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Abstract
Purpose—To determine whether corneal graft survival over a five-year follow-up period was
affected by ABO blood type compatibility in participants in the Cornea Donor Study undergoing
corneal transplantation principally for Fuchs’ dystrophy or pseudophakic corneal edema, conditions
at low risk for graft rejection.

Design—Multi-center prospective, double-masked, clinical trial

Methods—ABO blood group compatibility was determined for 1,002 donors and recipients. During
a five-year follow-up period, episodes of graft rejection were documented, and graft failures were
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classified as to whether or not they were due to immunologic rejection. Endothelial cell density was
determined by a central reading center for a subset of subjects.

Results—ABO donor-recipient incompatibility was not associated with graft failure due to any
cause including graft failure due to rejection, or with the occurrence of a rejection episode. The five-
year cumulative incidence of graft failure due to rejection was 6% for recipients with ABO recipient-
donor compatibility and 4% for those with ABO incompatibility (hazard ratio 0.65, 95% confidence
interval 0.33 to 1.25, p=0.20). The five-year incidence for a definite rejection episode, irrespective
of whether graft failure ultimately occurred, was 12% for ABO compatible compared with 8% for
ABO incompatible cases (p=0.09). Among clear grafts at five years, percent loss of endothelial cells
was similar in ABO compatible and incompatible cases.

Conclusions—In patients undergoing penetrating keratoplasty for Fuchs’ dystrophy or
pseudophakic corneal edema, ABO matching is not indicated since ABO incompatibility does not
increase the risk of transplant failure due to graft rejection.

INTRODUCTION
The Cornea Donor Study (CDS) was designed to examine the effect of donor age on long term
corneal transplant survival for a condition at moderate risk for failure, mainly Fuchs’ dystrophy
or pseudophakic corneal edema. The first in a series of papers looking at the five-year results
of this study reported that five-year graft survival was not related to donor age.1, 2 The CDS
was also designed to examine other secondary parameters of controversial, uncertain, or
unknown clinical importance that might influence graft survival. One such objective was an
assessment of ABO blood group donor-recipient compatibility and graft outcome.

The role that ABO blood group donor-recipient differences play in corneal transplant success
has been a source of uncertainty since it was first reported by Havener, et. al., in 1958.4
Incorporation of this sub-study into the CDS stems from the Collaborative Corneal Transplant
Study’s (CCTS) finding that ABO blood type compatibility reduced the risk of graft failure in
a high-risk population.3 This finding was an unexpected secondary finding in the CCTS, which
warranted corroboration by a second study. The CDS provided an opportunity to address this
important question further, albeit in eyes at low risk for rejection rather than the high-risk
population of the CCTS.

METHODS
The CDS protocol was approved by the institutional review boards at each investigational site
and written informed consent was obtained from each participant. Details of the CDS protocol
have been reported previously.1, 5, 6 Briefly, subjects were between 40 and 80 years of age,
with a diagnosed corneal condition associated with endothelial dysfunction that placed them
at moderate risk of overall graft failure but low risk of graft rejection, principally Fuchs’
dystrophy and pseudophakic corneal edema. Clinical investigators and subjects were masked
to all characteristics of the donor corneal tissue, including age, endothelial cell density, and
donor ABO blood type.

ABO and Rh information for the donor were obtained by the eye bank from either existing
medical records, or from blood typing when this information was not available in existing
records. Donor tissue was assigned to a CDS subject without knowledge of the recipient’s ABO
type. Recipients’ ABO and Rh information were obtained from either patient report, existing
medical records, or from a blood test when the ABO type was not identified from another
source. Results among subjects with self-reported ABO did not differ from those with ABO
from a documented source such as existing medical records or from a blood test.
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Preoperative management, surgical technique, and postoperative care (including prescription
of medications), were provided according to each investigator’s customary routine. Visits
throughout the initial 6 months after penetrating keratoplasty were left to each investigator’s
routine. Thereafter, the minimum follow-up visit schedule included a visit between months 6
and 12 and then annual visits through five years.

Graft Failure Definition
At each visit, graft clarity was assessed. The definition of graft failure, based on the definition
used in the CCTS3, 7, was a regraft or, in the absence of regraft, a cloudy cornea in which there
was loss of central graft clarity sufficient to compromise vision for a minimum of three
consecutive months. The date of graft failure was the date of the first examination at which the
cornea was cloudy as part of the failure event. For cases in which the cornea was not
documented to be cloudy prior to regraft, the date of regraft was considered to be the failure
date. Further details of the graft failure definition have been reported.1

Graft Rejection Definition
Graft rejection episodes were classified as definite when an endothelial rejection line was
present in a previously clear graft and probable when there was inflammation (stromal
infiltrate, keratic precipitates, cells in the anterior chamber, or ciliary injection) without an
endothelial rejection line in a previously clear graft. The regimen for treatment of graft rejection
was at the investigator’s discretion and it was not possible to standardize a definition of when
one rejection episode ended and the eye might be at risk for another episode. Therefore, for
analysis, eyes were classified as to whether they had no rejection episodes or at least one
episode.

