artery (C-IMT) and carotid artery plaque of common carotid arteries
were measured by ultrasound which were performed and reported
by the same expert operator. Traditional cardio-vascular risk factors
were measured.
Results: By multiple regression analysis, lower FMD (OR, 0.78;
95% CI, 0.61-0.98, P=0.04), thicker C-IMT (OR, 173.2; 95% CI,
14.4 - >999, P<0.001), the carotid artery plaques of grade 1
(OR, 4.06; 95% CI, 1.40-11.8, P=0.01) and grade 2 (OR, 10.8; 95%

CI, 2.46-47.5, P=0.002) were associated with NAION in hypertensive
patients. C-IMT was 75% sensitive and 74% specific in predicting
NAION in the affected side (cut-off point of 1.07); whereas, FMD
was 52% sensitive and 81% specific in predicting NAION (cut-off
point of 4.21). Furthermore, carotid artery plaques score (CPS)
(AUC 0.75, 95% CI: 0.68-0.83) was 73% sensitive and 76% specific
in predicting NAION (cut-off point of 2).
Conclusions: FMD, C-IMT and carotid artery plaque were associated
with NAION in hypertensive patients with NAION, suggesting that
NAION might be associated with endothelial dysfunction as well
as carotid artery atherosclerosis. C-IMT, FMD and CPS could also
be used as non-invasive surrogate markers in predicting the risk of
developing NAION in hypertensive patients.
Commercial Relationships: Wenhui Zhu, None; Tingting Chen,
None; Ling Jin, None; Haoyu Wang, None; Nathan G. Congdon,
None
Support: The Department of Science and Technology of Guangdong
Province Grant 2014A020212578
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A New Model of Rat NAION
Clarke Nelson1, Joseph Kao2, Steven L. Bernstein1. 1Ophthalmology
and Visual Sciences, University of Maryland, Baltimore, MD;
2
Physiology, University of Maryland, Baltimore, MD.
Purpose: The current model of rodent non-arteritic anterior ischemic
optic neuropathy (rNAION) is useful for revealing mechanisms
potentially associated with human clinical pathology. The current
model (Bernstein et al., IOVS, 2003), however, exhibits variability in
degree of severity and rarely, retinal ischemia using current induction
conditions. Our goal was to generate a more uniform animal model
without ischemia using a novel dye coupled with laser excitation to
determine its efficacy in rNAION induction.
Methods: Male Sprague Dawley rats (320 – 420 g) were utilized
in an IACUC-approved protocol. Anesthetized animals were
intravenously injected with modified indocyanine green (mICG) dye
that serves as an efficient triplet photosensitizer at a dose of
10 mg/kg. We utilized infrared laser (Oculight SLx; IRIS medical)
emission at 805 nm wavelength (300µm spot size), transmitted
through a custom plano-convex contact lens, attached to a HaagStreit slit lamp, using the appropriate adapter and custom fiber optic
cable. We initially evaluated the ability of the slit lamp adapter to
enable focused infrared light to the eye. We also compared laser with
dye and laser alone as the inductive agent to both the optic nerve
(ON) and peripheral retina using a slit lamp and SD-OCT.
Results: When using laser alone at energies ranging from 100 to
2000 mW applied to the central and peripheral retina, no surface
damage, scarring, retinal ischemia, or edema were noted on
fundoscopic exam. SD-OCT revealed no changes to the retinal image.
In contrast, laser combined with mICG, at both 1000 and 1400 mW
laser powers focused on the ON generated a pattern consistent
with the previous rodent NAION model, but without any retinal
vascular dilatation. On SD-OCT, the mICG-induced rats revealed
retinal detachment if laser power was applied to both the ON and the
peripheral retina. Central ON induction resulted in widening of the
ON shadow and retinal nerve fiber layer opacification suggestive of
anterior ischemia and edema.
Conclusions: mICG dye coupled with infrared laser exposure
has yielded promising results in generating rNAION without
apparent retinal ischemia. Further work is ongoing to determine the
repeatability and robustness of this new model and determine the
most effective treatment approach.
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Neutralizing Antibodies Against Adeno-associated virus (AAV)2
Capsids in LHON Gene Therapy Clinical Trial Patients: An
Update
Rajeshwari D. Koilkonda, William J. Feuer, Joyce Schiffman,
Janet L. Davis, Vittorio Porciatti, Phillip Gonzalez, Byron L. Lam,
John Guy. Ophthalmology, Bascom Palmer Eye Institute, Miami, FL.
Purpose: The presence or generation of neutralizing antibodies
(NAbs) against the capsid proteins of gene transfer vectors can limit
vector transduction levels and therefore diminish the therapeutic
response. We evaluated NAb titers against tyrosine-mutant AAV2 in
serum and anterior chamber fluid (ACF) samples of treated Leber’s
hereditary optic neuropathy (LHON) patients
Methods: Self-complementary AAV2 (Y444, 500, 730F)-P1ND4v2
was injected intravitreally into the eyes of 14 LHON G11778A
participants. The eye with worse acuity was treated. 8 eyes received
low dose vector, LDV (5x109 vg) and 6 medium dose, MDV
(2.46x1010 vg). NAbs were assessed in serum and ACF samples.
