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521 Retinopathy of Prematurity
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Organizing Section: Retina

Program Number: 5523 Poster Board Number: B0723
Presentation Time: 8:30 AM–10:15 AM
Variations in Practice Patterns in Retinopathy of Prematurity 
(ROP) care: A Web-based Survey
Swati Agarwal. Ophthalmology, University of Florida, Gainesville, 
FL.
Purpose: A distinct variation exists amongst physicians in providing 
ROP care to premature infants requiring treatment and those not 
requiring treatment, irrespective of the American Academy of 
Pediatric (AAP) published guidelines. With this web-based survey, 
we studied the preferences and trends in practice patterns in infants 
treated with and without anti-VEGF/laser therapy for ROP
Methods: A web-based survey was administered to members of 
AAPOS, ASRS and WSPOS. 267 U.S. and international physicians 
participated. The survey included questions regarding competency in 
lasers and intravitreal injections (IV), preferences in treatment with 
anti-VEGF bevacizumab (IVB), laser or dual therapy for type 1 ROP, 
frequency of follow-up, postmenstrual age (PMA) of conclusion 
of retinal examination, and incidence of late recurrence or retinal 
detachment.
Results: 73% pediatric ophthalmologists reported incompetency 
in providing IV injections and 54.1% in providing laser. In infants 
with persistent avascular retina without pre-threshold disease or 
worse ROP, 54.2% continued examination >50 weeks PMA, 23.3% 
discontinued at 50 weeks PMA, 3.2% preferred prophylactic laser 
and 5.1% fluorescein angiography and laser prior to concluding 
exams. 46.3% physicians preferred IVB as primary monotherapy, 
37.3% laser, and 16.4% both IVB and laser in type 1 ROP. Of those 
who preferred IVB monotherapy, 20.4% concluded examination at 
≤55 weeks PMA, whereas 79.6% continued evaluation >55 weeks 
PMA (range = 60 to ≥80 weeks). Of those who preferred both 
IVB and laser, 50.6% concluded examination at ≤ 50 weeks PMA, 
whereas 49.4% continued >50 weeks (range = 55 to ≥80 weeks). 
15.5 % reported recurrence or late stage retinal detachment with IVB 
monotherapy and 8.8% with dual therapy.
Conclusions: Treatment preferences and conclusion of examination 
in ROP care varies considerably without and with treatment. 
Though a longer follow-up is recommended with IVB, our survey 
reveals extended examinations beyond 50 weeks PMA in infants 
with persistent avascular retina requiring no treatment and even in 
laser treated subgroup. This survey highlights low competency in 
providing treatment by pediatric ophthalmologists, with distinctly 
variable patterns in ROP care. Further multicenter observational trials 
are necessary to assess risk/benefits of extended follow-ups, doses 
and long-term effects of IVB and the role of prophylactic laser in 
ROP care.
Commercial Relationships: Swati Agarwal, None

Program Number: 5524 Poster Board Number: B0724
Presentation Time: 8:30 AM–10:15 AM
Telemedical Diagnosis of Stage 4 and Stage 5 Retinopathy of 
Prematurity
Robison V. Chan1, 2, Samir N. Patel3, Ranjodh Singh4, 
Karyn E. Jonas1, Susan Ostmo5, Mrinali P. Gupta6, J. 
Peter Campbell5, Michael F. Chiang5. 1Ophthalmology and Visual 
Sciences, Illinois Eye and Ear Infirmary, University of Illinois at 
Chicago, Chicago, IL; 2Center for Global Health, University of 
Illinois at Chicago, Chicago, IL; 3Ophthalmology, Memorial Sloan 
Kettering Cancer Center, New York, NY; 4Weill Cornell Medical 
College, New York, NY; 5Ophthalmology, Casey Eye Institute, 
Oregon Health & Science University, Portland, OR; 6Ophthalmology, 
Weill Cornell Medical College, New York, NY.
Purpose: To determine the accuracy of image-based diagnosis for 
stage 4 or worse retinopathy of prematurity (ROP) disease.
Methods: This is a prospective cohort study. 1220 eye examinations 
from 230 infants were prospectively obtained from 8 major ROP 
centers. An ophthalmologist at each center provided a clinical 
diagnosis using indirect ophthalmoscopy. Wide-angle retinal images 
(RetCam; Clarity Medical Systems, Pleasanton, CA) were then 
obtained, which were independently read by two ROP experts using 
a web-based system for an image-based diagnosis. Sensitivity and 
specificity of image-based diagnosis from the ROP experts were 
calculated using the clinical diagnosis as the reference standard.
Results: 28/1220 (2%) eye examinations had a clinical diagnosis 
of stage 4 or worse disease. Among these 28 examinations, expert 1 
had a 21/28 (75%) agreement with the clinical diagnosis, and for the 
7 discrepancies, the expert provided a diagnosis of stage 0 in 5 eye 
examinations and stage 3 in 2 eye examinations. Among the 28 eye 
examinations with a clinical diagnosis of stage 4 or worse disease, 
expert 2 had agreement in 24/28 (85%) eye examinations, and for the 
4 discrepancies, the expert provided a diagnosis of stage 0 in 4 eye 
examinations. Using the clinical diagnosis as the reference standard, 
for the image based detection of stage 4 or worse disease, experts 
1 and 2 had a sensitivity of 75% and 86%, respectively. For the 
image based detection of stage 5 disease, both experts 1 and 2 had a 
sensitivity of 69%.
Conclusions: There are inconsistencies in the accuracy of image-
based diagnosis of stage 4 and stage 5 ROP when compared to the 
clinical diagnosis.
Commercial Relationships: Robison V. Chan, Bausch and 
Lomb (C), Visunex Medical Systems (C), Alcon (C), Allergan (C); 
Samir N. Patel, None; Ranjodh Singh, None; Karyn E. Jonas, 
None; Susan Ostmo, None; Mrinali P. Gupta, None; J. 
Peter Campbell, None; Michael F. Chiang, Novartic (C), Clarity (S)
Support: NIH EY19474 (SO, KEJ, RVPC, MFC), NIH P30 
EY010572 (JPC, SO, MFC); NIH R21 EY22387 (MFC); unrestricted 
departmental funding from Research to Prevent Blindness, New 
York, NY (SNP, MPG, JPC, RS, SO, KEJ, RVPC, MFC); Grant 
1622679 from the National Science Foundation (Arlington, VA); and 
the iNsight Foundation (RVPC, KEJ)
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Program Number: 5525 Poster Board Number: B0725
Presentation Time: 8:30 AM–10:15 AM
Clinical factors associated with dysbiosis of gut microbiota affects 
the risk of retinopathy of prematurity
YEONJI JANG1, 2, Byung Joo Lee2, 3, Dong Hyun Jo2, 3, Seung 
Han Shin4, Ee-Kyung Kim4, Han-Suk Kim4, Young Suk Yu1, Jeong 
Hun Kim2, 3. 1Ophthalmology, Seoul national university Hospital, 
Seoul, Korea (the Republic of); 2Fight against Angiogenesis-Related 
Blindness (FARB) Laboratory, Clinical Research Institute, Seoul 
National University Hospital, Seoul, Korea (the Republic of); 
3Department of Biomedical Sciences, Seoul National University 
College of Medicine, Seoul, Korea (the Republic of); 4Department 
of Pediatrics, Seoul National University College of Medicine, Seoul, 
Korea, Seoul, Korea (the Republic of).
Purpose: To investigate the relationship between development of 
retinopathy of prematurity (ROP) and clinical factors that might 
cause dysbiosis of gut microbiota in premature infants.
Methods: Medical records were retrospectively reviewed in 173 
patients who had admitted to the neonatal intensive care unit of 
Seoul National University Children’s Hospital from January 2010 
to December 2011, had undergone ROP screening, and whose 
gestational age was less than 32 weeks or whose birth weight 
was less than 1500 g. Sex, gestational age, birth weight, presence 
of chorioamnionitis, maternal antibiotics use, delivery methods, 
systemic antibiotics use, total parenteral nutrition, and presence 
of leukocytosis were documented. Then, the relation between the 
development of ROP and these clinical factors were statistically 
analyzed using univariate analysis, multivariate analysis and logistic 
regression analysis.
Results: Of the 173 patients, 68 had ROP, and 30 of them had severe 
ROP. The incidence of ROP was significantly higher in patients with 
chorioamnionitis, systemic antibiotics use, total parenteral nutrition, 
and leukocytosis. Among them, chorioamnionitis and leukocytosis 
were identified to be risk factors for ROP independent of the 
previously reported ones such as gestational age or birth weight.
Conclusions: Several clinical factors related to dysbiosis of gut 
microbiota were found to correlate with the prevalence of ROP. These 
results are expected to be the basis for further studies to prevent the 
development of ROP through gut microbial regulation.
Commercial Relationships: YEONJI JANG; Byung Joo Lee, 
None; Dong Hyun Jo, None; Seung Han Shin, None; Ee-
Kyung Kim, None; Han-Suk Kim, None; Young Suk Yu, None; 
Jeong Hun Kim, None

Program Number: 5526 Poster Board Number: B0726
Presentation Time: 8:30 AM–10:15 AM
Macular morphology following unilateral bevacizumab injection 
for retinopathy of prematurity: an OCT study
Nasrin N. Tehrani1, 2, Antony Clark1, Maram Isaac1, Tom Wright1, 
Carol A. Westall1, Kamiar Mireskandari1. 1Ophthalmology, Hospital 
for Sick Children, Toronto, ON, Canada; 2Ophthalmology and Vision 
Sciences, University of Toronto, Toronto, ON, Canada.
Purpose: Vascular endothelial growth factor inhibitors have become 
an alternative treatment for retinopathy of prematurity (ROP), 
particularly for disease in zone I. The purpose of this study is to 
assess the effect of intravitreal bevacizumab on foveal development 
and macular thickness in infants treated for type 1 retinopathy of 
prematurity for unilateral disease and compare treated and untreated 
eyes of the same infant.
Methods: This is a retrospective case-series of all infants treated 
with intravitreal bevacizumab (IVB) 0.625mg/0.025ml for unilateral 
type 1 ROP. Infants in whom spectral domain optical coherence 
tomography (SD-OCT) imaging of the macula was successfully 

performed were included. Data on baseline characteristics including 
sex, gestational age, birth weight, and postmenstrual age (PMA) at 
the time of treatment were recorded. We compared macular thickness 
between treated and untreated eyes across a standard early treatment 
of diabetic retinopathy grid. Foveal structural development in treated 
and untreated eyes was also compared according to a standard 
grading system. Univariate analysis of foveal grade was performed 
using non-parametric tests. The difference in retinal thickness 
between treated and untreated eyes was examined using a linear 
mixed effects model. P values < 0.05 were considered significant.
Results: Seven infants were treated in one eye. All treated eyes 
had type 1 ROP; stage 3 in zone II with plus disease. All untreated 
eyes had type 2 ROP that regressed spontaneously. The mean ± SD 
gestational age of infants was 25.3 ± 0.3 weeks with a birth weight of 
776 ± 17.6 grams. Treatment was performed at a mean PMA of 37.2 
± 0.4 weeks. Foveal development was normal in three (43%) treated 
versus five (71%) untreated eyes (P=0.59). Three patients (43%) 
demonstrated asymmetric foveal development. In all three, the treated 
eye’s fovea was more hypoplastic by one grade compared to the 
untreated eye. Mean central foveal thickness for treated and untreated 
eyes was 270.1mm ± 19.6 and 253.0mm ± 27.2 respectively 
(P=0.15).
Conclusions: In this small case series, there was increased foveal 
hypoplasia and a thicker fovea with intravitreal bevacizumab 
treatment compared to no treatment. Further study is needed to 
determine whether this reflects differences in ROP disease severity or 
a potential influence of IVB on foveal development.
Commercial Relationships: Nasrin N. Tehrani, None; 
Antony Clark, None; Maram Isaac, None; Tom Wright, None; 
Carol A. Westall, None; Kamiar Mireskandari, None

Program Number: 5527 Poster Board Number: B0727
Presentation Time: 8:30 AM–10:15 AM
Increase of macular pigment optical density with age in 
premature infants measured by fundus reflectometry
Hiroyuki Sasano1, 2, Akira Obana1, 3, Yuko Gohto1, Takahiko Seto1, 
Shigetoshi Okazaki3, Paul S. Bernstein4, Mohsen Sharifzadeh5, 
Werner Gellermann5. 1Ophthalmology, Seirei Hamamatsu General 
Hospital, Hamamatsu, Japan; 2Ophthalmology, Jikei University 
School of Medicine, Tokyo, Japan; 3Medical Spectroscopy, Institute 
for Medical Photonics Research, Preeminent Medical Photonics 
Education and Research Center, Hamamatsu University School of 
Medicine, Shizuoka, Japan; 4Ophthalmology and Visual Sciences, 
Moran Eye Center, University of Utah School of Medicine, Salt 
Lake, UT; 5Image Technolgies, Salt Lake, UT.
Purpose: The macular pigment consists of carotenoids taken 
up into the eye from the diet. Infants get their carotenoids from 
maternal blood via the placenta before birth. In the present study, we 
investigated macular pigment optical density (MPOD) levels in 44 
Japanese prematurely born infants.
Methods: The infants were admitted to the Department of 
Neonatology, Seirei Hamamatsu General Hospital. Fundus images 
of the macula were taken using a RetCam3® instrument (Clarity 
Medical Systems, Pleasanton, CA) with blue light excitation at 484 
nm. MPOD levels were calculated by comparing average maximum 
pixel intensity levels, Imax, at 7 degrees eccentricity, with average 
minimum pixel intensity levels, Imin, in the center of the macula. Our 
study had IRB approval from Seirei Hamamatsu General Hospital; 
written informed consent was obtained from the parents.
Results: The corrected age of the infants ranged from 23 weeks to 
38 weeks; 21 infants were male, and 23 were female. Images with 
sufficient image contrast, i.e. differences between Imax and Imin 
could be obtained in infants with age of 33 weeks and more, but not 
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in infants with age of less than 33 weeks. RetCam3® images were 
captured at two or more age points in all but 8 infants. Three infants 
could not be measured at any age.
MPOD levels ranged between 0 and 0.22 optical density units (mean 
= 0.09, SD = 0.04). Results with all infants are drawn in the attached 
plot, showing an increase of MPOD levels with age in all cases after 
the threshold age of 33 weeks (Fig.1). The mean MPOD levels every 
week increased linearly (Fig.2). At any age, infants showed an  
inter-subject variation in MPOD levels from 1.2 to 6.5 folds 
(median=2.3 fold).
Conclusions: Significant MPOD levels could be detected for the first 
time in prematurely born infants after they had reached a threshold 
age of 33 weeks, and the increase of MPOD levels could be tracked 
over time. These results offer the opportunity to investigate the role 
of maternal and infant diets in future studies with prematurely born 
infants as well as term infants.