Endothelial Cell Density
A subset of subjects participated in the Specular Microscopy Ancillary Study evaluating the
relationship between donor age and endothelial cell density (ECD).2 ECD was determined at
the Specular Microscopy Reading Center (SMRC). Details on standard procedures for donor
cornea preparation, capture of specular microscopic endothelial images, and ECD
determination have been previously reported.8, 9 Only subjects with five-year specular images
whose transplant was classified as a success at five years were included in the analysis to
determine the relationship between ABO/Rh compatibility and ECD.

ABO and Rh Compatibility
The donor and recipient were considered to be ABO compatible when one of the following
conditions was met: 1) recipient and donor had the same ABO type, 2) donor was type O, or
3) recipient was type AB. The donor and recipient were considered to be Rh incompatible when
an Rh+ donor was paired with an Rh- recipient.

Of the 1,090 eligible subjects enrolled in CDS, 990 (91%) had ABO data available for both
the recipient and donor. Additionally, 10 cases in which the recipient was missing ABO were
analyzed as compatible, because the donor was type O, and 2 cases where the donor was missing
ABO were analyzed as compatible because the recipient was type AB. Thus, a total of 1,002
donor-recipient pairs were analyzed for ABO compatibility.

Of these, 808 (81%) cases had Rh data available for both the donor and recipient. Additionally,
7 cases in which the recipient was missing Rh were analyzed as compatible, because the donor
was Rh− and 98 cases where the donor was missing Rh were analyzed as compatible because
the recipient was Rh+. Thus, a total of 913 donor-recipient pairs were analyzed for Rh
compatibility.
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Statistical Methods
The primary outcome was graft failure due to rejection. Secondary outcomes included the
occurrence of a rejection episode (with or without subsequent graft failure) and graft failure
due to any cause.

Five-year rates of graft failure due to rejection were calculated using cumulative incidence,
treating other types of graft failures as competing risks.10 Cumulative probabilities of graft
failure due to any cause were calculated using the Kaplan–Meier method. Because rejection
episodes were evaluated at annual follow-up visits, life-table methods were used to compute
the cumulative probability of a first rejection episode. Separate analyses were performed for
definite only and definite/probable episodes. Univariate Cox proportional hazards regression
models were used to assess the association of ABO- and Rh-compatibility with rejection graft
failure, graft failures from all causes combined, and the occurrence of a rejection episode. No
significant deviations from the proportional hazards assumptions were detected.

Evaluation of ECD at five years was restricted to subjects without graft failure at that time. Of
the 1,002 pairs with ABO data, there were 321 recipients without graft failure who had a five-
year ECD value available. Rh data were available for 297 of these pairs. For 102 of the 321
recipients, a donor specular image was not submitted to the SMRC for analysis, so the baseline
donor ECD determined by the eye bank was used instead. The five-year ECD values were not
normally distributed. Therefore the five-year ECD and the five-year percent cell loss were
compared by ABO/Rh groups based on ranks. For each variable, the rank scores were
transformed to have a normal distribution (van der Waerden scores). The resulting values were
used as the dependent variable in ANCOVA models adjusting for baseline ECD. Percent
change from baseline to five years was defined as the difference divided by the baseline ECD.
This value is expressed as a percentage with negative numbers corresponding to loss of cells.

All reported p-values are two-sided. A significance level of 0.05 (with corresponding 95%
confidence intervals) was used for the primary analysis of associating rejection graft failure
with ABO compatibility and 0.01 (with corresponding 99% confidence intervals) was used for
the secondary analyses. Statistical analyses were conducted using SAS version 9.1 software
(SAS Institute Inc., Cary, NC).

RESULTS
The characteristics of the cohort included in this study were similar to those of the full CDS
study population reported previously.5, 6 Sixty-four percent of the recipients were ABO
compatible with their donor, 86% were Rh compatible and 54% were both ABO and Rh
compatible. ABO/Rh compatibility did not vary by any recipient or donor demographics
including self-reported race/ethnicity (data not shown).