The NAb titer was reported as the highest serum or ACF dilution that
inhibited scAAV2-smCBA-mCherry transduction by 〉50%, compared
with no serum control. NAb levels were categorized as low (≤80),
moderate (≤5120) or high (〉20,480).
Results: Strong inhibition to mCherry expression in the presence
of high NAb levels against AAV2 (〉20,480) were found in serum
samples of 4/14 (28.5%) LHON subjects at baseline (bsl), 1d, 7d, 3m,
6m and (or) 1yr postinjection (pi). 7/14 (50%) patients showed absent
or low NAbs at bsl and 6 (86%) remained antibody -ve at pi visits.
One of the patients with NAb=5 at bsl (recieved LDV), showed a
transient rise of NAb to 20 at 7dpi that reduced to bsl levels at 3m
and 1ypi. One other patient with NAb=5 at bsl, received MDV and
pi (1d and 7d) showed a transient rise of titer =20 at 3mpi. Two other
subjects (14%) had moderate NAb levels (〉5120 and 〉320) at bsl, 1d,
7d,3mpi. However, 2/14 (14%) patients developed anterior uveitis
that resolved without any treatment. In one of these patients, who
received a MDV levels of NAb in the serum rose from 80 at bsl to
20,480 at d7 and remained unchanged at 3m and 1ypi (〉20,480). In
the other patient who developed uveitis levels of NAb were high at
bsl (20,480) and remained at these levels. Fortunately, anterior uveitis
with our gene therapy was asymptomatic, transient and required no
treatment. It is unclear whether it was related to NAb. NAb titers in
the bsl ACF samples were low or absent in all participants.
Conclusions: Despite the presence of high NAbs to AAV2 in bsl
serum samples of some LHON pateints, the NAb levels detected from
ACF were lower. This suggests high serum NAb levels may not be a
barrier to successful ocular gene therapy.
Commercial Relationships: Rajeshwari D. Koilkonda, None;
William J. Feuer, None; Joyce Schiffman, None; Janet L. Davis,
None; Vittorio Porciatti, None; Phillip Gonzalez, None;
Byron L. Lam, None; John Guy, None
Support: 1U10EY023558-01A1 (Guy), 1U10EY024247-01 (Feuer)
and P30EY014801 (Porciatti)
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Monte Carlo Simulation of Propagation of Axonal Loss Within
the Optic Nerve In Leber Hereditary Optic Neuropathy
Razek Georges Coussa1, Pooya Merat2, Leonard A. Levin1, 3.
1
Opthalmology, McGill University, Montreal, QC, Canada;
2
Department of Electrical and Computer Engineering, McGill
University, Montreal, QC, Canada; 3Ophthalomology, University of
Wisconsin, Madison, WI.
Purpose: Leber hereditary optic neuropathy (LHON) results in
acute/subacute loss of central vision due to mutations in
mitochondrial DNA coding for components of complex I. The
preferential pattern of axonal loss preferentially involves small fibers.
The present study seeks to simulate the spread of injury in LHON
optic nerve axons.
Methods: The optic nerve was modeled in C#/C++ (Microsoft Visual
Studio 2016) and optimized for speed by parallel processing on a
NVIDIA® GeForce® graphics card. The data was then imported into
MATLAB for analysis. The software generated models of randomly
placed axons, based on previously reported axon size distributions.
Model parameters included: optic nerve radius, minimum distance
between two axons, and axon radii. The propagation of LHON injury
was simulated using an initial injury that then spread as a diffusible
substance from one axon to adjacent axons, resulting in their death
when concentrations reached a toxic threshold. The following
parameters were varied: toxic threshold, diffusion rate within and
between the axons, and injury location. The simulation steady state
was considered achieved once the overall axon loss did not vary
more than 2%. One-way ANOVA was used to analyze the effects of
propagation surface area, speed, and proportion of dead axons based
on size (small, medium and large).
Results: Simulations based on 50 different axon size distributions
demonstrated that 97%, 93% and 50% of small, medium and large
axons, respectively, died by the time steady-state was reached.
Varying the initial injury location affected time to steady state, with
more temporal and peripheral injuries reaching steady state faster.
Sensitivity analyses on various insult showed robust reproducibility
when simulations were repeated under varying conditions.
Conclusions: A Monte Carlo simulation of spread of axonal injury
using a theoretical axotoxin results in preferential loss of small fibers
within the optic nerve. These results could provide insight into the
specific nature of axonal loss in LHON.
