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Program Number: 4748
Presentation Time: 3:45 PM–4:00 PM
Measurement and Reproducibility of Preserved Ellipsoid Zone 
Area and Preserved Autofluorescence Area in a Natural History 
Study of a Cohort of Eyes with Choroideremia
Amir H. Hariri1, Swetha Bindu Velaga1, Aniz Girach2, Michael S. Ip1, 
Philip Le1, Srinivas R. Sadda1. 1Doheny Eye Inst/UCLA, Los 
Angeles, CA; 2NightStarx, London, United Kingdom.
Purpose: To define the reproducibility of optical coherence 
tomography (OCT) – defined ellipsoid zone (EZ) area and fundus 
autofluorescence (FAF) -derived preserved autofluorescence (PAF) 
area in eyes with choroideremia (CHM).
Methods: In this IRB-approved multicenter study, participants 
with a confirmed genetic diagnosis of CHM underwent spectral 
domain OCT and FAF imaging. Only eyes where either PAF or 
preserved EZ areas did not extend beyond the captured image area 
were included in this study. Certified Doheny Image Reading Center 
graders independently delineated boundaries of PAF on all FAF 
images utilizing the Heidelberg Spectralis Region Finder tool. The 
area of preserved EZ was quantified by two certified graders in a 
masked fashion by manual segmentation of the EZ band on all the 
individual b-scans of the 3-D volume, in order to generate a map of 
the preserved EZ. The results of the two independent gradings for 
both the FAF and OCT images were compared.
Results: A total of 148 eyes from 75 cases were included in the 
study. In 21% of eyes, the area of PAF had extended beyond the 
field of view of the FAF image. After excluding these eyes as well 
as ungradable low-quality images, a total of 114 FAF images were 
evaluated. The mean PAF area from the two independent gradings 
were 3.720 ± 3.340 and 3.692 ± 3.253 mm2 respectively, with an 
Intraclass correlation coefficient (ICC) of 0.996. In 43% of eyes, 
the preserved EZ extended beyond the OCT field of view. After 
excluding these eyes as well as eyes with low quality ungradable 
OCT images, a total of 77 OCT images were evaluated. The mean 
preserved EZ area from the two independent gradings were 2.746 ± 
2.319 and 2.858 ± 2.446 mm2, respectively with an ICC of 0.991.
In the 77 eyes where both the preserved EZ and PAF were within the 
imaging field, the preserved areas were highly correlated (Pearson 
correlation coefficient = 0.98 p < .001), though the preserved EZ area 
was significantly larger than PAF area (2.81 ± 2.38 vs 2.71 ± 2.48 
mm2, paired t test p=0.03).
Conclusions: Quantification of both PAF and preserved EZ on FAF 
and OCT images, respectively, is highly reproducible in eyes with 
CHM. These variables may prove to be useful as anatomic outcome 
measures in clinical research and clinical trials for CHM.
Commercial Relationships: Amir H. Hariri, None; Swetha 
Bindu Velaga, None; Aniz Girach, Nightstarx (E); Michael S. Ip, 
Genentech (C), Boehringer Ingelheim (C), Thrombogenics (C), 
Omeros (C); Philip Le, None; Srinivas R. Sadda, Optos (C), 
Carl Zeiss Meditec (F), Genentech (C), Centervue (C), Optos (F), 
Thrombogenics (C), Topcon (R), Allergan (C), Iconic (C)

Program Number: 4749
Presentation Time: 4:00 PM–4:15 PM
Effect of age and signal strength index on retinal and 
choriocapillaris vessel density measured with optical coherence 
tomography angiography
Andrew P. Sill, Simon S. Gao, Yali Jia, Christina J. Flaxel, 
Andreas K. Lauer, Thomas S. Hwang, Phoebe Lin, David Huang, 
Steven T. Bailey. Casey Eye Institute, Oregon Health & Science 
University, Portland, OR.
Purpose: This study aims to determine the relationship of age 
and signal strength index (SSI) with retinal vessel density and 
choriocapillaris (CC) vessel density derived with optical coherence 
tomography angiography (OCTA).
