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Intraocular Pressure and Big Bubble Diameter in Deep Anterior 
Lamellar Keratoplasty: An Ex-Vivo Microscope-Integrated OCT 
with Heads-Up-Display Study
Paramjit Bhullar1, Oscar Carrasco-Zevallos2, 
Alexandria Dandridge1, Neel Pasricha1, Brenton Keller2, 
Liangbo Shen2, Joseph A. Izatt2, Cynthia A. Toth1, 2, Anthony N. Kuo1. 
1Duke University Eye Center, Durham, NC; 2Biomedical 
Engineering, Duke University, Durham, NC.
Purpose: To investigate the relationship between intraocular pressure 
(IOP) and big bubble (BB) formation in an ex-vivo model of deep 
anterior lamellar keratoplasty (DALK).
Methods: Corneo-scleral buttons from human donors were loaded 
onto an artificial anterior chamber connected to a column of balanced 
salt solution. A surgeon-in-training learned to perform DALK 
via Anwar and Teichmann’s BB technique using swept-source 
microscope-integrated optical coherence tomography with  
heads-up-display (SS-MIOCT with HUD). DALK procedures were 
performed at one of six different IOPs (5, 10, 15, 20, 30, or 40mmHg; 
n=6 per group) in a randomized fashion, with the surgeon-in-training 
masked to the pressure and guided by SS-MIOCT with HUD. For a 
subset of corneas within each pressure group, DALK was performed 
on matching donor tissue at a control IOP. BB formation was 
assessed (Figure 1A-B) and diameter was recorded. A BB diameter 
exceeding the trephine diameter was considered optimal.
Results: Wilcoxon rank sum test showed a difference in BB diameter 
amongst the different pressure groups (mean±standard deviation 
of 7.75±1.60mm, 8.33±1.99mm, 10.9±0.92mm, 9.08±1.07mm, 
6.67±3.33mm, and 3.42±3.77mm in the 5, 10, 15, 20, 30, and 
40mmHg groups, respectively; p=0.0014). Per Tukey test, this 
difference was attributable to comparisons between the 40mmHg 
group and the 5, 10, 15, or 20mmHg groups (p=0.04, 0.02, 0.0001, 
0.004, respectively). See Figure 1C-D.
Conclusions: In this ex-vivo model of DALK, the BB technique 
guided by SS-MIOCT with HUD yielded bubbles of optimal 
diameters only at physiologic pressures (10-20mmHg). Extremely 
high IOP (40mmHg) resulted in BBs of significantly smaller diameter 
than BBs obtained at physiologic and low (5mmHg) IOPs.
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Big-bubble technique with depth-sensing needle for precision 
lamellar keratoplasty
Young-Sik Yoo1, Sucbei Moon2, Sung-Hyun Choi1, Sung-Won Shin3, 
Woong-Gyu Jung3, Choun-Ki Joo1. 1The Catholic University of 
Korea, Seoul, Korea (the Republic of); 2Kookmin University, Seoul, 
Korea (the Republic of); 3Ulsan National Institute of Science and 
Technology, Ulsan, Korea (the Republic of).
Purpose: The purpose was to evaluate the effectiveness of a depth-
sensing needle system for big-bubble technique in deep anterior 
lamellar keratoplasty (DALK) or pre-descemet’s endothelial 
keratoplasty (PDEK).
Methods: In this experimental study, the big-bubble technique for 
DALK was performed with the depth-sensing needle system. Human 
cornea was used in this ex-vivo study. The depth-sensing needle 
system was composed of the fiber optic based needle and optical 
coherent tomography (OCT) system which was developed for sensing 
the depth between the needle and the endothelial layer of cornea. The 
needle is aimed to be located at 80–90% of total corneal thickness 
(about 50–100 µm above the corneal endothelial layer). The real-time 
position information of the needle tip in the cornea was displayed 
on the screen while the needle tip was inserted into the cornea. 
Simultaneously, the thickness of the cornea (including endothelial 
layer) below the needle tip was calculated and provided with a 
numerical value to the surgeon. To verify the feasibility of our device 
in big-bubble technique for DALK, the thickness of the remaining 
layer including the corneal endothelial layer was measured with the 
histology.
Results: The big-bubble technique with the depth-sensing needle 
system was achieved in 18 of 21 cases (85.7%) for human cornea. 
The thickness of the remaining layer including the corneal endothelial 
layer was 24.5 µm (range 19–40). When the air was injected at more 
than 90% of the remaining depth for total corneal thickness, the big 
bubble was made as type II big bubble with clear margin.
Conclusions: The presented technology using the depth-sensing 
needle showed good results in terms of accuracy and efficiency in 
big-bubble technique for DALK. With further clinical practices, we 
believe that our device will break new ground in the field of lamellar 
keratoplasty including DALK or PDEK.
Commercial Relationships: Young-Sik Yoo, None; Sucbei Moon, 
None; Sung-Hyun Choi, None; Sung-Won Shin, None; Woong-
Gyu Jung, None; Choun-Ki Joo, None
Support: This material was based upon work supported by the 
Ministry of Trade, Industry & Energy (MOTIE, Korea) under 
Industrial Technology Innovation Program. No. 10047943.
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Association between optical properties and visual disability in 
Fuchs endothelial corneal dystrophy
Katrin Wacker1, 2, Keith Baratz1, Katrina M. Kane1, Sanjay V. Patel1. 
1Department of Ophthalmology, Mayo Clinic, Rochester, MN; 2Eye 
Center, University Hospital Freiburg, Freiburg, Germany.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

Purpose: Understanding patient symptoms in Fuchs endothelial 
corneal dystrophy (FECD) and patient-reported outcomes of 
endothelial keratoplasty might help determine when to intervene 
surgically. In this study, we examined relationships between optical 
and anatomical properties in FECD and patient-reported visual 
disability.
Methods: Thirty-two participants with FECD and 14 with normal 
corneas were graded clinically based on the presence of corneal 
guttae and edema (modified Krachmer grading), and cataract severity 
(LOCS III). Scores from the 25-item National Eye Institute Visual 
Function Questionnaire (VFQ-25) and the Rasch  
model-based mean logit score of a visual disability instrument, 
Catquest-9SF, were correlated with best-corrected ETDRS visual 
acuity, straylight, corneal high-order aberrations, standardized 
anterior and posterior corneal backscatter, central corneal thickness, 
and effective endothelial cell density by using age- and  
lenticular-status-adjusted linear regression models.
Results: VFQ-25 and Catquest scores were worse with higher grade 
of severity of FECD (both, p-trend <0.001). VFQ-25 composite 
scores were lower in moderate (grades 3 and 4; mean, 87; 95%CI, 
80–93; n=8, p=0.031) and advanced FECD (grades 5 and 6; 78; 
95%CI, 73–83; n=15, p<0.001) than normal (95; 95%CI, 90–100; 
n=14). Catquest-9SF scores were less negative (indicating more 
difficulty) in moderate (mean, -2.1; 95% CI, -1.2 to -2.2, p=0.012) 
and advanced (-1.7; 95%CI, -1.0 to -2.3, p=0.001) FECD compared 
to normal (-3.5; 95%CI, -2.8 to -4.2). In multivariable models, worse 
visual acuity and increased back surface total high-order aberrations 
were associated with worse mean Catquest scores (+0.7 logit per 10 
letters decrease and per 0.1µm increase; R2=0.53, p<0.03), whereas 
there were no independent associations with VFQ-25 composite 
score. VFQ-25 domains for general vision, distance and near 
activities, dependency, and mental health were inversely associated 
with back surface total high-order aberrations.
Conclusions: Visual disability is impaired in moderate and advanced 
FECD compared to controls even when accounting for lenticular 
status. Catquest-9SF and specific domains of VFQ-25 are associated 
with degraded optical properties, and warrant further investigation as 
measures of patient-reported outcomes of surgical treatment  
for FECD.
Commercial Relationships: Katrin Wacker, None; Keith Baratz, 
None; Katrina M. Kane, None; Sanjay V. Patel, None
Support: Research to Prevent Blindness (unrestricted departmental 
grant and SVP as Olga Keith Wiess Special Scholar); Mayo 
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Trinucleotide repeat expansion in the TCF4 gene and corneal 
ultrastructural changes in Fuchs endothelial corneal dystrophy
Sanjay V. Patel1, Katrin Wacker1, 2, Ross Aleff3, Eric Wieben3, 
Keith Baratz1. 1Ophthalmology, Mayo Clinic, Rochester, MN; 
2Eye Center, University Hospital Freiburg, Freiburg, Germany; 
3Biochemistry and Molecular Biology, Mayo Clinic, Rochester, MN.
Purpose: Fuchs endothelial corneal dystrophy (FECD) is associated 
with an intronic CTG trinucleotide repeat (TNR) expansion in the 
transcription factor 4 (TCF4) gene. In this study, we examined the 
relationship between TNR expansion and ultrastructural changes that 
result in increased backscattered light from corneas with FECD.
Methods: Anterior corneal backscatter was measured from 
Scheimpflug images using a standardized method that accounted 
for any variations in incident light intensity and sensitivity of the 
detecting camera. Central corneal thickness was measured by 
ultrasonic pachymetry. Mean TNR length of the longer allele was 

determined via short-tandem repeat assay, and extreme repeat lengths 
were verified by genomic Southern blots from leukocyte-derived 
DNA. Age at endothelial keratoplasty was recorded if patients 
underwent surgical treatment. An age standardization technique was 
applied to assess the associations between TNR length and corneal 
backscatter and thickness at the same age. Linear regression models 
were used to assess the association between TNR length and age at 
keratoplasty. Data from subjects without TNR expansion (<40 TNRs) 
were not included for analysis.
Results: Forty-six female and 23 male participants were included of 
which 72 eyes of 41 participants underwent endothelial keratoplasty. 
Median TNR length was 79 (interquartile range, 23); 84% of 
subjects had allele expansion (>40 TNRs) with one subject having 
>2000 repeats. Among those with 40-200 TNRs, and with age 
standardization, increased TNR length was associated with increased 
anterior corneal backscatter (142 scatter units per 10 TNRs; 95%CI, 
74–201; p<0.001) and thicker corneas (24 µm per 10 TNRs; 95%CI, 
6–43; p=0.012). Increased TNR length was associated with younger 
age at endothelial keratoplasty (–1.9 years per 10 TNRs; 95% CI, 
–3.0 to –0.6 years; p=0.003; n=66).
Conclusions: The length of the TCF4 TNR in FECD is associated 
with more severe corneal ultrastructural changes, and with 
endothelial keratoplasty at a younger age. TNR length might aid 
clinicians with long-term prognostication of FECD.
Commercial Relationships: Sanjay V. Patel; Katrin Wacker, 
None; Ross Aleff, None; Eric Wieben, None; Keith Baratz, None
Support: National Institutes of Health R21 EY 25071 (Bethesda, 
MD); Research to Prevent Blindness (unrestricted departmental grant 
and SVP as Olga Keith Wiess Special Scholar; New York, NY); 
Center for Individualized Medicine and Robert R. Waller Career 
Development Award, Mayo Foundation (Rochester, MN); Dr. Werner 
Jackstaedt Foundation (Germany).
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Methotrexate and graft survival in high risk corneal 
transplantations
Nallely Ramos Betancourt1, Valeria Sanchez-Huerta1, Claudia Ortiz 
Valencia1, Luz E. Concha del Río2, Carla Rocío Robles Reyes1. 
1Cornea and Refractive Surgery, Asociación para Evitar la Ceguera 
en México, Mexico City, Mexico; 2Uveitis, Asociación para Evitar la 
Ceguera en México, Mexico City, Mexico.
Purpose: To evaluate clinical outcomes in patients treated with 
methotrexate for high-risk corneal transplantation
Methods: Study Population: Patients were prospectively recruited 
at Cornea Department from 2014 to 2016, after Institutional Review 
Board approval and obtaining informed consent from all patients. 
Inclusion criteria: Patients that require penetrating keratoplasty and 
have high-risk characteristics, which include: 2 or more quadrants of 
deep vascularization and/or previous graft rejection. Patients with a 
history of nephropathy, liver or hematological disease were excluded. 
In total, 18 patients were screened and 2 were excluded from analysis 
based on: insufficient follow-up (<6months). Methotrexate dosing 
and monitoring: Parenteral methotrexate was administered a month 
prior to surgery (starting with 10mg weekly). The day of the surgery, 
the dose was increased to 15mg, and after a month to 20mg/week. 
Laboratory work-up was made prior to methotrexate therapy, prior 
to surgery, and every 3 months after surgery. Adverse events were 
assessed every visit. Main outcome measures: Survival of grafts. 
Statistical Analysis: Data were entered into a standardized database. 
Statistical analyses were performed using SPSS 22.0. Survival 
analysis of grafts was evaluated with Kaplan Meier survival analysis.
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Results: Demographics of study population: 16 patients were 
included in the study. Mean age was 44.63 years (SD 23,56) and 
68,8% (11) were men. Graft survival: Mean time of graft survival 
was 13,25 months (SD 2.89, range 9-24 months). Graft survival in 
the first year of follow-up was 83,3%. Side effects of treatment: Only 
2 patients reported dyspepsia during the first weeks of treatment.
Conclusions: Graft survival in high-risk corneal transplantation 
patients treated with methotrexate was 83,3% in the first year. Since 
methotrexate is cheap, safe and has less adverse effects compared to 
other treatments, further comparative studies should be considered.
Commercial Relationships: Nallely Ramos Betancourt; 
Valeria Sanchez-Huerta, None; Claudia Ortiz Valencia, None; 
Luz E. Concha del Río, None; Carla Rocío Robles Reyes, None
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The Relationship between Donor Graft Characteristics and 
Visual Acuity Outcomes after Descemet Stripping Automated 
Endothelial Keratoplasty
Matthew Schear1, Carolyn Shih1, Lisa Rosen2, Bennett Hong1, 
Katherine Chen1, David Nauheim1, Matthew Gorski1, Jules Winokur1, 
Anne Steiner1, Ira J. Udell1. 1Ophthalmology, Hofstra Northwell 
Health, Great Neck, NY; 2Biostatistics, Hofstra Northwell Health, 
Manhasset, NY.
Purpose: To determine how visual acuity varies based on donor 
graft characteristics after Descemet Stripping Automated Endothelial 
Keratoplasty (DSAEK).
Methods: A retrospective chart review was performed on 209 eyes 
of 190 subjects that underwent DSAEK at the Hofstra Northwell 
Health Department of Ophthalmology. Patients whose vision may 
be limited by diagnoses such as advanced glaucoma or retinal 
pathology were not included. 14 subjects required a re-bubble and 
were included. Best corrected visual acuity was measured at pre-op, 
3 months, 6 months and 1 year and converted to their LogMAR 
equivalents. Donor characteristics analyzed include donor age, death 
to preservation time, death to insertion time, post-cut central corneal 
thickness and post-cut endothelial cell count. A linear mixed model 
for repeated measures was used to model LogMAR over time as a 
function of each factor of interest.
Results: The mean subject age was 77.48 ± 11.70, 41.83% were 
male and the mean pre-op LogMAR was 0.96 ± 0.66. Of the donor 
grafts, the mean donor age (years) was 53.16 ± 13.17, the mean 
death to preservation time (hours) was 9.50 ± 3.44, the mean 
death to insertion time (days) was 4.28 ± 1.64, the mean post-cut 
central corneal thickness was 135.67 ± 33.69 and the mean post-
cut endothelial cell count 2945.28 ± 261.89. Better postoperative 
LogMAR correlated with shorter death to insertion time (p = 0.0450), 
higher post-cut endothelial cell count (p = 0.0363) and younger donor 
age (p = 0.0257). There was no association between postoperative 
LogMAR and death to preservation time or post cut central corneal 
thickness.
Conclusions: Better visual acuity outcomes were associated with a 
younger donor age, shorter donor death to insertion time, and higher 
donor endothelial cell counts. Further studies are needed to determine 
best pre-op characteristics of potential corneal donors to better 
improve recipient outcomes.
Commercial Relationships: Matthew Schear, None; Carolyn Shih, 
None; Lisa Rosen, None; Bennett Hong, None; Katherine Chen, 
None; David Nauheim, None; Matthew Gorski, None; 
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Comparative Outcome Assessment of Descemet Membrane 
Endothelial Keratoplasty with and without Intraoperative 
Optical Coherence Tomography Guidance from the  
DISCOVER study
Ryan Jaber, Jeffrey Goshe, Scott Wagenberg, Ming Hu, 
Sunil K. Srivastava, Jamie Reese, Justis Ehlers. Cole Eye Institute, 
Cleveland Clinic, Cleveland, OH.
Purpose: Intraoperative optical coherence tomography (iOCT) 
allows real-time visualization of donor lenticule orientation during 
Descemet membrane endothelial keratoplasty (DMEK). The purpose 
of this study is to evaluate the potential impact of iOCT on DMEK 
outcomes.
Methods: The DISCOVER study is a prospective microscope-
integrated iOCT study to evaluate the feasibility and utility of iOCT 
in ophthalmic surgery. To date, 45 DMEK cases have been enrolled 
in the DISCOVER study. These cases represent the first 45 DMEK 
cases performed by the surgeon in DISCOVER. An IRB-approved 
case-control retrospective evaluation was performed that included 
45 separate cases without iOCT feedback that were the first 45 cases 
performed by a second surgeon. Clinical characteristics and outcomes 
were compared between the groups with a particular focus on the 
primary graft failure rate and rebubble rate.
Results: The iOCT subjects (n=45 eyes) had a mean age of 70.2 
years (SD=10.1). There were 5 (11.1%) cases of rebubbling that 
were subsequently successfully reattached. There were 2 (4.4%) 
primary graft failures, including 1 case secondary to postoperative 
pupillary block. Overall, there were 7 cases (15%) that required early 
postoperative surgical interventions.
The non-iOCT subjects (n=45 eyes) had a mean age of 69.0 years 
(SD=12.6). There were 7 (15.5%) cases of rebubbling that were 
subsequently successfully reattached. There were 6 (13.3%) primary 
graft failures. Overall, there were 13 cases (28%) that required early 
postoperative surgical interventions.
There were no significant differences between the two groups in 
rebubble rate although there was a trend towards a reduction in 
primary graft failures and postoperative surgical intervention in the 
iOCT group.
Conclusions: The rate of postoperative intervention rate was 15-
28%. Although there was a trend towards reduced primary graft 
failure and postoperative surgical intervention in the iOCT group, 
there were no significant differences between these rates. Additional 
prospective randomized research is needed with an appropriate 
sample size to better define the role of iOCT in DMEK surgery.
Commercial Relationships: Ryan Jaber, None; Jeffrey Goshe, 
None; Scott Wagenberg, None; Ming Hu, None; 
Sunil K. Srivastava, Synergetics (P), Leica (P), Bausch and Lomb 
(C), Allergan (F), Alcon (C), Santen (C), Bioptigen (P), Bausch and 
Lomb (P), Zeiss (C); Jamie Reese, None; Justis Ehlers, Regeneron 
(F), Santen (C), Alcon (C), Bausch and Lomb (P), Genentech (F), 
Leica (P), Synergetics (P), Bioptigen (P), Genentech (C), Leica (C), 
Thrombogenics (C), Alimera (C), Alcon (F), Bioptigen (C), Zeiss (C), 
Allergan (C), Thrombogenics (F)
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EY022947-01A1; Ohio Department of Development TECH-13-059; 
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Distance to surgery center and graft failure in penetrating 
keratoplasty for keratoconus
Elaine McElhinny, Julia Fullerton. Ophthalmology, Virginia 
Commonwealth University Health System, Richmond, VA.
Purpose: To determine:
1) Do patients who live at increased distance from the surgery 
center have increased rates of graft failure/rejection or worse visual 
outcomes?
2) What factors affect graft failure?
Methods: This was a retrospective chart review of Virginia 
Commonwealth University Hospital records from 1996-2016. 
Patients were identified by icd-9 coding for corneal transplant 
(v42.5). Statistical analysis used SPSS. This research was approved 
by the hospital office of research subject protection.
Results: 29 patients (35 eyes) of 196 patient charts reviewed 
had penetrating keratoplasty (PKP) for keratoconus. 6 patients (6 
eyes) had at least one failed PKP. 20 patients (23 eyes) had at least 
one clear PKP. Graft failure was diagnosed at average 8 months 
(range 1-22) and etiology of failure included spastic entropion (1), 
medication noncompliance (1), endothelial rejection (2), elevated 
intraocular pressure (1), and stromal thinning/inferior ectasia (1). 
Follow up in the clear graft group ranged from 12-276 months. Age 
and sex were not significantly different between the clear graft and 
graft failure groups. Average distance from surgery center was 28 
miles (range 5-116) in the clear graft group and 46 miles (5-102) in 
the graft failure group but was not significantly different (p 0.14). All 
patients in the graft failure group had a previous failed PKP compared 
to 14% of the clear graft group (p<0.001). Patient cancellation and 
no show rates were not worse in the graft failure group with 50% of 
clear graft patients and 33% of graft failure patients having at least 
one cancellation. Patients who lived further from the hospital were 
not more likely to miss appointments. All graft failure patients had 
insurance, while 3 patients in the clear graft group were self pay 
for some of their visits. Vision in the clear graft group ranged from 
logMAR 0 to -3 with mode of -0.2 and 52% achieving vision of -0.3 
or better, with glaucoma diagnosis for patients with the worst vision. 
No trend to worsening vision and further distance from surgery center 
was noted.
Conclusions: In this population, greater distance from surgery center 
was not associated with graft failure or worse visual outcomes. 
Previous graft failure was strongly associated with repeat graft 
failure. Access to resources may be a more important factor in 
corneal transplant success than distance.
Commercial Relationships: Elaine McElhinny, None; 
Julia Fullerton, None
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Revisiting the Cornea and Trabecular Meshwork Junction with 
Two Photon Excitation Fluorescence Microscopy
Catherine Marando1, Choul Yong Park2, Jason A. Liao1, 
Jimmy K. Lee1, Roy S. Chuck1. 1Ophthalmology, Albert Einstein 
College of Medicine, Bronx, NY; 2Department of Ophthalmology, 
Dongguk University, Ilsan Hospital, Kyunggido, Korea (the Republic 
of).
Purpose: To investigate the collagen and elastin architecture at 
the junction of the human cornea and trabecular meshwork (TM). 
Clinically, this is relevant because studies have demonstrated a 
risk for glaucoma post penetrating keratoplasty (PKP). Surgically, 
during Descemet’s membrane endothelial keratoplasty (DMEK) 
graft preparation, careful attention is given to peripheral cornea in 