Commercial Relationships: Razek Georges Coussa, None;
Pooya Merat, None; Leonard A. Levin, Patents Assigned to
Wisconsin Alumni Research Foundation (P), Inotek (C), Aerie (C),
Regenera (C), Quark (C), GSK (C)
Support: NIH R21EY025074 and P30EY016665; Canada Research
Chairs; Canadian Foundation for Innovation
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Visual function changes in patients with Leber’s hereditary optic
neuropathy during one year of follow-up
Vincenzo Parisi1, Lucia Ziccardi1, federico sadun6,
Anna Maria De Negri2, chiara la morgia3, 4, Piero Barboni5,
Valerio Carelli3, 4. 1Visual Neurophysiology & Neurophthalmoly,
GB Bietti Eye Foundation-IRCCS, Rome, Italy; 2Azienda San
Camillo-Forlanini, Rome, Italy; 3IRCCS Istituto delle Scienze
Neurologiche di Bologna, Bellaria Hospital, Bologna, Italy;
4
Dipartimento di Scienze Biomediche e Neuromotorie (DIBINEM),
Neurology Unit, University of Bologna, Bologna, Italy; 5IRCCS
Istituto Scientifico San Raffaele, Milan, Italy; 6Ospedale San
Giovanni Evangelista, Tivoli, Italy.
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Purpose: To assess the changes in retinal ganglion cell (RGC) and
visual pathways function in patients with Leber’s hereditary optic
neuropathy (LHON) during one year of follow-up.
Methods: Twenty-two patients (mean age: 36.3±9.3 years) carrying
a LHON mutation and with the onset of visual symptoms no less than
2 years, providing 44 LHON eyes, were enrolled. In LHON eyes,
Pattern Electroretinograms (PERGs) and Visual Evoked Potentials
(VEPs) were recorded in response to 60-minute (60’) and 15-minute
(15’) checkerboard stimuli at baseline and after 6 and 12 months
of follow-up. At baseline, the 95 % confidence limit of test-retest
variability (CL, mean plus 2 standard deviation for VEP P100
Implicit Times- IT- and mean minus 2 standard deviation for PERG
P50-N95 Amplitudes) were calculated. After 6 and 12 months of
follow-up, the values of PERG and VEP parameters were considered
as “unmodified” when the differences with respect to baseline were
within the 95% CL; as “worsened”, when the increase in VEP P100
IT and the reduction in PERG P50-N95 Amplitudes exceeded the
95% CL; as “improved” if the shortening in VEP P100 IT and the
increase in PERG P50-N95 Amplitudes exceeded the 95% CL.
Results: Compared to baseline values, the majority of LHON eyes
showed unmodified PERG and VEP values: 28/44 (63.64 %) for
PERG P50-N95 Amplitudes after 12 months and 30/44 (68.18%)
for VEP 60’ and 15’ P100 IT after 6 and 12 months (“unmodified”
LHON eyes). The great worsening for PERG and VEP values was
observed on 13/44 (27.27%) LHON eyes at 12 months of follow-up
(“worsened” LHON eyes). An improvement of VEP 60’ and 15’ P100
IT was found only on 2/44 (4.55%) LHON eyes after 6 months and of
PERG P50-N95 Amplitudes only on 4/44 (9.33%) LHON eyes after
12 months (“improved” LHON eyes). On average, in LHON eyes,
after 6 and 12 months, not significant (ANOVA vs Baseline, p>0.05)
changes in VEP 60’ and 15’ P100 IT and PERG P50-N95 Amplitude
values were found with respect to baseline.
Conclusions: In LHON, during a 12 months period of follow-up,
RGC function and neural conduction along the visual pathways
were substantially unmodified in the majority of studied eyes.
Nevertheless, in the remaining LHON eyes it is possible to observe
either a worsening (the prevalence of not “unmodified” LHON eyes)
and an improvement (in an exiguous number of not “unmodified”
LHON eyes) of RCG and visual pathways function.
Commercial Relationships: Vincenzo Parisi, None;
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Multicolor SLO image analysis of patients with LHON
Anne S. Irvine1, Khalil G. Falavarjani1, 4, Rustum Karanjia2, 3,
Alfredo A. Sadun3. 1Neuro-ophthalmology, Doheny Eye Institute,
Los Angeles, CA; 2Ophthalmology, University of Ottawa, Ottawa,
ON, Canada; 3Ophthalmology, Doheny Eye Institute UCLA David
Geffen School of Medicine, Los Angeles, CA; 4Eye Research Center,
Rassoul Akram Hospital, Tehran, Iran (the Islamic Republic of).
Purpose: To explore the utility of three color scanning laser
ophthalmoscopy (SLO) optical coherence tomography (OCT) in
identifying pathologic zones of partial injury in parafoveal regions of
eyes affected by Leber’s Hereditary Optic Neuropathy (LHON).
Methods: Multicolor images were obtained from the posterior pole
of the patients with confirmed LHON and non-affected LHON
using the Heidleberg Spectralis HRA OCT instrument (Heidelberg
Engineering, Heidelberg, Germany). Red, green and blue channels
of the multicolor images were exported to ImageJ (open source)
software. A 1500 micrometer circle was centered over the fovea, the

chromatic luminance was measured in a 200x200 micrometers square
1.5 and 3.0 millimeters nasal, and 1.5 and 3.0 millimeters temporal
to the fovea in each channel. The difference in chromatic luminance
of the nasal and temporal squares was compared between LHON
affected and non-affected eyes.