As seen in Table 1, graft failure due to rejection was not impacted by ABO compatibility. The
five-year cumulative incidence of failure due to rejection was 6% for recipients who were ABO
compatible with their donor compared with 4% for recipients with an ABO incompatibility
(hazard ratio 0.65, 95% confidence interval 0.33 to 1.25, p=0.20). The overall graft failure rate
from any cause was 15% in the ABO compatible cases and 13% in the incompatible cases
(hazard ratio 0.82, 95% confidence interval 0.57 to 1.19, p=0.30).

Results were similar for rejection episodes (Table 1). The five-year incidence for a definite
episode was 12% for ABO compatible compared with 8% for ABO incompatible cases
(p=0.09), and 10% vs. 11% for Rh compatible vs. incompatible cases, respectively (p=0.53).
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In an exploratory analysis, there was no indication that Rh compatibility was related to failure
due to graft rejection or to the occurrence of one or more rejection episodes (Table 2). Among
recipients without graft failure by five years, there was no significant difference in percent cell
loss between ABO compatibility groups. The median endothelial cell loss from baseline to five
years was 71% in both ABO compatible and incompatible groups (Table 3).

DISCUSSION
A search for immunologic factors that reduce graft survival has led researchers to examine the
cornea for the presence of markers capable of inciting a rejection reaction. Among those
examined have been HLA group I and group II antigens, the ABO blood group antigens and
Lewis antigen. Studies of these antigens have shown some interesting, thought provoking and
controversial results.

The CCTS investigated, in a prospective study, the relationship between corneal transplant
failure and HLA match-mismatch. CCTS patients were eligible if there were factors present
which placed them at high risk for transplant rejection, defined by the presence of two or more
quadrants of corneal stromal vascularization or a history of corneal allograft rejection. The
CCTS showed that matching for HLA -A, -B and -DR had no significant effect on overall graft
survival, the incidence of irreversible rejection, or the incidence of rejection episodes. A
secondary portion of the CCTS, which looked at ABO compatibility, showed that those who
received a cornea from a blood group ABO incompatible donor had an increased risk of graft
failure due to irreversible graft rejection. The adjusted estimates of the probability of graft
failure from all causes at three years after surgery were 41% in the ABO incompatible group
versus 31% in the ABO compatible group (RR=1.43, 95% CI 1.00-2.06, p=0.05). The estimates
of graft failure due to rejection were 30% and 16% respectively (RR=1.98, 95% CI 1.25-3.13,
p=0.004). 3, 11

Because this was an unexpected secondary finding in the CCTS, corroboration of this finding
in a second study was felt to be important. If it were true that ABO-compatible transplants had
a lower rejection rate than incompatible ones, then ABO matching should be added to routine
eye bank protocol. The CDS provided the opportunity to further address this important
question, albeit in a cohort at low risk for rejection rather than the high-risk population of the
CCTS.

The CDS set out to answer a number of questions regarding the role of ABO antigens. The
first was whether there was a true benefit to matching ABO blood group antigens when
assigning donor tissue to recipients; and whether this benefit would extend to moderate-risk
patients. The second, and natural extension of the first, was to determine if a benefit did exist,
whether or not it was of a magnitude that would justify changing eye banking practices in the
United States.

The mechanisms by which ABO antigen incompatibility might increase the incidence of graft
rejection in the normally avascular donor cornea are not as obvious as the mechanisms for
vascularized solid organs. One theory is that isohemagglutinins directed against ABO blood
group antigens on the corneal epithelium may provoke inflammatory reactions involving
complement activation and attraction of macrophages. This process may lead to increased
expression of alloantigens and cellular adhesion molecules that promote T-cell mediated
allograft rejection. A second theory is that since peptides, but not carbohydrates, are recognized
by T-cell receptors for antigen, the polymorphic cytoplasmic enzymes that create A and B
blood group carbohydrates, rather than the A and B substances themselves, may be the targets
of T-cells. A third theory is that exposure to common microorganisms may induce T-cell
independent antibody production activated by the incompatible A or B antigens presented on
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the corneal graft. Serologic studies of IgM and IgG titers in recipients of both compatible and
incompatible grafts have been observed. However, no pattern of increased risk associated with
titer increases has been detected in these small series.12, 13

The expression of ABO antigens is not uniform in all corneal layers. In the normal cornea,
ABO blood group antigens are expressed only on epithelial cells. Ardjomand, et. al.14
demonstrated the up-regulation of A and B blood group antigens on keratocytes and endothelial
cells in corneas obtained from patients undergoing corneal transplantation for herpetic keratitis
and keratoconus. They postulated that the presence of pro-inflammatory cytokines in the
keratitis specimens was a cause for the up-regulated antigens. They could not explain the up-
regulation of ABO antigens in 3 of 11 cases of keratoconus without histopathologic evidence
of inflammation. In this same study, specimens obtained from patients with pseudophakic
bullous keratopathy and Fuchs’ endothelial dystrophy showed no up-regulation.

