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A thirteen year large-scale follow-up study into the number of
prescriptions of single vision and bifocal contact lenses. - The
result of age group analysis of approximately 102,000 eyes of
Japanese patients over 40 years old. Eiichi Okada1, Nobuhisa Mizuki2, Akira Meguro2,
Tatsukata Kawagoe2, Takahiro Yamane2, Masao Yoshida3. 1Okada Eye
Clinic, Yokohama, Japan; 2Department of Ophthalmology, Yokohama
City University School of Medicine, Yokohama, Japan; 3Department
of Public Health, Kyorin University School of Medicine, Mitaka,
Japan.
Purpose: There have been few detailed large-scale studies which
have analyzed the number of prescriptions of single vision and
bifocal contact lenses (CL) by age group. Therefore, a thirteen year
large-scale follow-up study was undertaken to analyze approximately
102,000 eyes of Japanese subjects who were prescribed CL because
of ametropia or accommodative dysfunction, ordered by age group.
Methods: The subject of this study is the 1,023,292 eyes (single
vision: 964,753 eyes, age 40 to 100, bifocal vision: 58,539 eyes,
age 40 to 81) of Japanese subjects in the 40 to 100 year age range,
prescribed CL to correct ametropia and accommodative dysfunction.
Prescriptions were made at the Okada eye clinic in Kanagawa, Japan
between April, 2002 and December, 2014.
Results: Analysis of type of CL and age group shows that single
vision CL were prescribed most often to the 40-49 year age group
(689,591 eyes (67.39%) : SCL 645,315 eyes (63.06%), HCL 44,276
eyes (4.33%)), followed by the 50-59 year age group (230,371 eyes
(22.51%) : SCL 204,398 eyes (19.97%), HCL 25,973 eyes (2.54%)),
and 60-69 year age group (41,316 eyes (4.04%) : SCL 34,190 eyes
(3.34%), HCL 7,126 eyes (0.70%)). The number of CL wearers
decreased as the subjects aged.
On the other hand, the users of the bifocal CL increased from the 4049 year age group (17,695 eyes (1.73%): SCL 15,852 eyes (1.55%),
HCL 1,843 eyes (0.18%)) to the 50-59 year age group (34,224 eyes
(3.34%): SCL 31,501 eyes (3.08%), HCL 2,723 eyes (0.27%)), but in
the age group. In the 60-69 year age group the number of CL wearers
decreased dramatically(6,373 eyes (80.62%), SCL 5,848eyes (0.57%)
HCL 525 eyes (0.05%)). Additionally, the number of HCL prescribed
made up only 0.5% of total prescriptions, and only 0.27% in the most
prescribed to age group, 50-59 years old.
Conclusions: Analysis of the number of prescriptions of CL by age
group shows that 94.28% were single vision CL (SCL 86.65%, HCL
7.63%), with bifocal CL making up only 5.72% (SCL 5.22%, HCL
0.50%). Interestingly, prescriptions of bifocal HCL were very few
(less than 0.3% in the most prescribed to age group, 50-59 years old).
The improvement of bifocal HCL is suggested.
Commercial Relationships: Eiichi Okada, None;
Nobuhisa Mizuki, None; Akira Meguro, None;
Tatsukata Kawagoe, None; Takahiro Yamane, None;
Masao Yoshida, None
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A fourteen year large-scale follow-up study on the distribution of
astigmatic axis in Japan. -The result of analysis of the astigmatic
power of approximately 550,000 eyes of Japanese patients.Masao Yoshida1, Nobuhisa Mizuki2, Akira Meguro2,
Tatsukata Kawagoe2, Takahiro Yamane2, Eiichi Okada3. 1Department
of Public Health, Kyorin University School of Medicine, Mitaka,
Japan; 2Department of Ophthalmology, Yokohama City University
School of Medicine, Yokohama, Japan; 3Okada Eye Clinic,
Yokohama, Japan.