order to prevent radial tears. Histologically, this junction has been of 
increased interest due to debate over Dua’s layer.
Methods: The cornea, TM, and ciliary body (CB) tendons of five 
unfixed human corneal buttons were imaged with an inverted 
two-photon excited fluorescence microscope (FluoView FV-1000, 
Olympus, Central Valley, PA). The laser (Ti :Sapphire) was tuned 
at 850nm for two photon excitation. Backscatter signals of second 
harmonic generation (SHG) and autofluorescence (AF) were 
collected through a 425/30nm emission filter and a 525/45 emission 
filter, respectively. The SHG signal corresponds to collagen fibers 
and the AF signal corresponds to elastin-containing tissue. Tissue 
structure representations were obtained via software generated 
reconstructions of consecutive and overlapping (z-stack) images 
through the relevant sample depth.
Results: Collagen rich CB tendons insert into the cornea between 
Descemet’s membrane (DM) and posterior stroma along with elastin 
fibers originating from TM. The CB tendons directly abut DM and 
their insertion narrows as they course centrally in the cornea, giving 
a wedge appearance to these parallel collagen fibers. Approximately 
260µm centrally from the edge of DM, the CB tendons fan out and 
merge with pre-DM collagens. As the CB tendons enter the cornea, 
they form a dense collagenous comb-like structure orthogonal to 
the edge of DM and supported by a delicate elastin network of 
interwoven fibers originating from TM.
Conclusions: Two-photon excited fluorescence microscopy has 
improved our understanding of peripheral corneal architecture. We 
find no histologic support for a distinct 10µm thick Dua’s layer 
continuous with DM in the periphery. Our findings that CB tendons 
attach to pre-DM collagen and are supported by a fine TM elastin 
network may guide studies examining the effect of corneal surgery 
involving pre-DM collagens on glaucoma incidence. Comb-like CB 
tendon insertions in this region may contribute to the radial tears 
encountered when preparing DMEK grafts.
Commercial Relationships: Catherine Marando, None; Choul 
Yong Park, None; Jason A. Liao, None; Jimmy K. Lee, None; 
Roy S. Chuck, None
Support: Publication of this article was supported in by a core grant 
from Research to Prevent Blindness (Albert Einstein College of 
Medicine) and a grant of the Korea Health Technology R&D Project 
through the Korea Health Industry Development Institute (KHIDI), 
funded by the Ministry of Health & Welfare, Republic of Korea 
(Grant number: HI-15C1653).
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A Systematic Literature Review of Keratolimbal Allograft after 
Corneal Chemical Burn
Swapna Shanbhag, Hajirah Saeed, James Chodosh. Ophthalmology, 
Massachusetts Eye and Ear Infirmary– Harvard Medical School, 
Boston, MA.
Purpose: To review the published literature on outcomes of 
keratolimbal allograft (KLAL) for the surgical treatment of corneal 
blindness secondary to corneal chemical burn.
Methods: Literature searches were conducted in the following 
electronic databases from January 1, 1984: MEDLINE, EMBASE, 
Science citation index, CINAHL, LILACS, and the Cochrane 
Library. Standard systematic review methodology was applied. 
Databases were last searched on September 30, 2016. There were no 
restrictions applied to study design, study population, or language. 
Reference lists were scanned to identify additional applicable studies. 
The quality of each published report was assessed. The main outcome 
measure was improvement of 2 Snellen lines or more of best-
corrected visual acuity (BCVA).
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Results: We identified 11 reports where outcomes in eyes with 
chemical burns could be distinguished. Individual studies were rated. 
There were no randomized control studies. With one exception, all 
studies were retrospective, non-comparative case series. Five studies 
had defined outcome measures. The outcomes of KLAL in 65 eyes 
with corneal chemical burns in these 11 studies were analyzed. 78.5% 
eyes underwent simultaneous or subsequent penetrating keratoplasty. 
All patients received oral immunosuppression. With a mean  
follow-up period of 29.9 months, improvement in BCVA of 2 or more 
lines was noted in 56.8% of eyes. Repeat KLAL was required in 
29.2% eyes. Rejection of the corneal graft was noted in 49.1% eyes. 
Further surgical interventions were required in 70.8% of eyes.
Conclusions: The number of studies where outcomes of KLAL in 
eyes with chemical burns could be discerned was limited, and large 
variability was observed in outcome reporting. The overall quality of 
evidence was low. Standardization and longer follow-up are needed 
to better define evidence-based best practice when contemplating 
surgical intervention for corneal blindness after chemical burn.
Commercial Relationships: Swapna Shanbhag, None; 
Hajirah Saeed, None; James Chodosh, None
Support: Unrestricted grant to the Department of  
Ophthalmology - Harvard Medical School from Research to  
Prevent Blindness, NY, NY
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Light - and electron microscopy validation of graft preparation 
technique for Bowman Layer Transplantation
Javier Cabrerizo1, 2, Mette Correll1, Steffen K. Heegaard1. 
1Rigshospitalet/University of Copenhagen, Copenhagen, Denmark; 
2Copenhagen Eye Foundation, Copenhagen, Denmark.
Purpose: Bowman Layer Transplantation (BLT) represents a 
promissing treatment for moderate keraoconus. The technique has 
proven to decrease corneal steepening, increase visual acuity and 
improve contact lens tolerance. Despite its encouraging results, 
the physilogical mechanisms behind the technique remain partially 
unknown. This study aims to morphologically validate the graft 
preparation technique for BLT.
Methods: A total of 10 human cornea of 8 donors were used. The 
graft preparation was performed until half of the Bowman Layer (BL) 
was detached. Samples were cut longitudinally into two sections 
previous to fixation. The first section of each sample were cut and 
stained using hematoxilin-eosin and PAS to identify the BL. Central 
and periferal areas were prepared and mounted for microscopical 
examination. The second part of each sample underwent preparation 
for scanning electron microscopy (Quanta 3D scanning electron 
microscope, FEI, Eindhoven, The Netherlands). The detached BL was 
folded backward, exposing the graft-stroma interface. Standardized 
imaging was performed in four distinctive regions: central interface, 
mid-peripheral interface, peripheral interface and periphery of the 
graft.
Results: All grafts presented a mixed BL-stroma composition under 
SEM. These results were consistent thorughout different regions 
and were confirmed by histological H&E and PAS stainings. Mean 
graft thickness was 18.5 µm (range: 9-29) in the center and 12.3 µm 
(range: 8.6- 19) in the periphery. Mean BL thickness was 10.1 µm 
(range 8.2-9.4) without statistically significant differences between 
regions.
Conclusions: The presence of remnant stromal tissue in BL grafts 
may not be completely avoidable by manual preparation. The 
variability in the thickness of the BL graft relates to its stromal 
component, and may potentially affect its optical characteristics and 
postoperative outcomes.

Profiel of a Bowman Layer graft showing the stromal component.

SEM image of the BL graft and the underlying stroma. Note the 
persistent stromal fibers on the graft.
Commercial Relationships: Javier Cabrerizo; Mette Correll, 
None; Steffen K. Heegaard, None
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Optimal timing of DMEK graft procurement and the role of 
endothelial cells in the rolling of graft tissue
Matthew L. Haynie2, Hideki Fukuoka2, Natalie A. Afshari1. 
1University of California San Diego, La Jolla, CA; 2Shiley Eye 
Institute, UC San Diego, San Diego, CA.
Purpose: To investigate the optimal time for Descemet membrane 
endothelial keratoplasty (DMEK) graft procurement in which 
adhesion strength of the Descemet membrane (DM) to the underlying 
stroma is minimized, facilitating viable graft procurement. Also to 
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analyze the relationship between the tightness of DM graft rolling 
and the presence of endothelial cells.
Methods: Fresh rabbit eyes were refrigerated until 1, 5, or 21 days 
after harvesting, at which time the cornea was removed and placed in 
a vacuum block to undergo partial trephination. The force required to 
peel 1mm wide DM strips was measured in real-time as the change 
in weight of the system during the application of a vertical peeling 
force with forceps. Further data was obtained on day 5 eyes, which 
were stored in culture medium for days 6-10 and re-analyzed with 
the remaining portions of DM. Separate DM grafts (n=6) were 
obtained in a similar manner, placed in BSS and analyzed by OCT 
to determine the diameter of tissue rolling before and after removal 
of endothelial cells by a sterile swab. Unpaired T-test was used for 
statistical analysis.
Results: There was a decrease in DM peeling force (p=0.008) 
between days 1 and 5 (556.04±111.76 and 324.30±96.4mg, 
respectively). However, there was no difference between days 5 and 
21 (p=0.53). Interestingly, when day 5 eyes were placed in culture 
medium and re-analyzed at day 10, there was an increase in the force 
required for peeling (324.30±96.4 to 669.92±166.24mg, p=0.005). 
There was no significant difference in average rolling diameter 
of DM grafts before and after the removal of endothelial cells 
(257.9±131.1 and 249.8±126.6µm, respectively).
Conclusions: This data suggests that the adhesion strength of the DM 
to the underlying stroma is reduced several days after eye harvesting, 
at which time the lower DM adhesion strength could potentially 
facilitate DMEK graft procurement. Endothelial cells do not appear 
to play a significant role in the degree of rolling of DM graft tissue. 
Therefore, further studies are needed to determine the factors 
responsible for DMEK graft rolling.
Commercial Relationships: Matthew L. Haynie, None; 
Hideki Fukuoka, None; Natalie A. Afshari, None
Support: Research to Prevent Blindness
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In-Vitro Estimation of O2 Concentrations during Corneal  
Cross-Linking (CXL) for Porcine Corneas and Collagen 
 Type-I Gels
Rebecca M. McQuaid1, 2, Michael Mrochen2, Ruslan Dmitriev3, 
Dmitri Papkovski3, Brian Vohnsen1. 1Physics, University College 
Dublin, Dublin, Ireland; 2IROC Science, Zurich, Switzerland; 
3Biophysics, University College Cork, Cork, Ireland.
Purpose: The presence of molecular oxygen (O2) during corneal 
cross-linking (CXL) plays a pivotal role in the biomechanical 
properties of the cornea. We previously measured the role of O2 and 
its distribution across the stroma before and during CXL in porcine 
corneas using phosphorescent nanoparticle probes. The purpose of 
this study is to compare collagen type-I monomer gel solution with 
porcine measurements.
Methods: Porcine globes were obtained from the local 
slaughterhouse 4 hours post mortem and kept at 4oC until used. The 
epithelium was removed and the corneas were stained with 0.1% 
riboflavin and different phosphorescent O2 nanoparticle probes for 
1 hour to achieve maximum diffusion. Each globe was analysed at 
37° C at 21% ambient O2 with phosphorescent lifetime microscopy 
(PLIM) with a 5x/0.25 Fluar objective, excitation at 488 nm and 
emission collected at 750-810 nm. The cornea was imaged over 
15 sec at a fixed stromal depth of 50µm. The same method was 
applied to 6 samples of collagen type-I with an average pachymetry 
of 50 µm. CXL was achieved through periodic 20-30 illumination 
cycles with UV-A LED light (7 mW/cm2) whilst imaging. Photon 