Fig.1

Fig2
Commercial Relationships: Hiroyuki Sasano, None; 
Akira Obana, None; Yuko Gohto, None; Takahiko Seto, None; 
Shigetoshi Okazaki, Hamamatsu Photonics (E); Paul S. Bernstein, 
None; Mohsen Sharifzadeh, None; Werner Gellermann, None

Program Number: 5528 Poster Board Number: B0728
Presentation Time: 8:30 AM–10:15 AM
Changes in relative position of choroidal versus retinal vessels in 
preterm infants
Sang Jin Kim1, 4, J. Peter Campbell1, Susan Ostmo1, Karyn E. Jonas2, 
Robison V. Chan2, Michael F. Chiang1, 3. 1Department of 
Ophthalmology, Casey Eye Institute, Oregon Health & Science 
University, Portland, OR; 2Department of Ophthalmology and Visual 
Sciences, Illinois Eye and Ear Infirmary, University of Illinois at 
Chicago, Chicago, IL; 3Department of Medical Informatics and 
Clinical Epidemiology, Oregon Health & Science University, 
Portland, OR; 4Department of Ophthalmology, Samsung Medical 
Center, Sungkyunkwan University School of Medicine, Seoul, Korea 
(the Republic of).
Purpose: Little is known about choroidal vascular development in 
preterm infants. We have observed a novel finding that the relative 
positions of choroidal and retinal vessels change over time in preterm 
infants (Figure). The purpose of this study is to describe and analyze 
the frequency of this finding, and to identify factors associated with 
this finding using quantitative analysis.
Methods: Consecutive eyes with wide-angle retinal images (RetCam; 
Natus, Pleasanton, CA) with quality sufficient to enable visualization 
of choroidal and retinal vessels were analyzed as part of a prospective 
retinopathy of prematurity (ROP) cohort study. Retinal images 
captured during routine ROP screening from two sessions 5 to 7 
weeks apart were included in this study. For the quantitative analysis, 
the distance of a characteristic landmark of choroidal vessels (e.g. 
vascular branch point) between the two sessions were measured. 
Univariate and multivariate analyses were performed to identify 
factors associated with the amount of change in relative vascular 
position.
Results: A total of 37 eyes from 37 preterm infants with mean 
gestational age (GA) of 26.22 ± 1.49 weeks were analyzed. Changes 
in relative position of choroidal versus retinal vessels were detected 
in all 37 eyes. The mean time interval between the two sessions was 
6.02 ± 0.61 weeks, and mean postmenstrual age (PMA) at the first 
session was 32.6 ± 1.43 weeks. The mean difference in choroidal vs. 
retinal vascular position between the two sessions was 0.55 ± 0.16 
mm. Univariate analysis revealed that eyes with type 1 ROP (n=13) 
showed significantly less movement than eyes with non-type 1 or 
no ROP (0.46 ± 0.16 vs. 0.60 ± 0.14 mm, P=0.016). PMA at the first 
time point showed a negative correlation with the distance (R=-
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0.4832, P=0.0025). Multiple regression analysis revealed that type 
1 ROP and PMA at the first time point were significantly associated 
with less movement of retinal compared to choroidal vessels 
(P=0.035 and 0.004, respectively).
Conclusions: Choroidal vessels expand outward with respect to 
retinal vessels in preterm infants, which may imply relatively faster 
peripheral growth of choroid vs. retinal vessels. Eyes with type 
1 ROP showed less difference in growth, which may represent 
compromised development of choroidal vasculature in eyes with 
severe ROP. In addition, choroidal growth rate in preterm infants 
appears to slow over time after birth.

Commercial Relationships: Sang Jin Kim, None; J. 
Peter Campbell, None; Susan Ostmo, None; Karyn E. Jonas, 
None; Robison V. Chan, Visunex Medical Systems (Fremont, CA) 
(C); Michael F. Chiang, Novartis (C), Clarity Medical Systems 
(Pleasanton, CA) (S)
Support: This study was supported by grant R01EY19474, 
R21EY22387 and P30EY10572 from the National Institutes of 
Health (Bethesda, MD), by grant 1622679 from the National Science 
Foundation (Arlington, VA), and by unrestricted departmental 
funding from Research to Prevent Blindness (New York, NY).

Program Number: 5529 Poster Board Number: B0729
Presentation Time: 8:30 AM–10:15 AM
Progression and Outcomes of Fellow Eye After Unilateral 
Treatment for Retinopathy of Prematurity
Megan Ridley-Lane, Jason Horowitz, Jonathan S. Chang. 
Ophthalmology, Columbia University Medical Center,  
New York, NY.
Purpose: In the ET-ROP study 20.9% of infants had asymmetric 
disease with high-risk prethreshold disease in only one eye. The eyes 
in this category had a lower rate of unfavorable outcome (1.5%) than 
those in which bilateral treatment occurred (8.1%). It is the practice 
in some centers to treat the fellow eye in such babies so as to avoid 
the need for repeat general anesthesia. We undertook to investigate 
if a similar percentage of babies in our NICU developed ROP of 
sufficient severity to lead to only one eye having Type 1 ROP at the 

time of treatment, and to determine how often and when the fellow 
eye converted to treatment-requiring ROP from a lesser category.
Methods: An IRB-approved, retrospective chart review was 
performed of patients developing treatment-requiring ROP in one 
eye. Patients were analyzed for time to develop treatment-requiring 
ROP in the second eye, and management course and outcomes.
Results: A total of 774 babies were screened by the ophthalmology 
service at Columbia University Medical Center in New York, NY, 
USA, from 2011 – 2015. We identified 33 patients who underwent 
laser treatment for ROP. Of these, 8 babies (24%) received their 
initial laser treatment in only one eye. Of the 8 infants treated with 
laser unilaterally, 2 babies (25%) underwent treatment for ROP in the 
second eye. One reached Type 1 ROP in the second eye 2 weeks later 
and received laser treatment. The second was treated with laser in the 
fellow eye outside standard criteria of Type 1 ROP 1 week later. Six 
of the infants (75%) never required fellow eye treatment and all six 
untreated eyes had complete regression of ROP. One baby received 
bilateral off-label bevacizumab injections prior to unilateral laser 
treatment and the fellow eye did not require laser.
Conclusions: In our NICU a similar percentage of babies had 
asymmetric treatment-requiring ROP as reported in the ET-ROP 
study. Of the two that later went on to receive treatment in the fellow 
eye, both developed disease within two weeks of initial treatment, 
suggesting that when progression occurs, it is usually rapid. This 
can be helpful for clinicians screening for ROP as well as reduce 
morbidity from excessive laser treatment. Further evaluation of the 
long-term outcomes in these patients may help guide clinical care.

Table 1 - Retinopathy of Prematurity cases with laser treatment 
initiated in the first eye
Commercial Relationships: Megan Ridley-Lane, None; 
Jason Horowitz, None; Jonathan S. Chang, None
Support: Supported by an unrestricted grant to Columbia University 
by Research to Prevent Blindness and the Gerstner Family 
Foundation

Program Number: 5530 Poster Board Number: B0730
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Optic Nerve Head Development of Premature and Full Term 
Infants from Term to Six Years of Age Using Hand-Held 
Ultra-High Resolution Spectral Domain Optical Coherence 
Tomography
Aarti Patel1, Samira Anwar1, Helena H. Lee2, Frank A. Proudlock1, 
Irene Gottlob1. 1Ophthalmology Group, University of Leicester, 
Leicester, United Kingdom; 2Clinical and Experimental Sciences, 
University of Southampton, Southampton, United Kingdom.
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Purpose: Infants born prematurely are at higher risk of reduced 
visual function in later life, however the growth of important retinal 
structures during the critical early years has not been clearly defined. 
Using hand-held ultra-high resolution spectral domain OCT (HH 
SD-OCT) we compared optic nerve head (ONH) development from 
37 weeks to 6 years postmenstrual age (PMA) between premature 
infants previously screened for retinopathy of prematurity (ROP) and 
full term infants.
Methods: 133 premature infants (≤32 weeks gestational age at birth 
or ≤1500g birth weight) and 198 full term infants (37-42 weeks 
gestational age at birth) were recruited to the study. Premature 
infants were grouped according to previous history of ROP; none, 
regressed without treatment, or treated. Ophthalmic examination 
and HH SD-OCT scan (Bioptigen, 2.6µm axial resolution) were 
performed between 37 weeks and 6 years PMA without sedation in 
the outpatient clinical setting. ONH images were analysed using a 
customised macro in ImageJ. Diametric and peri-papillary parameters 
quantified as distance and visual angle measurements were compared 
between groups.
Results: Diametric optic nerve head parameters (disc and cup 
diameters, cup-to-disc ratio) recorded between 37 weeks and 6 
years PMA were statistically similar for infants born prematurely 
and infants born at full term. In both groups, the mean disc and cup 
diameter increased with age by 30% and 40%, respectively when 
described as a fixed distance but remained constant when described as 
a visual angle. Premature infants treated for ROP did not demonstrate 
the early reduction in temporal RNFL thickness in the first year as 
seen in full term and other premature infants. The resulting temporal 
RNFL was significantly thicker between PMA of 1 and 6 years when 
compared to all other groups (p<0.001).
Conclusions: We demonstrate premature infants without a 
previous history of treated ROP have a similar time course of ONH 
development after reaching 37 weeks PMA compared to infants 
born at full term, suggesting abnormalities of visual function in this 
group are not primarily due to the structure of the optic nerve head. 
In contrast, premature infants treated for ROP show a significantly 
thicker temporal RNFL throughout early childhood highlighting the 
impact of severe ROP on retinal development later in life.
Commercial Relationships: Aarti Patel, None; Samira Anwar, 
None; Helena H. Lee, None; Frank A. Proudlock, None; 
Irene Gottlob, None
Support: DRF-2014-07-136, MR/N004566/1, MR/J004189/1