Results: Three eyes of two patients with affected LHON and
two eyes of one non-affected LHON were included. There was a
decreasing trend in green (25.225 nasal, 4.89 temporal) and blue
(15.68, 4.45) luminance between affected and non-affected eyes.
Rigorous statistical analysis was not possible due to a small N.
However, given the limitations of the data, it appears there is a
decreasing trend in shorter wavelengths within the papillomacular
bundle in eyes affected by LHON. Patient recruitment is ongoing.
Conclusions: Though limited to a small number of patients with a
very rare disease, our findings demonstrated a trend which reflects the
attenuation of shorter wavelengths in the most affected retinal tissues.
This may be a useful in vivo imaging tool to identify the nature of
LHON pathophysiology.
Commercial Relationships: Anne S. Irvine, None;
Khalil G. Falavarjani, None; Rustum Karanjia, None;
Alfredo A. Sadun, None
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Preliminary Baseline Characteristics of Patients with Leber
Hereditary Optic Neuropathy (LHON) Enrolled in the RESCUE
and REVERSE Clinical Gene Therapy Trials
Patrick Yu-Wai-Man1, 2, Nancy J. Newman3, Robert Sergott4, 5,
Molly Scannell Bryan6, Valerio Carelli7, 8, Thomas Klopstock9, 10,
Mark Moster4, 11, Alfredo A. Sadun12, 13, Jose A. Sahel14, 15,
Catherine Vignal14, 16, Scott Uretsky17. 1Wellcome Trust Centre for
Mitochondrial Research, Institute of Genetic Medicine, Newcastle
University, Newcastle Upon Tyne, United Kingdom; 2NIHR
Biomedical Research Centre at Moorfields Eye Hospital and UCL
Institute of Ophthalmology, London, United Kingdom; 3Departments
of Ophthalmology, Neurology and Neurological Surgery, Emory
University School of Medicine, Atlanta, GA; 4Neuro-Ophthalmology
Service, Wills Eye Hospital, Philadelphia, PA; 5Optic Nerve Research
Center, Philadelphia, PA; 6Optic Nerve Research Center, University
of Illinois at Chicago, Chicago, IL; 7IRCCS Institute of Neurological
Sciences of Bologna, Bellaria Hospital, Bologna, Italy; 8Department
of Biomedical and Neuromotor Sciences (DIBINEM), University
of Bologna, Bologna, Italy; 9Department of Neurology, FriedrichBaur-Institute, Munich, Germany; 10University Hospital of LMU,
Munich, Germany; 11Departments of Neurology and Ophthalmology,
Sidney Kimmel Medical College of Thomas Jefferson University,
Philadelphia, PA; 12Doheny Eye Institute, Los Angeles, CA;
13
Department of Ophthalmology, UCLA, Los Angeles, CA; 14Centre
Hospitalier National d’Ophtalmologie des Quinze-Vingts, Paris,
France; 15Department of Ophthalmology, The University of Pittsburgh
School of Medicine, Pittsburgh, PA; 16Fondation Ophtalmologique
Rothschild, Paris, France; 17GenSight Biologics, Paris, France.
Purpose: RESCUE (NCT02652767) and REVERSE
(NCT02652780) are Phase III, randomized, double-masked, shamcontrolled trials of rAAV2/2-ND4, an intravitreally-injected gene
therapy vector for the treatment of ND4 LHON. RESCUE patients
have vision loss for ≤6 months and REVERSE patients from >6
months to 1-year.
Methods: Inclusion criteria included age ≥15-years, presence of
the G11778A-ND4 mutation and at least CF vision. Concurrent
idebenone use was prohibited. We compared baseline characteristics
of the first consecutively-recruited 10 RESCUE and 11 REVERSE
patients.
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Results: 16/21 were men (RESCUE 8/10, REVERSE 8/11). Mean
(range) age (years): RESCUE 39.4 (20-69); REVERSE 36.2 (20-64);
(p=0.7312). Mean (range) vision loss duration (days) for all eyes:
RESCUE 128 (0-179); REVERSE 294.9 (184-364); p<0.0001. 5/21
patients had simultaneous onset. Two eyes had >20/20 vision at
baseline in RESCUE; all eyes were <20/400 in REVERSE. Mean
(range) LogMAR at baseline for all eyes: RESCUE 1.109 (-0.2-2.11);
REVERSE 1.696 (1-2.26). For best-/worst-seeing eyes: RESCUE:
best 0.78 (-0.2-1.5), worst 1.438 (0.6-2.11); REVERSE best 1.586
(1-2.16), worst 1.806 (1.5-2.26). Combining all eyes of RESCUE/
REVERSE patients revealed a significant positive correlation
(squarerootR2=0.571) between vision loss duration and baseline
LogMAR (p<0.0001). Of 82 baseline HVF, 34% were reliable; mean
MD was -12.2 (RESCUE) and -27.8 (REVERSE); p=0.0002. Mean
(SD) total macular volume (mm3) was smaller in REVERSE
(7.7 (0.3) vs. 8.5 (0.4); p< 0.0001) driven by thinning of the RNFL
and GCL. A statistically significant relationship existed between
retinal metrics and vision, with decreases in RNFL and GCL
associated with worse vision (RNFL: p=0.0005; GCL: p=0.0004).