distributions and phosphorescence decay curves were analysed and 
lifetime values and O2 concentrations calculated.
Results: We optimised staining with various O2 probes and 
measurement conditions for porcine corneas and collagen type-I, and 
performed proof-of-principle PLIM experiments before and after 
CXL. We observed efficient uniform in-depth staining allowing high-
resolution O2 maps to be generated and monitor dynamics during 
CXL. PLIM revealed a slight increase in O2 concentrations post UV 
illumination suggesting a role of reactive oxygen species (ROS) 
during the photochemical CXL process.
Conclusions: The use of phosphorescent O2 probes allows for 
efficient and minimally-invasive determination of O2 concentrations 
prior to and during CXL. Results indicate that collagen type-I is a 
more efficient model for measurements of O2 due to restrictions in 
hydration control when using ex-vivo tissue. 2D and 3D maps of O2 
concentrations during CXL will allow better understanding of the 
role of O2. Future work will focus on the suitability of the O2 PLIM 
method for in-vivo use along with increased imaging depth profiles 
beyond 100µm for porcine and collagen type-I samples.
Commercial Relationships: Rebecca M. McQuaid, 
None; Michael Mrochen, None; Ruslan Dmitriev, None; 
Dmitri Papkovski, None; Brian Vohnsen, None
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Visual acuity gain after cross linking (CXL) cases : role of cone 
excentration
SOT Maxime, Julie FRANCOIS, Marie-Soline LUC, 
François Tortuyaux, YAHIA Rekia, Charlotte JAUD, Nadia ouamara, 
Christophe Goetz, Jean-Marc Perone. OPHTALMOLOGY, CHR 
METZ-THIONVILLE, Nancy, France.
Purpose: Although it isn’t the first aim of cross linking (CXL), it 
was reported that some patients have shown improved best corrected 
visual acuity (BCVA) after a cross linking procedure. The aim of 
this study is to evaluate the proportion of BCVA improvement after 
cross linking, and trying to find explanation to this phenomenon in 
analyzing cone excentration evolution.
Methods: All consecutive patients treated with CXL between 
march 2014 and May 2016 were included. They all underwent the 
same procedure: accelerated-CXL protocole (De-epithelialization, 
30 minutes Riboflavin impregnation followed by 10 minutes UVA 
irradiation at 9 mW/cm2 intensity). Irradiation device : IROC 
UV-X™ 2000, Medeuronet. The indication of all these CXL was 
a progressive keratoconus. Patients were divided into two groups. 
First group was composed of patients with BVCA improvement 
after CXL. The second group consisted in patients whose BCVA 
remained steady or was lower after CXL procedure. Visual acuity was 
assessed before CXL, and 6 months after CXL. Cone excentration 
evolution,(defined as the difference between conus excentration 
before CXL and six months after CXL), using OCULUS Pentacam. 
These characteristics were compared using a Student test.
Results: 80 patients (90 eyes) who underwent CXL were included. 
Mean age was 26 (SD=10) years. 33 % were female. 40 eyes were 
included in the first group, 50 eyes in the second group : 44,4 % 
of eyes who underwent CXL procedure had BVCA improvement. 
BCVA mean variation after CXL procedure was -0,22 logMar 
(SD=0,19) in the first group. BCVA mean variation after CXL 
procedure was 0,08 logMar (SD=0,12) in the second group. The cone 
excentration was decreased of 0,03mm (SD=0,22) in the first group. 
The cone excentration was decreased of 0,01mm (SD=0,38) in the 
second group. There was no significant difference in the two groups 
concerning conus excentration evolution (student test : p= 0,75).
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Conclusions: Although some cases had a decreased excentration 
of the cone associated to a BCVA gain, our study did not show any 
difference of conus excentration variation between patients with 
BCVA improvement, compared to those whose BCVA remained 
stable or went lower. There might exist other factors that influence 
visual acuity gain after CXL procedure that still need to be found out.
Commercial Relationships: SOT Maxime, None; 
Julie FRANCOIS, None; Marie-Soline LUC, None; 
François Tortuyaux, None; YAHIA Rekia, None; Charlotte JAUD, 
None; Nadia ouamara, None; Christophe Goetz, None; Jean-
Marc Perone, None
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One-Year Outcomes after Corneal Collagen Crosslinking in 
Japanese Patients with Progressing Keratoconus
Naoko Kato1, 2, Kenji Konomi2, Megumi Shinzawa2, Kozue Kasai2, 4, 
Takeshi Ide5, Chikako Sakai3, Kazuno Negishi3, Ikuko Toda5, 
Jun Shimazaki2, Kazuo Tsubota3. 1Ophthalmology, Saitama Medical 
University, Iruma, Japan; 2Ophthalmology, Tokyo Dental College 
Ichikawa General Hospital, Chiba, Japan; 3Ophthalmology, Keio 
University School of Medicine, Tokyo, Japan; 4Ophthalmology, Jikei 
University, Tokyo, Japan; 5Minamiaoyama Eye Clinic, Tokyo, Japan.
Purpose: The efficacy and safety of corneal crosslinking (CXL) for 
keratoconus have been reported by several investigators, however, 
there has been no investigation with large number of Japanese 
patients. We retrospectively investigated the outcomes of CXL in 
Japanese patients with progressing keratoconus.
Methods: A total of 122 eyes of 106 patients with progressing 
keratoconus (81 males and 25 females, 21.9 ± 6.5 years of age) 
were investigated. CXL was performed using the epithelium-off 
method. After instillation of 0.1% (w/v) riboflavin for 20 min, the 
thinnest corneal thickness (TCT) was measured. When the TCT was 
less than 400 µm, hypotonic solution was instilled until the corneal 
stroma had swollen to a thickness of ≥400 µm. Then samples were 
irradiation with UVA (3.0 mW/mm2) for 30 min (conventional CXL; 
C-CXL) or 18.0 mW/mm2 for 5 min (accelerated CXL; A-CXL) 
using KERA-X® (Peschke, Germany) or KXL-System® (Avedro, 
USA). The best-corrected visual acuity (BCVA), manifest refraction, 
steepest keratometric value (Ks), TCT, and corneal endothelial cell 
density (ECD) were analyzed pre- and postoperatively (for up to 12 
months after the procedure). Corneal flattening was quantified as a 
delta Ks value (the difference between the pre- and postoperative Ks 
values).
Results: BCVA, TCT, and ECD did not change significantly after 
CXL. The Ks did not change significantly for up to 6 months, but 
was significantly reduced 12 months after CXL (p < 0.0001). The 
BCVA, TCT, and ECD of C-CXL and A-CXL did not differ. Ten eyes 
(8.2%) exhibited further keratoconus progression (>1.0 D Ks) during 
the 12 postoperative months. Age, sex, and preoperative factors 
were not significantly correlated with progression after CXL. The 
delta Ks values were negatively correlated with the preoperative Ks 
values and positively with the preoperative TCTs (p < 0.0001 and 
p < 0.0001, respectively). One eye exhibited sterile infiltration and 
another showed a persistent corneal epithelial defect immediately 
after the procedure. Mild to moderate stromal opacity was observed 
in nine eyes after 3 months; however, no eyes exhibited reduced 
visual function.
Conclusions: CXL was effective for halting keratoconus progression 
in Japanese patients. Accelerated UVA irradiation (18 mW/mm2 for 5 
min) yielded outcomes no different from those of conventional CXL 
in both efficacy and safety. Flattening was more apparent in  
advanced cases.

Commercial Relationships: Naoko Kato, Eye Lens Pte Ltd (F); 
Kenji Konomi, None; Megumi Shinzawa, None; Kozue Kasai, 
None; Takeshi Ide, None; Chikako Sakai, Eye Lens Pte Ltd 
(E); Kazuno Negishi, Eye Lens Pte Ltd (F); Ikuko Toda, None; 
Jun Shimazaki, Eye Lens Pte Ltd (F); Kazuo Tsubota, None
Clinical Trial: http://www.umin.ac.jp/ctr/index-j.htm, 
UMIN000014719
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Laser assisted robotic surgery in keratoplasty
Luca Menabuoni1, Alex Malandrini1, Annalisa Canovetti1, 
Ivo Lenzetti1, Giada Magni2, Filippo Micheletti2, Roberto Pini2, 
Fabio Leoni4, Bernardo Magnani3, Francesca Rossi2. 
1Ophthalmology, Nuovo Ospedale S. Stefano, Prato, Italy; 2IFAC, 
CNR, Sesto Fiorentino, Italy; 3Ekymed, Milano, Italy; 4Fastenica, 
PIsa, Italy.
Purpose: To develop a robotic platform for laser induced welding of 
the corneal tissue in keratoplasty, supporting or substituting standard 
suturing.
Methods: The robotic console has been designed accordingly to the 
ophthalmic surgical requirements. It consists of an “end effector” 
that enables to release the laser light on the surgical cut area with 
micrometric precision and with adjusting speed. The system is able to 
recognize the target, previously stained with Indocyanine Green. The 
device also provides for the on board integration of a robot vision 
system, able to monitor the induced thermal effect on the tissue and 
to control the surgical scene.
The system has been tested in 10 freshly enucleated porcine eyes. A 
penetrating circular cut was performed in each eye using the 8.0 mm 
diameter Burron trephine. The surgical cut was stained in depth with 
a water solution of Indocyanine Green. The compact laser (810 nm, 
1W) used for welding is controlled and moved by the robotic arm 
and delivery of the laser light is guaranteed in correspondence of the 
stained wound.
Results: The robotic console was able to deliver the laser light 
in a controlled and circular pattern. Accidental movements of the 
patient’s eye are compansated by the laser pattern control system. 
The on board thermal camera evidenced the temperature dynamics 
on the external cornea surface, in the range of effective welding 
(temperature enhancement of 15°C). Full information on the surgical 
scene are reported on a PC: by doing this, the surgeon can verify the 
efficacy of the treatment and make real-time decisions.
Histology of the treated tissues evidenced the welding of the stroma 
in depth.
Conclusions: The proposed robotic laser system proves to have the 
necessary characteristics to induce an effective welding of corneal 
tissue that is independent from the operator. This can thus be used to 
support or to substitute standard suturing with needle and stitches in 
keratoplasty.

The sketch of the end effector for laser assisted robotic welding
Commercial Relationships: Luca Menabuoni, None; 
Alex Malandrini, None; Annalisa Canovetti, None; Ivo Lenzetti, 
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Outcomes Following Combined DSAEK with Scleral-Glued IOL 
Placement
Annie Nguyen, Emily Waisbren, Ashwinee Ragam, Yijie Lin, 
Julia Mathew, Kevin Lai, john seedor, David Ritterband. 
Ophthalmology, New York Eye and Ear Infirmary of Mount Sinai, 
New York, NY.
Purpose: To evaluate the outcomes of Descemet’s stripping 
automated endothelial keratoplasty (DSAEK) performed concurrently 
with secondary scleral-glued intraocular lens (IOL) placement
Methods: A retrospective chart review of all cases of DSAEK 
combined with secondary scleral-glued IOL procedures from 2007 to 
2015 by one cornea surgeon at the New York Eye and Ear Infirmary 
of Mount Sinai was conducted. The minimum post-operative  
follow-up time was 3 months. Eyes with prior secondary IOL 
placement were excluded. Post-operative outcomes included 
best-corrected visual acuity, IOL-related and other complications, 
incidence of re-bubbling or graft repositioning, incidence of 
transplant failure and rejection, and elevated intraocular pressure 
requiring treatment.
Results: Eighteen eyes of 18 patients were included, 44% (8/18) of 
whom were female. The average age was 76.7 ± 12.2 years. Mean 
follow-up time was 12.3 ± 8.0 months. Compared to preoperative 
visual acuity, stability or improvement was achieved in 89% 
(16/18) of our eyes. Fifty-six percent of eyes (10/18) developed 
post-operative intraocular pressure spikes greater than 21mmHg, 
50% (9/18) requiring medical treatment. Thirty-three percent (6/18) 
required additional surgery, including 1 case of IOL repositioning, 
1 case of retinal detachment repair, 1 case of PKP, 5 cases of 
rebubbling. Six percent (1/18) had primary graft failure, and 6% 
(1/18) developed graft rejection which was treated with topical 
corticosteroids.
Conclusions: This is the largest case series reporting clinical 
outcomes of combined DSAEK and secondary scleral-glued IOL 
placement. We found that the procedure is safe and effective with low 
rates of graft failure and excellent visual outcomes.
Commercial Relationships: Annie Nguyen, None; 
Emily Waisbren, None; Ashwinee Ragam, None; Yijie Lin, 
None; Julia Mathew, None; Kevin Lai, None; john seedor, None; 
David Ritterband, None
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Corneal cross-linking in children with progressive keratoconus: 
outcome differences in 2 age groups
Beatrice E. Frueh1, Christoph Tappeiner1, Dan Epstein2. 
1Ophthalmology, Univ of Bern Inselspital, Bern, Switzerland; 
2Spitalgasse, Bern, Switzerland.
Purpose: To compare outcomes after cross-linking (CXL) for 
progressive keratoconus (KC) performed in children in 2 different 
age groups: ≤14 (group I) and >14 ≤18 years (group II).
Methods: Retrospective evaluation. Fifty-seven eyes were treated 
with the standard Dresden epi-off protocol and had at least a 1 
year follow-up. Pre- and postoperative exams included topography 
and tomography every year, up to 5 years. Mean age of the entire 

