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IMPORTANCE Recent reports suggest that cilioretinal arteries (CRAs) confer protection
against developing advanced age-related macular degeneration (AMD).

OBJECTIVE To further characterize the association between the presence of a CRA and
incidence of geographic atrophy (GA) or choroidal neovascularization (CNV).

DESIGN This cohort study constituted an ad hoc secondary analysis of data from the
Comparison of Age-Related Macular Degeneration Treatments Trials (CATT) and was
performed at 44 clinical centers in the United States among participants in CATT with CNV
in the study eye and without advanced AMD in the fellow eye at baseline. The presence of a
CRA was determined by 2 graders, masked to clinical data, using color fundus photographs,
red-free fundus photographs, and fluorescein angiography. The proportion with CRAs at
baseline between the study eye with CNV and fellow eye without CNV was first compared.
The association of a CRA with incidence of CNV or GA at 5 years among fellow eyes and with
incidence of GA among study (treated) eyes was then assessed. In addition, the association of
CRAs with the Age-Related Eye Disease Study severity scale among the fellow eyes at
baseline was assessed. Data were collected from February 1, 2008, through April 30, 2015,
and analyzed from July 1, 2018, through April 30, 2019.

EXPOSURES Presence of a CRA.

MAIN OUTCOMES AND MEASURES The association between the presence of a CRA and
incidence of CNV or GA at 5 years of follow-up.

RESULTS A total of 350 patients (700 eyes) (230 [65.7% women; mean [SD] age, 77 [7.2]
years) were included in the analysis. Cilioretinal arteries were present in 67 of 345 (19.4%)
fellow eyes without baseline CNV and 73 of 349 (20.9%) study eyes with baseline CNV
(P = .60). Cilioretinal arteries in fellow eyes were not associated with incidence of CNV at 5
years (125 of 278 [45.0%] among eyes without CRAs and 30 of 67 [44.8%] among eyes with
CRAs; P = .99) or with incidence of GA at 5 years (110 of 278 [39.6%] among eyes without
CRAs and 25 of 67 [37.3%] among eyes with CRAs; P = .89). Cilioretinal arteries in study eyes
were not associated with incidence of GA at 5 years (105 of 276 [38.0%] study eyes without
CRAs and 26 of 73 [35.6%] study eyes with CRAs; P = .72).

CONCLUSIONS AND RELEVANCE The analysis did not find a protective association between
CRAs and incidence of CNV or GA among CATT participants who had unilateral exudative
AMD. Why these findings were different from those of previous publications is unclear but
may be partially explained by the different techniques used to detect CRAs or by the baseline
advanced disease in CATT participants.
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O ur understanding of the pathophysiology of age-
related macular degeneration (AMD) and its risk fac-
tors is incomplete. Early AMD is characterized by

drusen and is thought to be related to lipid leakage and accu-
mulation, complement system factors, and choroidal factors
involving hypoperfusion and reduced heat dissipation.1-3 Geo-
graphic atrophy (GA) and choroidal neovascularization (CNV)
define advanced AMD, although they are disparate condi-
tions and likely have distinct pathophysiological features.

The primary insult leading to exudative AMD may be de-
generation of the choriocapillaris.4 Tissue hypoxia may re-
sult in production of vascular endothelial growth factor (VEGF)
and the development of exudative AMD.4 Recently, Snyder
et al5 used data and images from the Age-Related Eye Disease
Study (AREDS) and found that cilioretinal arteries (CRAs) were
protective against developing exudative AMD. Cilioretinal
arteries are supplementary arteries, not present in all eyes, that
arise from the choroidal vasculature and supply blood to the
retina.6 The retina is supplied by 2 arterial systems: the cho-
roid supplies the outer retina, and the retinal arteries—along
with CRAs, if present—deliver blood to the inner retina.

Studies using ophthalmoscopic examination and fundus
photography have identified CRAs in 15% to 28% of eyes.7-9

Fluorescein angiography has also been used to identify CRAs
and is believed to be more accurate.6

ReportsfromadditionalsmallerstudieshavenotedthatCRAs
are protective against the development of AMD.10 These findings
are consistent with the hypothesis that the presence of CRAs
could improve oxygen delivery to the macula, thus improving
the hypoxic state thought to contribute to the development of
CNV. We sought to study the association between CRAs and
advanced AMD by using photographs from the Comparisons of
Age-Related Macular Degeneration Treatments Trials (CATT).