Donor corneal epithelium often sloughs in part or in total during or following corneal
transplantation resulting in the replacement of a variable portion of the donors’ ABO blood
group antigens in the early post-operative period. Evidence from Ardjomand, et. al.15 disclosed
that small nests of donor epithelial cells with intact ABO surface antigens remain around the
sutures at one year. It is unknown how long these nests of cells actually survive. However, the
presence or absence of donor epithelium at the time of penetrating keratoplasty, did not affect
the likelihood of graft failure or reversible allograft reaction in a randomized prospective series
published by Stulting, et. al.16

Before 1980, there were a few studies of ABO compatibility with varying results. In these
studies, surgical technique, eye banking practices, and postoperative immunosuppression were
much different from today’s standards. Overall graft survival was markedly lower. In a study
by Mehri17 of 68 grafts, the overall failure rates were quite high (70% for ABO compatible
grafts and 61% for ABO incompatible graft). There was no distinction made between failure
rates in the low-risk and high-risk groups and the results were statistically similar. Allansmith
retrospectively studied 150 patients and observed a failure rate 3% higher in the incompatible
group. In an analysis stratified by prognosis, results indicated that those with ABO
incompatible grafts were no more likely to fail than those with ABO compatible grafts.12
Batchelor studied 100 high-risk corneal transplant recipients with known donor and recipient
ABO blood group phenotypes and reported that ABO incompatibility had no effect on the rate
of graft survival at one year.18

More recently, two large studies of histocompatibility matching of corneal tissue involved
surgical, eye banking, and patient management methods that are closer to those used today. In
each of the studies, only a subset of donor-recipient pairs had known ABO blood types. Results
of a study by Volker-Dieben indicated that there were no significant differences in failure rates
between ABO compatible and incompatible cases.19 A later report from the same series that
included additional cases also indicated that there were no significant differences.20 Boisjoly
did not report on graft failure but did report that the relative risk of ABO incompatibility for
corneal allograft reaction episodes was 0.70 (95% confidence interval of 0.38, 1.32).21 Thus,
in the series that used techniques most comparable to those used today, ABO incompatibility
was not identified as a risk factor for graft failure. Small sample sizes may have limited the
power necessary to find a significant result. The populations studied were racially
homogeneous and included a mixture of both low and high-risk cases.

Mechanisms that influence ABO incompatibility in high-risk patients would be expected to
operate in the moderate-risk population of patients entered into the CDS study. However, given
the high success rate in this group, the magnitude of the absolute risk imposed by ABO
incompatibility would be expected to be lower in moderate-risk patients. Our data disclosed
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that rejection related graft failure, defined as a cloudy cornea sufficient to compromise vision
for three consecutive months or longer, was not impacted by ABO compatibility, Rh
compatibility, or combined antigen incompatibility. ABO/Rh compatibility also did not affect
endothelial cell loss after five years. While we still do not know why there is an accelerated
loss of endothelial cells in donor grafts up to ten years post-operatively (as compared with
normal, ungrafted patients), these data suggest that ABO/Rh match-mismatch does not play a
role in these changes.

How applicable are these results to other groups of corneal transplant recipients? It is reasonable
to expect that these results apply to other corneal transplant conditions at low risk for rejection,
such as those with avascular corneal scars and keratoconus, but one cannot reasonably
extrapolate these data to high-risk conditions. The difference between the CDS ABO
incompatibility findings in low-risk patients and the CCTS’s incompatibility findings in high-
risk patients may relate to the up-regulation of ABO antigens.

Many basic questions remain regarding the different findings in these two groups: Is the
inflammation associated with corneal transplantation itself sufficient to up-regulate these
antigen markers on all donor corneas; and if so how long does this last? Is there an up-regulation
of ABO antigens that is dependent on the underlying host pathology? When are these markers
expressed, where in the tissue, and for how long? What influence do steroids or immune
modulators such as cyclosporine have on these changes when used for intermediate and long
term graft management? Ongoing research in these areas may answer some of these questions.