cohort was 14.7±2.9 years (range, 4-18 years), mean follow-up was 
45.7±24.6 months.
Results: Group I consisted of 23 eyes, group II of 34. Group I 
included 3 cases in which the fellow eye had a keratoplasty because 
of hydrops (2) or scarred cornea. In group II keratoplasty had to be 
performed in one fellow eye because of a very fast progression while 
CXL had been postponed by the family. There were two cases of 
progression 3 years after CXL (group I). Preoperatively there were no 
statistical differences between the 2 groups regarding AvK, spherical 
equivalent (SE), surface regularity index (SRI), surface asymmetry 
index (SAI), cylinder, pachymetry at thinnest point and KMax. At 
one year, the mean differences from baseline did reach statistical 
significance only with regard to KMax (group I -0.67±1.6D, group 
II -2.5±1.9D, p=0.001, unpaired t-test). At 5 years, changes in KMax 
were very similar (-1.7 vs -1.8D), while the change in SE showed 
a significant myopisation in group I (-2.7D) compared to group II 
(+1.2D, p=0.04). Pachymetry changes were similar at 1 year (-15.4 
and -13.3µm, respectively), while at 5 years group I thinned  
more –but not significantly- (-40.2 vs -26.5µm).
Conclusions: Although the results for the entire group are 
satisfactory, with a stabilisation or even flattening of the cornea, it 
appears that children 14 years of age or younger have a greater risk 
for progression. CXL is more effective in children older than 14, 
showing a flatter cornea at 1 year and lesser tendency to myopisation 
at 5 years. These findings suggest that there may be a need for repeat-
CXL in younger children, or at least an indication to keep them under 
observation for years after CXL.
Commercial Relationships: Beatrice E. Frueh, Santen (C); 
Christoph Tappeiner, None; Dan Epstein, None
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Outcomes of Descemet Membrane Endothelial Keratoplasty and 
Descemet Stripping Endothelial Keratoplasty in Patients With 
Previous Glaucoma Surgery
Shawn Lin, Pitchaya Prapaipanich, Fei Yu, Anthony J. Aldave, 
Sophie X. Deng. Ophthalmology, Cornea Division, UCLA - Stein Eye 
Institute, Los Angeles, CA.
Purpose: To compare the outcomes of Descemet membrane 
endothelial keratoplasty (DMEK) and Descemet stripping endothelial 
keratoplasty (DSEK) in eyes with previous trabeculectomy and/or 
tube shunt implantation.
Methods: This is a retrospective chart review comparison of 148 
DMEK and 596 DSEK procedures performed between August 2006 
and November 2016. Forty-six of the DMEK procedures (31%) and 
154 of the DSEK procedures (26%) were performed in eyes with 
previous trabeculectomy and/or tube shunt implantation. Outcome 
measures included best corrected visual acuity (BCVA), primary graft 
failure (PGF), secondary graft failure (SGF), endothelial cell (EC) 
loss and postoperative complications.
Results: The mean duration of follow-up was 6.8 months in the 
DMEK group (range: 0.3—26.7 mo) and 24.1 months in the DSEK 
group (range: 0.2—96.6 mo) (p=0.0001). Patient age and sex were 
similar in the two groups (age: p=0.28, sex: p=0.13). There were no 
statistically significant differences between the preoperative BCVAs 
(p=0.10). Postoperatively, BCVA improved significantly in both the 
DMEK and DSEK groups, and there were no significant differences 
in final BCVA or in the proportion of patients with BCVA better than 
20/30 (p=0.13, p=0.25).
Secondary graft failure was significantly lower in the DMEK group 
(0%) than in the DSEK group (20.1%) (p=0.0003). Primary graft 
failure was lower in the DMEK group (0%) than in the DSEK 
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group (5.2%), but did not reach statistical significance (p=0.20). 
Likewise, rejection rate was lower in the DMEK group (2.2%) than 
in the DSEK group (9.1%), but did not reach statistical significance 
(p=0.20). Air injection rate was significantly higher in the DMEK 
group than in the DSEK group (21.7% and 4.55%, p=0.0009). There 
were no differences in donor EC count (p=0.59) between the two 
groups. Endothelial cell loss was similar in the DMEK group (54%) 
and the DSEK group (47%) (p=0.35).
Conclusions: DMEK is an effective procedure to improve vision 
in eyes with previous trabeculectomy and tube shunt implantation. 
PGF, EC loss and overall improvement in visual acuity were similar 
to that of DSEK. The DMEK group had a lower incidence of SGF 
and a higher rate of air injection. However, length of follow up was 
significantly longer in the DSEK group. A larger study with longer 
follow up in the DMEK group is necessary to confirm the above 
finding.
Commercial Relationships: Shawn Lin, None; 
Pitchaya Prapaipanich, None; Fei Yu, None; Anthony J. Aldave, 
None; Sophie X. Deng, None
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Pain management in corneal collagen crosslinking for 
keratoconus: A prospective randomized study
Juan Carlos Serna-Ojeda, Omar Santana-Cruz,  
Natalia Quiroz-Casian, José Luis Mercado-Orozco, Jesus Cabral, 
Valeria Oliva-Biénzobas, Arturo J. Ramirez-Miranda, 
Alejandro Navas, Alejandro Lichtinger,  
Enrique O. Graue-Hernandez. Ophthalmology, Institute of 
Ophthalmology “Conde de Valenciana”, Mexico City, Mexico.
Purpose: To assess pain control in patients assigned to either oral 
ketorolac 10-mg every 8 hours or gabapentin 300-mg every 8 
hours after corneal collagen crosslinking (CXL) for progressive 
keratoconus.
Methods: Using a validated numeric analogue scale, questionnaire 
scores for pain, related symptoms and side effects were assessed 
two hours after the surgery, and at postoperative days one to five. 
Inclusion criteria were patients with keratoconus, older than 18 years 
with confirmed bilateral progression. Outcomes were compared using 
Wilcoxon rank-sum (Mann-Whitney) test and a median regression to 
estimate the effect of covariates on severity of pain, with significance 
considered when p<0.05.
Results: Twenty-five patients were included, with a median age of 23 
years (range 18 to 30 years); 13 randomized to the ketorolac group 
and 12 to the gabapentin group. The distribution of the epithelium-
on and epithelium-off procedures were as follow: in the gabapentin 
group, 5 epithelium-on and 7 epithelium-off; in the ketorolac group, 
4 epithelium-on and 9 epithelium-off. No statistically significant 
differences were noted on the pain scale between groups at any 
point of the study (p values range from 0.16 to 0.91). The regression 
analysis showed no effect of the type of surgery (epithelium-on 
or epithelium-off) or gender in the severity of pain at any point of 
follow-up.
Conclusions: Both ketorolac and gabapentin can be used with similar 
results for pain and symptomatic control after CXL.
Commercial Relationships: Juan Carlos Serna-Ojeda, None; 
Omar Santana-Cruz, None; Natalia Quiroz-Casian, None; 
José Luis Mercado-Orozco, None; Jesus Cabral, None; 
Valeria Oliva-Biénzobas, None; Arturo J. Ramirez-Miranda, 
None; Alejandro Navas, None; Alejandro Lichtinger, None; 
Enrique O. Graue-Hernandez, None
Clinical Trial: NCT02867176
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4D-OCT Guided DALK: Experimental proof-of-concept
Daniel M. Zapp, M. Ali Nasseri, Abouzar Eslami, Hessam Roodaki, 
Mathias M. Maier, Chris Lohmann. Ophthalmology, Klinikum rechts 
der Isar der TU München, Munich, Germany.
Purpose: To show the benefits of intraoperative 4D Optical 
Coherence Tomography (4D-OCT) guidance in achieving the proper 
depth for successful layer separation while eliminating the immanent 
risk of accidental penetration of descement’s membrane. Limited 
standardisation, safety and speed of preparation currently still affects 
the acceptance of lamellar keratoplasty where theoretically possible.
Methods: We used intraoperative 4D-OCT integrated into an 
ophthalmic microscope in the preparation of a total number of 16 
pigs eyes. After mounting the eyes on a dummy head all eyes were 
operated in top-view, inserting a 30G-cannula at 12 o’clock position 
at approximately 2mm inside the limbus. Once the needle entered 
anterior stroma 4D-OCT overlay was switched on and the needle was 
advanced towards the corneal apex under constant 4D-OCT guidance. 
Once the tip of the needle reached the desired target depth of more 
than 80% of the total central pachymetry air was injected according 
to regular big-bubble technique. The depth of the intrastromal air 
layer was noted and intraoperative OCT as well as the anterior 
chamber were checked for signs of perforation.
Results: We were able to complete all 16 eyes with no case of 
accidential descement’s penetration. The average depth of the 
demarcation layer achieved was 85% of the total apical corneal 
thickness (min. 70%, max. 95%). The average time to the point of air 
injection was 6min. No big-bubble could be created due to the nature 
of fresh, young pig eyes being used for preparation.
Conclusions: 4D-OCT improved overall surgical experience even 
beyond available intraoperative OCT guidance alone. Especially 
the angulation of the needle can be visualized similar to navigation 
systems established in e.g. neurosurgery. Safe repeatabilty of 
>80% depth preparation has the potential to improve the number 
of successful big-bubble creation while further reducing the risk 
of accidental penetration by allowing the surgeon to anticipate the 
angulation and path of his instrument through the corneal stroma in 
4D. The main problem with the current visualisation was the creation 
of a force related artifact where the relative position of the needle in 
the stroma was depending on the applied axial force. That lead to an 
overestimation of the true depth already achieved.
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Spontaneous double anterior chamber following DALK
Chi-Ying Chou1, 2, Sonul Gajree1, Kanna Ramaesh1, 
Deepa R. Anijeet1. 1Tennent Institute of Ophthalmology, Glasgow, 
United Kingdom; 2Ophthalmology, University of Auckland, 
Auckland, New Zealand.
Purpose: Descemet’s membrane detachment (DMD) and formation 
of double anterior chamber (DAC) is an uncommon complication 
of deep anterior lamellar keratoplasty (DALK). Previously reported 
incidence range from 4% in keratoconus patients to 13.8% in 
therapeutic DALK for fungal keratitis. We wish to illustrate 2 cases 
of spontaneous DAC in elderly patients immediately following 
DALK without apparent intraoperative perforations.
Methods: Retrospective case report of 2 patients with DAC 
following uncomplicated DALK. The clinical indication of graft, 
course of treatment and possible causes are discussed.
Results: Both patients are elderly females (74 and 81 years 
old respectively) with elective lamellar grafts. Surgeries were 
uncomplicated and grafts secured with 16 interrupted sutures without 
apparent perforation. Patient one is a healed acanthomoeba keratitis 
with resultant corneal scaring. Manual dissection was adopted, 
baring corneal stroma to pre-Descemet’s layer. Donor button with 
intact endothelium secured. DAC was noted a week later. Despite 
repeated air injections, the interface fluid could not be reduced. Graft 
remained clear, thus recipient corneal bed was removed. Patient 
two had longstanding bilateral corneal scarring of unknown cause. 
Uncomplicated Anwar’s Big Bubble technique was achieved and 
donor button without endothelium was secured. Complete DMD was 
noted on day 1. Air bubble injection postoperatively achieved DMD 
reattachment.
Conclusions: The most common cause of DMD after DALK is 
intraoperative perforation of the recipient Descemet’s membrane. 
The etiology of spontaneous DMD however, is not fully understood. 
DM tear was not apparent intra or post-operatively in either of 
our cases, although microperforations are difficult to detect. 
Spontaneous consecutive bilateral DMD following cataract surgery 
has been reported before. It is suggested that some patients have 
anatomical predisposition for DMD due to weak stromal fibrillary 
attachments. Whether age related, reduced endothelial function had 
any role in DMD, though speculative, is worth pursuing by means 

of larger studies. These and other unknown factors may have led to 
spontaneous DMD in our patients.

Fig 1a, b. DAC following manual DALK demonstrated by slitlamp 
and AS-OCT (Visante®). 1c, d. Post removal of residual recipient 
bed with clear visual axis.