Methods
CATT is a multicenter randomized clinical trial of treatment
with anti-VEGF agents for exudative AMD.11,12 Patients with
exudative AMD were randomized to ranibizumab or bevaci-
zumab for monthly intravitreal injections or as needed. CATT
participants who completed 5 years of follow-up and who had
exudative AMD in the study eye, no exudative AMD in the fel-
low eye, and no GA in either eye at baseline were included in
this ad hoc substudy performed at 44 clinical centers in the
United States. This study was approved by the institutional re-
view board of each participating clinical site, and partici-
pants provided written informed consent. This study fol-
lowed the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) reporting guideline.

Data were collected from February 1, 2008, through April
30, 2015. Two ophthalmologists (J.C.B. and E.D.) who were
masked to clinical data graded the presence of CRAs in each
eye using color fundus photography, red-free photography, and
fluorescein angiography. We defined a CRA as a retinal vessel
arising from the border of the optic disc with a curved path ex-
tending into the macular region, with no clear association with
any branches arising from the central retinal artery.

The incidence of CNV in the CATT fellow eyes was indi-
cated by treatment with anti-VEGF injection during follow-up.13

Incidence of GA was defined by a color photographic finding
of atrophy of the retinal pigment epithelium of at least 250 μm
with at least 2 of the following 3 features: visible choroidal
vessels, sharp edges, and a circular shape.14

Statistical Analysis
Data were analyzed from July 1, 2018, through April 30, 2019. We
used χ2 tests to compare the 5-year incidence rates of GA and CNV
between fellow eyes with vs without CRAs. We calculated the
odds ratios and their 95% CI for their associations using multi-
variable logistic regression models with adjustment of age, sex,
and smoking status at baseline. Similar analysis was performed
among study eyes for the association between CRAs and inci-
dence of GA. We evaluated the difference in the proportion with
CRAs between the study eye and fellow eye without CNV at base-
line using the McNemar test. In addition, we assessed the asso-
ciation of CRAs with the AREDS simplified severity scale (range,
0-2, with higher scores indicating greater severity) among the fel-
low eyes at baseline. Two-sided P < .05 indicated significance.

Results
The study included 700 eyes from 350 participants. At baseline,
the mean (SD) age was 77 (7.2) years, 230 (65.7%) were women,
120 (34.3%) were men, 176 (50.3%) were former smokers, and 23
(6.6%) were current smokers. Five fellow eyes and 1 study eye
had indeterminate findings for CRAs and were excluded from the
analysis. We found no significant difference in the presence of
CRAsinfelloweyesandstudyeyesatbaseline.CRAswerepresent
in 67 of 345 (19.4%) fellow eyes without baseline CNV and 73 of
349 (20.6%) study eyes with baseline CNV (P = .60); CRAs were
present in both eyes in 25 of 344 participants (7.3%). Cilioretinal
arteries in fellow eyes were not associated with incidence of CNV
at 5 years (125 of 278 [45.0%] in eyes without CRAs and 30 of 67
[44.8%] in eyes with CRAs; P = .99) or with incidence of GA at
5 years (110 of 278 [39.6%] in eyes without CRAs and 25 of 67
[37.3%] in eyes with CRAs; P = .89) (Table). Cilioretinal arteries
in study eyes treated with anti-VEGF agents for neovascular AMD
were not associated with incidence of GA at 5 years (105 of 276

Key Points
Question Is the presence of cilioretinal arteries, supplemental
retinal arteries, associated with the incidence of advanced
age-related macular degeneration?

Findings In this cohort study, among 350 patients who did not
have advanced age-related macular degeneration in the nonstudy
eye at baseline and were followed up for 5 years, no association
between the presence of cilioretinal arteries and choroidal
neovascularization or geographic atrophy was found.

Meaning The pathophysiological features of age-related macular
degeneration may be secondary to tissue hypoxia and impaired
heat dissipation, although no association between cilioretinal
arteries and the incidence of advanced age-related macular
degeneration was found.
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[38.0%] in study eyes without CRAs and 26 of 73 [35.6%] in eyes
with CRAs; P = .72) (Table). Among fellow eyes, no association
between presence of a CRA and the AREDS severity scale score
at baseline was found (P = .82) (Table).

Discussion
Although the pathogenesis of exudative AMD is incompletely
understood, one proposed mechanism involves a primary vas-
cular disease with degeneration of the choriocapillaris, which
could lead to angiogenic signaling resulting in CNV.4 The find-
ing by Snyder et al5 that CRAs were protective against develop-
ment of CNV suggests that accessory blood supply to the retina
alters the environmental factors, preventing development of
CNV. Furthermore, CRAs have been associated with less sub-
retinal fluid in eyes with exudative AMD,15 again suggesting
changes to the retinal environment associated with CRAs.