Program Number: 5531 Poster Board Number: B0731
Presentation Time: 8:30 AM–10:15 AM
Inconsistencies in the diagnosis of aggressive posterior 
retinopathy of prematurity
Mrinali Patel Gupta1, Samir Patel1, Ranjodh Singh1, 
Karyn E. Jonas2, Susan Ostmo3, Paul Petrakos1, J. Peter Campbell4, 
Michael F. Chiang3, 4, Robison V. Chan2, 5. 1Ophthalmology, Weill 
Cornell Medical College, New York, NY; 2Ophthalmology and 
Visual Sciences, Illinois Eye and Ear Infirmary, University of 
Illinois at Chicago, Chicago, IL; 3Medical Informatics and Clinical 
Epidemiology, Oregon Health and Science University, Portland, OR; 
4Ophthalmology, Casey Eye Institute at Oregon Health and Science 
University, Portland, OR; 5Center for Global Health, College of 
Medicine, University of Illinois at Chicago, Chicago, IL.
Purpose: To determine the accuracy and reliability of diagnosing 
aggressive posterior retinopathy of prematurity (APROP).
Methods: 1220 eye examinations from 230 infants undergoing 
retinopathy of prematurity (ROP) screening examinations were 
prospectively obtained at 8 major ROP centers. An ophthalmologist 
at each center provided a clinical diagnosis using indirect 

ophthalmoscopy. Wide-angle retinal images were then obtained, 
which were independently read by two ROP experts using a 
web-based system for an image-based diagnosis. Sensitivity and 
specificity of image-based APROP diagnosis by the ROP experts 
were calculated using the clinical diagnosis as the reference standard. 
Image-based and clinical diagnosis agreement for APROP was 
calculated using absolute agreement and the unweighted κ statistic.
Results: 104/1220 (9%) examinations had a clinical diagnosis of 
APROP. Sensitivity and specificity for the presence of APROP were 
35% and 96% for expert 1, and 17% and 99% for expert 2. There 
were 79 of 1220 (6%) examinations in which the image-based 
responses of both experts disagreed with the clinical diagnosis of 
APROP. In 11 of 1220 (1%) examinations, both experts provided an 
image-based diagnosis of APROP, but the clinical diagnosis was no 
APROP. In 68 of 1220 (6%) examinations, both experts provided an 
image-based diagnosis of no APROP, but the clinical diagnosis was 
APROP. Using the kappa statistic, expert image-based versus clinical 
diagnostic agreement for the diagnosis of APROP was 0.34 (fair) for 
expert 1, and 0.24 (fair) for expert 2. Agreement for the diagnosis of 
APROP between the image-based diagnoses of expert 1 and expert 2 
was 0.49 (moderate).
Conclusions: There are inconsistencies between the clinical 
diagnosis of APROP (as determined by indirect ophthalmoscopy) 
and the image-based diagnosis of APROP. This may have important 
implications for ROP management and the current international ROP 
classification system.
Commercial Relationships: Mrinali Patel Gupta, None; 
Samir Patel, None; Ranjodh Singh, None; Karyn E. Jonas, None; 
Susan Ostmo, None; Paul Petrakos, None; J. Peter Campbell, 
None; Michael F. Chiang, Novartis (C), Clarity Medical Systems 
(S); Robison V. Chan, Visunex Medical Systems (C)
Support: Funding/Support: supported by grants P30EY10572, 
R01EY19474, and R21EY22387 from the National Institutes of 
Health (Bethesda, MD), grant 1622679 from the National Science 
Foundation (Arlington, VA), and by unrestricted departmental 
funding from Research to Prevent Blindness (New York, NY)
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ROP Expert Confidence in Determining Plus Disease in 
Borderline Images
Eli Smith1, Ebenezer Daniel1, Graham E. Quinn2, 
Agnieshka Baumritter2, Gui-Shuang Ying1. 1Department of 
Ophthalmology, University of Pennsylvania, Philadelphia, PA; 
2Department of Pediatric Ophthalmology, Childrens Hospital of 
Philadelphia, Philadelphia, PA.
Purpose: Difficulty in determining Plus Disease (PD) in eyes with 
Retinopathy of Prematurity (ROP) is well documented. This study 
is to evaluate the confidence with which ROP experts were able 
to identify PD or Pre-PD among images that were categorized as 
borderline PD by an experienced non-physician reader.
Methods: Nine disc center images were selected by an experienced 
non-physician e-ROP- certified grader that were judged 
morphologically to be between a definite PD and a definite pre-PD. 
These images were independently evaluated by 10 e-ROP-certified 
ophthalmologists (ROP experts) who have extensive experience in 
the clinical diagnosis and treatment of ROP, for the presence of PD 
or pre-PD with an assessment of confidence from 1-10 (1 being not at 
all certain and 10 being completely certain). See Figure 1.
Results: The results are shown in Table 1. Among 5 e-ROP images 
identified as PD by both clinical examination and reading center 
image evaluation, one image was identified as pre-PD by one expert, 
another as pre-PD by two experts and a third image as pre-PD by 
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seven experts. Among 2 images identified as pre-PD by both clinical 
exam and image evaluation, one was identified as PD by three experts 
but with low confidence. An image identified as pre-PD by image 
evaluation and normal by clinical exam was judged to be PD by 2 
clinicians.
Conclusions: Difficulty exists even among ROP experts in 
identifying plus, especially in borderline cases.

Commercial Relationships: Eli Smith, None; Ebenezer Daniel, 
None; Graham E. Quinn, None; Agnieshka Baumritter, None; 
Gui-Shuang Ying, Janssen Research & Development (C), Chengdu 
Kanghong Biotech Co (C)
Support: National Eye Institute of the National Institutes of Health, 
Department of Health and Human Services U10 EY017014 and 
R21EY025686
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Presentation Time: 8:30 AM–10:15 AM
Neonates receiving anti-VEGF injections for retinopathy of 
prematurity: a 5-year retrospective analysis
Trevor Washburn, Rachel Weinstein, Jill Zaveri, Jack Cohen. Rush 
University Medical Center, Chicago, IL.
Purpose: Controversy exists regarding the efficacy and safety of 
agents that inhibit vascular endothelial growth factor (VEGF) when 
used used off-label to treat newborns with retinopathy of prematurity 
(ROP). We performed a retrospective analysis to better understand 
the long-term outcomes of intravitreal anti-VEGF therapy as a first 
line treatment of ROP in neonatal inpatients at Rush University 
Medical Center (RUMC) from 2010 to 2015.
Methods: Patients with ROP who received anti-VEGF treatment 
during their inpatient admission between 2010 and 2015 were 
collected in a database consisting of 30 eyes of 16 patients. A 
retrospective chart analysis was conducted to identify patients 
with subsequent pediatric eye examinations at RUMC. Each 
patient’s vision, alignment, refraction, anterior segment and fundus 
examinations were reviewed. Additional data included the patients’ 
developmental status and history of breast feeding.
Results: Of 30 eyes receiving anti-VEGF medications, 9 were seen 
for pediatric follow-up or consultation at RUMC. All of these follow-
up patients were females between 2 and 3 years old. Bevacizumab 
was administered in 5 eyes at varying doses. Ranibizumab was 
administered in 4 eyes at the half dose of 0.25 mg per 0.025 mL. 
Anterior segment findings were unremarkable in all patients with the 
exception of an anterior polar cataract deemed visually unremarkable. 
All eyes were able to fix and follow without evidence of amblyopia. 
Two patients were referred to the pediatric ophthalmologist for 
pseudostrabismus, but subsequent chart review demonstrated 
that all patients were orthophoric without evidence of strabismus. 
While cycloplegic refraction varied from -3.50D to +1.50D, no 
anisometropia greater than +1.00D was noted between eyes and none 
of the patients required glasses. All patients with follow-up were 
diagnosed with developmental delay; however, confounding perinatal 
and peripartum factors, such as IVH and intrauterine drug exposure, 
make it difficult to ascertain the cause of delay.
Conclusions: The results of our study align with current literature 
in demonstrating that anti-VEGF therapy can improve outcomes 
such as vision, strabismus, refraction, and fundoscopic findings in 
infants with ROP without substantial short-term morbidity. However, 
more information is needed regarding the long-term systemic and 
developmental effects of intravitreal anti-VEGF therapy in neonates.
Commercial Relationships: Trevor Washburn, None; 
Rachel Weinstein, None; Jill Zaveri, None; Jack Cohen, None
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Outcomes and Risk Factors for Treatment of Stage 3  
Retinopathy of Prematurity Persisting Beyond 40 Weeks of  
Post Menstrual Age
Robert Koucheki1, 2, Maram Isaac1, Nasrin N. Tehrani1, 2, 
Kamiar Mireskandari1, 2. 1Ophthalmology, The Hospital for Sick 
Children, Toronto, ON, Canada; 2University of Toronto, Toronto, ON, 
Canada.
Purpose: A retrospective chart review was performed to evaluate 
structural outcomes of infants with stage 3 (S3) retinopathy of 
prematurity (ROP) persisting beyond 40 weeks of post menstrual 
age (PMA) and to identify morphological risk factors in infants who 
required treatment.
Methods: We reviewed charts of all premature infants screened 
from January 2004 to July 2015. All infants with S3 ROP persisting 
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beyond 40 weeks of PMA were included. Infants treated before 
40 weeks of PMA were excluded. We collected data on patients’ 
demographics and ROP parameters at first, most severe and at last 
diagnosis of S3 ROP. We also collected data on structural outcome at 
last follow up as defined by ETROP criteria. In addition, the presence 
or absence of macular drag was noted. We performed univariate 
and multivariate analyses on risk factors associated with requiring 
treatment.
Results: Out of 2356 screened infants, 115 infants (172 eyes) 
met inclusion criteria. Thirty-three eyes (19.2%) required laser 
photocoagulation treatment and 139 eyes (80.8%) were observed. 
Sixteen eyes (9.3%) were treated for type 1 ROP. Seventeen eyes 
(9.9%), did not meet type 1 criteria and were treated for persistent 
temporal band of S3 (PTB-S3 group). When the observed group was 
compared to the PTB-S3 treatment group; multiple births (OR 3.86, 
95% CI (1.05, 14.2), p=0.04), two or more clock hours of S3 (OR 
26.74, 95% CI (1.52, 469.29), p=0.025), having vascular tortuosity 
and/or preplus at most severe diagnosis of ROP (OR 19.08, 95% CI 
(1.09, 334.81), p=0.044) were the risk factors for receiving treatment. 
No eye in both treated and observed groups had unfavorable 
structural outcome. 10/17 eyes that were treated for PTB-S3 and 
1/139 eyes of the observed group had a macular drag. Temporal band 
of S3 crossing the horizontal midline (OR 19.74, 95% CI  
(1.12, 348.7), p<0.04) was statistically significant risk factor for 
having a macular drag.
Conclusions: In this cohort, stage 3 ROP persisting beyond 40 weeks 
of PMA was uncommon and associated with favorable structural 
outcome. Less than a tenth reached type 1 ROP. A similar number 
were treated for a persistent temporal band with high risk for macular 
drag. Persistence of a temporal band of S3 that extends more than two 
clock hours and crosses the horizontal midline were important factors 
for considering treatment.
Commercial Relationships: Robert Koucheki, None; 
Maram Isaac, None; Nasrin N. Tehrani, None; 
Kamiar Mireskandari, None
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Conjunctival bacterial flora and antiseptic effect of  
povidone-iodine for infants in the intensive care unit screened for 
retinopathy of prematurity
Ryan Vogel, Iris S. Kassem, Dennis P. Han, Deborah Costakos. 
Ophthalmology & Visual Sciences, Medical College of Wisconsin, 
Milwaukee, WI.
Purpose: Intravitreal injections have recently been used in pre-term 
infants to treat high-risk retinopathy of prematurity (ROP). There is 
no direct evidence on the efficacy of topical antiseptic preparation 
in reducing the conjunctival bacterial load in this unique patient 
population. This study evaluated the composition of the bacterial 
flora and antibiotic resistance patterns, as well as the effect of 
povidone-iodine (PI) on the conjunctival bacterial load in pre-term 
infants screened for ROP.
Methods: Conjunctival cultures were obtained from a randomly 
selected eye of 10 pre-term infants during routine ROP examinations. 
Samples were collected (ESwab™) from the conjunctiva before 
and 2 minutes after instillation of two drops of 5% PI. The samples 
were sent to the microbiology laboratory at Children’s Hospital 
of Wisconsin for gram stain, culture, species identification, and 
quantification of colony-forming units (CFU). The organism 
isolates were also tested for minimum inhibitory concentration to 
the following antibiotics: erythromycin, ofloxacin, polymixin B, 
moxifloxacin, and tobramycin.

Results: Cultures were positive in 90% of subjects. The most 
commonly isolated organism in this study was Staphylococcus 
epidermidis (50%), followed by Streptococcus mitis (20%), 
Corynebacterium species (20%), Staphylococcus hominis (10%), 
Gemella haemolysans (10%), viridans streptococci (10%), and 
coagulase-negative staphylococci, unspeciated (10%). One subject 
yielded polymicrobial growth. After exposure to PI, 70% of subjects 
were culture-positive, and 20% of subjects were found to have 
new organism isolates. CFU counts decreased for 82% of organism 
isolates and increased for 9% following PI exposure. Antibiotic 
resistance of organisms to erythromycin, ofloxacin, polymixin B, 
moxifloxacin, and tobramycin was 47%, 32%, 21%, 5%, and 0% 
respectively.
Conclusions: Drop instillation of 5% PI lowers the CFU count 
of conjunctival samples, but may not significantly reduce the 
positive culture rate in pre-term infants screened for ROP in the 
neonatal intensive care unit. More studies are needed to compare the 
efficacy of more extensive antiseptic preparation of the eyelids and 
conjunctiva and antibiotic prophylaxis in this population.
Commercial Relationships: Ryan Vogel, None; Iris S. Kassem, 
None; Dennis P. Han, None; Deborah Costakos, None
Support: Thomas M. Aaberg, Sr. Retina Research Fund; 
VitreoRetinal Surgery Foundation, Minneapolis, MN; grant 
K08EY024645, Children’s Research Institute of Wisconsin
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Weight Gain Acceleration and Risk of Retinopathy of 
Prematurity
Sila Bal1, Gui-Shuang Ying2, Lauren Tomlinson1, Gil Binenbaum1. 
1Ophthalmology, The Children’s Hospital of Philadelphia, 
Philadelphia, PA; 2Ophthalmology, University of Pennsylvania, 
Philadelphia, PA.
Purpose: Slow weight gain in early life, a surrogate for low serum 
IGF-1, is associated with the subsequent development of retinopathy 
of prematurity (ROP). While early low IGF-1 inhibits retinal vessel 
growth, a later rise in IGF-1 is thought to activate VEGF, causing 
neovascular ROP. A fast rise in IGF-1 is represented by fast weight 
acceleration. Therefore, we evaluated the hypothesis that faster 
weight gain acceleration later in postnatal life is associated with a 
higher, rather than lower, risk of severe ROP.
Methods: Secondary analysis of the G-ROP Study, a retrospective 
cohort of infants undergoing ROP exams at 30 hospitals in North 
America between 2006-12. Infants with inadequate weight data were 
excluded. Weight gain rate during PMA weeks 29-33 (WGR-29-33) 
and weight gain acceleration during weeks 34-38 (WGA-34-38) were 
determined with linear regression of daily weight measurements and 
changes in daily weight measurements, respectively. The primary 
outcome was association between WGA-34-38 (grouped into tertiles) 
and severe (Type 1 or 2) ROP. Confounding was considered for 
well-established ROP risk factors: birth weight (BW), gestational age 
(GA), and WGR-29-33. There was significant interaction between 
WGR and WGA with respect to ROP, so stratified analysis of WGR-
29-33 tertiles was performed. BW and GA were controlled for with 
multivariable logistic regression.
Results: 6835 infants were studied, mean(SD) BW 1086(357) g, 
GA 27.9(2.5) wks. 868(12.7%) had severe ROP (19% in the lowest 
WGR-29-33 tertile, 12.4% middle, 6.9% highest). In the lowest 
WGR-29-33 tertile (<12 g/day), there was no association between 
WGA-34-38 and severe ROP. In the middle WGR-29-33 tertile (12-
24 g/day), the middle WGA-34-38 tertile (-0.25 to +0.55 g/day*day) 
had the highest risk of ROP (adjusted OR compared to lowest tertile, 
1.4 (95%CI 0.98-1.94)). The same effect was seen in the highest 
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WGR 29-33 tertile (>24 g/day), with the middle WGA-34-38 tertile 
at highest ROP risk (adjusted OR=1.6 (1.02-2.6)). Generally, risk of 
severe ROP increased with increasing WGA-34-38, up until about the 
80th percentile of WGA (Figure).
Conclusions: The effect of WGA on ROP depends on WGR earlier 
in postnatal development. Very low WGR-29-33 is associated with 
severe ROP regardless of subsequent WGA. But if WGR-29-33 
is moderate or high, subsequent rapid rises in weight gain rate are 
associated with increasing risk of severe ROP.