Fig 2a, b. Slitlamp and AS-OCT (Visante ®) images showing 
detached host DM. c. One week after air injection showing DM 
reattachment.
Commercial Relationships: Chi-Ying Chou, None; Sonul Gajree, 
None; Kanna Ramaesh, None; Deepa R. Anijeet, None
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The effect of positioning on gas-endothelial contact in an  
ex-vivo model
Mark Alberti, Morten D. De La Cour, Javier Cabrerizo. Dept. of 
Ophthalmology, Rigshospitalet - Glostrup, Copenhagen, Denmark.
Purpose: Endothelial keratoplasty requires an adequate anterior 
chamber gas fill. The optimal gas bubble size is currently unknown 
and limited knowledge exists on how positioning affects the gas 
bubble configuration. We seek to understand this relationship by 
focusing on the gas-endothelial contact in relation to a central graft.
Methods: In an anterior chamber model with a human donor cornea 
we injected different gas bubble fills and tilted the model in varying 
positions. Main outcomes were gas-endothelial contact area and 
inferior contact angle measured by optical coherence tomography 
(OCT). Additionally, we measured the linear height of injected 
bubbles. The OCT instrument (Heidelberg Spectralis SD-OCT) was 
tilted to measure the anterior chamber model in positions ranging 90° 
to -15°. For improved visualization of the contact angle we added 
Triamcinalone (1 mg/50 ml) to the anterior chamber fluid.
Results: With a 43% anterior chamber gas fill (linear bubble height) 
the total endothelial contact area measured 16.6, 18.3 and 14.3 mm2 
with upward gaze at 0°, 45° and 90°, respectively. Increasing gas 
fill to 79% markedly enlarged the contact area to 57.7, 72.5 and 
62.9 mm2 with upward gaze likewise at 0°, 45° and 90°. A 43% 
gas fill covered 18.3%, 24.5% and 28.4% of a centrally placed 
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8 mm endothelial graft with the model positioned at 0°, 45° and 
90° whereas a 79% gas fill covered 79.4%, 98.4% and 100%. 
Additionally, we found a correlation between contact angles and gas 
bubble size with more acute angles seen in smaller gas bubbles.
Conclusions: Tilting the OCT instrument demonstrates how 
positioning influences the gas bubble configuration. Because of the 
more acute contact angles seen with smaller gas bubbles, smaller 
bubbles have less endothelial contact than suggested by linear bubble 
height. A bigger bubble is better if contact area and graft coverage is 
of paramount interest.
Commercial Relationships: Mark Alberti; Morten D. De La 
Cour, None; Javier Cabrerizo, None
Support: Rigshospitalets Research Funds
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Outcomes of double-headed pterygium surgery performed with 
double conjunctival autografts
Jeannie Xu, Hyunjoo J. Lee. Ophthalmology, Boston University 
School of Medicine, Boston, MA.
Purpose: Double-headed pterygium, the presence of both nasal and 
temporal pterygia in the same eye, are often treated with a single 
conjunctival autograft (CAG) and a contralateral amniotic membrane 
transplantation (AMT), perhaps due to concern about the safety and 
feasibility of harvesting two CAG from the same eye. We aimed 
to examine the safety and efficacy of performing double-headed 
pterygium excision with double CAG by reviewing our cases, and 
to compare these outcomes to cases performed with single CAG and 
contralateral AMT.
Methods: A retrospective chart review of double pterygium surgery 
cases at Boston Medical Center performed between September 2013 
and November 2016 by a single surgeon was conducted. Outcome 
measures included: rate of pterygium recurrence, pre-operative and 
post-operative BCVA, and complications.
Results: 9 eyes of 7 patients who underwent double pterygium 
surgery were identified. 5 eyes received double CAG alone, and 2 
eyes received double CAG to cover the limbal defects, supplemented 
with AMT to cover any remaining posterior conjunctival defect at the 
excision sites. 2 eyes of the same patient received a single CAG, and 
AMT was used to cover the entire contralateral defect, due to concern 
about mild glaucoma suspicion. None of the surgeries involved 
mitomycin-C application. No recurrences were noted in the 7 eyes 
in which double CAG ± supplemental AMT was performed (0 of 7 
eyes, follow-up 0.25-12 mo, avg 3.6 mo). In eyes with single CAG 
and contralateral AMT, 1 pterygium recurrence occurred at the site 
of a temporal AMT at 6 months (1 of 2 eyes, follow-up 5-9 mo, avg 
7 mo). The average pre-operative and final post-operative logMAR 
BCVA was 0.55 ± 0.60 SEM (Snellen equivalent 20/70) and 0.07 ± 
0.15 SEM (20/24) in the double CAG group and 0.20 ± 0.28 SEM 
(20/32) and 0.05 ± 0.07 SEM (20/22) in the single CAG+AMT group, 
respectively. No complications were identified with performing either 
a double CAG or single CAG+AMT. In particular, no limbal stem 
cell deficiencies or complications of graft harvest site healing were 
noted with double CAG.
Conclusions: The use of double CAG to cover all limbal defects 
in cases of double pterygium excision was not associated with any 
complications, and was associated with a low pterygium recurrence 
rate. The use of double CAG or single CAG+AMT for double 
pterygium excision was associated with good visual outcomes.
Commercial Relationships: Jeannie Xu, None; Hyunjoo J. Lee
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Prospective Measurement of Pterygium Surgery Satisfaction
Alexander B. Crane1, Elliot S. Crane1, Remy Friedman1, Luis Leon1, 
Mohammad Dastjerdi1, David S. Chu1, 2. 1Rutgers New Jersey 
Medical School, Pine Brook, NJ; 2Metropolitan Eye Research and 
Surgery Institute, Palisades Park, NY.
Purpose: Pterygium surgery (PS) is an elective procedure with 
several indications, including ocular cosmesis. As measurements 
of patient satisfaction become increasingly prevalent, we sought to 
quantify patients’ satisfaction with PS.
Methods: This is a prospective longitudinal study measuring 
subjects’ satisfaction with PS. Forty three patients undergoing PS 
at the Institute of Ophthalmology and Visual Science at Rutgers 
New Jersey Medical School were enrolled to take pre-operative 
(pre-op) and post-operative (post-op) surveys. Surveys included 
measurements of subjects’ pre-op, post-op, and expected ocular 
comfort, ocular cosmesis, visual acuity, quality of life (QOL), and 
satisfaction. Inclusion criteria were being over 18 years old and pre-
determined to undergo pterygium surgery. Exclusion criteria included 
having conditions that may alter perception of satisfaction, including 
depression. Validated scales were used for all measurements. 
Comparisons were made with paired, 2-tailed t-tests in Microsoft 
Excel; α=0.05.
Results: Follow up was obtained for 36/43 (84%) patients (mean ± 
standard deviation [SD] age: 50 ± 14 years) at mean ± SD 155 ± 142 
days after surgery. 18 (50%) reported family history of pterygium. 
The most important aspect of PS was vision (77%), comfort (14%), 
cosmesis (3%), and undecided (6%). Compared to pre-op levels, 
post-op comfort rose significantly (P=0.0000043), cosmesis rose 
significantly (P=0.00018), and QOL remained unchanged (P=0.20). 
Post-operatively, 51%, 43%, and 29% of patients met or exceeded 
their expected pre-op comfort, cosmesis, and QOL improvements, 
respectively. Subjects reported high levels of satisfaction with 
(1=unsatisfied, 9=satisfied): surgery overall (8.2 ± 1.6), comfort (7.9 
± 2.0), cosmesis (7.9 ± 2.0), and vision (8.1 ± 1.6). 36/36 (100%) 
subjects would recommend PS to a friend.
Conclusions: Subjects were overwhelmingly satisfied with their PS. 
Reported levels of comfort and cosmesis rose after PS, but not to 
the degree subjects expected pre-operatively; subjects reported high 
levels of satisfaction with these elements regardless.
Commercial Relationships: Alexander B. Crane, None; 
Elliot S. Crane, None; Remy Friedman, None; Luis Leon, None; 
Mohammad Dastjerdi, None; David S. Chu, None
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Feasibility of Implementing a National Corneal Transplant 
Registry: 2016 Update on the Ottawa Pilot Study
Harrish Nithianandan, Pablo Morales, Yufeng Chen, Reginald Tan, 
Mohammed Taha, George Mintsioulis, Setareh Ziai, Kashif Baig. 
Ophthalmology, University of Ottawa Eye Institute, Ottawa, ON, 
Canada.
Purpose: There are currently only three countries in the world with 
corneal transplant registries: Australia, Sweden, and India. The 
purpose of this study is to implement a Canadian Corneal Transplant 
Registry by conducting an initial pilot study on a smaller scale in the 
Ottawa region. The objective of the study was to collate information 
that will help Canadian corneal surgeons improve graft survival and 
increase transplant success. The 2016 update will review issues and 
challenges in setting up the registry.
Methods: Ethics approval for this study was obtained from the 
Ottawa Health Science Network Research Ethics Board. All patients 
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who underwent a corneal transplant procedure between 2008 and 
2016 at the University of Ottawa Eye Institute were included in this 
retrospective medical chart review and prospective case series study. 
Details of the donor graft, the procedure itself, indications for the 
transplantation, visual and surgical outcomes as well as  
post-operative complications were uploaded onto a de-identified 
online registry accessible to each participating corneal surgeon.
Results: 300 patients were included; the most prevalent procedures 
were Descemet’s Stripping Endothelial Keratoplasty/Descemet’s 
Stripping Automated Endothelial Keratoplasty [156/300(52%)] 
and Penetrating Keratoplasty [93/300 (31%)]. The most common 
indications for transplantation were Pseudophakic Bullous 
Keratopathy [72/300 24%)] and Fuch’s Dystrophy [69/300 (23%)]. 
The overall incidence of graft failure was [60/300 (20%)]. Rejection 
and graft detachment lead to regrafting in (216/300 (72%)] of cases. 
The most common post-operative complications were elevated 
intraocular pressure in [63/300 (21%)] of cases and a loose or broken 
suture in [60/300 (20%)] of cases.
Conclusions: We believe that this registry captured the most valuable 
information for corneal transplant surgeons. This registry will help 
serve as the framework for a potential large-scale corneal transplant 
registry in Canada. Future directions for the study include recruiting 
corneal surgeons across Ontario and ultimately Canada to contribute 
to the registry.
Commercial Relationships: Harrish Nithianandan, None; 
Pablo Morales, None; Yufeng Chen, None; Reginald Tan, None; 
Mohammed Taha, None; George Mintsioulis, None; Setareh Ziai, 
None; Kashif Baig, None
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Incidence of Retinal Complications in Patients with Combined 
Keratoprosthesis and Glaucoma Drainage Device Surgery
Lindsay Machen, Andrea C. Arteaga, Felix Y. Chau, Ahmad A. Aref, 
Thasarat S. Vajaranant, Maria S. Cortina. Ophthalmology, 
University of Illinois at Chicago, Chicago, IL.
Purpose: Many patients diagnosed with conditions necessitating 
keratoprosthesis (Kpro) implantation suffer from concurrent 
glaucoma, either as a result of the underlying ocular pathology or 
as a complication from the Kpro device and procedure. Due to the 
significant challenge in monitoring and treating glaucoma following 
Kpro placement, combination Kpro and glaucoma drainage device 
(GDD) surgery has become the standard for many institutions. Safety 
and long-term complications of the combined procedure remains 
contested. We aimed to assess the incidence of retinal complications 
in patients treated with Kpro alone vs. concurrent Kpro and GDD 
insertion via pars plana approach.
Methods: We performed a retrospective chart review of 94 patients 
treated with Kpro implants at the University of Illinois at Chicago 
from 2007 to 2015. After excluding 29 eyes with prior vitrectomy, 
a total of 65 eyes were included in the analysis. Main outcomes 
included one-year incidence of post-operative retinal complications 
including retinal detachment (RD), endophthalmitis, cystoid macular 
edema (CME) and epiretinal membrane (ERM). A chi square test was 
used to compare the rates of retinal complications between the  
two groups.
Results: Of the 65 eyes, 27 had Kpro with concurrent pars plana 
GDD insertion vs. 38 with Kpro alone. In the GDD group, 59% 
(16/27) experienced a retinal complication as compared to 55% 
(21/38) of the control group; comparison of complication rates via 
Chi-square test yielded a P-value of 0.749. Retinal complications 
in the GDD group included six RD, three endophthalmitis, eight 

CME, and four ERM. The control group featured 10 RD, nine 
endophthalmitis, 17 CME, and 13 ERM.
Conclusions: Initial results suggest no statistically significant 
difference in retinal complications for those with Kpro alone vs. Kpro 
and pars plana tube placement, however further risk stratified analysis 
is necessary to better define the safety of Kpro and concurrent 
GDD surgical intervention in order to provide a solid treatment 
recommendation.
Commercial Relationships: Lindsay Machen, None; 
Andrea C. Arteaga; Felix Y. Chau, None; Ahmad A. Aref, None; 
Thasarat S. Vajaranant, None; Maria S. Cortina, None
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Recurrent keratoconus in eyes after penetrating keratoplasty
Junko Yoshida1, Hiroshi Murata1, Rika Shirakawa1, 
Toshihiro Sakisaka1, Tetsuya Toyono1, Takashi Miyai1, 
Satoru Yamagami2, Tomohiko Usui1. 1Ophthalmology, The University 
of Tokyo, Tokyo, Japan; 2Nihon University, Tokyo, Japan.
Purpose: To analyze the frequency and the backgrounds of recurrent 
keratonocus after penetrating keratoplasty (PK) in long term 
observation.
Methods: Retrospective chart review was performed on patients 
who visited the Cornea Clinic of the Department of Ophthalmology 
at the University of Tokyo Hospital from December 2015 to 
February 2016. The patients were extracted who maintained clear 
grafts for more than 10 years after PK. Patients were divided into 
2 group, keratoconus (KCN) group and others, depending on their 
primary diseases for PK. Among those patients, statistical analysis 
was performed on whom received the corneal topography (TMS, 
TOMEY) several times 5 years after PK.
Results: One-hundred and one eyes in 82 patients were enrolled. 
KCN group included 50 eyes of KCN and others group 51 (Herpes 
22, corneal leucoma 12, others 17 eyes). The average period after PK 
when reviewed was 26.6 (range 11-51) years. Graft extrusion after 
PK was observed in 18 eyes of 14 patients and all of them were of 
KCN group (p=0.0001). Three eyes in 3 patients showed the acute-
hydrops-like findings such as corneal edema following ruptures of 
Descemet’s membrane and stroma. Four eyes in 4 patients received 
the secondary PK. The mean TMS Ks (maximum corneal power) 
during the whole observation periods was 52.5 diopters (D) in KCN 
group and 49.2 D in others (p<0.0001).
Conclusions: Recurrent keratoconus after PK was observed in 36% 
patients during the long time course in KCN patients, while none in 
others. The results indicate that KCN can progress on donor grafts.
Commercial Relationships: Junko Yoshida, None; 
Hiroshi Murata, None; Rika Shirakawa, None; 
Toshihiro Sakisaka, None; Tetsuya Toyono, None; Takashi Miyai, 
None; Satoru Yamagami, None; Tomohiko Usui, None
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Late increase in corneal thickness after DMEK: A localized 
phenomenon?
Anja K. Gruenert1, Friedrich E. Kruse1, Dan Epstein2, 
Theofilos Tourtas1. 1Department of Ophthalmology, University of 
Erlangen-Nurnberg, Erlangen, Germany; 2Eye Clinic Spitalgasse, 
Bern, Switzerland.
Purpose: In a previous study, we observed a statistically significant 
increase in central corneal thickness (CCT) between one and 
two years as well as between two and three years after Descemet 
membrane endothelial keratoplasty (DMEK). Since corneal 
endothelial cell density (ECD) remained stable during this period, the 
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reason for this finding was unclear. Therefore, the aim of this study 
was to investigate whether corneal thickness increases only in the 
center or throughout the entire cornea.
Methods: We performed a retrospective single-center study including 
46 eyes of 39 patients who underwent DMEK surgery. ECD was 
assessed using specular microscopy (SeaEagle, HAI Laboratories, 
Lexington, MA, USA) and CCT as well as corneal thickness on a 4 
mm- and 8 mm-diameter ring around the corneal apex were analyzed 
by Scheimpflug imaging (Pentacam, Oculus, Wetzlar, Germany). In 
total, corneal thickness was measured at 33 spots. These were used 
to calculate mean corneal thickness (MCT33) and the coefficient of 
variation (CV33) of corneal thickness. Data were collected for the 1st, 
2nd, 3rd and 4th year after DMEK. Wilcoxon rank sum test was used to 
compare different periods.
Results: ECD was stable throughout all periods analyzed in this 
study. Between year one and year two, CCT (p=0.004) as well as 
MCT33 (p=0.011) increased significantly while CV33 decreased 
significantly (p=0.016). During the following year there was a further 
significant increase of both CCT (p=0.002) and MCT33 (p=0.012) 
while CV33 remained stable. Between years three and four no 
significant changes of CCT, MCT33 and the CV33 of corneal thickness 
were observed.
Conclusions: Increase in corneal thickness after DMEK is not 
confined to the center but rather affects the entire cornea as increase 
in CCT is associated with an increase in MCT33. Furthermore, 
CV33 decreases between year one and year two showing that the 
distribution of corneal thickness becomes more homogenous. 
Accordingly, it appears unlikely that a localized dysfunction of the 
corneal endothelium would account for the increased thickness 
observed.
Commercial Relationships: Anja K. Gruenert, None; 
Friedrich E. Kruse, None; Dan Epstein, None;  
Theofilos Tourtas, None
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Prediction of refractive outcomes in Descemet membrane 
endothelial keratoplasty combined with cataract surgery
Victor A. Augustin, Julia M. Weller, Friedrich E. Kruse, 
Theofilos Tourtas. Ophthalmology, University of Erlangen, Erlangen, 
Germany.
Purpose: Descemet membrane endothelial keratoplasty (DMEK) 
is often combined with phacoemulsification and intraocular lens 
implantation (triple-DMEK) in phakic patients. For lens calculation 
it is crucial to know refractive changes to predict refractive shift after 
triple-DMEK.
Methods: In this retrospective, single-center, consecutive case series 
the refractive outcomes of 152 consecutive triple-DMEKs in 152 
patients with Fuchs endothelial corneal dystrophy were analyzed. 
Patients were examined preoperatively, as well as 3, 6, and 12 months 
after surgery. Mean follow-up time was 8.4 months. Eyes with 
coexisting comorbidities were excluded. Main outcome measures 
were spherical equivalent (SE) outcomes (shift-calculations), best-
corrected visual acuity (BCVA), anterior and posterior simulated 
keratometry (Pentacam, Oculus, Wetzlar, Germany). The study was 
approved by the Institutional Review Board at Friedrich Alexander 
University of Erlangen as a retrospective review of data.
Results: Mean BCVA prior to surgery was 0.32 ± 0.14 (decimal). 
Three months after surgery a mean hyperopic shift of 1.12 ± 
1.1D was observed and remained stable until the last follow-up 
at 12 months postoperatively (1.22 ± 1.1D). A significantly lower 
hyperopic shift of 0.63 ± 1.14 was measured in patients with better 
preoperative BCVA (> 0.4 decimal) when compared to worse BCVA 