Our study, however, found no association between CRAs
and exudative AMD. The reasons for these different findings
are unclear. One possible contributing factor to the conflict-
ing results is the different techniques used to detect CRAs. Our
study included multiple imaging modalities, which may have
allowed for more accurate evaluation than the color fundus
photography used by Snyder et al,5 although the prevalence
of CRAs detected in the 2 studies was similar at approxi-
mately 20% of eyes. Also, AREDS followed up participants with
early AMD at baseline, whereas CATT study participants al-
ready had exudative AMD in the study eye at baseline, and
more than one-third of fellow eyes developed advanced AMD
during the 5-year follow-up. Along with more advanced dis-
ease, the mean age of the CATT cohort (77 years) was older than

the mean age of the AREDS cohort (69 years). It is possible that
the protective effect of CRAs was not seen in CATT partici-
pants because their more advanced disease may have been re-
sistant to minor protective environmental factors. In addi-
tion, our sample size was smaller, and, as reflected by 95% CIs,
a small or moderate effect may exist.

The primary defect in GA, in contrast to the vascular eti-
ology proposed for CNV, is thought to be degeneration of the
retinal pigment epithelium, with possible contributions
from oxidative stress, light toxicity, and genetic factors.4 As
such, how a CRA would protect against development of GA is
unclear, and no association was found between CRAs and GA
in this study or that of Snyder et al.5

Limitations
A limitation of our study and that of Snyder et al5 is imperfect
identification of CRAs. The most definitive technique would re-
quire fluorescein angiography, although we found that captur-
ing early CRA fluorescence is technically difficult, likely owing
to the brief window of choroidal fluorescence before retinal
arterial fluorescence. Describing the area supplied by the CRA
is also challenging and would likely be an important variable.

Conclusions
The proposed mechanisms for advanced AMD, especially CNV,
suggest that variations in vascular supply, such as CRAs, could
affect disease progression. However, such an association was
not found in this study. Further research, with methods ad-
dressing our limitations, might help further characterize the
mechanisms of progression to advanced AMD.
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Table. Association of Baseline CRAs With Study Findings

Feature

Baseline CRA Present, No./Total No. (%)

P Value

Adjusted Analysisa

No Yes AOR (95% CI) P Value
Fellow eyesb 278/345 (80.6) 67/345 (19.4) NA NA NA

Incidence of CNV in fellow eye by 5 y 125/278 (45.0) 30/67 (44.8) .98 0.99 (0.58-1.71) .99

Incidence of GA in fellow eye by 5 y 110/278 (39.6) 25/67 (37.3) .75 0.96 (0.54-1.71) .89

AREDS simplified severity scale in fellow eye at baselinec,d

0 18/271 (6.6) 3/65 (4.6)

.82 NA NA1 51/271 (18.8) 10/65 (15.4)

2 202/271 (74.5) 52/65 (80.0)

Study eyese 276/349 (79.1) 73/349 (20.9) NA NA NA

Incidence of GA in study eye by 5 y 105/276 (38.0) 26/73 (35.6) .71 0.90 (0.52-1.58) .72

Abbreviations: AOR, adjusted odds ratio; AREDS, Age-Related Eye Disease
Study; CNV, choroidal neovascularization; CRAs, cilioretinal arteries;
GA, geographic atrophy; NA, not applicable.
a Calculated using those without CRAs as the reference group and adjusted

by age, sex, and smoking status.
b Five fellow eyes had indeterminate findings for CRAs and were excluded

from analysis.

c Seven fellow eyes without baseline CRAs and 2 fellow eyes with baseline CRAs
had indeterminate findings in the AREDS simplified severity scale and were
excluded from this analysis.

d Scores range from 0 to 2, with higher scores indicating greater severity.
e One study eye had indeterminate findings for CRAs and was excluded