The CDS had a large sample size and thus there is reasonable confidence that the graft failure
rate due to rejection is not substantially higher than we found. Due to the low event rate, it is
possible that a true difference between ABO compatible and incompatible cases could exist
but not have been detected in the study. However, even if this were true, the tight confidence
intervals on the event rates indicate that such a difference would be unlikely to be clinically
meaningful. The lack of association of Rh compatibility with graft rejection is not surprising
since we did not have a pre-specified hypothesis that there would be an association.

In conclusion, we found that matching donor and recipient for ABO blood type did not
influence the incidence of graft failure due to immunologic rejection or endothelial cell failure
in a corneal transplant population at low risk for rejection. The slow, progressive loss of
endothelial cells (but not failure) documented by Ing, et. al.22 and by the CDS2 also does not
appear to be influenced by ABO compatibility.

APPENDIX

CORNEA DONOR STUDY INVESTIGATOR GROUP
Listed in order of number of patients enrolled in the Cornea Donor Study are the clinical sites
with city, state, site name, number of patients in parentheses and names of the investigators
ordered alphabetically that participated in the study as part of the CDS Investigator Group.

CLINICAL SITES
Southfield, MI; Michigan Cornea Consultants, PC (77): Christopher Y. Chow, MD, Steven
P. Dunn, MD, David G. Heidemann, MD Albany, NY; Cornea Consultants of Albany (58):
Michael W. Belin, MD, Robert L. Schultze, MD Seattle, WA (47): Matthew S. Oliva, MD,
Walter M. Rotkis, MD Grand Rapids, MI; Verdier Eye Center, P.C. (41): David D. Verdier,
MD Cleveland, OH; Case Western Reserve University and University Hospitals Case
Medical Center (33): Jonathan H. Lass, MD, William J. Reinhart, MD, Joseph M. Thomas,
MD Atlanta, GA; Eye Consultants of Atlanta, P.C. (30): Stephen M. Hamilton, MD, Gina C.
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Jayawant, MD, W. Barry Lee, MD Phoenix, AZ; Cornea Consultants of Arizona (28): Robert
H. Gross, MD, Edward L. Shaw, MD Tampa, FL; Cornea and Eye Surface Center (28):
Steven L. Maskin, MD Narberth, PA; Ophthalmic Subspecialty Consultants (26): Parveen
K. Nagra, Irving M. Raber, MD Chicago, IL; University of Illinois at Chicago (25): Joel
Sugar, MD, Elmer Tu, MD Fort Myers, FL; Eye Associates of Fort Myers (24): Mark S.
Gorovoy, MD Lancaster, PA; Eye Physicians of Lancaster (24): Francis J. Manning, MD
Scranton, PA; Northeastern Eye Institute (23): Thomas S. Boland, MD, Stephen E. Pascucci,
MD Ann Arbor, MI; W.K. Kellogg Eye Center, The University of Michigan (21): Qais A.
Farjo, MD, Roger F. Meyer, MD, H. Kaz Soong, MD, Alan Sugar, MD Charlotte, NC; Horizon
Eye Care (21): Paul G. Galentine, MD, David N. Ugland, MD Langhorne, PA (21): Sadeer
B. Hannush, MD San Diego, CA; Eye Care of San Diego (21): John E. Bokosky, MD
Charleston, WV; Charleston Eye Care, PLLC (20): James W. Caudill, MD Chicago, IL;
Northwestern University (20): Robert S. Feder, MD Colton, CA; Inland Eye Institute (20):
John C. Affeldt, MD, Christopher L. Blanton, MD University of Minnesota, Minneapolis,
MN (20): Edward J. Holland, MD (now at Cincinnati Eye Institute, Cincinnati, OH;) Dallas,
TX; The University of Texas Southwestern Medical Center at Dallas (20): R. Wayne
Bowman, MD, H. Dwight Cavanagh, MD, PhD, Mohamed-Sameh H. El-Agha, MD, James P.
McCulley, MD Seattle, WA; Eye Associates N.W., Inc., P.S. (20): Thomas E. Gillette, MD
Allentown, PA; Lehigh Valley Eye Center, P.C. (19): Alan B. Leahey, MD Madison, WI;
Davis Duehr Dean Clinic (19): Christopher R. Croasdale, MD Louisville, KY (16): Richard
A. Eiferman, MD Burlington, MA; Lahey Clinic (15): Sarkis H. Soukiasian, MD Atlanta,
GA; Emory University (14): R. Doyle Stulting, MD, PhD Baltimore, MD; The Johns Hopkins
University School of Medicine (14): Walter J. Stark, MD N. Dartmouth, MA; Eye Health
Vision Center (14): Kenneth R. Kenyon, MD, Richard C. Rodman, MD Dallas, TX; Cornea