(≤ 0.4 decimal) (hyperopic shift 1.24 ± 1.05; p < 0.001). In addition,  
a significant steepening in mean posterior simulated keratometry 
(Km: preoperative -5.88 ± 0.46D; 3 months postoperatively -6.61 ± 
0.41D; p < 0.001) was observed and remained stable until 12 months 
follow-up. There were no significant changes in mean anterior 
simulated keratometry at all points of time.
Conclusions: In our larger series of triple-DMEKs we observed a 
higher hyperopic shift than previously described. The reason why 
patients with lower BCVA experienced a higher hyperopic shift is 
currently unknown. Further studies investigating the influence of 
morphological corneal parameters on hyperopic shift are needed for 
accurate lens calculation.
Commercial Relationships: Victor A. Augustin, None; 
Julia M. Weller, None; Friedrich E. Kruse, None; 
Theofilos Tourtas, None
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Pediatric corneal transplant: current practice patterns
Maria Carolina Marquezan da Silva, Christina Prescott. 
Ophthalmology/ Cornea, The Wilmer Eye Institute/ Johns Hopkins 
University, Baltimore, MD.
Purpose: To determine current practice patterns in pediatric 
keratoplasty.
Methods: We sent a survey to corneal surgeons and pediatric 
ophthalmologists around the world, with specific questions regarding 
pre-operative patient characteristics, intraoperative techniques, and 
post-operative management. We also performed a literature review of 
English language papers on pediatric keratoplasty from 1966 to 2016 
using pubmed and our institution’s print collection print databases.
Results: Eighty ophthalmologists completed the survey. Survey 
respondents most commonly performed penetrating keratoplasty, 
followed by deep anterior lamellar keratoplasty, keratoprosthesis, 
and DSAEK, and only four of our respondents performed DMEK in 
children. The most common indications for keratoplasty were anterior 
segment dysgenesis, followed by acquired corneal scar, congenital 
glaucoma, congenital hereditary endothelial dystrophy, then 
keratoconus. Specific practice patterns, including surgical techniques 
and post-operative management protocols, varied.
Conclusions: Our survey was consistent with the published literature 
in terms of indication and type of surgery performed. The variability 
among specific surgical technique and post-operative management 
protocols maybe due to a lack of preferred practice guidelines 
specific to pediatric corneal transplantation. This may also contribute 
to the difference in reported success rates among published studies.
Commercial Relationships: Maria Carolina Marquezan da Silva, 
None; Christina Prescott, None
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DE NOVO GLAUCOMA IN BOSTON KERATOPROSTHESIS 
TYPE 1: PATIENT CHARACTERISTICS AND OUTCOMES
Andrea C. Arteaga, Lindsay Machen, Ahmad A. Aref, 
Maria S. Cortina, Thasarat S. Vajaranant. Ophthalmology, 
University of Illinois, Chicago, IL.
Purpose: Glaucoma development or progression of pre-existing 
glaucoma is the most common blinding complication in patients 
implanted with Boston type 1 keratoprosthesis (KPro). In eyes with 
previous diagnosis of glaucoma, a combined surgery with glaucoma 
drainage device (GDD) implantation at the time of the KPro is 
recommended. For patients without glaucoma, it is generally accepted 
that the risk of developing glaucoma after KPro implantation is high 
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however there is not enough evidence to support placement of GDD 
at the time of KPro implantation. The purpose of this study is to 
report the frequency of the novo glaucoma that required medical and/
or surgical treatment and their outcomes.
Methods: We performed a retrospective chart review of 132 patients 
that received KPro implantation at the Illinois Eye and Ear Infirmary 
during 2006 to 2015. De novo glaucoma was defined as absence of 
pre-existing glaucoma plus one of the following criteria: 1) increase 
of intraocular pressure (IOP); 2) initiation of topical medications; 3) 
need for glaucoma laser procedure; or 4) need for glaucoma drainage 
device to control intraocular pressure. Patients with pre-existing 
glaucoma or that lacked one-year follow-up were excluded.
Results: The final analysis included 39 eyes (41.5%) without pre-
existing glaucoma. The incidence of the novo glaucoma was 28.2% 
(11/39). The mean time from KPro implantation to the development 
of glaucoma was 15.63 months (SD ± 17.50, range from 2 to 60 
months). Mean IOP was 16.08 mmHg (SD± 7.67) preoperative 
and 17.37 mmHg (SD± 6.03) at 1-year follow-up. Of those who 
developed glaucoma, 36.4% of patients were treated with topical 
medications alone, 36.4% required subsequent GDD implant and 
18.2% glaucoma laser treatment.
Conclusions: A significant number of patients without pre-existing 
glaucoma will develop de novo glaucoma after KPro implantation. 
Glaucoma in these patients if difficult to manage with medical 
treatment alone, and more than 50% will require surgical intervention 
to control the intraocular pressure. Risk of vision loss from de novo 
glaucoma should be weighed against risks of combined surgery at the 
time of KPro implantation.
Commercial Relationships: Andrea C. Arteaga, None; 
Lindsay Machen, None; Ahmad A. Aref; Maria S. Cortina, None; 
Thasarat S. Vajaranant, None
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Combined Conjunctival Autograft Transplantation (CAT) and 
Overlay Amniotic Membrane Transplantation (AMT) Has Better 
Clinical Outcome in Primary and Recurrent Pterygium Surgery 
versus CAT or AMT Alone
Tejsu Malla1, Kai Hu2. 1Ophthalmology, Zhongda hospital, Southeast 
University, Nanjing, China; 2Ophthalmology, Drum Tower Hospital, 
Nanjing University Medical School, Nanjing, China.
Purpose: To compare the long-term outcome of primary and 
recurrent pterygium surgery with three different techniques as 
followed: combined conjunctival autograft and overlay Amniotic 
membrane transplantation (AMT with CAT), Conjunctival autograft 
transplantation (CAT) only and amniotic membrane transplantation 
(AMT) only.
Methods: In this Retrospective study, 108 (81 primary, 27 recurrent) 
pterygium patients seen in Zhongda hospital in Nanjing of China 
from July 2013 to July 2015 were enrolled, who underwent 
CAT (Group A), AMT (Group B) or AMT with CAT (Group C) 
respectively. Each group has 27 primary and 9 recurrent cases (n=36). 
Those were compared based on the surgery effect, recurrences and 
post operative complications. Chi square and Fisher’s exact tests 
were used for statistical analysis.
Results: The recurrence cases post surgery were 5 (13.88%)(4 from 
primary, 1 from recurrent; the same description below), 10 (27.77%) 
(4, 6) and 1 (2.7%)(1, 0) in groups A, B, and C respectively; dry eye 
occurrence cases were 17 (47.22 %)(14, 3), 22 (61.11 %) (16, 6) and 
5 (13.88 %) (3, 2) respectively. Conjuctival inflammation occurrence 
cases were 21 (58.33%)(13, 8), 17 (47.22%)(10, 7) and 5 (13.88 %)
(2, 3) respectively. Patients in Group C (either primary or recurrent or 

both) showed significantly better results than those in Group A or B 
(P<0.05) regarding above-mentioned clinical effects.
Conclusions: The use of combined CAT and overly AMT has 
significantly lower long-term rates of recurrence and post operative 
complications for primary and recurrent pterygium excision surgery 
than using single graft surgery (Either CAT or AMT).
Commercial Relationships: Tejsu Malla, None; Kai Hu, None
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Impact of bubbling pressure on endothelial cell quality in Pre-
Descemet’s endothelial keratoplasty (PDEK) preparation
Joshua H. Hou1, 2, Peter Bedard1, 2. 1Ophthalmology & Visual 
Neurosciences, University of Minnesota, Minneapolis, MN; 
2Minnesota Lions Eye Bank, St. Paul, MN.
Purpose: PDEK offers numerous advantages over Descemet’s 
membrane endothelial keratoplasty (DMEK). Unlike DMEK, PDEK 
grafts can be obtained from very young donor tissue. Furthermore, 
PDEK grafts are thin enough to be optically similar to DMEK, but 
thick enough to be easier to manipulate intraoperatively. Adoption of 
PDEK, however, has been limited due concerns over post-processing 
graft quality. Factors that affect graft quality are poorly understood. 
The purpose of this study is to evaluate the impact of inflation 
pressure on endothelial cell quality after PDEK preparation.
Methods: Donor corneas with adequate endothelium for 
transplantation were obtained for PDEK processing. Samples were 
evaluated for endothelial cell quality using specular microscopy and 
trypan blue vital dye staining. Samples were then randomized for 
bubble inflation with either air or Optisol. PDEK preparation was 
performed under continuous pressure monitoring using an in-line 
pressure gauge (DPI 705 series). Bubble type (1 vs 2), peak inflation 
pressure (PIP) during bubble formation, and mean expansion pressure 
(MEP) during bubble enlargement, were obtained. Post-processing 
endothelial cell quality was then evaluated with trypan blue vital 
dye staining and graded as acceptable (<25% global cell loss) or 
unacceptable.
Results: In total, 25 corneas were processed. A type 1 or type 2 
bubble was obtained in 56.0% and 32.0% of cases, respectively. No 
bubble was obtained in 12.0% of cases. Mean PIP was statistically 
higher for type 1 (1030.5mmHg) vs type 2 (593.1mmHg) bubbles 
(p=0.012). Mean MEP trended higher for type 1 (667.3mmHg) vs 
type 2 (449.6mmHg) bubbles (p=0.056). There was no statistical 
difference in mean PIP or MEP when using air (706.0mmHg, 
510.7mmHg) compared to Optisol (852.9mmHg, 653.0mmHg). 
29% of type 1 bubbles had acceptable endothelial cell quality post 
processing compared to 88% for type 2 bubbles (p=0.012). The 
percentage of PDEK preparations with acceptable endothelium post-
processing declined significantly as a function of increasing PIP and 
MEP (Fig 1).
Conclusions: PDEK processing can induced significant endothelial 
cell damage during bubbling. Type 1 bubbles are associated with 
higher inflation pressures and more endothelial cell loss compared to 
type 2 bubbles. Both PIP and MEP correlate with endothelial cell loss 
and should be minimized in future PDEK preparation techniques.
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Correlating corneal endothelial cell loss to compressive forces 
caused by forceps manipulation
Edward F. Ruppel1, Manuel A. Ramirez Garcia1, Yousuf Khalifa2, 
Mark Buckley1. 1Biomedical Engineering, University of Rochester, 
Rochester, NY; 2Emory Eye Center, Emory University, Atlanta, GA.
Purpose: Our previous research has identified a relationship between 
experimentally applied compressive forces and corneal endothelial 
cell loss. However, it is unknown what instrument contact forces 
are induced on corneal endothelial cells during eye banking and 
surgical procedures. In this study, we developed a method to measure 
the compressive forces that a pair of forceps applies to hold on to 
a scored Descemet’s membrane (DM). The goal of this work is 
twofold: 1) determine the magnitude of forces applied on corneal 
tissue during a simulated eye banking procedure; and 2) estimate the 
required forceps contact area to prevent stress-induced cell death.
Methods: Fresh porcine eyes (n=6) were dissected and the 
endothelium was isolated. The endothelium was irrigated with a 0.4% 
Trypan Blue solution in BSS and the DM was scored with a Sinsky 
Hook. The DM was peeled at the edges using a custom, calibrated, 
strain gage-instrumented forceps to track the contact forces applied 
at its tip. This device was made from a 13.5 cm long Dumont SS 
forceps with 0.2 x 0.12mm tips. The force threshold for successful 
gripping of the Descemet’s membrane was tested by holding the DM 
while applying nominal tension to isolate the point at which slipping 
stops and gripping occurs (n=12 tests/specimen). The contact area 
was measured using pressure film.
Results: The mean force required to grip the DM was 2.31 N (128.4 
MPa), with a range from 1.7 – 3.19 N (94.56 – 177.2 MPa). The 
contact area of the forceps was 0.018 mm2. In our previous studies, 
we found that stresses greater than 9.78 kPa kill endothelial cells. 
Thus, stress-induced cell death is inevitable when gripping the DM 
with the forceps used in the study. However, given that a compressive 
force of 2.31 N is sufficient to hold the DM, a surgical tool with a 
contact area greater than 236.2 mm2 should enable gripping of this 
tissue without endothelial cell death.
Conclusions: Our results support the hypothesis that any loading of 
the DM with fine forceps will induce cell death. However, due to the 
large required contact area of 236 mm2 to enable manipulation of the 
DM with little cell loss, it is suggested that the finest tipped forceps 
be used to minimize inevitable cell injury. Future work will focus 
on instrumenting a more clinically relevant tool and implementing 
wireless transmission.

Gripping force per specimen

Custom instrumented forceps, calibrated for tip force
Commercial Relationships: Edward F. Ruppel, None; 
Manuel A. Ramirez Garcia, None; Yousuf Khalifa, None; 
Mark Buckley, None
Support: Fight for Sight - student summer fellowship 2016
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Recurrence Rate of Narrow Strip Limbal Conjunctival Autograft 
with Amniotic Membrane Graft versus traditional Conjunctival 
Autograft alone for Treatment of Primary Pterygium
Shaily D. Shah, Allison Rizzuti, Anika Michael, Ari Weitzner, 
Stephen Kaufman. Ophthalmology, SUNY Downstate Medical 
Center, Brooklyn, NY.
Purpose: There are many surgical technqiues to remove pterygia. 
The gold standard has involved the placement of a conjunctival 
autograft on the bare-scleral bed. Another technique, involving 
construction of an autologous conjunctival strip which spares 
the superior conjunctiva, has been used as an alternative type of 
conjunctival graft. This study compares the efficacy of a narrow 
strip limbal conjunctival autograft together with amniotic membrane 
graft (NS-CAT + AMG) to that of traditional conjunctival autograft 
technique (CAT).
Methods: In this retrospective study, 15 eyes of 15 patients with 
primary pterygium were treated with excision followed by NS-CAT 
+ AMG, while 13 eyes from 13 patients with primary pterygium 
were treated with excision with CAT. Primary outcome measured 
was recurrence greater than 1mm past the limbus at six months 
post-operatively. Secondary outcomes included best corrected visual 
acuity (BCVA) and complications such as dry eye syndrome and 
pyogenic granuloma six months post-operatively.
Results: Nine patients (60%) in the NS-CAT + AMG group 
experienced recurrent pterygium at six month follow up, compared 
to significantly fewer patients (0%) in the CAT group (p = 0.00396). 
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Interestingly, no statistically significant difference was found in the 
number of patients experiencing dry eye syndrome (p = 0.511) or 
pyogenic granulomas (p = 0.191), and no difference was found in the 
number of lines of improvement in BCVA (p = 0.367) between the 
two treatment groups at six month follow up.
Conclusions: Prior studies note narrow strip conjunctival autograft to 
be an effective procedure with low recurrence rates (with or without 
combined amniotic membrane graft); however to our knowledge this 
study is the first to compare NS-CAT + AMG to the traditional CAT 
technique for pterygium excision. We conclude that compared to 
CAT, NS-CAT + AMG leads to higher rates of recurrence when used 
in patients for primary pterygium excision.

Narrow Strip Limbal Conjunctival Autograft. (A) Nasal pterygium 
(B) Bare sclera after pterygium excision. (C) Harvesting of narrow 
strip conjunctival autograft. (D) Rotation of conjunctival autograft to 
limbal edge of bare sclera. (E) Placement of amniotic membrane graft 
over remaining bare sclera. (F) Placement of bandage contact lens 
over conjunctival autograft and amniotic membrane graft.
Commercial Relationships: Shaily D. Shah, None; 
Allison Rizzuti, None; Anika Michael, None; Ari Weitzner, None; 
Stephen Kaufman, None
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Corneal backscatter before and after Descemet membrane 
endothelial keratoplasty (DMEK)
domenico schiano lomoriello1, Simona Venanzio1, Rossella 
Annamaria Colabelli Gisoldi2, Nicoletta Boni3, 2, Augusto Pocobelli2. 
1Anterior Segment Unit, IRCSS Fondazione G. B. Bietti, Rome, Italy; 
2U.O.C. Oftalmologia 1 Banca degli occhi, Azienda ospedaliera San 
Giovanni Addolorata, Rome, Italy; 3Ophthalmology, University of 
Rome Tor Vergata, Rome, Italy.
Purpose: To evaluate and compare the corneal changes using in 
vivo confocal microscopy (IVCM) in patients affected by Fuchs’ 
dystrophy who underwent Descemet membrane endothelial 
keratoplasty (DMEK) or Descemet automated endothelial 
keratoplasty (DSAEK) and to evaluate the relationship between these 
changes and the postoperative visual recovery up to 6-months  
follow-up.
Methods: Methods: 20 eye of 20 pseudophakic patients underwent 
corneal endothelial surgery were divided in two groups (10 DMEK 
and 10 DSAEK). All patients underwent a complete ophthalmological 
evaluation including best corrected visual acuity (BCVA) and IVCM 
(subepithelial haze, interface haze, Z-scan curve) preoperatively and 
at 1 and 6 months postoperatively.
Results: Results: Z-scan curve profile changes dramatically at 1 and 
6 months if compared with preoperative in both groups. Patients 
of DSAEK group showed a corneal backscatter Z-scan curve with 
several peaks of hyper-reflectivity. Particularly in correspondence of 
the interface between the donor and recipient tissue there was in all 
the patient of the DSAEK group a peak of hyper-reflectivity. Another 