from analysis.
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Derek Kunimoto, MD (O); John Martin (OP/OCT);
Jessica Miner, RN (VA/R); Sarah Mobley, CCRC
(CC/VA/R); Donald Park, MD (O); Edward Quinlan,
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Danielle Smith (OP/OCT); Miguelina Yafchak (OCT);
Rohana Yager, COA (OP/OCT). Casey Eye Institute
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Vahrenwald, COT (VA/R); Kelly West (OP/OCT).
Emory Eye Center (Atlanta, GA): Baker Hubbard,
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Price, MPH, CCRC (CC); Jason Rohrer (CC); Jason
Sanders, MD (O). California Retina Consultants
(Santa Barbara, CA): Robert L. Avery, MD (PI); Kelly
Avery (VA/R); Jessica Basefsky (CC/OCT); Liz
Beckner (OP); Alessandro Castellarin, MD (O);
Stephen Couvillion, MD (O); Jack Giust (CC/OCT);
Matthew Giust (OP); Maan Nasir, MD (O); Dante
Pieramici, MD (O); Melvin Rabena (VA/R); Sarah
Risard (VA/R/OCT/DE); Robert See, MD (O); Jerry
Smith (VA/R); Lisha Wan (VA/R). Mayo Clinic
(Rochester, MN): Sophie J. Bakri, MD (PI); Nakhleh
Abu-Yaghi, MD (O); Andrew Barkmeier, MD (O);
Karin Berg, COA (VA/R); Jean Burrington, COA
(VA/R); Albert Edwards, MD (O); Shannon Goddard,
COA (OP/OCT); Shannon Howard (VA/R); Raymond
Iezzi, MD (O); Denise Lewison, COA (OP/OCT);
Thomas Link, CRA (OP/OCT); Colin A. McCannel,
MD (O); Joan Overend (VA/R); John Pach, MD (O);
Margaret Ruszczyk, CCRP (CC); Ryan Shultz, MD
(O); Cindy Stephan, COT (VA/R); Diane Vogen (CC).
Dean A. McGee Eye Institute (Oklahoma City, OK):
Reagan H. Bradford Jr, MD (PI); Vanessa Bergman,
COA, CCRC (CC); Russ Burris (OP/OCT); Amanda
Butt, CRA (OP/OCT); Beth Daniels, COA (CC);
Connie Dwiggins, CCRC (CC); Stephen Fransen, MD
(O); Tiffany Guerrero (CC/DE); Darin Haivala, MD
(O); Amy Harris (CC); Sonny Icks (CC/DE); Ronald
Kingsley, MD (O); Lena Redden (VA/R); Rob
Richmond (OP/OCT); Brittany Ross (VA/R);
Kammerin White, CCRC (VA/R); Misty Youngberg,
COA, CCRC (VA/R). Ophthalmic Consultants of
Boston (Boston, MA): Trexler M. Topping, MD (PI);
Steve Bennett (OCT); Sandy Chong (VA/R); Mary
Ciotti, COA (CC); Tina Cleary, MD (O); Emily Corey
(VA/R); Dennis Donovan (OP/OCT); Albert
Frederick, MD (O); Lesley Freese (CC/VA/R);
Margaret Graham (OP/OCT); Natalya Gud, COA
(VA/R); Taneika Howard (VA/R); Mike Jones (OP/
OCT); Michael Morley, MD (O); Katie Moses (VA/R);
Jen Stone (VA/R); Robin Ty, COA (VA/R); Torsten
Wiegand, PHD, MD (O); Lindsey Williams (CC); Beth
Winder (CC). Tennessee Retina, P.C. (Nashville, TN):
Carl C. Awh, MD (PI); Michelle Amonette (OCT);
Everton Arrindell, MD (O); Dena Beck (OCT);
Brandon Busbee, MD (O); Amy Dilback (OP/OCT);
Sara Downs (VA/R); Allison Guidry, COA (VA/R);
Gary Gutow, MD (O); Jackey Hardin (VA/R); Sarah
Hines, COA (CC); Emily Hutchins (VA/R); Kim
LaCivita, MA (OP/OCT); Ashley Lester (OP/OCT);