Commercial Relationships: Sila Bal; Gui-Shuang Ying, None; 
Lauren Tomlinson, None; Gil Binenbaum, None
Support: NIH 1R01EY021137-01A1
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Peripapillary Pigmentation and Optic Disc Morphology 
in Newborns with Treatment-Warranted Retinopathy of 
Prematurity
Tiffany A. Chen, Cassie Ludwig, Darius M. Moshfeghi. 
Ophthalmology, Byers Eye Institute, Stanford University, Anaheim, 
CA.
Purpose: Little is known about the changes in peripapillary area 
and optic disc morphology during the progression of treatment-
warranted retinopathy of prematurity (TW-ROP). We performed a 
retrospective, case-control study to better understand the differences 
in peripapillary pigmentation and optic disc area between the first and 
last screening exams for infants at risk for ROP.
Methods: All premature newborns screened for ROP as part of 
the Stanford University Network for Diagnosis of Retinopathy of 
Prematurity (SUNDROP) initiative between December 1, 2005 and 
December 30, 2015 were reviewed. Two control newborns without 
TW-ROP were matched by gestational age to each TW-ROP newborn 
identified. For the first and last ROP screening exams, mean gray 
value (MGV), peripapillary pigmentation area (PPA), integrated 
density (ID), optic disc area (ODA), and cup-to-disc area (CDA) 
were measured from fundus photos using ImageJ. Statistical analyses 
were performed using SAS software with p < 0.05 indicating 
statistical significance.
Results: Of 843 screened newborns, 37 had TW-ROP with an 
average gestational age of 25 weeks. As expected, TW-ROP babies 
had significantly lower birth-weights than non-TW-ROP babies 
(691.3 g vs. 770.2 g, p = 0.014). No significant differences in sex or 
multiplicity were observed. From first to last screening exams, the 
MGV in TW-ROP babies decreased by 4.68 units (p<0.0001) vs. 2.65 

units in non-TW-ROP babies (p=0.0699), PPA increased by 0.1 mm2 
(p=0.0707) vs. decreased by 0.17 mm2 (p=0.0047), and ID increased 
by 25.13 units*mm2 (p=0.1734) vs. decreased by 44.06 units*mm2 
(p=0.0021). A 1:2 case:control matched analysis showed statistically 
significant differences in PPA and ID from first to last screening 
exams between TW-ROP and non-TW-ROP babies (PPA p= 0.0118 
and ID p=0.0155). There was no difference in ODA or CDA from 
first to last screening exams between the two groups.
Conclusions: Our results showed no difference in the ODA, but a 
significant difference in PPA and ID from first to last ROP screening 
exams between TW-ROP and non-TW-ROP newborns. The decrease 
in MGV from first to last ROP exam was greater in TW-ROP babies, 
indicating that peripapillary pigmentation became darker to a greater 
degree in TW-ROP as compared to non-TW-ROP newborns. The 
clinical significance of these results remains to be determined.
Commercial Relationships: Tiffany A. Chen, None; 
Cassie Ludwig, None; Darius M. Moshfeghi, None
Support: This study was supported by the Stanford University 
School of Medicine Medical Scholars Research Program to Tiffany 
A. Chen.
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Outcomes In Type I Retinopathy of Prematurity Treated with 
Intravitreal Bevacizumab
Brian Savoie, Adnan Mallick, Ronni M. Lieberman. Ophthalmology, 
Hofstra Northwell School of Medicine, Great Neck, NY.
Purpose: To determine efficacy and complications associated with 
the use of intravitreal bevacizumab (IVB) for treatment of type I 
Retinopathy of Prematurity (ROP).
Methods: In this retrospective study, 19 eyes of 11 patients with type 
I ROP treated with IVB between 2012-2016 were reviewed. Three 
eyes of two patients were excluded due to inadequate  
follow-up. All patients were followed for at least 6 months. Records 
were reviewed for birth weight, gender, gestational age, chronological 
age at time of treatment, ROP classification, and duration of follow 
up. Outcome measurements were dilated fundus exam (DFE) at 
last visit, recurrence of disease, refractive error, strabismus and 
developmental delay. Dilated fundus examination was recorded 
as: attached with no macular dragging, attached with macular 
dragging, detached stage IV or detached stage V. Recurrences were 
defined as recurrent plus disease requiring treatment or recurrent 
neovascularization. Time to recurrence, treatment and results were 
recorded. The incidence of refractive error requiring spectacle 
correction, strabismus and neuro-developmental delay were  
also tabulated.
Results: Of nine patients, the average birth-weight was 776.5g 
(range 590-890), gestational age was 25.6 weeks (range 23-28), and 
chronological age at time of treatment was 36.8 weeks (range 32-45). 
Four patients (45%) were male. 14 eyes (88%) were injected for type 
I ROP; two eyes (13%) for stage III, zone II, pre-plus disease with 
neovascularization of the iris. Average duration of follow up was 18.4 
months. On follow up, all 16 eyes (100%) remained attached with no 
macular dragging. No eye showed acute contraction of proliferative 
membrane after injection. 15 eyes (94%) reached maturity without 
further complication. Recurrence occurred in one eye requiring 
retreatment. After re-treatment, there was regression of disease 
without further complication. No patient developed refractive error 
requiring correction or manifest strabismus. Developmental delay 
was found in five patients.
Conclusions: Findings suggest that IVB is effective in treating type 
I ROP. No evidence of macular dragging was found, as has been 
shown with traditional therapy. No patient developed refractive error 
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or strabismus requiring treatment. Developmental delay occurred in 
five patients, however the impact of IVB on development remains 
ill defined. Further trials are needed to assess long-term safety and 
complications.
Commercial Relationships: Brian Savoie, None; Adnan Mallick, 
None; Ronni M. Lieberman, None
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Evaluation of computer-based image analysis for retinopathy of 
prematurity screening
Sapna Tibrewal1, Peng Tian2, Dharanish Kedarisetti2, 
Jayashree Kalpathy-Cramer3, Stratis Ioannidis4, Deniz Erdogmus2, 
J. Peter Campbell1, Robison V. Chan5, Michael F. Chiang1, 6. 
1Department of Ophthalmology, Casey Eye Institue, Oregon 
Health and Science University, Portland, OR; 2Cognitive Systems 
Laboratory, Department of Electrical and Computer Engineering, 
Northeastern University, Boston, MA; 3Athinoula A. Martinos Center 
for Biomedical Imaging, Department of Radiology, Massachusetts 
General Hospital, Charlestown, MA; 4Department of Electrical 
and Computer Engineering, Northeastern University, Boston, MA; 
5Department of Ophthalmology and Visual Sciences, Illinois Eye 
and Ear Infirmary, University of Illinois at Chicago, Chicago, IL; 
6Department of Medical Informatics and Clinical Epidemiology, 
Oregon Health and Science University, Portland, OR.
Purpose: Retinopathy of prematurity (ROP) diagnosis may be 
highly subjective and qualitative, even by experts. Computer-
based image analysis (CBIA) systems offer the potential to help 
clinicians diagnose ROP more accurately and consistently, and may 
have applications for ROP screening in areas of the world where 
accessibility to clinicians in limited. This project was designed to 
explore whether a CBIA system (the “i-ROP” system) can identify 
infants with clinically-significant ROP.
Methods: We developed the “i-ROP” system to calculate a ROP 
severity score using a computer based algorithm. The algorithm was 
developed using the image characteristics that provided the best 
correlation between the calculated severity scores and cumulative 
ranks obtained for each image after grading by 13 experts. On 
a dataset of 195 images, we measured the receiver operating 
characteristic curve, calculated the area under the curve (AUC), 
and identified the sensitivity and specificity of the i-ROP system for 
detecting pre-plus or worse disease. We also compared the i-ROP 
score to zone, stage, and overall early treatment for retinopathy of 
prematurity (ETROP) category to determine the sensitivity of the 
system for detecting clinically-significant disease.
Results: Linear regression scores obtained using the acceleration and 
dilation indices of arteries and veins together correlated best with the 
cumulative ranks of the images. The AUC for the i-ROP system was 
0.94. The system could detect presence of pre-plus or plus disease 
with a sensitivity of 95% and a specificity of 72%. In terms of the 
ETROP categories, i-ROP system could detect 93% of ETROP type 2 
disease or worse (n=47). The sensitivity for detection of ETROP type 
1 disease (n=27) was 100%.
Conclusions: This study shows that the i-ROP computer-based 
image analysis tool is able to reliably detect clinically-significant 
ROP with high accuracy. This system may have potential to 
assist ophthalmologists in making more accurate and consistent 
diagnoses. These systems could also have a significant impact in 
ROP telemedicine programs worldwide by optimizing the screening 
capacity of limited human resources and improving access to care.
Commercial Relationships: Sapna Tibrewal; Peng Tian, None; 
Dharanish Kedarisetti, None; Jayashree Kalpathy-Cramer, 
None; Stratis Ioannidis, Funded through the NSF (IIS-1622536) and 

through a Google Faculty Research Award (F); Deniz Erdogmus, 
None; J. Peter Campbell, None; Robison V. Chan, Visunex Medical 
Systems (Fremont, CA). (C); Michael F. Chiang, Clarity Medical 
Systems (Pleasanton, CA)- unpaid member of the Scientific Advisory 
Board (S), Novartis (Basel, Switzerland) (C)
Support: Grants P30EY10572, R01EY19474 and R21EY22387 
from the National Institutes of Health (Bethesda, MD); Grant 
1622679 from the National Science Foundation (Arlington, VA); 
and by unrestricted departmental funding from Research to Prevent 
Blindness (New York, NY).
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Foveal development in treated and untreated infants with 
retinopathy of prematurity observed with handheld spectral-
domain optical coherence tomography
Oladipo Fagbemi, Ryan Vogel, Phyllis Summerfelt, 
Deborah Costakos. Ophthalmology, Medical College of Wisconsin, 
Milwaukee, WI.
Purpose: Management of retinopathy of prematurity (ROP) involves 
routine screening, as well as laser photocoagulation (LP) and/
or intravitreal anti-VEGF therapy for clinically indicated cases. 
The effect of these treatments on foveal development is not well 
established. We used spectral-domain optical coherence tomography 
(SD-OCT) to analyze subclinical macular findings in infants 
with ROP including those who underwent treatment with LP or 
bevacizumab.
Methods: Handheld SD-OCT imaging was performed longitudinally 
on 86 subjects (156 eyes) at Children’s Hospital of Wisconsin during 
routine ROP exams. Factors for analysis included foveal pit depth 
(central foveal thickness/rim thickness), outer retinal thickness (ORT) 
ratio at the foveal center, and the presence of cystoid macular edema 
(CME), epiretinal membrane (ERM), and hyperreflective vitreous 
material (HVM).
Results: Usable scans were obtained in 87% of imaging sessions. 
Of these 393 scans, 49 were post-bevacizumab only, 6 were post-LP 
only, 4 were post-both treatments, and 334 were treatment-naïve 
eyes. Using within-subject analysis and excluding images with foveal 
CME, the percent change per week for foveal pit depth and ORT 
ratio were recorded (see table). The change in foveal pit depth per 
week was significantly less for post-bevacizumab eyes compared 
to treatment-naïve eyes (p=0.048). New CME developed in 25% 
of treatment-naïve eyes, 43% of post-bevacizumab eyes, 0% of 
post-LP eyes. New CME developed significantly more often in 
post-bevacizumab versus post-LP eyes (p=0.0171). No difference 
was found in the development of new CME between treatment-naïve 
eyes versus either treatment group. Of eyes that reached stage 3 ROP, 
ERM was found in 96% and HVM in 46%.
Conclusions: SD-OCT imaging of infants with ROP shows 
progressive deepening of the foveal pit and thickening of the 
outer retinal layers, relative to the central foveal thickness. Foveal 
pit development was delayed in eyes treated with bevacizumab. 
Development of CME is more likely post-bevacizumab than post-LP. 
ERM and HVM were prevalent in eyes that reached stage 3 and may 
be an outcome of neovascular development seen in ROP. Further 
study is needed to determine the clinical significance of these findings 
and the long-term visual outcome of delayed foveal maturation.