peak of iper-reflectivity was present in this group at subepitelial 
level (sub-epithelial haze) Patients of the DMEK group showed an 
hyper-reflectivity limited to the subepithelial haze. No deep hyper-
reflectivities were noted in this group.
Preoperative subepithelial haze was in comparable in both groups (r 
= 0.68 and r = 0.64, in DSAEK and DMEK group respectively, P = 
0.001). At 6 months postoperatively interface haze was present only 
in the DSAEK group (r = 0.48, P 0.001). Postoperative subepithelial 
haze (r = 45 and r = 0.39, in DSAEK and DMEK group respectively 
P = 0.001) was comparable in both groups at 6 months. Visual 
recovery at 6 months was higher in DMEK (0,9) than the DSAEK 
group (0,6) (p <0,01).
Conclusions: Conclusions: The study confirmed that corneal 
interface haze is an important factor limiting visual acuity after 
DSAEK, suggesting that DMEK is the first choice in patients with 
Fuchs’ endothelial dystrophy to obtain a better corneal transparency.
Commercial Relationships: domenico schiano lomoriello, None; 
Simona Venanzio, None; Rossella Annamaria Colabelli Gisoldi, 
None; Nicoletta Boni, None; Augusto Pocobelli, None
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Frozen, Pre-stripped Descemet Membrane Endothelial 
Keratoplasty (DMEK) Tissues for Surgical Training
David L. DeMill1, Khoa D. Tran2, Zachary Mayko2, 
Kenneth Downes3, Christopher S. Sales4, Mark A. Terry1. 1Devers Eye 
Institute, Portland, OR; 2Lions VisionGift, Portland, OR; 3Oregon 
Health Sciences University, Portland, OR; 4Ophthalmic Consultants 
of Boston, Boston, MA.
Purpose: To test whether pre-stripped, previously frozen DMEK 
grafts can be used as a substitute for freshly prepared tissue for 
surgical training.
Methods: Twenty pre-stripped DMEK tissues (with S-stamps) 
were prepared according to standard protocols by trained eye bank 
technicians. Tissues were frozen and stored in Optisol-GS at -80°C. 
Thawed tissues were examined by DMEK trained cornea surgeons 
for tissue handling during graft preparation (trephination, lifting and 
peeling of graft from the stroma, and staining) and tissue behavior 
after transplantation into donor whole eyes (response to various 
surgical maneuvers used for graft unfolding and centration). The 
scroll width of previously frozen grafts was measured using a 
calibration grid and compared to previous studies performed using 
fresh tissue.
Results: Tissue donor age ranged from 52-86 years, with 
preservation-to-frozen times ranging from 2-21 days. Tissue frozen-
to-analysis times ranged from 6-57 days. S-stamps were readily 
observable on all tissues after they were thawed (n=20). Trained 
DMEK surgeons noted no differences between tissue handling of 
previously frozen DMEK grafts compared to fresh tissue. Grafts 
were successfully trephinated, stained with trypan blue, and prepared 
similarly to fresh tissue. DMEK graft scroll widths ranged from 1.11 
– 2.30 mm (average=1.70 ± 3.4 mm), and were similar to previous 
reports examining fresh tissues. After injection into donor eyes, 
grafts were able to be unfolded and positioned using various surgical 
maneuvers that involved tapping on the cornea with cannulas or using 
gentle bursts of balanced salt solution. After the unfolded grafts were 
lifted into position using an air bubble, the S-stamp was visible to 
confirm proper graft orientation.
Conclusions: Pre-stripped, previously frozen DMEK grafts can 
be used for surgical training as a substitute for fresh tissue. The 
availability of frozen pre-stripped tissues will improve accessibility 
for surgeon training.
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Air versus SF6 in DMEK: a fellow eye comparison of side effects
Philipp von Marchtaler, Julia M. Weller, Friedrich E. Kruse, 
Theofilos Tourtas. Ophthalmology, University of Erlangen, Erlangen, 
Germany.
Purpose: The most common postoperative complication of Descemet 
membrane endothelial keratoplasty (DMEK) is graft detachment 
representing one of the main challenges of DMEK. By modifications 
of the surgical technique the rate of graft detachments can be reduced, 
for example by an oversized descemetorhexis or by a large air 
bubble. The use of sulfur hexafluoride (SF6) gas has been proposed 
as another method to reduce the rate of graft detachments. However, 
fellow-eye comparison between air- and SF6-gas filled eyes regarding 
side effects has not been reported until now.
Methods: 136 eyes of 68 patients which underwent uneventful 
DMEK in both eyes were included in this study. Inclusion criteria 
were: air tamponade (80% of anterior chamber volume) in the first 
eye and SF6 gas tamponade (80% of anterior chamber volume) in the 
second eye; same corneal button storage method in both eyes (organ-
cultured or short-term cultured). All eyes received laser iridotomy on 
the day before DMEK. Main outcome measures included rebubbling 
rate, rate of postoperative pupillary block caused by the air/gas 
bubble, pre- and postoperative best-corrected visual acuity (BCVA), 
central corneal thickness (CCT), and endothelial cell density (ECD).
Results: 13 of 68 (19.1%) eyes with air tamponade needed 
rebubbling compared to 4 of 68 (5.9%) eyes with SF6-gas 
tamponade (p=0.020, chi square test). Postoperative pupillary blocks 
necessitating partial release of air or gas occurred in 1 eye with air 
tamponade and 3 eyes with SF6-gas tamponade (p=0.365, fisher’s 
exact test). There were no significant differences in preoperative and 
postoperative best corrected visual acuity, central corneal thickness, 
and endothelial cell density.
Conclusions: Our results confirm better graft adhesion when using 
SF6 gas tamponade than air tamponade in DMEK which was 
previously reported. The rate of pupillary block in eyes with SF6 gas 
tamponade was not significant higher compared to air tamponade. As 
a consequence we recommend using SF6 gas tamponade in DMEK.
Commercial Relationships: Philipp von Marchtaler, 
None; Julia M. Weller, None; Friedrich E. Kruse, None; 
Theofilos Tourtas, None
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DMEK AND CATARACT SURGERY : COMPARAISON OF 
SEQUENTIAL VERSUS COMBINED PROCEDURE
YAHIA Rekia1, 2, SOT Maxime1, 2, François Tortuyaux1, 2, 
Nadia ouamara3, Jean-Marc Perone1. 1Ophthalmology, Metz-
Thionville Regional Hospital Center, Mercy Hospital, Metz, France; 
2Lorraine University, Nancy, France; 3Metz-Thionville Regional 
Hospital Center, Mercy Hospital, 2 Clinical Research Support Unit, 
France.
Purpose: The aim of this study is to describe the outcomes of phaco-
DMEK (Descemet Membrane Endothelial Keratoplasty) accordind to 
a sequential versus a combined procedure
Methods: Our descriptive and retrospective study included patients 
who underwent DMEK combined or not with cataract surgery 
between January 2014 and march 2016. Were excluded patients with 
other ocular comorbidity, and those who had graft after a first graft 

failure. The main outcome was BVCA measured at one year. The 
post-operative follow up was down at D7, M1, M3, M6, and M12. 
Secondary outcomes were; the mean time to visual recovery and 
influence of the delay between cataract removal and DMEK
Results: 31 eyes were included. 29 eyes had Fuchs dystrophy, 2 had 
pseudophakic bullous keratopathy. The first group includes 23 eyes 
underwent sequential procedure. Mean pre-operative BVCA was 
+0.71 logMAR (SD= 0.23), mean age was 71.3 years. Mean time 
between cataract surgery and DMEK was 15.8 months. The second 
group includes 8 eyes underwent combined procedure. Mean pre-
operative BVCA was +0.72 logMAR (SD=0.25), mean age was 70.2 
years. There was no difference between the two groups in terms of 
age and sex. Mean age of the graft donor was 75.3 years, and mean 
endothelial density was 2513 cells/mm2. In the first group mean 
BVCA at 1 year was +0.17 logMAR (SD=0.26). In the second group 
mean BVCA at 1 year was +0.19 logMAR (SD=0.24). There was 
no significant difference between the 2 groups. In the second group 
BVCA at D7 and M1 was better than in the first group. However both 
groups reach the same BVCA at 3 months. In the first group, patients 
who had graft surgery less than 6 months after cataract surgery had 
better visual outcomes (+0.17 logMAR) than who underwent surgery 
more than 6 months (+0.23 logMAR).
Conclusions: It doesn’t seem to exist a difference at one year 
between the two groups of patients. The combined procedure is 
associated to a faster amelioration of visual acuity in the first month. 
Our results remind the importance of an early graft procedure after 
phacoemulsification. However these results must be confirmed by a 
prospective randomized study.
Commercial Relationships: YAHIA Rekia, None; SOT Maxime, 
None; François Tortuyaux, None; Nadia ouamara, None; Jean-
Marc Perone, None
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The influence that the temperature change of the donor 
cornea gives to corneal endothelium transplant postoperative 
endothelium cell density
Koji Kakisu, Jun Shimazaki, Takefumi Yamaguchi, Yoshiyuki Satake, 
Daisuke Tomida. Ichikawa General hospital, Tokyo Dental Collage, 
Chiba, Japan.
Purpose: Postoperative problems on Descemet’s stripping automated 
endothelial keratoplasty (DSAEK) include a decrease in corneal 
endothelium cell density (ECD) and the corneal endothelium 
malfunction with it, and it is suggested that the temperature change 
of the donor cornea affects the rate of decline of the ECD after the 
DSAEK. In DSAEK using overseas donor cornea, we examine the 
influence that the preoperation temperature change of the donor 
cornea gives to postoperative ECD.
Methods: 74 eyes of 74 patients that undergone DSAEK using 
overseas donor cornea were enrolled. 37 donor cornea were stored 
in a low temperature state until before operation, and other 37 were 
returned to room temperature to calculate ECD, and return into low 
temperature again before operation. 8 Fuchs corneal endothelium 
distrophy eyes (18.9%), 10 bullous keratopathy eyes after laser 
iridotomy(27.0%), 12 bullous keratopathy eyes after cataract 
surgery(32.4%), 7 endothelial decompensation (reDSAEK) eyes after 
bullous keratopathy eyes (32.4%), were enrolled.
The operation was carried out by the double glide method in all cases. 
We retrospectively investigated the ECD rate of decline between two 
groups after DSAEK in 1,3,6 month.
Results: The ECD rate of decline between two groups did not accept 
significant difference after operation in 1.6 months, but recognized 
significant difference after operation in three months.
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Conclusions: The possibility that the temperature change of the 
donor cornea had an influence on the early endothelium survival after 
DSAEK was suggested.
Commercial Relationships: Koji Kakisu, None; Jun Shimazaki, 
None; Takefumi Yamaguchi, None; Yoshiyuki Satake, None; 
Daisuke Tomida, None
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Structural and biochemical alterations of the posterior cornea 
associated with diabetes mellitus
Theofilos Tourtas1, Friedrich E. Kruse1, Benjamin T. Aldrich2, 3, 
Julia M. Weller1, Jessica M. Skeie2, 3, Gregory A. Schmidt3, 4, 
Cynthia R. Reed3, 4, Mark A. Greiner2, 3, Ursula Schlotzer-Schrehardt1. 
1Department of Ophthalmology, University of Erlangen-Nuremberg, 
Erlangen, Germany; 2Department of Ophthalmology and Visual 
Sciences, University of Iowa Carver College of Medicine, Iowa City, 
IA; 3Iowa Lions Eye Bank, Coralville, IA; 4Cornea Research Center, 
University of Iowa, Iowa City, IA.
Purpose: Previous studies have reported on diabetes mellitus as a 
risk factor for unsuccessful graft preparation in Descemet membrane 
endothelial keratoplasty (DMEK). Greater adhesion strength of 
Descemet membrane (DM) to corneal stroma has been postulated 
as a cause for this finding. The aim of this study was to perform 
a comparative analysis of potentially causative structural and 
biochemical alterations in the posterior cornea of diabetic and non-
diabetic donors.
Methods: Corneoscleral tissue was obtained from 25 donors  
49-75 years of age. Corneas were classified from a medical records 
review as non-diabetic (n=10) or diabetic (n=15). Transmission 
electron microscopy was used to analyze ultrastructural alterations 
in DM and posterior stroma. Light and electron microscopic 
immunohistochemistry was performed using a panel of antibodies 
against adhesive matrix glycoproteins and advanced glycation 
endproducts (AGEs). ImageJ was used to quantitate fluorescence 
intensity after correcting for negative control background.
Results: Transmission electron microscopy showed a moderate 
but statistically not significant increase in thickness of DM in 
diabetic samples (12.3±2.7µm) compared to non-diabetic controls 
(10.2±1.8µm). Diabetic corneas revealed a more prominent 
interfacial matrix at the DM-stroma boundary containing pronounced 
vacuolar inclusions as well as abnormal accumulations of banded, 
collagen type III-positive material in the posterior layer of DM. 
These ultrastructural alterations were not observed in control 
corneas. Quantitative analysis of immunofluorescence signals 
revealed increased amounts of AGEs in diabetic vs. non-diabetic 
corneas (p<0.001; t test). Staining reaction was most pronounced 
at the interface region and co-localized with ECM proteins such as 
fibronectin and vitronectin representing obvious targets of glycation 
reactions.
Conclusions: These findings support the concept that chronic 
hyperglycemia from diabetes mellitus results in an altered, more 
adhesive interface between DM and posterior stroma in donor 
corneas. The impact of diabetes on structural and biochemical 
interface matrix changes is considered relevant for eye banking and 
graft preparation during DMEK surgery.
Commercial Relationships: Theofilos Tourtas, None; 
Friedrich E. Kruse, None; Benjamin T. Aldrich, 
None; Julia M. Weller, None; Jessica M. Skeie, None; 
Gregory A. Schmidt, None; Cynthia R. Reed, None; 
Mark A. Greiner, None; Ursula Schlotzer-Schrehardt, None
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Flexible Acrylic Keratoprosthesis
Charles Yu, Ahmed Al-Qahtani, Mark Rosenblatt. Ophthalmology, 
University of Illinois Chicago, Chicago, IL.
Purpose: We hypothesize that a keratoprosthesis can be constructed 
of biocompatible flexible acrylic such as that commonly used in 
intraocular lenses and can be used to restore the corneal visual axis 
in a minimally invasive manner without the need for cornea carrier 
tissue.
Methods: A keratoprosthesis mold was produced using computer 
aided design software. A mixture of phenylethyl methacrylate, 
phenylethyl acrylate, hexanediol crosslinking agent, and free radical 
initiator was poured into the mold and allowed to polymerize 
overnight at 100C to form a keratoprosthesis. The keratoprosthesis 
was assessed for toxicity by MTT assay. It was implanted into ex 
vivo cadaveric eyes. It was then tested in vivo in 5 rabbits.
Results: After polymerization a flexible clear acrylic keratoprosthesis 
is produced. It showed ability to deform and flex when warm, but 
remained stiff and in shape at room temperature. The material 
was not found to be toxic by MTT assay. It could be implanted 
into a 3 mm corneal trephination. 5 rabbits were able to retain the 
keratoprosthesis for 1 month.
Conclusions: A full thickness flexible acrylic keratoprosthesis can be 
produced and implanted into the cornea through a 3 mm trephination 
without need for carrier cornea tissue.
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Validation of spiked pre- and post-mortem blood samples from 
cornea donors for viral infections
Ingo Schmack1, 2, Seda Ballikaya1, Brigitte Erber1, Irina Vöhringer1, 
Ulrich Burkhardt3, Paul Schnitzler4. 1Ophthalmology, University of 
Heidelberg, Heidelberg, Germany; 2Ophthalmology, University of 
Frankfurt, Frankfurt, Germany; 3Laboratory Medicine, Klinikum 
Ludwigshafen, Ludwigshafen, Germany; 4Infectious Diseases and 
Virology, University of Heidelberg, Heidelberg, Germany.
Purpose: To evaluate specific serologic and molecular tests systems 
(Abbott Architect analyser and Abbott HCV RealTime PCR) for their 
ability detecting viral infections such as HBV, HCV and HIV in post-
mortem blood samples.
Methods: Pre- and post-mortem blood samples from 16 cornea 
donors of the University Cornea Eye Bank of Heidelberg were 
prospectively evaluated and compared. Blood samples were spiked 
with reference materials of hepatitis B (HBV) and hepatitis C (HCV), 
and human immunodeficiency virus (HIV) and analysed using 
serologic assays and nuclear amplification tests (NAT).
Results: Mean age of the deceased donors was 71 yrs (range, 
51-88 yrs). The mean pre- and post-mortem time to blood sample 
collection was 17 hrs (range, 1-72 hrs) and 18 hrs (range, 1-23 hrs), 
respectively. Unspiked pre-mortem and post-mortem sera revealed 
the same results for HBsAg, anti-HBc, anti-HCV, and HCV RNA. No 
false-negative or false-positive results were observed. For anti-HIV-1 
and HIV-1 p24 antigen, one donor resulted in a weak positive signal 
in the post-mortem sample.
Conclusions: The validated test systems proved to be appropriate 
in analysing pre- and post-mortem blood samples from cornea 
donors for viral transmitted diseases. However, positive results, 
regardless the sample type, should always be retested with validated 
confirmation tests (i.e. NAT) to differentiate between false and true 
positive results.
Commercial Relationships: Ingo Schmack; Seda Ballikaya, None; 
Brigitte Erber, None; Irina Vöhringer, None; Ulrich Burkhardt, 
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Emergency therapeutic penetrating keratoplasties in a tertiary 
ophthalmic care facility
Catherine Croghan, Chi-Ying Chou, Sonul Gajree, Kanna Ramaesh, 
Deepa R. Anijeet. Tennent Institute of Ophthalmology, Glasgow, 
United Kingdom.
Purpose: To evaluate our experiences of emergency keratoplasty in a 
single tertiary ophthalmic care unit in West Scotland.
Methods: A retrospective case series is presented of 15 eyes in 14 
patients who received therapeutic keratoplasty for corneal perforation 
or impending perforation, from January 2014 to October 2016. 
Anatomical success was defined by eradication of infection and/ or 
preservation of the globe. Corneal graft survival was defined by the 
presence of a clear graft at last follow up.
Results: Mean age was 61(±14) years. Indications for emergency 
keratoplasty were infectious corneal melt which was unresponsive 
to medical management in 8 eyes, non-infectious immunological 
corneal melt in 5 eyes and trauma in 2 eyes. The follow up period 
was from 2 to 35 months. There was anatomical success in 14 of 15 