Methods: Study participants with normal ocular exams were enrolled 
in an observational cross-sectional study. Two 3×3-mm OCTA scans 
were acquired with the spectral domain OCT (Avanti, Optovue, 
Inc) and exported for custom processing. Retinal vessel density 
was calculated from en face OCT angiograms between the internal 
limiting membrane and the outer plexiform layer, inclusively. CC 
vessel density was calculated from 7 µm to 21 µm deep to Bruch’s 
membrane. Vessel density, defined as percentage area occupied 
by blood vessels, was calculated using an automated thresholding 
algorithm. Projection artifact from large retinal vessels was masked 
from CC OCT angiograms. Using SPSS, we performed univariate 
and multivariate linear regression to examine the dependence of 
vessel density on age and SSI.
Results: Forty participants were enrolled and two were excluded 
due to poor image quality. After randomly selecting one eye from 
each participant, we analyzed 38 eyes of 38 participants (16 males) 
with a mean age of 63.6 ± 11.5 years (range 40-85). In univariate 
analysis (Table 1), retinal vessel density, but not CC vessel density, 
was significantly correlated with age and SSI. SSI showed significant 
reduction with age. After accounting for the effect of SSI in 
multivariate analysis (Table 2), age no longer had a significant effect 
on retinal vessel density. Vessel density measurements had good 
within-visit repeatability (pooled standard deviation) of 4.72% and 
1.10% for retinal and CC vessel density, respectively.
Conclusions: The apparent relationship between retinal vessel 
density and age was not due to vascular aging changes but was an 
artifact due to lower OCT signal strength in older participants. The 
influence of SSI should be accounted for during quantitative analysis 
of retinal vessel density using OCTA. CC vessel density was not 
associated with age or SSI.
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Andreas K. Lauer, None; Thomas S. Hwang, None; Phoebe Lin, 
None; David Huang, Optovue, Inc. (I), Carl Zeiss Meditec, Inc. (I); 
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Support: Grant Support: R01 EY024544, DP3 DK104397, R01 
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Program Number: 4750
Presentation Time: 4:15 PM–4:30 PM
Evaluation of Inner Choroidal Blood Flow in the Pachychoroid 
Spectrum Using Swept Source Optical Coherence Tomography 
Angiography
Dov B. Sebrow1, 2, Orly Gal-Or2, 3, Rosa Dolz-Marco2, 3, 
Sarra Gattoussi2, 3, Kunal K. Dansingani2, 4, K Bailey Freund2, 3. 
1Ophthalmology, Columbia University Medical Center, Edward S. 
Harkness Eye Institute, New York, NY; 2Vitreous Retina Macula 
Consultants of New York, New York, NY; 3LuEsther T. Mertz Retinal 
Research Center, New York, NY; 4Truhlsen Eye Institute, University 
of Nebraska Medical Center, Omaha, NE.
Purpose: The pachychoroid spectrum encompasses various macular 
conditions including central serous chorioretinopathy (CSC), 
pachychoroid pigment epitheliopathy, pachychoroid neovasculopathy, 
and polypoidal choroidal vasculopathy. These conditions are 
characterized by retinal pigment epithelium (RPE) alterations over 
abnormally dilated outer choroidal vessels, termed pachyvessels. 
Attenuation of the inner choroid has been observed overlying these 
pachyvessels. This study aimed to characterize inner choriodal blood 
flow in patients with a history of CSC using swept source optical 
coherence tomography angiography (OCTA).
Methods: We performed a retrospective review of treatment-naïve 
patients with a history of CSC. Near-infrared reflectance images of 
the posterior pole were labelled for foci of inner choroidal thinning, 
which were identified on point-correspondent cross-sectional spectral 
domain optical coherence tomography (SD-OCT) scans. These 
manually prepared structural attenuation maps were registered and 
overlaid on OCTA inner choroidal flow density maps to assess spatial 
correlation between structural and flow attenuation. Confounding 
areas with RPE detachment, subretinal fluid (SRF), and/or RPE 
pigment clumps that might cause posterior shadowing were excluded 
from analysis.
Results: 18 eyes of 15 patients were included. Mean age of the 
subjects was 62 years and mean logMAR VA was 0.117 (SD=0.112). 

Discrete areas of inner choroidal structural attenuation were noted in 
all study eyes. All eyes exhibited various patterns of flow attenuation 
in areas not associated with SRF, PED or RPE pigment clumps. 