Associates of Texas (13): Walter E. Beebe, MD, Henry Gelender, MD Rochester, NY;
University of Rochester (13): Steven S. Ching, MD, Ronald D. Plotnik, MD Tulsa, OK; The
Eye Institute (13): Marc A. Goldberg, MD Atlanta, GA (12): Karen Sumers, MD Boston, MA;
Center for Eye Research and Education (12): Nicoletta A. Fynn-Thompson, MD, Ann Z.
McColgin, MD, Michael B. Raizman, MD Delray Beach, FL; Delray Eye Associates, P.A.
(12): Steven I. Rosenfeld, MD Minneapolis, MN; Minnesota Eye Consultants, P.A. (12):
Elizabeth A. Davis, MD, David R. Hardten, MD, Richard L. Lindstrom, MD Sacramento, CA;
University of California, Davis (12): Mark J. Mannis, MD Tallahassee, FL; Eye Associates
of Tallahassee (12): Jerry G. Ford, MD Cleveland, OH; The Cleveland Clinic Foundation
(11): David M. Meisler, MD Indianapolis, IN; Price Vision Group (11): Kendall Dobbins,
MD, Francis W. Price, Jr., MD, William G. Zeh, MD Pittsburgh, PA (11): Peter J. Berkowitz,
MD Seattle, WA; Virginia Mason Medical Center (11): Thomas D. Lindquist, MD, PhD San
Francisco, CA (10): Daniel F. Goodman, MD, Niraj P. Patel, MD Denver, CO; Colorado Eye
Physicians and Surgeons (9): Abdulfatah M. Ali, MD, Richard F. Beatty, MD Iowa City, IA;
University of Iowa (9): John E. Sutphin, MD, Ayad A. Farjo, MD, Kenneth M. Goins, MD
Portland, OR; Northwest Corneal Services (9): Terry E. Burris, MD Pinellas Park, FL;
Southeast Eye Institute, P.A. (9): Peter A. Shriver, DO Bangor, ME; Eastern Maine Eye
Associates, P.A. (8): Cynthia A. Self, MD, Garth A. Wilbanks, MD Irvine, CA; University of
California, Irvine (8): Roy S. Chuck, MD, PhD, Ronald N. Gaster, MD N. Dartmouth, MA;
Southcoast Eye Care, Inc. (7): David W. Kielty, MD Galveston, TX; University of Texas
Medical Branch at Galveston (6): Garvin H. Davis, MD, Stefan D. Trocme, MD (now at Case
Western Reserve University and University Hospitals of Cleveland)Lexington, KY (6):
Woodford S. Van Meter, MD Patricia W. Smith, M.D., P.A., Raleigh, NC (6): Patricia W.
Smith, MD (now at Triangle Eye Physicians, Raleigh, NC) Memphis, TN; Associated
Ophthalmic Specialists (6): Alan R. Schaeffer, MD Philadelphia, PA; Corneal Associates,
P.C. (6): Elisabeth J. Cohen, MD, Peter R. Laibson, MD, Christopher J. Rapuano, MD
Rochester, MN; Mayo Clinic College of Medicine (6): Keith H. Baratz, MD Lancaster, PA;
Eye Doctors of Lancaster (5): Barton L. Halpern, MD, Mark A. Pavilack, MD (now at
Tidewater Eye Centers, Virginia Beach, VA)Lansdale, PA (5): Gerald B. Rosen, MD (now at
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Horizon Eye Care, Charlotte, NC)Minneapolis, MN; University of Minnesota (5): Donald J.
Doughman, MD West Orange, NJ; Corneal Associates of New Jersey (5): Soo Mee Pak, MD,
Theodore Perl, MD Columbia, MO; University of Missouri (4): John W. Cowden, MD
Providence, RI; Rhode Island Eye Institute (4): Elliot M. Perlman, MD Spokane, WA;
Spokane Eye Clinic (4): Lance E. Olson, MD, Erik D. Skoog, MD Tacoma, WA; Pacific
Cataract and Laser Institute (4): William D. Gruzensky, MD Nashville, TN; Cornea
Consultants of Nashville, P.L.L.C. (3): Erich B. Groos, Jr., MD Salt Lake City, UT; University
of Utah (3): Mark D. Mifflin, MD, Maureen K. Lundergan, MD Springfield, MA (3): Steven
T. Berger, MD Boston, MA; Boston University School of Medicine (2): Kenneth C. Chern,
MD Charleston, SC; Medical University of South Carolina (2): Kerry D. Solomon, MD
Chicago, IL; Rush University Medical Center (2): Richard F. Dennis, MD, Jonathan B.
Rubenstein, MD Palm Coast, FL; Atlantic Eye Center (2): Alexandra M. P. Kostick, MD
Raleigh, NC (2): Samuel H. Santander, MD, MPH Beachwood, OH; The Cleveland Clinic
Foundation (1): Allen S. Roth, MD Decatur, GA; Eye Physicians and Surgeons, P.C. (1):
Laura A. Bealer, MD Los Angeles, CA (1): Jonathan I. Macy, MD Mount Pleasant, SC;
Charleston Cornea & Refractive Surgery, P.A. (1): David G. O’Day, MD Portland, OR;
Devers Eye Institute (1): Mark A. Terry, MD West Palm Beach, FL; Palm Beach Eye Clinic
(1): Nunzio P. Sossi, MD, PhD Winston-Salem, NC; Wake Forest University School of
Medicine (1): Keith A. Walter, MD