eyes. Evisceration was required for one eye due to recurrent non- 
infectious corneal melt. The corneal graft survived in 9 of 15 eyes. 5 
eyes underwent repeat keratoplasty.
The corneal graft survival rate for those following trauma was 100% 
at 14 and 35 months follow up.
The graft survival rate for infective corneal melt was 75%. 6 patients 
had clear grafts at follow up (mean follow up of 9 months). Post-
operative complications included cataract in 2 patients and pupillary 
membrane in 1 patient. 1 graft failed at 2 months due to recurrent 
infectious corneal melt, 1 failed at 1 month due to rejection.
In 5 patients with non- infectious corneal melt, 2 had Sjogrens 
syndrome, 1 had rheumatoid arteritis, 1 had Steven Johnston 
syndrome, and 1 had severe eczema. The survival rate in this group 
was 20%. 1 graft was clear at 2 month follow up. 2 grafts failed due 
to infectious corneal melt at 1 month and 9 months. 2 grafts failed 
due to non- infectious corneal melt, at 1 month and 11 months.
Conclusions: There is relative paucity of data in literature on 
emergency corneal transplants. A recent study found that half 
of the indications were for trauma. In this group infection was 
the major indication for an emergency keratoplasty followed by 
immunological melt. In spite of newer immunosuppressants, the 
outcome for immunological melt is dismal. Judicious use of pre, 
intra and postoperative antibiotic usage is crucial for graft survival 
in infectious aetiology. Larger multicentre studies are needed for 
better understanding variables affecting corneal graft outcome in an 
emergency context.
Commercial Relationships: Catherine Croghan, None;  
Chi-Ying Chou, None; Sonul Gajree, None; Kanna Ramaesh, 
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Optimization of Spark Plasma Sintered Titania for Potential 
Application as a Keratoprosthesis Skirt
Jodhbir Mehta, Gary Hin Fai Yam. Cornea / Tissue Engineering and 
Stem Cell Group, Singapore National Eye Centre / Singapore Eye 
Research Institute, Singapore, Singapore.
Purpose: Titania (TiO2) and titania-based materials are candidate 
bioceramics for use in the repair of human tissues, including 
the fabrication of corneal implant skirts. The manufacture of 
mechanically strong and biocompatible TiO2 materials is of 
vital importance for these applications. This study was aimed at 
optimizing the selection of raw powder and sintering conditions for 
TiO2 ceramics.
Methods: TiO2 compacts were synthesized from five raw powders, 
denoted as Altair, Inframat, Alfa, Materion and Amperit, respectively, 
by spark plasma sintering using different sintering parameters. The 
samples were evaluated with regard to their sintering behaviour, 
microstructure and mechanical properties using scanning electron 
microscopy, X-ray diffraction, Raman spectroscopy, deionized 
water contact angle analaysis using a Theta optical tensiometer and 
nanoindenter. To assess biocompatibility human corneal stromal 
fibroblasts were cultured on the materials and assessed for cell 
viability using calcein AM and ethidium homodimer-1, and click-iT 
for cell proliferation.
Results: The XRD and Raman results confirmed that the anatase 
TiO2 phase in the Inframat powder had converted completely to rutile 
TiO2 phase after sintering at 900°C and above. The nanoindentation 
results indicated that among the five types of TiO2 samples sintered at 
1100 °C, the Inframat pellets possessed the highest Young’s modulus 
and hardness. In addition, when Materion samples were employed to 
study the effects of SPS parameters, a higher sintering temperature 
in the range of 1100–1300 °C decreased the mechanical properties of 



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.

sintered pellets. Culture of human corneal stromal fibroblasts on the 
sintered sample surfaces showed that comparably high cell viability 
and proliferation were observed on all TiO2 samples except Amperit 
compared to positive control. Furthermore, cells cultured on Inframat 
TiO2 sintered in the temperature range of 900–1300°C exhibited 
viability and formation of focal adhesion complex similar to those on 
control, and those prepared at 1100°C.
Conclusions: In conclusion, Inframat TiO2 consolidated at 1100 °C 
by SPS was the best formulation for the preparation of mechanically 
strong and biocompatible Keratoprosthesis skirt.
Commercial Relationships: Jodhbir Mehta, None; Gary Hin 
Fai Yam, None
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In quest of a novel artificial cornea using biomimetic 
nanotopography
Kate Xie1, Elena Liang2, Mary Dickson2, Priscilla Vu1, Albert Yee2, 
Marjan Farid1. 1Ophthalmology, Gavin Herbert Eye Institute, 
University of California, Irvine, Irvine, CA; 2Chemical Engineering 
and Materials Science, University of California, Irvine, Irvine, CA.
Purpose: By incorporating nanotopography to the surface on a 
poly(methyl methacrylate) (PMMA) button, we present a novel 
artificial cornea design to address some of the challenges with current 
available devices. This study demonstrates the durability of design in 
porcine and human cadaver corneas.
Methods: A curved PMMA button was milled down and cut into 
shape using instruments similar to those used in manufacturing hard 
contact lenses. 8 suture holes were drilled in the skirt. A second 
version of this button was modified using a nanoimprinting technique 
to provide differential nanotexturing to the central area of the device.
The PMMA buttons were implanted into two porcine eyes and one 
human cadaver eye. The recipient cornea was cut using a 6 mm 
trephine. A crescent blade was used to create a plane within the 
stroma to place the skirt of the device. The implant was then sutured 
into place with eight 10-0 nylon sutures passed through the drilled 
suture holes.
Results: Our PMMA prototype was successfully implanted 
into porcine and human cadaver eyes using standard corneal 
transplantation instruments. There was no structural damage to 
the prototype, and it was able to be sutured into place. Raising the 
intraocular pressure demonstrated gross wound stability with water 
tight seal even at above normal physiologic tensions.
Conclusions: We describe a novel design of artificial cornea and its 
successful implantation into porcine and human cadaver eyes. This 
design uses differential surface nanotexturing to potentially alter cell 
adhesion, thereby minimizing bacterial adherence and improving 
integration into the human cornea. Future studies will address 
durability and integration of the device into live animal models.
Commercial Relationships: Kate Xie; Elena Liang, None; 
Mary Dickson, None; Priscilla Vu, None; Albert Yee, None; 
Marjan Farid, None
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Conjunctival autograft for pterygium: clinical study in primary 
and recurrent pterygium
Paolo Garimoldi, Elias Premi, Maurizio Chiaravalli, 
Jennifer Cattaneo, Claudio Azzolini. Surgical and Morphological 
Department, University of Insubria, Varese, Ophthalmology Clinic, 
Varese, Italy.
Purpose: Aim of the study is to evaluate the incidence of recurrences 
of pterygium after surgical excision with conjunctival autograft.

Methods: 32 eyes of 26 patients, 18 male and 8 female, mean age 
39 years, underwent to pterygium surgery. Considering ethnicity, 
4 patients were Caucasian, 5 Hispanic, 17 Africans. Nine eyes 
presented at baseline a recurrent pterygium and 23 a primary 
pterygium. Two patients presented temporal and nasal pterygium in 
both eyes (double pterygium).
Surgical procedure included pterygium excision with wide removal 
of the fibrovascular membrane 3-4 mm long, backward positioning 
of the conjunctiva and conjunctival autograft, usually taken from the 
upper limbus, on the bared sclera. Conjuctival graft was fixed with 
fibrin glue. Bandaging was maintained 24 hours long.
Post operative therapy included topical antibiotics, topical steroids, 
tears substitutes and oral steroid for one month.
Results: All eyes had a follow up of at least six months: 28 eyes 
(87%) had a follow up to one year.;15 eyes (46%) of two years 
and 4 eyes (12%) up to 3 years. All patients showed conjunctival 
inflammation that decreased over time and disappeared in a period 
ranging from one to three months. Pterygium recurrence did not 
occurred in any patient. We observed a case of postoperative diplopia 
that resolved spontaneously after 4 days.
Conclusions: Conjuctival autograft seems to be effective in reducing 
the rate of recurrences. Fibrin glue allows a reduction in surgical 
time, in postoperative discomfort and in surgical procedures.
Commercial Relationships: Paolo Garimoldi, None; Elias Premi, 
None; Maurizio Chiaravalli, None; Jennifer Cattaneo, None; 
Claudio Azzolini, None
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Corneal nerve regeneration is linked to optical changes in 
patients with Fuchs’ endothelial corneal dystrophy
Esben Nielsen2, 1, Anders Ivarsen1, Jesper Hjortdal1. 1Ophthalmology, 
Aarhus University, Aarhus C, Denmark; 2Ophthalmology, Aalborg 
University Hospital, Aalborg, Denmark.
Purpose: 
To investigate whether changes in the corneal subbasal nerve plexus 
(SNP) is associated with changes in the optical quality of the anterior 
cornea after endothelial keratoplasty (DSAEK).
Methods: 
In a prospective controlled study, 41 FECD patients (FECD group, 41 
eyes) and 40 cataract patients with normal corneas (Control group: 80 
eyes) eligible for surgery (DSAEK and cataract surgery, respectively) 
were recruited. Patients were examined with Pentacam HR and in 
vivo confocal microscopy (IVCM). The FECD group was examined 
preOP, and at 3, 6 and 12 months after surgery (PostOP). The Control 
group was examined preOP and at 12 months postOP. Total central 
corneal thickness, anterior densitometry, anterior higher order 
aberrations and the density of the corneal sub basal nerve plexus 
(SNP) were entered into a repeated-measures mixed model.
Results: In the FECD group, SNP density decreased significantly 
from preOP to 3 months postOP (p = 0.004), exhibited no 
significantly change from 3 to 6 months (p = 0.43), but increased 
significantly from 6 months to 12 months (p = 0.002). There was no 
significant difference between preOP SNP density and SNP density 
at 12 months in the FECD group. In the mixed model, there was a 
significant negative association between SNP density and anterior 
densitometry (p = 0.004), but not with anterior HOA’s (p = 0.63) or 
total CCT (p = 0.89). Adjusting for age did not affect results. SNP 
density was lower in the FECD group both preOP (p<0.001) and 
postOP (p<0.001) when compared to the control group. In the control 
group, the SNP density was significantly decreased 12 months after 
surgery (p<0.003).
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Conclusions: SNP density is significantly reduced in advanced 
FECD and does not recover 12 months after DSAEK surgery. 
There was a significant association between changes in anterior 
densitometry and changes in SNP nerve density after DSAEK.
Commercial Relationships: Esben Nielsen; Anders Ivarsen, None; 
Jesper Hjortdal, None
Support: Øjenforeningen Værn om Synet, Synoptik-Fonden, Jochum 
Jensen og hustru Mette Marie Jensens f. Poulsens mindelegat, Helga 
og Peter Kornings Fond, Købmand Marie Kirstine Jensens Fond, 
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Outcomes of Optical Sector Iridectomy in Peters Anomaly
Mohamed S. Sayed1, Oriel Spierer1, 2, Carla J. Osigian1, 
Kara M. Cavuoto1, Craig A. McKeown1, Sirinya Suwannaraj1, 
Ta C. Chang1. 1Ophthalmology, University of Miami Bascom Palmer 
Eye Institute, Miami, FL; 2Ophthalmology, Tel-Aviv Medical Center, 
Affiliated to the Sackler Faculty of Medicine, Tel-Aviv University, 
Tel-Aviv, Israel, Tel Aviv, Israel.
Purpose: Peters anomaly is a rare congenital corneal opacity which 
may result in profound amblyopia in children if the opacity involves 
the visual axis. The treatment options for this condition have long 
been a subject of debate. We performed a retrospective, observational 
clinical study to evaluate the outcomes of optical sector iridectomy in 
children with Peters anomaly.
Methods: A retrospective case series of all patients diagnosed 
with Peters anomaly who underwent optical sector iridectomy 
from January 2004 to December 2014. Data collection included 
demographics, intra- and post-surgical complications, and visual 

outcome. Statistical analysis was done using Student’s t test and 
Pearson’s correlation coefficients.
Results: Twenty-nine eyes of 22 children (55% female) with a mean 
age of 15.6 ± 26.3 months (range 1 week – 7.7 years) diagnosed 
with Peters anomaly in which the corneal opacity involved the 
visual axis and who underwent sector iridectomy were included 
in the analysis. Four children (18.2%) had unilateral disease, 
while 18 (81.2%) had bilateral disease. Seven patients underwent 
bilateral sector iridectomy. Eleven patients underwent unilateral 
sector iridectomy, with the second eye being inoperable or having 
undergone penetrating keratoplasty (PK). No intra- or post-operative 
complications were recorded. Subsequently, one eye (3.4%) 
underwent another sector iridectomy, 2 eyes (6.9%) underwent 
PK, and 1 eye (3.4%) underwent keratoprosthesis. Mean follow-up 
was 41.6 ± 43.8 months (2-118 months). Pre-operative mean visual 
acuity was light perception/blinks or grimace to light (2.5±0.3 in 
logMAR, range 20/400 to NLP). Mean visual acuity on last follow 
up improved to 20/1250 (1.8±0.6 in logMAR, range 20/150 to NLP) 
(p<0.01). Visual acuity improved (Pearson coefficient=0.4, p=0.03) 
and the difference between the pre- and post-operative visual acuities 
increased (Pearson coefficient=0.5, p<0.01) with older age and longer 
follow up.
Conclusions: Children who underwent optical sector iridectomy 
had improvement in visual acuity and a low complication rate. 
The procedure is a safe and effective alternative to penetrating 
keratoplasty in cases where there is a clear peripheral corneal zone.
Commercial Relationships: Mohamed S. Sayed, None; 
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