Percent change per week for each treatment group (t-test, *p≤0.05).
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Commercial Relationships: Oladipo Fagbemi; Ryan Vogel, None; 
Phyllis Summerfelt, None; Deborah Costakos, None
Support: Russell J. and Betty Jane Shaw Fund of the Greater 
Milwaukee Foundation and Grant P30EY001931
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Risk Factors for the Development of Plus Disease in the 
Telemedicine Approaches to Evaluating of Acute-Phase ROP 
(e-ROP) Study
Wei Pan1, Graham E. Quinn2, Ebenezer Daniel1, 
Agnieshka Baumritter2, Gui-Shuang Ying1. 1Ophthalmology, Scheie 
Eye Institute, Philadelphia, PA; 2Ophthalmology, The Children’s 
Hospital of Philadelphia, Philadelphia, PA.
Purpose: Plus disease is a critical feature of severe retinopathy of 
prematurity (ROP) that indicates need for treatment to decrease the 
risk of blindness. This study determines risk factors associated with 
development of plus disease in ROP.
Methods: Secondary analyses of data from infants with birth 
weight (BW) of <1251g who had at least two ROP examinations 
for determining later development of plus disease by study-certified 
ophthalmologists. Non-physician trained readers evaluated retinal 
images for characteristics of ROP, posterior pole vessel abnormality, 
and retinal hemorrhages. Univariate and multivariate logistic 
regression modeling were performed to determine independent risk 
factors for plus disease including demographics, postnatal weight 
gain and ocular findings based on evaluation of images from the first 
image session.
Results: Among 983 eligible infants without plus disease in the first 
eye exam, 83 (8.4%) infants later developed plus disease in one or 
both eyes as determined by clinical exam. In a multivariate model 
(Table 1), significant risk factors for plus disease were: gestational 
age [odds ratio (OR)=3.2 for ≤24 weeks vs. ≥28 weeks, p=0.004], 
race [OR=2.4 for White vs. Black, p=0.01], respiratory support 
[OR=7.1 for the need of high frequency oscillatory ventilation vs. no 
respiratory support], slow weight gain [1.5 for weight gain ≤12 vs. 
>18 g/day, p=0.03], and the image findings at the first image session 
including: preplus/plus disease [OR=2.7 preplus/plus vs. normal, 
p=0.003], stage of ROP [OR=4.2 for stage 3 ROP vs. No ROP, 
p=0.006] and blot hemorrhage [OR=3.1 for presence vs. absence, 
p=0.003]. These risk factors predicted plus disease with an area under 
ROC curve of 0.85 (95% CI: 0.81-0.89). BW, gender, multiple birth 
were not associated with plus disease (p>0.05).
Conclusions: Lower gestation age, White race, need of respiratory 
support, slower postnatal weight gain, the presence of preplus 
disease, higher stages of ROP, and presence of blot hemorrhage are 
independently associated with later development of plus disease. 
These risk factors may help identify infants needing increased 
surveillance to detect the need for treatment.

Commercial Relationships: Wei Pan; Graham E. Quinn, None; 
Ebenezer Daniel, None; Agnieshka Baumritter, None; Gui-
Shuang Ying, Janssen Research & Development (C), Chengdu 
Kanghong Biotech Co (C)
Support: U10EY017014, R21EY025686
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Optical Coherence Tomography Evaluation Of The Peripheral 
Choroid In Infants At High Risk For Retinopathy Prematurity
Mohamed A. Hussein1, Amit Bhatt1, David Coats1, Lainie Maier2. 
1Ophthalmology, Baylor College of Medicine, Houston, TX; 
2Ophthalmology, Texas Children’s Hospital, Houston, TX.
Purpose: To prospectively evaluate the peripheral chroroidal 
development and thickness in infants at high risk for retinopathy 
prematurity (ROP).
Methods: We included in this study infants born at or less than 
25 weeks of gestation, weighing less than 700 grams, and who 
developed interventricular hemorrhage. All infants underwent optical 
coherence tomography (OCT), using Bioptigen Envisu hand held 
OCT serially over 4 weeks, starting at the first ROP screening exam 
and at each follow up screening exam. We evaluated the choroidal 
thickness centrally (at least 2000 microns from the optic nerve 
superiorly or inferiorly) and at extreme nasal and temporal periphery, 
for each eye. Changes in choroidal thickness and the choroid 
thickness to retina thickness ratio (C/R) were evaluated for each 
infant and between the individual infants over time. Changes of the 
choroidal thickness were correlated with the ROP exam findings.
Results: Six infants underwent study and had images sufficient to 
evaluate. The infants were divided into the following groups based on 
the worst severity of ROP at any of the serial examinations: (1) Type 
I ROP requiring treatment (2 infants) (2) Severe ROP of stage 2 or 
worse but not requiring treatment (2 infants) and (3) mild ROP of </= 
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stage 1 in either eye (2 infants). The mean choroidal thickness and 
choroid to retina thickness ratio (C/R) are presented in Table 1.
Conclusions: The peripheral choroid appears to be significantly 
thinner in infants with severe ROP. Choroidal development and 
thickness may play an important role in the development and severity 
of ROP.

Table 1.
Commercial Relationships: Mohamed A. Hussein, None; 
Amit Bhatt, None; David Coats, None; Lainie Maier, None
Support: Seed grant , department of surgery, Texas childrens 
Hospital

Program Number: 5543 Poster Board Number: B0743
Presentation Time: 8:30 AM–10:15 AM
Fundus Pigmentation as a Risk Factor in Retinopathy of 
Prematurity
Sarah P. Read1, Nikisha Kothari1, Kimberly D. Tran1, 
Darius M. Moshfeghi2, Robison V. Chan3, Audina M. Berrocal1. 
1Retina, Bascom Palmer Eye Institute, Miami, FL; 2Stanford Byers 
Eye Institute, Palo Alto, CA; 3Illinois Eye and Ear Infirmary, 
Chicago, IL.
Purpose: Retinopathy of prematurity (ROP) risk factors have been 
described to include younger gestational age, low birth weight, and 
prolonged unregulated oxygen exposure. Here we examined the 
relationship between fundus pigmentation and ROP development and 
severity.
Methods: A multicenter database was prospectively generated from 
infants screened for ROP at 8 centers in the United States whose 
parents consented for participation.
Results: Primary ethnicity/race and fundus pigmentation were 
documented in1054 infants (Figure 1). Parents reported more than 
one ethnicity for 165 patients (17.2%). ROP was diagnosed in 372 
infants (38.9%) with 26.7% requiring treatment. Risk of ROP of 
any stage was increased with low birth weight, gestational age, dark 
pigmentation and Hispanic ethnicity (p<0.05). Severe ROP requiring 
treatment was highest in Asian infants (33.3%), followed by white/
non-Hispanic (30.4%), Hispanic (18.9%), and black (16.4%). 
Irrespective of race/ethnicity, light and medium pigmentation had 
the highest rate of ROP requiring treatment (29.9% and 27.3%, 
respectively), followed by dark pigmentation (13.2%). By logistic 
regression, heavier birth weight and dark fundus pigmentation were 
found to be independently protective against treatment-requiring ROP 
(p<0.05). Compared to dark pigmentation, medium pigmentation 
was 2.8 times and light pigmentation 2.7 times more likely to require 
treatment. There was a trend towards lower rates of treatment with 
darker fundus pigmentation across ethnicities (Figure 2).
Conclusions: This study is the first to show a significant protective 
effect of dark fundus pigmentation in the development of severe 
treatment-requiring ROP across a number of ethnic groups. Melanin 
has been shown to be higher in the choroid of patients with darker 
pigmentation and is photo-protective redox molecule postulated to 
help scavenge free radicals. This finding has implications for risk 
stratification and in the development of treatment strategies.

Commercial Relationships: Sarah P. Read, None; 
Nikisha Kothari, None; Kimberly D. Tran, None; 
Darius M. Moshfeghi, None; Robison V. Chan, None; 
Audina M. Berrocal, None
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The effect of a single anti-VEGF injection on growth and organ 
development of the neonatal rat
Sina Khalili1, Yulia Shifrin1, Jingyi Pan1, Jaques Belik1, 3, 
Kamiar Mireskandari1, 2. 1The Hospital for Sick Children, Toronto, 
ON, Canada; 2Ophthalmology, University of Toronto, Toronto, ON, 
Canada; 3Pediatrics, University of Toronto, Toronto, ON, Canada.
Purpose: Conventional laser treatment for Retinopathy of 
Prematurity results in loss of peripheral retina and visual field, and 
may not stop disease progression. Anti-vascular endothelial growth 
factor (VEGF) treatment is emerging as a promising treatment 
modality, but there is insufficient evidence on their safety for preterm 
neonates. We investigate the effect of high dose systemic anti-VEGF 
in rat pups with equivalent maturity to a 32 week neonate to assess 
body and organ development.
Methods: A single dose of either anti-VEGF antibody, AF-564 
(30 µg/kg; R&D systems;n=7), or saline (control group;n=6) was 
administered to newborn rats intra-peritoneally on the first day of 
life and their body weight and health was monitored daily. 14 days 
post treatment, the brain, lung, heart, kidney and liver of the animals 
were harvested and weighed. The presence of anti-VEGF antibody 
in the serum was detected using Dot blot analysis. The heart was 
processed to measure the Fulton index (right ventricular assessment 
as a surrogate for pulmonary hypertension). All other organs were 
processed for mRNA expression of VEGF and VEGF receptors 
(R1&R2) by qPCR.
Results: All pups survived for 14 days post injection and no group 
differences in body, brain, lung, kidney and liver weights were noted 
and the VEGF antibody was still detected in serum. The treated pups 
exhibited increased total heart weight (194.9±6.2 mg versus 156±6.8 
mg in control; p=0.0071) and elevated Fulton index (0.346±0.008 
versus 0.324±0.003 in control; p<0.0119). AF-564 exposure resulted 
in increased VEGF mRNA expressions in lung (3.96±0.6 versus 
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1.22±0.28 in control; p=0.0015) and kidney (3.224±0.59 versus 
1.014±0.09 in control; p=0.0109). AF-564 treatment also resulted 
in increased lung expression of VEGF-R1 mRNA (2.74±0.2 versus 
1.49±0.28 in control, p=0.013), and kidney expression of VEGF-R2 
mRNA (3.47±0.19 versus 1.004±0.168 in control; p=0.001). No 
changes were seen in the liver and brain (p=0.95 and p=0.83 
respectively for VEGF mRNA expression).
Conclusions: High dose Anti-VEGF antibody exposure in newborn 
rats did not affect mortality, total body and organ weights, but was 
associated with pulmonary hypertension. Expression of lung and 
kidney VEGF and its receptors were increased, whilst the brain and 
liver did not show changes. Dosing experiments can now be targeted 
to assess safety threshold and at anti-VEGF dose used in human ROP 
treatment.
Commercial Relationships: Sina Khalili, None; 
Yulia Shifrin, None; Jingyi Pan, None; Jaques Belik, None; 
Kamiar Mireskandari, None
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Natural course and predictive value of pre-plus disease in 
retinopathy of prematurity: results of a multicenter prospective 
cohort study
Ryan Swan1, 2, Sang Jin Kim2, 3, J. Peter Campbell2, Susan Ostmo2, 
Karyn E. Jonas4, Robison V. Chan4, Michael F. Chiang2. 1DMICE, 
Oregon Health And Sciences University, Portland, OR; 2Casey 
Eye Institute, Oregon Health & Science Univerity, Portland, 
OR; 3Department of Ophthalmology, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul, Korea (the 
Republic of); 4University of Illinois, Chicago, Chicago, IL.
Purpose: Although plus disease is the most important parameter for 
treatment-requiring retinopathy of prematurity (ROP), the prognostic 
value of pre-plus disease, which has been defined as retinal vascular 
abnormalities insufficient for plus disease but possessing more 
arterial tortuosity and venous dilation than normal, has not been 
extensively studied. The purpose of this study is to describe and 
analyze the natural course of pre-plus disease, and to compare its 
predictive value with other known ocular parameters.
Methods: A multicenter prospective cohort study was performed 
including infants screened for ROP at one of 6 major ROP centers in 
the United states. Information was collected describing demographics 
of included infants, classification of ROP at each exam, and final 
outcome of ROP including lowest zone, highest stage, and presence 
of plus or pre-plus disease. Variables reflecting time-series events 
were generated from session data and analyzed. Multivariate logistic 
regression was performed in order to determine odds ratios for factors 
occurring prior to a determination of treatment-requiring disease.
Results: A total of 493 eyes from 493 preterm infants with mean 
gestational age (GA) of 27.15 ± 2.18 weeks were analyzed. Of 91 
eyes diagnosed as pre-plus at least once during the screening period, 
36 eyes (39.6%) required treatment. The stage and zone at which 
pre-plus was first diagnosed were not significantly associated with 
progression rate to treatment-requiring disease. The progression 
rate showed a negative correlation to PMA at the first diagnosis of 
pre-plus with borderline significance (Pearson correlation coefficient 
= -0.57, p=0.06). Multivariate logistic regression showed pre-
plus disease to be predictive of treatment outcome (OR 3.49, CI 
[1.81,6.79]), and to have greater predictive effect than zone I (OR 
2.17, CI [1.20,3.93]) or stage 3 disease (OR 0.25, CI [0.08,0.68]).
Conclusions: A high proportion of eyes with pre-plus disease showed 
progression to treatment-requiring ROP. When pre-plus disease is 
shown early during the screen period, it is more likely that the eyes 