Larry Malott (OP/OCT); MaryAnn McCain, RN,
CNOR (CC); Jayme Miracle (VA/R); Kenneth Moffat,
MD (O); Lacy Palazzotta (VA/R); Kelly Robinson,
COA (VA/R); Peter Sonkin, MD (O); Alecia Travis
(OP/OCT); Roy Trent Wallace, MD (O); Kelly J.
Winters, COA (CC); Julia Wray (OP/OCT). Retina
Associates Southwest, P.C. (Tucson, AZ): April E.
Harris, MD (PI); Mari Bunnell (OCT); Katrina Crooks
(VA/R); Rebecca Fitzgerald, CCRC (CC/OCT);
Cameron Javid, MD (O); Corin Kew (VA/R); Erica
Kill, VAE (VA/R); Patricia Kline (VA/R); Janet
Kreienkamp (VA/R); Maricruz Martinez (CC/OCT);
Roy Ann Moore, OMA (CC/OCT); Egbert Saavedra,
MD (O); LuAnne Taylor, CSC (CC/OCT); Mark Walsh,
MD (O); Larry Wilson (OP). Midwest Eye Institute
(Indianapolis, IN): Thomas A. Ciulla, MD (PI); Ellen
Coyle, COMT (VA/R); Tonya Harrington, COA (VA/
R); Charlotte Harris, COA (VA/OCT); Cindi Hood
(OCT); Ingrid Kerr, COA (VA/R); Raj Maturi, MD (O);
Dawn Moore (OCT); Stephanie Morrow, COA (OP);
Jennifer Savage, COA (VA); Bethany Sink, COA
(CC/VA/R); Tom Steele, CRA (OP); Neelam Thukral,
CCRC (CC/OCT); Janet Wilburn, COA (CC). National
Ophthalmic Research Institute (Fort Myers, FL):
Joseph P. Walker, MD (PI); Jennifer Banks (VA/R);
Debbie Ciampaglia (OP/OCT); Danielle Dyshanowitz
(VA/R); Jennifer Frederick, CRC (CC); A. Tom
Ghuman, MD (O); Richard Grodin, MD (O); Cheryl
Kiesel, CCRC (CC); Eileen Knips, RN, CCRC, CRA
(OP/OCT); Jonathan McCue (VA/R); Maria Ortiz
(VA/R); Crystal Peters, CCRC (CC); Paul Raskauskas,
MD (O); Etienne Schoeman (OP/OCT); Ashish
Sharma, MD (O); Glenn Wing, MD (O), Rebecca
Youngblood (CC). University of Wisconsin Madison
(Madison, WI): Suresh R. Chandra, MD (PI); Michael
Altaweel, MD (O); Barbara Blodi, MD (O); Kathryn
Burke, BA (VA/R); Kristine A. Dietzman, (CC); Justin
Gottlieb, MD (O); Gene Knutson (OP/OCT); Denise
Krolnik (OP/OCT); T. Michael Nork, MD (O); Shelly
Olson (VA/R); John Peterson, CRA (OP/OCT);
Sandra Reed (OP/OCT); Barbara Soderling (VA/R);
Guy Somers (VA/R); Thomas Stevens, MD (O);
Angela Wealti, (CC). Duke University Eye Center
(Durham, NC): Srilaxmi Bearelly, MD (PI); Brenda
Branchaud (VA/R); Joyce W. Bryant, COT, CPT
(CC/VA/R); Sara Crowell (CC/VA); Sharon Fekrat,
MD (O); Merritt Gammage (OP/OCT); Cheala
Harrison, COA (VA/R); Sarah Jones (VA); Noreen
McClain, COT, CPT, CCRC (VA/R); Brooks McCuen,
MD (O); Prithvi Mruthyunjaya, MD (O); Jeanne
Queen, CPT (OP/OCT); Neeru Sarin, MBBS (VA/R);
Cindy Skalak, RN, COT (VA/R); Marriner Skelly, CRA
(OP/OCT); Ivan Suner, MD (O); Ronnie Tomany
(OP/OCT); Lauren Welch (OP/OCT). University of
California-Davis Medical Center (Sacramento, CA):
Susanna S. Park, MD, PHD (PI); Allison Cassidy
(VA/R); Karishma Chandra (OP/OCT); Idalew Good
(VA/R); Katrina Imson (CC); Sashi Kaur (OP/OCT);
Helen Metzler, COA, CCRP (CC/VA/R); Lawrence
Morse, MD, PHD (O); Ellen Redenbo, ROUB (OP/
OCT); Marisa Salvador (VA/R); David Telander, MD
(O); Mark Thomas, CRA (OCT); Cindy Wallace, COA
(CC). University of Louisville School of Medicine, KY
(Louisville, KY): Charles C. Barr, MD (PI); Amanda
Battcher (VA/R); Michelle Bottorff, COA (CC/OCT);
Mary Chasteen (VA/R); Kelly Clark (VA/R); Diane
Denning, COT (OCT); Debra Schoen (OP); Amy
Schultz (OP); Evie Tempel, CRA, COA (OP); Lisa
Wheeler, COT (VA/R); Greg K. Whittington, MPS,
PSY (CC). Retina Associates of Kentucky
(Lexington, KY): Thomas W. Stone, MD (PI); Todd
Blevins (OP/OCT); Michelle Buck, COT, (VA/R/OCT);
Lynn Cruz, COT (CC); Wanda Heath (VA/R); Diana