Listed in order of number of patients enrolled in the Cornea Donor Study are the eye banks
with eye bank name, city, state, number of patients in parentheses and names of the eye bank
directors and coordinators who participated in the study during the enrollment phase
(D=Director, C=Coordinator).

EYE BANKS
Midwest Eye-Banks (192) [Ann Arbor, MI; Michigan Eye Bank, (145); Chicago, IL; Illinois
Eye Bank, (47)]: Florence M. Johnston (D), Kyle L. Mavin (C), Kristen E. McCoy (C), Michael
B. O’Keefe (C) Tissue Banks International (119) [Boston, MA; New England Eye & Tissue
Transplant Bank (47); Indianapolis, IN; Indiana Lions Eye & Tissue Transplant Bank (22);
Bismarck, ND; Lions Eye Bank of North Dakota, Inc. (19); Dayton, OH; Lions Eye Bank
of West Central Ohio (11); Baltimore, MD; Medical Eye Bank of Maryland & Washington
Eye Bank (4); Santa Ana, CA; Orange County Eye & Tissue Bank (4); Albuquerque, NM;
New Mexico Lions Eye Bank (3); Los Angeles, CA; Doheny Eye and Tissue Transplant
Bank (3); Orlando, FL; Medical Eye Bank of Florida (2); Oakland, CA; Northern California
Transplant Bank (2); Springfield, NJ; Lions Eye Bank of New Jersey (2)]: Gerald J. Cole,
MBA (D), Diane F. Johnston (C), Mark A. Jones (C), Sameera M. Farazdaghi, MPH (C),
Elizabeth N. Walunas (C) Seattle, WA; SightLife (86): Monty M. Montoya, MBA (D), Bernie
Iliakis (C), Rick D. McDonald (C), Misty L. Ostermiller (C), Cathy E. Saltwick (C) Tampa,
FL; Central Florida Lions Eye & Tissue Bank, Inc. (73): Jason K. Woody (D, C) Allentown,
PA; Northeast Pennsylvania Lions Eye Bank, Inc. (70): Mark H. Weaver (D), Michael J.
Christ (C), Mark B. Gross (C) Minneapolis, MN; Minnesota Lions Eye Bank (61): Carol R.
Engel (D), Raylene A. Dale(C), Stephanie K. Hackl(C), Elena J. Henriksen(C), Kathryn J.
Kalmoe(C), Jennifer M. Larson(C), Jackie V. Malling(C), Brian J. Philippy (C) Albany, NY;
Sight Society of Northeastern New York (58): Maryann Sharpe-Cassese, RN, MSN (D), Sue
M. Hayes (C) Philadelphia, PA; Lions Eye Bank of Delaware Valley (58): Robert E. Lytle
(D), David A. Rechtshaffen (C) Atlanta, GA; Georgia Eye Bank, Inc. (57): Bruce Varnum
(D), Erin B. Angel (C), Matt D. Durell (C), Teresa R. Williams (C) Cleveland, OH; Cleveland
Eye Bank (45): Susan V. Janssen (D), Brian E. Kraus (C), Marcy B. McLain (C), Jackie A.
Rossi (C) Dallas, TX; Transplant Services Center UT Southwestern (33): Ellen L. Heck, MS,
MA (D), Marilyn S. Hayes (C) Phoenix, AZ; Donor Network of Arizona (28): Gregory C.
Davis (D), Tara L. Chavez (C), Lori D. Oswald (C), Noreen B. Ruiz (C) San Diego, CA; San
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Diego Eye Bank (26): Jeffrey G. Penta, MBA (D), Wayne E. Dietz (C), Jennifer L. Nary (C)
Charleston, WV; Medical Eye Bank of West Virginia (21): Kenneth R. Sheriff (D), Nancy
C. Driver (C) Charlotte, NC; Lifeshare of the Carolinas (21): William J. Faircloth (D), Paul
E. Williams (C) Winston-Salem, NC; The North Carolina Eye Bank, Inc. (21): Kurt Weber,
MA, MBA (D), Jerry W. Barker (C), Donna M. Bridges (C), Lee Chenier (C), Mark Soper (C)
Redlands, CA; Inland Eye & Tissue Bank (20): Betsy Allen (D), Samantha J. Wright (C)
Louisville, KY; University of Louisville Lions Eye Bank (16): James R. Martin (D), Anne J.
Watson (C) Sacramento, CA; Sierra Eye & Tissue Donor Services-DCI (15): Greg
McDonough, MS (D), Kristel D. Beilby (C) Rochester, NY; Rochester Eye & Human Parts
Bank, Inc. (13): Linda K. Fraser (D), Tammi S. Sharpe (C) Pittsburgh, PA; Center for Organ
Recovery and Education (11): Robert C. Arffa, MD, Michael A. Tramber (C) Portland, OR;
Lions Eye Bank of Oregon (10): Barbara L. Crow (D), Matthew M. Fisher (C), Chris G.
Stoeger (C) Aurora, CO; Rocky Mountain Lions Eye Bank (9): Edmund Jacobs (D), Michael
P. Filbin (C), James I. Mather (C), Christopher M. McGriff (C), Eric E. Meinecke (C) Iowa
City, IA; Iowa Lions Eye Bank (9): Patricia J. Mason (D), Garret D. Locke (C), Janice F.
Reiter (C) Norfolk, VA; Lions Medical Eye Bank of Eastern Virginia, Inc. (7): David E.
Korroch (D), Penelope M. Thomas (C) Galveston, TX; Southeast Texas Lions Eye Bank, Inc.
(6): Wayne A. Lange (D, C), Rosemary F. Moore (C) Memphis, TN; Mid-South Eye Bank
for Sight Restoration (6): Lee J. Williams (D), Yvette D. Friedhoff (C) Columbia, MO;
Heartland Lions Eye Bank (4): Ronald J. Walkenbach, PhD (D), Jennifer E. Glover (C),
Brenda A. Kafton (C), Kraig J. Lage (C) Charleston, SC; South Carolina Lions Eye Bank,
Inc. (3): Brenda S. Horn (D), H. Tommy Bottoms (C), Ellen R. Kerns (C) Salt Lake City, UT;
Utah Lions Eye Bank (3): Raymond Jessen, MPH (D, C), William H. Dennis (C)