These areas of flow reduction included areas in which the overlying 
RPE and outer retina appeared normal on SD-OCT. Areas of reduced 
inner choroidal flow did not consistently correspond to areas of 
structural attenuation.
Conclusions: In eyes with a history of CSC, OCTA shows areas of 
inner choroidal flow reduction unexplained by signal attenuation from 
overlying PED, SRF, or pigment clumping. These areas of reduced 
flow show weak correspondence with areas of inner choroidal 
thinning seen on SD-OCT. While reduced inner choroidal flow may 
play a role in RPE alterations and subsequent neovascularization 
occurring in some eyes with chronic CSC and other pachychoroid 
spectrum disorders, inner choroidal thinning does not appear to be a 
reliable indicator of its presence.

Commercial Relationships: Dov B. Sebrow, None; Orly Gal-
Or, None; Rosa Dolz-Marco, None; Sarra Gattoussi, None; 
Kunal K. Dansingani, None; K Bailey Freund, Genentech 
(C), Optos (C), Bayer HealthCare (C), Optovue (C), Heidelberg 
Engineering (C)
Support: LuEsther T. Mertz Retinal Research Center, Manhattan 
Eye, Ear, and Throat Hospital, New York, New York, United States, 
and The Macula Foundation, Inc., New York, New York, United 
States.
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Presentation Time: 4:30 PM–4:45 PM
Optical coherence tomography angiography changes in the three 
parafoveal retinal plexuses in response to hyperoxia
Ahmed M. Hagag, Alex D. Pechauer, Liang Liu, JIE WANG, 
Zhang Miao, Yali Jia, David Huang. Ophthalmology, Oregon Health 
and Science University, Portland, OR.
Purpose: Use projection-resolved optical coherence tomography 
angiography (PR-OCTA) to investigate the autoregulatory response 
in the three parafoveal retinal plexuses under hyperoxia.
Methods: Nine eyes from 9 healthy participants were scanned 
using a commercial spectral-domain OCT system. Two repeated 
macular scans (3 x 3 mm2) were acquired at baseline and during 
oxygen breathing. Split-spectrum amplitude-decorrelation algorithm 
(SSADA) was used to detect blood flow. The PR algorithm was 
used to suppress projection artifacts and resolve blood flow in three 
distinct parafoveal plexuses. Flow index and vessel density were 
calculated from the en face angiograms of each of the three plexuses, 
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as well as from the all-plexus inner retinal slab. The Wilcoxon 
signed-rank test was used to compare between baseline and hyperoxic 
parameters. Coefficient of variation (CV) and pooled standard 
deviation (SD) were used to assess the within-session repeatability 
of baseline measurements and between-day reproducibility of the 
hyperoxic response, respectively.
Results: Hyperoxia induced significant reduction in the flow index 
(-11%) and vessel density (-7.8%) of only the deep capillary plexus 
(DCP, p < 0.001) and in the flow index of the all-plexus slab (p = 
0.015) (Table 1). The flow index also decreased in the intermediate 
capillary plexus (ICP) and the superficial vascular complex (SVC), 
but these changes were small (Figure 1) and not statistically 
significant (Table 1). The PR-OCTA showed good within-session 
baseline repeatability (CV, 0.8%-5.2%) in all parameters (Table1). 
Relatively large between-day response reproducibility was observed 
(pooled SD, 1.7%-9.4%) (Table 1).
Conclusions: Projection-resolved OCTA was able to show that the 
retinal autoregulatory response to hyperoxia affects only the DCP, but 
not the ICP or SVC.