Holcomb (VA/R); Rick Isernhagen, MD (O); Terri
Kidd, COA (OCT); John Kitchens, MD (O); Cathy
Sears, CST, COA (VA/R); Ed Slade, CRA, COA (OP/
OCT); Jeanne Van Arsdall, COA (VA/R); Brenda
VanHoose, COA (VA/R); Jenny Wolfe, RN (CC);
William Wood, MD (O). Colorado Retina Associates
(Denver, CO): John Zilis, MD (PI); Carol Crooks, COA
(VA/R); Larry Disney (VA/R); Mimi Liu, MD (O);
Stephen Petty, MD (O); Sandra Sall, ROUB, COA
(CC/VA/R/OP/OCT). University of Iowa Hospitals &
Clinics (Iowa City, IA): James C. Folk, MD (PI); Tracy
Aly, CRA (OP/OCT); Abby Brotherton (VA); Douglas
Critser, CRA (OP/OCT); Connie J. Hinz, COT, CCRC
(CC/VA/R); Stefani Karakas, CRA (OP/OCT); Valerie
Kirschner (VA); Cheyanne Lester (VA/R); Cindy
Montague, CRA (OP/OCT); Stephen Russell, MD
(O); Heather Stockman (VA/R); Barbara Taylor,
CCRC (VA/R); Randy Verdick, FOPS (OP/OCT), Jean
Walshire (CC). Retina Specialists (Towson, MD):
John T. Thompson, MD (PI) ; Barbara Connell (VA/
R); Maryanth Constantine (CC); John L. Davis Jr
(VA/R); Gwen Holsapple (VA/R); Lisa Hunter (OP/
OCT); C. Nicki Lenane (CC/VA/R/OP/OCT); Robin
Mitchell (CC); Leslie Russel, CRA (OP/OCT);
Raymond Sjaarda, MD (O). Retina Consultants of
Houston (Houston, TX): David M. Brown, MD (PI);
Matthew Benz, MD (O); Llewellyn Burns (OCT);
JoLene G. Carranza, COA, CCRC (CC); Richard Fish,
MD (O); Debra Goates (VA/R); Shayla Hay (VA/R);
Theresa Jeffers, COT (VA/R); Eric Kegley, CRA, COA
(OP/OCT); Dallas Kubecka (VA/R); Stacy McGilvra
(VA/R); Beau Richter (OCT); Veronica Sneed, COA
(VA/R); Cary Stoever (OCT); Isabell Tellez (VA/R);
Tien Wong, MD (O). Massachusetts Eye and Ear
Infirmary/Harvard Vanguard Medical Associates
(Boston, MA): Ivana Kim, MD (PI); Christopher
Andreoli, MD (O); Leslie Barresi, CRA, COA, OCT-C
(VA/OP/OCT); Sarah Brett (OP); Charlene Callahan
(OP); Karen Capaccioli (OCT); William Carli, COA
(VA/R/OCT); Matthew Coppola, COA (VA); Nicholas
Emmanuel (CC); Claudia Evans, OD (VA/R); Anna
Fagan, COA (VA/R); Marcia Grillo (OCT); John Head,
CRA, OCT-C (OP/OCT); Troy Kieser, COA, OCT-C
(CC/VA/R); Elaine Lee, COA (VA); Ursula Lord, OD
(VA/R); Edward Miretsky (CC); Kate Palitsch (OP/
OCT); Todd Petrin, RN (OCT); Liz Reader (CC);
Svetlana Reznichenko, COA (VA); Mary Robertson,
COA (VA); Justin Smith, OD (VA/R); Demetrios
Vavvas, MD, PHD (O). Palmetto Retina Center
(West Columbia, SC): John Wells, MD (PI); Cassie
Cahill (VA/R); W. Lloyd Clark, MD (O); Kayla Henry
(VA/R); David Johnson, MD (O); Peggy Miller (CC/
VA/R); LaDetrick Oliver, COT (OP/OCT); Robbin
Spivey (OP/OCT); Tiffany Swinford (VA/R); Mallie
Taylor (CC). Retina and Vitreous of Texas (Houston,
TX): Michael Lambert, MD (PI); Kris Chase (OP/
OCT); Debbie Fredrickson, COA (VA/R); Joseph
Khawly, MD, FACS (O); Valerie Lazarte (VA/R);
Donald Lowd (OP/OCT); Pam Miller (CC); Arthur
Willis, MD (O). Long Island Vitreoretinal Consultants
(Great Neck, NY): Philip J. Ferrone, MD (PI); Miguel
Almonte (OCT); Rachel Arnott, (CC); Ingrid Aviles