Conclusions: In these preliminary analyses, no age/gender
differences were seen between the studies, but there were clinically
significant differences in baseline LogMAR for all and best-/worstseeing eyes, with the expected positive correlation between vision
loss duration and worse baseline visual acuities. REVERSE patients
demonstrated thinner RNFL, GCL and macular volumes and worse
acuity at baseline.
Commercial Relationships: Patrick Yu-Wai-Man, GenSight
Biologics (C); Nancy J. Newman, GenSight Biologics (C), Santhera
Pharmaceuticals (C); Robert Sergott, None; Molly Scannell Bryan,
None; Valerio Carelli, GenSight Biologics (C); Thomas Klopstock,
GenSight Biologics (C), Santhera Pharmaceuticals (C);
Mark Moster, GenSight Biologics (F); Alfredo A. Sadun,
Edison (F), Stealth BioTherapeutics (F), GenSight Biologics (F);
Jose A. Sahel, GenSight Biologics (I), Chronolife (I), GenSight
Biologics (C), Genesignal (C), Pixium Vision (I), Chronocam (I),
Pixium Vision (C); Catherine Vignal, GenSight Biologics (C);
Scott Uretsky, GenSight Biologics (E)
Clinical Trial: RESCUE: 2015-001265-11; REVERSE:
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Electrophysiology changes in Nutritional Amblyopia
Harshad P. Patel. Ophthalmology, Kresge Eye Institute,
Royal Oak, MI.
Purpose: The mechanism for nutritional amblyopia remains debated,
but is thought to be a maculopathy or an optic neuropathy due to an
underlying nutritional deficiency necessary for normal functioning of
the optic nerve and/or retina. We report mfERG changes in patients
with nutritional amblyopia as there is little to no current literature on
it with a hope to better understand the underlying electrophysiology
changes in patients with nutritional amblyopia.
Methods: Single center, retrospective chart review of patients
diagnosed with nutritional amblyopia with a basic 103 hexagon
mfERG performed were isolated. Five patients total with the
diagnosis were identified, and four patients who had obtained the
above electrophysiology testing were analyzed.
Results: Four patients with nutritional amblyopia had visual
acuities that ranged from 20/40 to 20/200 due to folate deficiency,
malabsorption syndrome, and chronic alcohol and tobacco abuse.
All four mfERGs performed at the time of diagnosis revealed
notable bilateral depressed foveal cone function and depressed
amplitudes at the area of the optic nerve head. Three of the four

patients exhibited delayed synaptic transduction bilaterally. Two
patients who were followed with subsequent mfERGs after initiating
nutrition supplementation treatment showed marked improvement
of cone depression which correlated with clinical visual acuity. One
of the two patients who had a BCVA 20/200 prior to initiating folate
treatment improved to 20/25 with treatment initiation and a follow-up
mfERG revealed a 42% improvement in foveal peak of mfERG.
Conclusions: Our electrophysiology findings indicate that the most
common mfERG pattern noted in patients with nutritional amblyopia
is a foveal depression of the cones, depressed amplitudes at the optic
nerve head, and delayed synaptic transduction. Our two patients
who had follow up after treatment initiation with folate, Vitamin
B complex, and CoQ10 show that clinical improvement correlated
with mfERG improvement. Multifocal ERG testing may be useful
in diagnosing and monitoring treatment response in patients with
nutritional amblyopia.
Commercial Relationships: Harshad P. Patel, None
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Analysis of retinal nerve fiber layer microvasculature in
non-glaucomatous optic neuropathy using optical coherence
tomography angiography (OCTA)
Arjun T. Reddy1, 2, Vivek Patel1, 2, Beau Sylvester1, 3, Zhongdi Chu4,
Amir Kashani1, 2, Ruikang K. Wang4, Grace M. Richter1, 2. 1USC Roski
Eye Institute, Los Angeles, CA; 2Keck School of Medicine of the
University of Southern California, Los Angeles, CA; 3University of
Southern California, Los Angeles, CA; 4University of Washington,
Seattle, WA.
Purpose: To demonstrate the degree of correlation between
retinal microvasculature parameters and retinal nerve fiber layer
(RNFL) thickness in the peripapillary region in non-glaucomatous
optic neuropathy (NGON), using optical coherence tomography
angiography (OCTA) and optical coherence tomography (OCT)
respectively.