COORDINATING CENTER
Jaeb Center for Health Research, Tampa, FL: Roy W. Beck, MD, PhD (Director), Mariya
Dontchev, MPH, Robin L. Gal, MSPH, Craig Kollman, PhD, Lee Anne Lester, Shelly T.
Mares, Yazandra A. Parrimon, Alandra S. Powe, Katrina J. Ruedy, MSPH, Heidi J. Strayer,
PhD, Jean Paul Tanner, MPH

SPECULAR MICROSCOPY READING CENTER
Case Western Reserve University and University Hospitals Case Medical Center, Cleveland,
OH: Jonathan H. Lass, MD (Medical Director), Beth Ann Benetz, MA (Technical Director),
Carmella Gentile (Head Technician), Stephanie Burke, Shannon Edwards, Lori Karpinecz

NATIONAL INSTITUTES OF HEALTH
National Eye Institute, Bethesda, MD: Maryann Redford, DDS, MPH, Mary Frances Cotch,
PhD

DATA AND SAFETY MONITORING COMMITTEE
Marian Fisher, PhD (DSMC Chair), William Bourne, MD, Maryann Redford, DDS, MPH.,
Rabbi Samuel Fishman, Gary Foulks, MD, David C. Musch, PhD, MPH

STEERING COMMITTEE
Edward J. Holland, MD (Study Co-Chair, 1999-current), Mark J. Mannis, MD (Study Co-
Chair, 1999-current), Mary Frances Cotch, PhD (1999-2001), Steven Dunn, MD (2001-2002),
Ellen Heck, MS, MA (1999-2000), Florence Johnston (2000-2001, 2002-2004), Jonathan H.
Lass, MD (1999-current), Thomas Lindquist, MD, PhD (2000-2001), Monty M. Montoya,
MBA (2004-current), Maryann Redford, DDS, MPH (2001-current), Alan Sugar, MD (2004-
current), Joel Sugar, MD (1999-2000), Jason Woody (2001-2002)
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