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Juan Romero, MD (O); Brett Rosenblatt, MD (O);
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RN (CC); Eric Shakin, MD (O); Vasanti Sookhai
(VA/R). Wills Eye Institute (Philadelphia, PA):
Richard Kaiser, MD (PI); Elizabeth Affel, MS, OCT-C
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(OCT); Gary Brown, MD (O); Christina Centinaro
(CC); Deborah Fine, COA (OCT); Mitchell Fineman,
MD (O); Michele Formoso (CC); Sunir Garg, MD (O);
Lisa Grande (VA/R); Carolyn Herbert (VA/R); Allen
Ho, MD (O); Jason Hsu, MD (O); Maryann Jay
(OCT); Lisa Lavetsky (OCT); Elaine Liebenbaum
(OP); Joseph Maguire, MD (O); Julia Monsonego
(OP/OCT); Lucia O’Connor (OCT); Lisa Pierce (CC);
Carl Regillo, MD (O); Maria Rosario (DE); Marc Spirn,
MD (O); James Vander, MD (O); Jennifer Walsh
(VA/R). Ohio State University Eye Physicians &
Surgeons-Retina Division (Dublin, OH): Frederick H.
Davidorf, MD (PI); Amanda Barnett (OP/OCT); Susie
Chang, MD (O); John Christoforidis, MD (O); Joy
Elliott (CC); Heather Justice (VA/R); Alan Letson,
MD (O); Kathryne McKinney, COMT (CC); Jeri Perry,
COT (VA/R); Jill A. Salerno, COA (CC); Scott Savage
(OP); Stephen Shelley (OCT). Retina Associates of
Cleveland (Beachwood, OH): Lawrence J.
Singerman, MD (PI);Joseph Coney, MD (O); John
DuBois (OP/OCT); Kimberly DuBois, LPN, CCRP,
COA (VA/R); Gregg Greanoff, CRA (OP/OCT);
Dianne Himmelman, RN, CCRC (CC); Mary Ilc, COT
(VA/R); Elizabeth Mcnamara (VA/R/OP); Michael
Novak, MD (O); Scott Pendergast, MD (O); Susan
Rath, PA-C (CC); Sheila Smith-Brewer, CRA (OP/
OCT); Vivian Tanner, COT, CCRP (VA/R); Diane E.
Weiss, RN, (CC); Hernando Zegarra, MD (O). Retina
Group of Florida (Fort Lauderdale, FL): Lawrence
Halperin, MD (PI); Patricia Aramayo (OCT);
Mandeep Dhalla, MD (O); Brian Fernandez, MD
(OP/OCT); Cindy Fernandez, MD (CC); Jaclyn Lopez
(CC); Monica Lopez (OCT); Jamie Mariano, COA
(VA/R); Kellie Murphy, COA (OCT); Clifford Sherley,
COA (VA/R); Rita Veksler, COA (OP/OCT).
Retina-Vitreous Associates Medical Group (Beverly
Hills, CA): Firas Rahhal, MD (PI); Razmig Babikian
(DE); David Boyer, MD (O); Sepideh Hami (DE); Jeff
Kessinger (OP/OCT); Janet Kurokouchi (CC); Saba
Mukarram (VA/R); Sarah Pachman (VA/R); Eric
Protacio (OCT); Julio Sierra (VA/R); Homayoun
Tabandeh, MD, MS, FRCP (O); Adam Zamboni
(VA/R). Elman Retina Group, P.A. (Baltimore, MD):
Michael Elman, MD (PI); Jennifer Belz (CC); Tammy
Butcher (CC); Theresa Cain (OP/OCT); Teresa
Coffey, COA (VA/R); Dena Firestone (VA/R); Nancy
Gore (VA/R); Pamela Singletary (VA/R); Peter
Sotirakos (OP/OCT); JoAnn Starr (CC). University of
North Carolina at Chapel Hill (Chapel Hill, NC):
Travis A. Meredith, MD (PI); Cassandra J. Barnhart,
MPH (CC/VA/R); Debra Cantrell, COA (VA/R/OP/
OCT); RonaLyn Esquejo-Leon (OP/OCT); Odette
Houghton, MD (O); Harpreet Kaur (VA/R);
Fatoumatta NDure, COA (CC). Ophthalmologists
Enrolling Patients but No Longer Affiliated with a
CATT Center: Ronald Glatzer, MD (O); Leonard
Joffe, MD (O); Reid Schindler, MD (O).