Methods: 6x6 mm2 images of the optic nerve head were obtained
on patients with non-glaucomatous optic neuropathies and normal
patients using the Angioplex spectral-domain OCTA and optic
nerve scans for RNFL thickness were collected using the Cirrus
5000 SD-OCT (Carl Zeiss Meditec, Dublin, CA). Scans of signal
strength of ≥6 (out of 10) were selected for the study. Semi-automatic
segmentation of the volumetric OCTA data was performed and
en face projections of vasculature at precise retinal layers were
produced using prototype software. En face vasculature images
of the RNFL layer were quantified, and were used to measure
three OCTA perfusion parameters globally and in specific sectors
(quadrants and clock-hour sectors). Vessel area density (VAD) and
vessel skeleton density (VSD) were the parameters used to assess
microvascular density, while vessel complexity index (VCI) was used
to assess vessel morphology. Correlations between RNFL thickness
and microvascular density were performed using Spearman’s rank
correlation. Perfusion parameters of normal and NGON patients were
compared using the Mann-Whitney U test.
Results: 25 NGON eyes and 10 normal eyes were assessed. NGON
eyes had significantly lower VAD, VSD, and VCI global compared
to normal eyes. Among NGON eyes, stastically significant positive
correlations were found between both VSD and VAD perfusion
parameters with RNFL thickness in all retinal quadrants. In addition,
the majority of retinal clock-hour segments showed positive
correlations between VSD and VAD perfusion parameters and RNFL.
Finally, there was a positive correlation between VCI and RNFL
thickness among the majority of retinal quadrants.
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Conclusions: There was reduced peripapillary microvascular
perfusion in NGON compared to normal eyes. Among NGON eyes,
microvascular perfusion had a strong anatomic correlation with
RNFL thickness. SD-OCTA imaging exhibits the ability to detect
retinal microvascular changes and may be an important diagnostic
modality when utilized in conjunction with OCT imaging.
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Ischemic Optic Neuropathy in Cardiac Surgery: Incidence and
Risk Factors in the United States from the National Inpatient
Sample 1998-2013
Steven Roth1, 2, Daniel S. Rubin3, Monica Matsumoto4, Heather Moss2,
Charlotte E. Joslin2, 5, Avery Tung3. 1Anesthesiology, Univ of Illinois,
Chicago, IL; 2Ophthalmology, University of Illinois, Chicago, IL;
3
Anesthesia and Critical Care, University of Chicago, Chicago, IL;
4
Pritzker School of Medicine, University of Chicago, Chicago, IL;
5
School of Public Health, University of Illinois, Chicago, IL.
Purpose: Ischemic optic neuropathy is the most common form of
perioperative visual loss, with highest incidence in cardiac and spinal
fusion surgery. To date, potential risk factors have been identified in
cardiac surgery by only small, single institution studies. To determine
the preoperative risk factors for ischemic optic neuropathy, we used
the National Inpatient Sample, a database of inpatient discharges for
non-federal hospitals in the United States.
Methods: Adults ≥ 18 years of age admitted for coronary artery
bypass grafting, heart valve surgery, or left ventricular assist device
insertion in National Inpatient Sample from 1998-2013 were included
(Fig 1 shows study design). Ischemic optic neuropathy rates and
risk factors were identified using the International Classification
of Diseases, Ninth Revision, Clinical Modification code. Risk of
ischemic optic neuropathy was evaluated by multivariable logistic
regression.
Results: 5,559,395 discharges met inclusion criteria with 794
(0.014%) cases of ischemic optic neuropathy. The average yearly
incidence was 1.43/10,000 cardiac procedures, with no change during
the study period (p = 0.57). Conditions increasing risk were
carotid artery stenosis (odds ratio, OR = 2.70), stroke (OR = 3.43),
diabetic retinopathy (OR = 3.83), hypertensive retinopathy
(OR = 30.09), macular degeneration (OR = 4.50), glaucoma
(OR = 2.68), and cataract (OR = 5.62). Female sex (OR = 0.59) and
uncomplicated diabetes mellitus type 2 (OR = 0.51) decreased risk.
Conclusions: The incidence of ischemic optic neuropathy in cardiac
surgery did not change over the study period. Development of
ischemic optic neuropathy after cardiac surgery is associated with
carotid artery stenosis, stroke, and degenerative eye conditions.

Commercial Relationships: Arjun T. Reddy, Carl Zeiss Meditec
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Carl Zeiss Meditec (P), Carl Zeiss Meditec (C); Grace M. Richter,
Carl Zeiss Meditec (F)
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animals was 24 ± 0.5°C (hypothermia model). Whole retina flatmounts were collected and stained for RGC quantification, and optic
nerves were harvested for immunohistochemistry and quantitative
RT-PCR.
Results: We found increased TNFα levels in injured compared
to control optic nerves of the animals suffering from SI-TON and
ONC. High TNFα levels in injured optic nerves were correlated with
increased RGC death. Meanwhile, treatment with selective inhibitors
of the TNFα significantly reduced retinal damage in animal models
of TON. Our data also indicate that hypothermia promotes survival of
RGCs after TON. Combinatorial approaches are under evaluation.