will develop treatment-requiring ROP. Use of the pre-plus distinction 
varies between clinicians, but this evidence of predictive power of the 
classification indicates that its expanded use has potential to improve 
staging of ROP patients during diagnosis.
Commercial Relationships: Ryan Swan; Sang Jin Kim, None; 
J. Peter Campbell, None; Susan Ostmo, None; Karyn E. Jonas, 
None; Robison V. Chan, Visunex Medical Systems (C); 
Michael F. Chiang, Novartis (C), Clarity Medical Systems (S)
Support: Supported by grant P30EY10572 from the National 
Institutes of Health (Bethesda, MD), and by unrestricted departmental 
funding from Research to Prevent Blindness (New York, NY). 
Supported by grants R01EY19474 and R21EY22387 from the 
National Institutes of Health (Bethesda, MD), and by grant 
1622679 from the National Science Foundation (Arlington, VA). 
Additional training funding provided by grants T32EY023211 and 
5TL1TR000129 from the National Institutes of Health (Bethesda, 
MD).
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Laser versus Bevacizumab for Type-1 Retinopathy of 
Prematurity: long term effects of foveal dislocation on ocular 
alignment
Domenico Lepore1, Lorenzo Orazi2, 1, Filippo M. Amore2, 
Daniela Ricci2, Maria Petrianni2, Antonio Baldascino1, Marco 
Hao Hao Ji1, Fernando Molle1. 1Dept of Ophthalmology, Catholic 
University, Rome, Italy; 2IAPB ITALIA onlus, Italian National 
Center of services and Research for Prevention of Blindness and 
Rehabilitation of the Visually impaired, Rome, Italy.
Purpose: To evaluate long term effects of foveal dislocation on 
ocular alignment in a single center randomized study aimed to 
compared traditional laser treatment for Type 1 retinopathy of 
prematurity (ROP) with intravitreal injection of bevacizumab in the 
fellow eye.
Methods: Twenty-one inborn babies with type 1 zone 1 ROP 
were included in the study. One eye was randomized to receive an 
intravitreal injection of 0.5mg bevacizumab; the fellow eye received 
conventional laser photoablation. Fundus color and fluorescein 
angiography Images from 32 eyes (16 infants) with type-1 ROP 
were obtained before 5 years after treatment. 5 babies were lost at 
follow up. Fovea was localized by three different readers using color 
image and FA and then its distance from the center of the optic disk 
measured in pixels. Complete ocular motility exam was performed. 
In case of strabismus angle of ocular deviation was measured in 
prismatic diopters by two different examiners. Cycloplegic refraction 
was also performed using automated refractometer.
Results: Eight babies showed 10 or more pixel of difference in the 
distance of the foveal to the optic disk between the two eyes: in all 
cases the foveal of the laser-treated eye was closer to the optic disk 
compared to the injected eye. Four babies showed a wide angle (up 
to 40 prismatic dioters) esotropia: all these babies were those ones 
that had the greater difference in the distance between fovea and optic 
disk. There was no significant difference in the refractive status of 
these babies eyes.
Conclusions: treatment seems to deeply affects macular development 
with a foveal dislocation toward the optic disk in the lasered eyes 
thus causing eyes misalignment. Further studies are need in order to 
understand how to manage this ocular misalignment.
Commercial Relationships: Domenico Lepore; Lorenzo Orazi, 
None; Filippo M. Amore, None; Daniela Ricci, None; 
Maria Petrianni, None; Antonio Baldascino, None; Marco Hao 
Hao Ji, None; Fernando Molle, None
Clinical Trial: 2009-012609-20, protocol number 343/09
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Development of a scale for grading pre-plus and plus disease 
using retinal images: a pilot study
David Nasrazadani, David K. Wallace, Sharon F. Freedman, 
Sasapin G. Prakalapakorn. Ophthalmology, Duke Eye Center, 
Durham, NC.
Purpose: The diagnosis of plus and pre-plus disease is important in 
the classification of retinopathy of prematurity (ROP). Even among 
experts in the field, the diagnosis is subjective. The aims of this study 
are to 1) create a pictoral scale to standardize the grading of pre-
plus and plus disease in retinal images based on expert perception 
of vessel tortuosity and dilation seen in the images and 2) evaluate 
how well the ordering of these images correlates with the ROPtool 
measures of vessel tortuosity and dilation of these images.
Methods: We created a pictoral scale for grading pre-plus and plus 
disease using narrow-field retinal images of prematurely-born infants 
screened for ROP. Using a consensus of three fellowship-trained 
pediatric ophthalmologists, we ordered these images based on degree 
of vessel tortuosity and dilation. We then used ROPtool to analyze 
these images for the vessel characteristics of tortuosity and dilation 
and compared our pictoral scale to the ROPtool indices of overall 
tortuosity and dilation measured in these images.
Results: Compared to the perceived level of tortuosity seen in the 
retinal images, the ROPtool measure of tortuosity index increased 
within each level of vessel dilation, with overall values ranging from 
1.5 to 13.3. The ROPtool measure of dilation index increased from 
the lowest to the highest level of perceived level of dilation seen 
in the retinal images, with overall values ranging from 8.4-11.4. 
However, the dilation index did not consistently increase within each 
level of perceived vessel tortuosity.
Conclusions: Our pictoral grading scale of vessel tortuosity and 
dilation correlated well with the ROPtool measure of tortuosity 
at each dilation level, but did not correlate well with the ROPtool 
measure of dilation at each level of tortuosity. Our pictoral scale of 
increasing vessel tortuosity and dilation may decrease the subjectivity 
of grading pre-plus and plus disease in retinal images, thereby leading 
to more accurate recognition and diagnosis of plus disease to help 
guide management of ROP.
Commercial Relationships: David Nasrazadani, None; 
David K. Wallace, None; Sharon F. Freedman, None; 
Sasapin G. Prakalapakorn, None
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Retinopathy of Prematurity: 9 years of Epidemiological Analysis 
in a Mexican Institution of Ophthalmology
Veronica A. Romero Morales, Renata Garcia Franco, 
Miguel Vazquez, Ximena Mira, Doris Ponce de Leon. Retina, Instituto 
Mexicano de Oftalmologia IAP, Queretaro, Mexico.
Purpose: Technological developments in Medicine have resulted 
in the increase of newborn survival, and therefore, the increase of 
Retinopathy of Prematurity (ROP) cases. The purpose of this study 
is to evaluate the epidemiologic characteristics in patients with this 
pathology in a Mexican population refer and treated exclusively in an 
ophthalmologic Institution.
Methods: A retrospective, descriptive and observational study was 
done. One hundred and ten patients with history of gestational age 
less than 34 SDG and /or birth weight lower than 1750 gr were 
included, based on an electronic file. Who received ophthalmologic 
screening for ROP from January 2007 to January 2016. Gestational 
age, birth weight, perinatal history, supplementary oxygen use, 
staging of ROP and presence of no light perception were assessed.

Results: We had one hundred and twenty patients, but only 110 had 
complete information. The mean gestational age was 30.7, the bitrh 
weigth between 810 gr -1750 gr, 20% with birth weight of 1000 gr or 
lower than, male 72.7%. 
Main systemic complications reported were respiratory distress, 
sepsis, Hyperbilirubinemia and Intracraneal hemorrhage. In terms 
of diagnosis age, 84.3% were identified before 1 year old. It was 
found no ROP in 56.8% of eyes and patients with bilateral no light 
perception (NPL) corresponding to stage V in 16.3%. In statistic 
analysis Low birth weight and gestational age in mexican population 
are the main risk factors for ROP (P< 0.0001).
Conclusions: Low birth weight and gestational age in Mexican 
population are the main risk factors for ROP. This matches with 
CRYO-ROP studies reported. However, the percentage of no light 
perception cases associated to stage V is related to the lack of proper 
screening methods in our city.
Commercial Relationships: Veronica A. Romero Morales, 
None; Renata Garcia Franco, None; Miguel Vazquez, None; 
Ximena Mira, None; Doris Ponce de Leon, None
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Retrospective cost-benefit analysis of retinopathy of prematurity 
(ROP) screening, follow-up, and treatment with intravitreal 
bevacizumab
Jade G. Gieseke Guevara, Sarina M. Amin, Swati Agarwal. 
Department of Ophthalmology, University of Florida,  
Gainesville, FL.
Purpose: Literature shows that recurrence of ROP with intravitreal 
bevacizumab (IVB) occurs later than with conventional laser. The 
American Academy of Pediatrics recommends infants treated with 
IVB have weekly examination until the retina is fully vascularized. 
However, anecdotal reports exist of persistent avascular retina 
following IVB until nine months of age. In this study we define a 
shorter follow-up protocol after IVB and analyze the costs, benefits, 
and risks.
Methods: Retrospective chart review of 23 infants treated for 
Type 1 ROP with IVB monotherapy between 7/2014 to 11/2016 at 
the University of Florida was performed. Data collection included 
gestational age (GA), birth weight (BW), postmenstrual age (PMA) 
at IVB treatment and Stage 3 ROP recurrence, number and cost of 
treatments and examinations, and adverse events from IVB. Total 
cost for each patient was calculated from cost associated with CPT 
codes.
Results: Of the 23 infants treated with IVB monotherapy, 1 infant 
died, 3 moved, and 19 were followed. 13 infants completed weekly 
follow-up examination until 55 weeks PMA, and 8 of these infants 
were followed until 9 months of age. Average GA was 24.9 weeks. 
Average PMA at treatment and recurrence was 37.25 and 43.75 
weeks respectively. A total of 4 infants had recurrence of Stage 3 
ROP. The average number of IVB treatments was 2.05. All 8 infants 
followed until 9 months of age showed persistent avascular retina on 
Retcam photos and fluorescein angiography. No adverse outcomes or 
recurrence was noted in these infants. The average paid cost of ROP 
screening and treatment in the hospital and outpatient setting was 
$14k.
Conclusions: The average age of ROP recurrence was 43.75 
weeks with IVB monotherapy. A shortened protocol with weekly 
examinations until 55 weeks PMA, followed by cycloplegic 
examination at 60 weeks, and one examination under anesthesia with 
documentation of avascular retina at 65 weeks PMA demonstrates a 
cost-effective and safe method of following infants with Type 1 ROP 
treated with IVB monotherapy. Concluding weekly eye examinations 
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at 55 weeks PMA is cost-effective, and involves no risk of recurrence 
when the retina is not vascularized at 9 months of chronological age. 
A large prospective multicenter study would be beneficial in order 
to redefine current ROP follow-up examination guidelines post-IVB 
treatment.
Commercial Relationships: Jade G. Gieseke Guevara, None; 
Sarina M. Amin, None; Swati Agarwal, None
Support: Research to Prevent Blindness

Program Number: 5550 Poster Board Number: B0750
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Automated Image Quality Assessment for Fundus Images in 
Retinopathy of Prematurity
Aaron S. Coyner1, 2, Ryan Swan1, 2, Jayashree Kalpathy-Cramer1, 3, 
Sang Jin Kim1, 4, J. Peter Campbell1, Karyn E. Jonas5, Susan Ostmo1, 
Robison V. Chan6, Michael F. Chiang1. 1Ophthalmology, Oregon 
Health & Science University, Portland, OR; 2Department of 
Medical Informatics and Clinical Epidemiology, Oregon Health & 
Science University, Portland, OR; 3MGH/Harvard Medical School, 
Boston, MA; 4Ophthalmology, Sungkyunkwan University School 
of Medicine, Seoul, Korea (the Democratic People’s Republic of); 
5University of Illinois at Chicago, Chicago, IL; 6Ophthalmology, 
Illinois Eye and Ear Infirmary, Chicago, IL.
Purpose: Accurate image-based ophthalmic diagnosis relies on 
clarity of fundus images. This has important implications for the 
quality of ophthalmic diagnosis, and for emerging methods such as 
telemedicine and computer-based image analysis. The purpose of 
this study is to implement an algorithm for automatically assessing 
the quality of fundus images, and to evaluate its performance on a 
set of retinopathy of prematurity (ROP) images compared to expert 
assessment.
Methods: A data set of 30 wide-angle ROP images (RetCam; 
Natus, Pleasanton, CA) was collected from infants undergoing 
routine screening examinations. A previously published method by 
Bartling et. al for automated assessment of digital fundus images 
was implemented. Briefly, 30 images were resized and converted 
to grayscale. Each image was broken into 16x16 pixel blocks, and 
blocks were assessed using metrics for brightness and sharpness. 
Scores for each block were used to compute an overall image quality 
score for each image. Images were ranked by quality score from 1 
(lowest quality score) to 30 (highest quality score). Six independent 
experts were provided the same set of 30 images and, using a web-
based interface, were prompted to “select the higher quality image 
for diagnosis of plus disease.” Elo rating values for each image 
were determined for each rater and for the consensus of all raters. 
Spearman rank correlation was used to assess the similarity of the 
algorithm’s performance to human raters when determining image 
quality.
Results: Individual expert ranks correlated highly with one another 
(correlation coefficient [CC] 0.89-0.94) and with the consensus rank 
(CC 0.94-0.98). The algorithm rank correlated with individual expert 
ranks (CC 0.81- 0.87) and the consensus rank (CC 0.86), but not as 
highly as individual experts (Table 1).
Conclusions: Experts in this study had high correlation to one 
another in assessing quality of ROP images. The computer-based 
algorithm assessed image quality with strong correlation to the expert 
consensus rank, although not as high as individual expert correlation 
with the consensus rank. Future studies will investigate discrepancies 
between the algorithm and the consensus, using the established 
consensus rank as a reliable training set.