En face angiograms of superficial, intermediate and deep parafoveal 
vascular plexuses of the same participant during baseline scan session 
(A-C), and after hyperoxia (D-F). Note the difference in flow signal 
(color scale) and vessel density between baseline and hyperoxia. The 
decrease is visually apparent in the deep capillary plexus (DCP), 
but not in the superficial vascular complex (SVC) or intermediate 
capillary plexus (ICP)
Commercial Relationships: Ahmed M. Hagag; Alex D. Pechauer, 
None; Liang Liu, None; JIE WANG, None; Zhang Miao, None; 
Yali Jia, Optovue, Inc. (F), Optovue, Inc. (P); David Huang, 
Optovue (I), Optovue (F), Optovue (P), Carl Zeiss Meditec, Inc. (P)
Support: Grants R01 EY023285, DP3 DK104397, R01 EY024544, 
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Presentation Time: 4:45 PM–5:00 PM
Subclinical retinal manifestations in infants with hypoxic 
ischemic encephalopathy
Shwetha Mangalesh1, Du Tran-Viet1, Vincent Tai1, Brittany M. Wong1, 
Christian Viehland2, Joanne Finkle3, Laura Edwards3, 
Michael C. Cotten3, Joseph A. Izatt2, Sharon F. Freedman1, 
Cynthia A. Toth1. 1Duke Eye Center, Durham, NC; 2Pratt School of 
Engineering, Durham, NC; 3Duke University School of Medicine, 
Durham, NC.
Purpose: We demonstrate use of bedside eye imaging to detect 
severity of retinal abnormalities in infants with hypoxic ischemic 
encephalopathy (HIE). In prior neurodevelopmental research retinal 
findings on OCT were linked to brain injury and poor outcomes 
in preterm infants. We hypothesize that retinal injury will reflect 
patterns and severity of brain injury due to HIE.
Methods: We used a hand-held, bedside, non-contact spectral-
domain optical coherence tomography (SDOCT) imaging system 
(Envisu 2300, Bioptigen, North Carolina) under a protocol approved 
by Duke Institutional Review Board and after obtaining consent from 
a parent/guardian. All infants were imaged without pharmacologic 
dilation. Eligible preterm and term infants with HIE were imaged 
within 24 hours of hypothermia initiation (cooling), 72 hours after 
birth (re-warming), 5 days (time of magnetic-resonance imaging 
(MRI)) and weekly thereafter until discharged depending on the 
systemic stability of the infant. We compared retinal findings to 
clinical MRI findings in all infants.
Results: We enrolled 6 infants born 35-42 weeks gestational age. We 
recorded macular edema in two infants, sub-retinal fluid (SRF) in one 
infant, absence of ellipsoid zone at the fovea in 2 infants, thinning 
of the retinal nerve fiber layer with rake-like defects in 5 infants and 
hyper-reflective speckles in the ganglion cell layer in all 6 infants. 
The average retinal nerve fiber layer thickness at the papillomacular 
bundle was 53µm. 5/6 infants had abnormal MRI findings. Of these, 
two infants with macular edema showed diffuse signal and edema 
involving the supra-tentorial region of the brain consistent with 
severe hypoxic injury. We had more than one imaging time points 
in 5/6 infants. Those with SRF and macular edema showed progress 
towards resolution in subsequent imaging. The RNFL thickness 
increased over time in 2/5 infants.
Conclusions: Non-dilated handheld OCT imaging may be used to 
assess patterns of neural injury such as neuroinflammation (macular 
edema), neuronal development (photoreceptor development) and 
visual pathway axonal loss (RNFL thinning). Future studies are 
proposed to help in identifying specific markers predictive of brain 
abnormalities useful to monitor intervention for infants at high risk 
for brain damage due to birth asphyxia.

RNFL defects (white arrows) and cystoid spaces (yellow arrow) and 
over all nerve fiber layer thinning in a term infant with HIE.
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Presentation Time: 5:00 PM–5:15 PM
Acute Optic Nerve Angiographic Changes with Intravitreal 
Injections
Ross Chod, Alexander Barash, Richard B. Rosen. Ophthalmology - 
Retina Section, New York Eye and Ear Infirmary, New York, NY.
Purpose: Intravitreal injections produce acute changes in intraocular 
pressure (IOP). We performed a prospective, observational clinical 
study to evaluate changes in blood flow that occur at the optic nerve 
after intravitreal bevacizumab injection using optical coherence 
tomography angiography (OCTA). We hypothesized that blood flow 
(perfusion density) to the optic nerve and peripapillary capillary 
network would acutely decrease secondary to the acute IOP elevation 
associated with intravitreal injection.
Methods: Ten patients receiving intravitreal injections of 
bevacizumab for diabetic retinopathy, macular degeneration, and 
radiation retinopathy were included in this study. All patients were 
over the age of 18 with vision ≥20/80. Patients were excluded if they 
could not fixate for OCTA or if media opacity led to poor signal. 