Conclusions: Thus, our findings suggest that reduced TNFα activity
and therapeutic hypothermia in injured optic nerves are new and
promising therapeutic approaches to treating TON.
Commercial Relationships: Galina Dvoriantchikova, None;
Brian Tse, None; Wensi Tao, None; Steve Pappas, None;
Roberta Brambilla, None; Dmitry V. Ivanov, None; David T. Tse,
None; Daniel Pelaez, None
Support: NIH Grant R01 EY022348, NIH Center Grant P30
EY014801, Dr. Nasser Al-Rashid Orbital Vision Research Center
Grant
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New Approaches To Treating Traumatic Optic Neuropathy
Galina Dvoriantchikova1, Brian Tse1, Wensi Tao1, Steve Pappas1,
Roberta Brambilla2, Dmitry V. Ivanov1, David T. Tse1, Daniel Pelaez1.
1
Bascom Palmer Eye Institute, University of Miami Miller School of
Medicine, Miami, FL; 2Miami Project to Cure Paralysis, University
of Miami Miller School of Medicine, Miami, FL.
Purpose: Traumatic optic neuropathy (TON) is an uncommon but
devastating cause of permanent visual loss following blunt force
trauma to the orbit. For the past decade, optic canal decompression
surgery and corticosteroids have been widely suggested for the
treatment of TON. However, neither the surgical decompression nor
systemic administration of steroids has proved particularly beneficial
in the treatment of TON with regard to clinical outcomes. Thus, new
approaches for TON therapy are needed. In this study we investigated
whether TNFα inhibition and therapeutic hypothermia support
survival of retinal ganglion cells (RGCs) in an optic nerve crush
(ONC) model and in a novel animal model for TON.
Methods: To investigate the role of TNFα inhibitors and therapeutic
hypothermia in RGC survival, optic nerves of mice were unilaterally
subjected to crush injury (ONC model). We also developed and
used a clinically-relevant animal model for TON using a novel
ultrasonic pulse injury modality (sonication-induced TON: SI-TON).
To test the role of TNFα in TON, we used selective inhibitors for
TNFα administered subcutaneously following trauma. To induce
hypothermia, the animals were anesthetized through intraperitoneal
injection of a cocktail containing ketamine and xylazine for 3 hours
after injury. The control mice were kept on an automatically regulated
heating pad to prevent hypothermia, while experimental animals were
kept without heating pad. Measured body temperature of control
animals was 39 ± 0.5°C, while the temperature of experimental

Program Number: 3871 Poster Board Number: A0042
Presentation Time: 8:30 AM–10:15 AM
The roles of autophagy and mTOR in the neuro-protection of
optic nerve crush models in rats
Rong-Kung Tsai1, 2, Yao-Tseng Wen1. 1Institute of Eye Research,
Tzu-Chi Medical Center, Hualien, Taiwan; 2Institute of Medical
Sciences, Tzu Ci University, Hualien, Taiwan.
Purpose: To illustrate the role of autophagy machinery in optic nerve
(ON) injury, two autophagy activators, rapamycin and p62 siRNA,
were used to evaluate their neuroprotective effects in a rat model of
ON crush.
Methods: Adult male Wistar rats immediately received an intravitreal
injection of p62 siRNA or intravitreal injections of rapamycin
after ON crush experiments. Two weeks after ON crush, the
neuroprotective effects were evaluated by measuring flash visualevoked potentials (fVEP) and RGC survival rate. The anti-apoptotic
effect was measured by TUNEL assay in the retinal sections. The
inflammatory condition in the ON was determined by counting
the number of ED1-positive cells. The level of autophagy-related
markers was examined by immunoblotting and immunostaining
analysis.
Results: The P1-N2 amplitudes of fVEP were found significantly
higher in the p62 siRNA-treated group compared with that of the
rapamycin-treated group and the ON crush group (41.5±10.5 vs.
25.2±9.8 and 14.6±11.6, p<0.05). The RGC densities of central retina
and mid-peripheral retina were statistically higher in the p62 siRNAtreated group than that of the rapamycin-treated groupand the crush
group (center: 1282±148; 573±144 and 636±160 respectively, midperiphery: 882±148, 460±96 and 462±230 respctively; p<0.05). The
number of apoptotic RGC was compatible with RGC densities by
reducing 2.26- and 2.34-fold of p62 siRNA treatment as comparing
with the rapamycin and the scramble siRNA in ON-crush rats.
Macrophage infiltration at the ONs were statistically lower in the p62
siRNA-treated group compared with the rapamycin-treated group
and the ON crush group (86±40 vs. 277.0±154.6 and 301.3±115.4,
p<0.05). Both immunoblotting and immunostaining indicated that
intravitreal injections of p62 siRNA and rapamycin significantly
elevated the expression of LC3 II and LAMP1 and reduced P62
in contrast to scramble siRNA. However, rapamycin significantly
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reduced 4.2-fold of retinal mTOR expression compared with
treatment with p62-siRNA in the ON crush model (p<0.05).