Spearman’s rank test correlation matrix of Consensus Rank, 
Algorithm Rank, and ranks from six individual experts.
Commercial Relationships: Aaron S. Coyner, None; Ryan Swan, 
None; Jayashree Kalpathy-Cramer, None; Sang Jin Kim, None; 
J. Peter Campbell, None; Karyn E. Jonas, None; Susan Ostmo, 
None; Robison V. Chan, Visunex Medical Systems (C); 
Michael F. Chiang, Novartis (C), Clarity Medical Systems (S)
Support: NLM Grant T15LM007088 (Bethesda, MD), NIH Grants 
T32EY023211, 5TL1TR000129, P30EY10572, R01EY19474 
and R21EY22387 (Bethesda, MD), Grant 1622679 from the 
National Science Foundation (Arlington, VA), and by unrestricted 
departmental funding from Research to Prevent Blindness  
(New York, NY).
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Long-term anatomic and visual outcomes of vitrectomy for 
retinopathy of prematurity (ROP) stage 4 B and 5
Elena Gusson1, Silvia Pignatto2, Francesca Allegrini1, 
Francesca Bosello1, Giorgio Marchini1, Antonio Capone3. 
1Ophthalmology, University of Verona, Verona, Italy; 
2Ophthalmology, University of Udine, Udine, Italy; 3Ophthalmology, 
Vitreoretinal Service, Beaumont Hospital, Royal Oak, MI.
Purpose: To assess long-term anatomic and visual outcomes of 
vitrectomy for treatment of retinal detachment associated with stages 
4B and 5 retinopathy of prematurity (ROP). All babies in this series 
were diagnosed in a pediatric ophthalmology clinic in Italy, and sent 
for surgery to a single vitreoretinal pediatric surgeon in the United 
States. After surgery, patients were than again followed by the same 
Italian center of provenience.
Methods: We performed a retrospective review of medical records 
and data analyses of 70 eyes of 38 consecutive patients affected by 
stages 4B and 5 ROP that underwent vitrectomy from 1999 to 2013. 
Updated last follow-up, retinal reattachment status, visual acuity and 
long-term postoperative complications were evaluated.
Results: The records of 70 eyes of 38 patients, including 23 
eyes with stage 4B ROP and 47 eyes with stage 5 ROP, were 
retrospectively reviewed. Mean follow-up was 8.5 years (range 2-16). 
Long-term anatomic success (retinal attachment) was obtained in 41 
eyes (58.5%) overall: in 19 eyes with stage 4B ROP (82.6%) and in 
22 eyes with stage 5 ROP (46.8 %). Among the 41 eyes with attached 
retina, visual acuity better than form vision was obtained in 17 eyes 
(41.4 %). During follow-up, intraocular hemorrhage occurred in six 
eyes (8.6%). Additional complications encountered during follow up, 
corneal opacity in 3 eyes (4.3%), glaucoma in 10 eyes (14,3%) and 
phthisis in 5 eyes (7,1%), and were more common in eyes without 
retinal attachment.
Conclusions: After following-up for a mean of 8,5 years, the visual 
and anatomical success rates as well as complication rate following 
lensectomy-vitrectomy was encouraging for the correction of 
retinal detachment associated with ROP stage 4B and 5. Retinal 
reattachment offers the opportunity for superior visual outcome as 
compared to the untreated natural history of advanced ROP- related 
retinal detachment.
Commercial Relationships: Elena Gusson, None; Silvia Pignatto, 
None; Francesca Allegrini, None; Francesca Bosello, None; 
Giorgio Marchini, None; Antonio Capone, None
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3D printed device for corneal contact fundoscopy through a 
smartphone and its potential usefulness in ROP screening and 
evaluation of other pediatric retinal diseases
GABRIELA SAIDMAN1, Guillermo Andrés Monteoliva1, 
Erna G. Knoll3, Julio A. Urrets-Zavalia3. 1ROP, RED ROP ZONA 
SUR BA VI XI, Berazategui, Argentina; 3University Clinic Reina 
Fabiola, Universidad Catolica de Cordoba, Cordoba, Argentina.
Purpose: Digital wide angle fundoscopy has been growing in recent 
years, and has showed to be useful for telemedicine. However, 
available commercial equipment and software are expensive. Our 
purpose is to report the development of a 3D printed device for 
smartphone contact wide angle fundoscopy and its utility in ROP 
screening and other pediatric retinal diseases.
Methods: The prototype consists in a magnetized surface base for 
the attachment of any type of smartphone that holds its camera 
aligned with a tubular conic handpiece (Fig 1). Fundus illumination 
is provided by means of an inner led light system with adjustable 
intensity. The handpiece also contains a lens system and different 
types of filters (Fig 2). In the conic distal end of the handpiece an 
universal adaptor for interchangeable attachment of different types of 
wide angle and magnifying contact lenses.
Smartphone 4K video recording mode can be performed, avoiding 
the use of the smartphone zoom, due to the optical system inside the 
handpiece tube. This enhances the quality of edition of video images.
Results: Premature infants and pediatric ocular fundus are easily and 
comfortably observed through this prototype. Detailed optic disk and 
macula observation with magnification is performed with the use of 
smartphone zoom. Wide field fundus visualization is possible with 
the attachment of a pediatric quadraspheric lens. Different types of 
filters provided with the prototype allows the better visualization of 
certain ocular structures, such as blood vessels, optic disk drusen, etc.
Conclusions: High quality instant pictures and video recordings 
may be obtained through this system that are particularly useful for 
telemedicine and teaching.

spare parts drawing of the prototype, showing the components. 
in one extreme the contact lens adaptor, in the other, the centered 
smartphone camera.
Commercial Relationships: GABRIELA SAIDMAN, None; 
Guillermo Andrés Monteoliva, None; Erna G. Knoll, None; 
Julio A. Urrets-Zavalia, None
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OCT Angiography and Handheld-OCT in young children with 
treated or spontaneously resolved ROP
Birgit Lorenz, Kerstin Holve, Silke Schweinfurth, Robert Knobloch, 
Wadim Bowl. Ophthalmology, Justus-Liebig University Giessen, 
Giessen, Germany.
Purpose: To compare size and appearance of the foveal avascular 
zone (FAZ) in optical coherence tomopraphy angiography (OCTA) 
with foveal classic OCT and handheld OCT images in young 
children with a history of treated (tROP) or spontaneously resolved 
retinopathy of prematurity (ROP) (srROP).
Methods: We investigated 5 children with tROP (mean age 5.85 
years; range 4.6-7.08 years), and 5 children with srROP (mean age 
5.8 years; range 4.5-6.7 years), and compared them to 10 healthy 
term-born age-matched children (Term; mean age 5.87 years; range 
4.2-7.5 years). OCTA and classic volume OCT-Scans were performed 
using DRI OCT Triton (Swept Source OCT, Topcon, Netherlands). 
Handheld OCT was performed using Bioptigen Envisu C2300 
(Leica, USA). The level of macular developmental arrest (MDA) (1), 
defined as a disproportion of the outer nuclear layer to inner retinal 
layers in the fovea, was analyzed with a custom made automated 
layer segmentation tool (DiOCTA) (2) and with the automated 
segmentation tool embedded in DRI OCT Triton. All children 
underwent visual acuity testing with Landolt-C.
Results: OCTA clearly showed a narrowed FAZ in both tROP and 
srROP children. While the FAZ is assumed to be nearly circular 
in Term, the FAZ in tROP and srROP was significantly reduced in 
horizontal scale and only slightly reduced in vertical scale (elliptical 
shape). The overall area of the FAZ was significantly reduced (two 
fifths of the mean area of Term) and correlates with the MDA-Index 
– the smaller the area, the smaller the MDA-Index (narrow outer 
nuclear layer, wide inner retinal layers). At the same time visual 
acuity was significantly reduced in tROP and srROP and correlated 
with both reduced FAZ and reduced MDA-Index. Both layer analysis 
methods (handheld OCT with DiOCTA and classic OCT with Triton 
segmentation tool) showed consistent and reliable results and only 
small deviations in the calculation of the MDA-Index.
Conclusions: OCTA allows detecting a downsized foveal avascular 
zone in young children with a history of ROP. The area of superficial 
FAZ and the reduced MDA-Index are correlated with best-corrected 
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visual acuity in these children. OCTA and classic or handheld OCT 
are valuable diagnostic tools in young children because of their high 
accuracy and speed.
(1) Bowl et al.; Invest Ophthalmol Vis Sci 2016 1;57(9): OCT235-41.
(2) Ehnes et al.; Transl Vis Sci Technol 2014 11;3(1): 1.
Commercial Relationships: Birgit Lorenz, None; Kerstin Holve, 
None; Silke Schweinfurth, None; Robert Knobloch, None; 
Wadim Bowl, None
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Deep learning for the identification of plus disease in retinopathy 
of prematurity
Jayashree Kalpathy-Cramer1, J. Peter Campbell2, Sang Kim2, 3, 
Ryan Swan2, Karyn E. Jonas4, Susan Ostmo2, Peng Tian5, 
Dharanish Kedarisetti5, Stratis Ioannidis5, Deniz Erdogmus5, RV 
Paul Chan4, Michael F. Chiang2. 1MGH/Harvard Medical School, 
Charlestown, MA; 2Ophthalmology, Casey Eye Institute, Oregon 
Health & Science University, Portland, OR; 3Ophthalmology, 
Samsung Medical Center, Seoul, Korea (the Republic of); 
4Ophthalmology, University of Illinois, Chicago, Chicago, IL; 
5Northeastern University, Boston, MA.
Purpose: Retinopathy of Prematurity (ROP) is leading cause of 
childhood blindness worldwide. In the United States and globally, 
there is a shortage of adequately trained clinicians who can manage 
ROP at point of care. Identification of plus disease is key component 
of the diagnostic process. However, plus disease classification has 
been shown to be subjective and qualitative. This study explores the 
use of deep learning to identify infants with clinically significant ROP 
and to calculate a severity score.
Methods: We compared three deep learning approaches to ROP 
disease classification. We used two datasets for the experiments. 
Our smaller, highly characterized dataset of 195 images had manual 
segmentations of the vasculature, plus disease classification, and 
disease severity rankings based on pairwise comparisons. Our larger 
dataset consisted of over 6000 images (multiple views) from 650 
patients, including 2400 images of the posterior pole. The larger set 
has a 3 level classification provided by 3-5 experts.
We utilized a deep learning approach with a U-network architecture 
to develop a segmentation algorithm. We then extracted quantitative 
measure of the vascularity from the segmented images and created a 
random forest classifier for 3 level disease classification (plus,  
pre-plus, normal). Neighborhood approximate forests were used 
to create a severity score. Finally, neural networks were developed 
to perform image classification without segmentation. Data pre-
processing and augmentation were employed. We calculated the area 
under the receiver operating characteristic curve (AUC) for the deep 
learning algorithm, as well as correlation coefficients (CC) for the 
algorithm rankings versus pairwise comparison rankings.
Results: A deep learning system for vascular segmentation based 
on a U-network architecture had an AUC of 0.97. Features extracted 
from the segmented images are able to classify images into 3 classes 
and correlated well with the severity ranking (CC 0.78, p<0.05).
Conclusions: A deep learning system for vascular segmentation 
based on a U-network architecture is extremely effective for 
classifying plus disease in ROP diagnosis. Deep learning has great 
potential in automated analysis of ROP.
Commercial Relationships: Jayashree Kalpathy-Cramer, 
None; J. Peter Campbell, None; Sang Kim, None; Ryan Swan, 
None; Karyn E. Jonas, None; Susan Ostmo, None; Peng Tian, 
None; Dharanish Kedarisetti, None; Stratis Ioannidis, 
None; Deniz Erdogmus, None; RV Paul Chan, Visunex (C); 
Michael F. Chiang, Clarity Medical Systems (S), Novartis (C)