Injection of 0.05 mL bevacizumab (1.25 mg) was given to 8 patients, 
0.1mL bevacizumab (2.50 mg) was given to two patients with 
radiation retinopathy. All patients had peripapillary OCTA performed 
before and after injection. We reviewed perfusion density maps to 
measure blood flow changes that occur with the acute rise in IOP 
associated with intravitreal injections. Evaluation was performed on 
subdivisions of the optic nerve head vasculature and that of the radial 
peripapillary capillary (RPC) network. Paired t-tests were performed 
using SPSS software (v21) to analyze pre- and post-injection 
perfusion density within the areas of interest. A cut-off p<0.05 for 
significance was utilized.
Results: The optic disc itself did not demonstrate a decrease in 
perfusion density after intravitreal injection. The superotemporal 
aspect of the disc showed a trend toward decreased perfusion. While 
the overall RPC network did not demonstrate a decrease in perfusion 
density after injection, the superotemporal subdivision of the RPC 
network was found to sustain a statistically significant decline in 
perfusion density. The superonasal RPC showed a trend toward 
decreased perfusion. See table 1 for details.
Conclusions: Intravitreal injections produce an acute increase in IOP 
which may have an affect on the perfusion of the optic nerve and/
or the peripapillary capillary network. Further studies are warranted 
to investigate longitudinal perfusion density changes of the optic 
nerve and peripapillary capillary network after intravitreal injections, 
including correlation with visual field analysis.
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An explanation for why choroidal blood vessels appear dark on 
clinical OCT images
Ruikang K. Wang1, Mitchell Kirby1, Chenxi Li1, Woo J. Choi1, 
Giovanni Gregori2, Philip J. Rosenfeld2. 1Bioengineering, University 
of Washington, Seattle, WA; 2Bascom Palmer Eye Institute, Miami, 
FL.
Purpose: To determine the physical reasons why choroidal blood 
vessels (CBV) appear relatively dark (void of signal) on clinical OCT 
images of normal eyes while they appear relatively bright (stronger 
signal) in eyes with geographic atrophy (GA) secondary to AMD.
Methods: According to the Raleigh and Mie theory of light-particle 
interaction, we developed a simple model to simulate light scattering 
and propagation within the RPE, choroid, sclera, and red blood cells 
(RBCs). Retinal ultrastructure from histology was used to estimate 
the effective sizes of scattering particles that composed each tissue 
complex. The parameters considered included particle size, scattering 
(us) and absorption co-efficient, and the anisotropic factor (g, 
tendency of light to go forward or backward when interacting with a 
particle). The larger the g value, the lower the probability for light to 
be backscattered by a particle, thus making it more difficult for OCT 
to detect. To confirm simulation results, we fabricated a three-layer 
scattering phantom to simulate the RPE, choroid, and sclera tissue 
complexes. Two flow tubes of a 50um diameter, one flowing with 
fresh blood and another with intralipid, were situated in the middle 
layer to simulate CBVs.
Results: At the 850 nm OCT wavelength, it was found that the 
densely populated melanin (average effective size of ~0.2um) within 
the RPE complex would be strongly scattering particles with us 
~150/mm and g value between 0.75 and 0.85. The tissue components 
within the stroma and sclera with an effective particle size of ~2um 
were relatively less scattering with us ~53/mm and g ~0.87. However, 
the RBCs, with an average size of ~ 7um, scatter the light at g = 0.99 
with us ~75/mm. These parameters explain the low likelihood that 
photons would be backscattered from RBCs within the CBV lumens 
and detected by OCT. Microfluidic phantom experiments confirmed 
the theoretical predictions (See Figure).
Conclusions: The melanin particles located within the RPE are 
mainly responsible for the dark appearance of the CBV lumens on 
clinical OCT images. A progressive loss of RPE tissue components 
increases the OCT detection probability of photons being 
backscattered from the RBCs within the CBVs, thus making the inner 
portion of the choroidal vessels appear brighter in patients with GA. 
However, the outer portions of the larger vessels continue to appear 
dark due to high scattering and absorption of RBCs.
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