Resource centers: Chairman’s Office (Cleveland
Clinic, Cleveland, OH): Daniel F. Martin, MD (Chair);
Stuart L. Fine, MD (Vice-Chair; University of
Colorado, Denver, CO); Marilyn Katz (Executive
Assistant). Coordinating Center (University of
Pennsylvania, Philadelphia, PA): Maureen G.
Maguire, PhD (PI); Mary Brightwell-Arnold, SCP
(Systems Analyst); Ruchira Glaser, MD (Medical
Monitor); Judith Hall (Protocol Monitor); Sandra
Harkins (Staff Assistant); Jiayan Huang, MS
(Biostatistician); Alexander Khvatov, MS (Systems
Analyst); Kathy McWilliams, CCRP (Protocol
Monitor); Susan K. Nolte (Protocol Monitor); Ellen
Peskin, MA, CCRP (Project Director); Maxwell
Pistilli, MS, MEd (Biostatistician); Susan Ryan
(Financial Administrator); Allison Schnader

(Administrative Coordinator); Gui-Shuang Ying, PhD
(Senior Biostatistician). OCT Reading Center (Duke
University, Durham, NC): Glenn Jaffe, MD (PI);
Jennifer Afrani-Sakyi (CATT PowerPoint
Presentations); Brannon Balsley (OCT Technician
Certifications); Linda S. Bennett (Project Manager);
Adam Brooks (Reader/SD-Reader); Adrienne
Brower-Lingsch (Reader); Lori Bruce (Data
Verification); Russell Burns (Senior Technical
Analyst/Senior Reader/SD Reader/OCT Technician
Certifications); Dee Busian (Reader); John Choong
(Reader); Lindsey Cloaninger (Reader Reliability
Studies/ Document Creation/CATT PPT Files);
Francis Char DeCroos (Research Associate); Emily
DuBois (Data Entry); Mays El-Dairi
(Reader/SD-Reader); Sarah Gach (Reader); Katelyn
Hall (Project Manager/Reader Reliability Studies/
Data Verification/Document Creation); Terry Hawks
(Reader); ChengChenh Huang (Reader); Cindy
Heydary (Senior Reader/Quality Assurance
Coordinator/SD Reader/Data Verification);
Alexander Ho (Reader, Transcription); Shashi Kini
(Data Entry/Transcription); Michelle McCall (Data
Verification); Daaimah Muhammad (Reader
Feedback); Jayne Nicholson (Data Verification);
Jeanne Queen (Reader/SD-Reader); Pamela Rieves
(Transcription); Kelly Shields (Senior Reader); Cindy
Skalak (Reader); Adam Specker (Reader); Sandra
Stinnett (Biostatistician); Sujatha Subramaniam
(Reader); Patrick Tenbrink (Reader); Cynthia Toth,
MD (Director of Grading); Aaron Towe (Reader);
Kimberly Welch (Data Verification); Natasha
Williams (Data Verification); Katrina Winter (Senior
Reader); Ellen Young (Senior Project Manager).
Fundus Photograph Reading Center (University of
Pennsylvania, Philadelphia, PA): Juan E. Grunwald,
MD (PI); Judith Alexander (Director); Ebenezer
Daniel, MBBS, MS, MPH, PhD (Director); Elisabeth
Flannagan (Administrative Coordinator); E. Revell
Martin (Reader); Candace Parker (Reader); Krista
Sepielli (Reader); Tom Shannon (Systems Analyst);
Claressa Whearry (Data Coordinator). National Eye
Institute, National Institutes of Health: Maryann
Redford, DDS, MPH (Program Officer).

Committees: Executive Committee: Daniel F.
Martin, MD (chair); Robert L. Avery, MD; Sophie J.
Bakri, MD; Ebenezer Daniel, MBBS, MS, MPH;
Stuart L. Fine, MD; Juan E. Grunwald, MD; Glenn
Jaffe, MD, Marcia R. Kopfer, BS, COT; Maureen G.
Maguire, PhD; Travis A. Meredith, MD; Ellen Peskin,
MA, CCRP; Maryann Redford, DDS, MPH; David F.
Williams, MD. Operations Committee: Daniel F.
Martin, MD (chair); Linda S. Bennett; Ebenezer
Daniel, MBBS, MS, MPH; Frederick L. Ferris III, MD;
Stuart L. Fine, MD; Juan E. Grunwald, MD; Glenn
Jaffe, MD; Maureen G. Maguire, PhD; Ellen Peskin,
MA, CCRP; Maryann Redford, DDS, MPH; Cynthia
Toth, MD. Clinic Monitoring Committee: Ellen
Peskin, MA, CCRP (chair); Mary Brightwell-Arnold,
SCP; Joan DuPont; Maureen G. Maguire, PhD; Kathy
McWilliams, CCRP; Susan K. Nolte. Data and Safety
Monitoring Committee: Lawrence M. Friedman, MD
(chair); Susan B. Bressler, MD; David L. DeMets,
PhD; Martin Friedlander, MD, PhD; Mark W.
Johnson, MD; Anne Lindblad, PhD; Douglas W.
Losordo, MD, FACC; Franklin G. Miller, PhD.
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