Support: Supported by grant P30EY10572 from the National 
Institutes of Health (Bethesda, MD), and by unrestricted departmental 
funding from Research to Prevent Blindness (New York, NY). 
R01EY19474 and R21EY22387 from the National Institutes of 
Health (Bethesda, MD), and by grant 1622679 from the National 
Science Foundation (Arlington, VA).
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Presentation Time: 8:30 AM–10:15 AM
Combined Indocyanine Green and Fluorescein Angiography in 
Retinopathy of Prematurity
C.K. Patel, Thomas Edwards, Elisa Carreras. Department of 
Ophthalmology, Oxford University, Oxford, United Kingdom.
Purpose: To investigate the neonatal choroidal circulation in 
type I retinopathy of prematurity using indocyanine green (ICG) 
angiography.
Methods: Eligible infants were identified following routine National 
Health Service (NHS) retinopathy of prematurity (ROP) screening 
service operating at the Oxford University Hospitals NHS Foundation 
Trust Neonatal Intensive Care Unit or referred following treatment 
at other units. This on-going study is an open label, non-randomised, 
prospective observational case series (Research Ethics Committee 
ref. 16/LO/1315) sponsored by the Trust. A single bolus dose of 
intravenous 0.1 mg/kg ICG-PULSION (Medical Systems SE, 
Germany) and 0.1 ml/kg 10% sodium fluorescein were administered 
to five infants with active type I ROP. The infant was positioned for 
image capture using a ‘flying baby’ technique and serial images were 
taken of both eyes using a mobile ultra-widefield (UWF) scanning 
laser imaging device (Optos California, Optos plc, Scotland). Vital 
signs were recorded.
Results: Intravenous ICG was well tolerated in all cases with no 
early adverse side effects. The Protocol doses were sufficient for the 
UWF imaging device to clearly visualize both the retinal vasculature 
and choroidal circulation in all cases. Retinal neovascularization did 
not exhibit leakage of ICG fluorescence. In raw images the retinal 
capillary circulation did not appear to be imaged as well as with 
fluorescein angiography. The peripheral extent of choroidal perfusion 
tended to match the area of retinal perfusion. In those babies who had 
received partial prior laser therapy, choroidal signal was abolished in 
the regions that had been treated.
Conclusions: ICG angiography is well tolerated by premature infants 
with active type I ROP. The choroidal circulation in ROP exhibits 
peripheral attenuation that corresponds to the regions of avascularity 
seen on clinical examination and fluorescein angiography. ICG 
angiography has theoretical advantages over FFA e.g. imaging might 
be better in the presence of vitreous hemorrhage, leakage from new 
vessels does not occur so that laser treatment can be given following 
angiography without significant flashback.
Commercial Relationships: C.K. Patel, Optos (R); 
Thomas Edwards, None; Elisa Carreras, None

Program Number: 5556 Poster Board Number: B0756
Presentation Time: 8:30 AM–10:15 AM
Bevacizumab and Angiogenesis Factors Levels in the Vitreous 
of Recurrent Retinopathy of Prematurity after Intravitreal 
Injection of Bevacizumab
Lingkun Kong1, Emmanuel Chang2, Ann B. Demny2, Sridevi Devaraj2, 
Tim Stout2. 1Ophthalmology, Texas Tech University Health Science 
Center, Lubbock, TX; 2Ophthalmology, Texas Children’s Hospital, 
Houston, TX.
Purpose: To evaluate vitreous levels of bevacizumab and 
angiogenesis cytokine profiles in recurrent ROP infants and to study 
the correlation of these levels between plasma and vitreous.
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Methods: This is a prospective pilot study. Five infants and 7 eyes 
with recurrence of stage 4 and 5 ROP after intravitreal injection of 
bevacizumab or ablation laser surgery were included in this study. 
The ROP eyes were divided into 2 groups according to vascular 
activity: vascular active ROP and vascular inactive ROP. Undiluted 
vitreous samples were obtained from mid vitreous suing a 2-port 
closed vitrectomy technique with manual suction. Blood samples 
were collected at time type I ROP was diagnosed (T0) and time prior 
to vitrectomy. Plasma and vitreous levels of bevacizumab levels were 
measure using ELISA, and 9 cytokines from the angiogenesis growth 
factor panel and 7 soluble cytokine receptors were measured using 
magnetic multiplex assay.
Results: Bevacizumab was detectable in the vitreous until1 month 
after injection. VEGFA level in the vitreous was significantly higher 
in all vascular active recurrent ROP patient compared to that in 
vascular inactive recurrent ROP vitreous. In the vitreous of vascular 
active ROP, in comparison to vascular inactive disease, levels of 
VEGF A, VEGF C, Ang-2, PLGF, sVEGFR1, sVEGFR2, sVEGFR3, 
sTNFR I and sTNFR II were upregulated. ET-1 and sVEGF D were 
not detectable in the vitreous of either group. Plasma angiogenesis 
cytokines level were similar between time 0 and at the time of 
recurrent active ROP was diagnosed, except sVEGF A which was 
significantly lower in the plasma of recurrent ROP infants, p=0.0001.
Conclusions: ROP recuured in infants who had high levels of 
bevacizumab, which suggests that bevacizumab as monotherapy is 
not effective treatment for all ROP. The results also suggested that 
pathogenesis of recurrent ROP is multifactorial which includes many 
angiogenesis factors, such as Ang-2, PLGF and VEGFA, VEGF 
C, Ang-2, PLGF, sVEGFR1, sVEGFR2, sVEGFR3, sTNFR I and 
sTNFR II.
Commercial Relationships: Lingkun Kong, None; 
Emmanuel Chang, None; Ann B. Demny, None; Sridevi Devaraj, 
None; Tim Stout, None
Support: Knight Templar Eye Foundation
Clinical Trial: NCT01993043

Program Number: 5557 Poster Board Number: B0757
Presentation Time: 8:30 AM–10:15 AM
Band keratopathy in pediatric patients treated with laser for 
retinopathy of prematurity
Joshua Suelflow1, 2, Kimberly G. Yen1, 2, Jane Edmond1, 2. 
1Opthalmology, Baylor College of Medicine, Houston, TX; 
2Ophthalmology and Pediatrics, Texas Children’s Hospital,  
Houston, TX.
Purpose: Band keratopathy is often found in patients who have 
uveitis or other inflammatory ocular conditions. We report the 
association and implications of band keratopathy in a series of 
pediatric patients with a history of laser-treated retinopathy of 
prematurity (ROP) who presented with band keratopathy without 
evidence of other disease.
Methods: We conducted a retrospective chart review of 6 patients.
Results: 10 eyes in 6 patients with a history of ROP treated with 
laser were evaluated due to concerns of having an unusual-appearing 
band keratopathy an average of 8.9 ± 2.8 years after the ROP laser 
treatment. 2/10 of the eyes also had received a lens-sparing pars plana 
vitrectomy. Mean estimated gestational age at birth was 24.2 ± 0.75 
weeks; mean birthweight was 721 ± 158 grams. Average follow up 
was 2.7± 2.7 years. All patients were evaluated for other etiologies 
of the band keratopathy and none were found to have uveitis or other 
inflammatory conditions. Other associated ocular conditions were 
cataracts (2 eyes) and optic atrophy (5 eyes). The band keratopathy 
was visually significant in 3 patients (5 eyes) and required chelation 

in 1 eye, PTK in 1 eye, and both PTK and chelation in 1 eye. Average 
BCVA at last visit was 0.7 ± 0.4 LogMar for the 10 eyes.
Conclusions: Band keratopathy in the absence of uveitis, 
inflammatory ocular disease, or systemic disease can occur in 
patients who have had laser-treated ROP several years after the laser 
treatment. The band keratopathy can be visually significant and 
treatment is sometimes necessary in these patients.
Commercial Relationships: Joshua Suelflow, None; 
Kimberly G. Yen, None; Jane Edmond, None
Support: Supported in part by an unrestricted grant from Research to 
Prevent Blindness
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bFGF deprivation promotes spontaneous differentiation of 
Human Embryonic Stem Cells into γ- synuclein positive ganglion 
cells and CRALBP positive muller cells
K V Chalam, sandeep Grover, Bharani k Mynampati. Ophthalmology, 
Univ of Florida-Jacksonville, Jacksonville, FL.
Purpose: To evaluate cellular expression profiles of γ-synuclein and 
Cellular retinaldehyde-binding protein (CRALBP) markers during 
the spontaneous differentiation of human embryonic stem cells into 
Ganglion and Muller cells (hESC-GC/MC).
Methods: 
Human embryonic stem cells (WA09-DL-11 hESC) were seeded onto 
a gelatin coated 6-well plates. Prior to hESC seeding, gelatin coated 
wells were confluent with a layer of inactivated mouse embryonic 
fibroblast.hESCs were cultured in growth media containing basic 
fibroblast growth factor (bFGF:2µg/ml). hESCs were maintained for 
one week (controls) with daily media exchange. bFGF was removed 
to promote differentiation and first day of deprivation was considered 
day ‘0’. During spontaneous differentiation, hESC colonies were 
observed under phase contrast bright field light microscopy. hESC 
colonies expressing pigmentation pattern appeared after 5th week 
mixed with nonpigmented cells. Morphological assessment and 
immune-cytochemical analysis (γ-synuclein and CRALBP marker 
expression) was performed on hESC’s at different time intervals 
i.e (36, 43, 50, 58, 65 and 72 days) to monitor differentiation into 
hESC- derived muller and ganglion cells. Immunofluorescence was 
performed under 10X magnification on an inverted Olympus IX 
51-IX2-SL microscope with Olympus U-RFL-T fluorescence lamp.
Results: 
Semi pigmented cells were noted 36 days after deprivation of bFGF 
from growth media. Immunofluorescence demonstrated progressive 
up regulation of both γ-synuclein and CRALBP. Immunofluorescence 
of γ-synuclein was (6.25±1.07,p=0.95) on day 36, (16.57±2.11, 
p=0.23) on day 43, (27.73±8.02, p=0.01) on day 50, (74.99±16.28, 
p<0.0001) on day 58, (101.9±20.2, p<0.0001) on day 65, (67.35 ± 
2.17, p<0.0001) on day 72. Further immunofluorescence of CRALBP 
was (11.36±1.07,p=0.18) on day 36, (44.76±6.28, p<0.0001) on day 
43, (48.4±7.7, p<0.0001) on day 50, (75.59±7.4, p<0.0001) on day 
58, (73.23±10.2, p<0.0001) on day 65, (77.6 ± 3.5, p<0.0001) on day 
72 compared to controls.
Conclusions: 
bFGF deprivation led to successful differentiation of hESC into 
muller cells as well as ganglion cells. Longitudinal transformative 
changes were confirmed with measurement of γ-synuclein and 
CRALBP specific markers for ganglion cells and muller cells
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cRALBP (Muller cells)

γ-synuclein (Ganglion cells)
Commercial Relationships: K V Chalam, None; sandeep Grover, 
None; Bharani k Mynampati, None
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Comparison of developmental dynamics in human fetal retina 
and human pluripotent stem cell derived retinal tissue
Igor Nasonkin, Hal Sternberg, Francois Binette, Oscar Cuzzani, 
Michael West, Ratnesh Singh. BioTime, Alameda, CA.
Purpose: Retinal degenerative diseases such as age-related macular 
degeneration (AMD) and retinitis pigmentosa (RP) are incurable 
blinding conditions, severely impacting quality of life and affecting 
millions of people. Finding efficient treatment for these devastating 
diseases is among the greatest unmet clinical needs. Retinal 
replacement strategy can bring a piece of healthy mutation-free 
human retina into a patient’s eye to replace degenerated retinal 
tissue. The only donor tissue, which was demonstrated to work in 
animals with retinal degeneration as well as in RP patients is human 
fetal retinal tissue. However, fetal retina has limited availability and 
ethical constraints. The 3D retinal tissue (retinal organoids) derived 
from human pluripotent stem cells (hPSCs) shares many similarities 
with human fetal retina and may be an excellent replacement of 
fetal retinal tissue in retinal transplantation experiments. The aim of 
this study is to find similarities and differences in distribution and 
expression of molecular markers in human fetal retina and in hPSC-
derived 3D retinal tissue.
Methods: To assess the similarities between fetal retina and hPSC 
derived 3D retinal tissue we used immunohistochemistry and RNA-
Seq methods. For RNA-Seq analysis total RNA preparations were 
isolated from human fetal retina (week 8 to 16) and hPSC-derived 3D 
retinal tissue (week 6-8 and week 10-12).
Results: Preliminary results showed high correlation in gene 
expression profiles between human fetal retina and hPSC derived 
3D retinal tissue. Immunohistochemical profiling of developing 
human fetal retinal tissue 8 -16 weeks showed strong expression of 
retinal pigment epithelium (RPE) markers (EZRIN, Beta-catenin), 
retinal progenitor markers (OTX2, CRX, PAX6), photoreceptor 
marker (RCVRN), amacrine marker (CALB2) and ganglion marker 
(BRN3B).
Conclusions: Our study will streamline the development of hPSC-
3D retinal tissue (retinal organoid) technologies aimed at repairing 
and replacing human retina affected by degeneration and causing 
irreversible blindness.
Commercial Relationships: Igor Nasonkin; Hal Sternberg, None; 
Francois Binette, None; Oscar Cuzzani, None; Michael West, 
None; Ratnesh Singh, None