Conclusions: Conclusions:
Intravitreal injection of p62 siRNA and rapamycin can activate
autophagy after ON crush. However, intravitreal injections of
rapamycin also down-regulate the m-TOR expression. This crucial
mechanism explains the difference of results between p62 siRNA and
rapamycin in the rat ON crush model.
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Quadrantic analysis of inner and outer macular layers using
SD-OCT in band atrophy of the optic nerve and correlation with
10-2 standard automated perimetry
Rafael B. de Araujo, Maria Kiyoko Oyamada, Leandro C. Zacharias,
Rony C. Preti, Mario R. Monteiro. Ophthalmology, Universidade de
São Paulo, São Paulo, Brazil.
Purpose: Previous studies have shown reduction of OCT-measured
retinal nerve fiber layer (RNFL) and ganglion cell layer (GCL)
and increased inner nuclear layer (INL) along with microcystic
abnormalities in the macular area. However, it is still unclear what
is the mechanism of INL abnormalities and whether outer retinal
layers are also involved in such cases. The purpose of the study is
to compare all 7 segmented retinal layers in eyes with band atrophy
(BA) and controls. We also assessed possible correlation between
OCT and 10-2 standard automated perimetry (SAP).
Methods: Fifty-one eyes (32 patients) with temporal hemianopia
(and normal nasal VF) and BA of the optic nerve and 41 eyes of
21 controls underwent SD-OCT (Heidelberg Spectralis) imaging
to obtain posterior pole quadrant analysis. After segmentation, we
obtained measurements from RNFL, GCL, inner plexiform layer
(IPL), INL, outer plexiform layer (OPL), outer nuclear layer (ONL)
and photoreceptor layer (PRL). Average thickness of superior nasal
(SNQ), inferior nasal (INQ), superior temporal (STQ) and inferior
temporal (ITQ) quadrants were compared between normal and BA
patients.
Results: Table 1 show results of thickness measurements in 4
quadrants and different layers of BA eyes and controls. RNFL, GCL
and IPL were significantly reduced in all 4 quadrants compared to
controls. INL, OPL and PRL were significantly increased in the nasal
quadrants and did not differ in the temporal ones. No significant
difference was observed in the ONL in any quadrant. Significant
correlations between OCT measurements and 10-2 SAP were positive
for RNFL, GCL and IPL and negative for INL, OPL and PRL,
especially in the nasal quadrants, as shown in Table 2.
Conclusions: Band atrophy leads not only to RNFL, RGCL and
IPL thinning, but also INL, OPL and PRL thickening. Different
layers thicknesses measured in OCT segmentation correlates with
SAP sensitivity. Abnormalities in the outer retinal layers indicate a
possible secondary retinal disturbance. Although further studies are
necessary to clarify this issue, awareness of such occurrence is very
important both in management and understanding of disease.

Table 1
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Association between obstructive sleep apnea and optic
neuropathy: A Taiwanese Population-Based bidirectional cohort
Study
Ming-Hui Sun2, Yaping J. Liao1, Che-Chen Lin4,
James Cheng-Chung Wei3. 1Ophthalmology, Byers Eye Institute
Stanford University, Palo Alto, CA; 2Ophthalmology, Chang
Gung Memorial Hospital, Taoyuan, Taiwan; 3Division of Allergy,
Immunology and Rheumatology, Chung Shan Medical University
Hospital, Taichung, Taiwan; 4Management Office for Health Data,
China Medical University Hospital, Taichung, Taiwan.
Purpose: To investigate the association of obstructive sleep apnea
(OSA) with optic neuropathy (ON), and evaluate the efficacy of
treatment for OSA in reducing the risk of ON.
Methods: We used the data from the Longitudinal Health Insurance
Database (LHID), which involved the 1 million insurants from
Taiwan National Health Insurance program (Taiwan NHI).
Results: OSA patients had a 1.95-fold higher risk of ON compared
with non-OSA patients in all age group. The risk was significantly
higher (adjusted hazard ratio: 4.21) in the group with age < 45 years
and male individuals (adjusted hazard ratio: 1.93). Meanwhile, sleep
apnea was associated with ON regardless of existence of comorbidity
or not. OSA patients treated with continuous positive airway pressure
(CPAP) had an adjusted 2.31-fold higher hazard of developing ON
compared to control, and those without any treatment had an adjusted
1.82-fold higher hazard of developing ON compared to control.
Moreover, ON patients had a 1.45-fold higher risk of OSA, those
with age between 45-64 years (hazard ratio: 1.76) and male (hazard
ratio: 1.55) had highest risk.
Conclusions: Our study showed OSA increases the risk of
developing ON after controlling the comorbidity, however, treatment
with CPAP didn’t reduce the risk of ON. Further large population
study accessing to medical records about the severity of OSA and
treatment for OSA is needed to clarify the efficacy of treatment for
OSA in reducing the risk of ON.
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