Purpose: There has been no large-scale research to analyze the
distribution of prescribed astigmatic axis according to astigmatic
power. Therefore, we undertook a fourteen year large-scale follow-up
study of 550,000 eyes of Japanese patients who had been prescribed
glasses or contact lens (CL) to correct ametropia. The distribution of
astigmatic axis, according to astigmatic power, was analyzed.
Methods: The subject of this study is the 549,985 eyes (glasses:
216,971 eyes, CL: 333,014 eyes) of patients with astigmatism in
the 10 to 40 year age range, prescribed glasses or CL to correct
ametropia. Prescriptions were made at the Okada eye clinic in
Kanagawa, Japan between January, 2001 and December, 2014.
Results: As a result of analysis, among the glasses wearers, the
most common axis was 180° (96,389 eyes (44.42%)), with the next
most common being 90 ° (30,495 eyes (14.05%)), followed by 170°
(15,739 eyes (7.25%)). Among the CL wearers, the most common
axis was 180° (237,932 eyes (71.45%)), followed by 90° (45,904
eyes (13.78%)), and 160° (18,552 eyes (5.57%)).
By dividing the astigmatic power into 5 groups (C < -2.25D, -2.25D
≤ C < -1.75D, -1.75D ≤ C < -1.25D, -1.25D ≤ C < -0.75D, -0.75D ≤
C), the subjects were analyzed by astigmatic power. In both glasses
and CL wearers, 180 ° was the most common axis in all groups,
but as the astigmatic power got stronger, the ratio of 90° dropped
significantly. (glasses: P for trend < 0.0001, CL: P for trend < 0.05).
Conclusions: The two main axis, 180° and 90°, accounted for
58.47% of the glasses wearers and 85.23% of the CL wearers.
Analyzed by astigmatic power groups, 180° was the most common
axis among both glasses and CL wearers in all groups. On the
other hand, 90° was mainly distributed in the groups with weaker
astigmatic power, and for both glasses and CL wearers, there were
few 90° axis in the groups with strong astigmatic power.
Commercial Relationships: Masao Yoshida, None;
Nobuhisa Mizuki, None; Akira Meguro, None;
Tatsukata Kawagoe, None; Takahiro Yamane, None;
Eiichi Okada, None
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Worsening contact lens dryness associated with increased rate of
cooling in symptomatic contact lens wearers
Wing Li1, Andrew Graham1, Thomas Dursch2, Diana Yan3,
Meng C. Lin1, 4. 1Clinical Research Center, School of Optometry, UC
Berkeley, Berkeley, CA; 2Chemical and Biomolecular Engineering,
University of California Berkeley, Berkeley, CA; 3Marshall B.
Ketchum University, Fullerton, CA; 4Vision Science Graduate Group,
University of California Berkeley, Berkeley, CA.
Purpose: In this study we examine the rate of cooling over contact
lens (CoCL) and subjective symptom ratings over 6 hours of contact
lens wear, and determine whether the relationship between changes
in CoCL and changes in symptoms differs between symptomatic (Sx)
and asymptomatic (Asx) contact lens wearers (CLW).
Methods: Nineteen Sx CLW and 21 Asx CLW wore Biofinity CL for
six hours at each of 2 visits, separated by at least 1 week. CL comfort
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and dryness were rated using a visual analog scale after 10 minutes
and after 6 hours of wear. Rate of CoCL during each subject’s
maximum sustainable inter-blink period was measured using an
infrared thermographer (FLIR a655sc). The ΔCoCL, ΔCL comfort
and ΔCL dryness are defined as the values obtained after 6 hours of
CL wear minus their respective baseline values obtained 10 minutes
after insertion.
Results: The mean ΔCoCL rate was -0.020C/s (range: -0.16 to
0.070C/s; a negative ΔCoCL denotes less cooling after 6 hours of CL
wear). There was no significant difference in ΔCoCL between Sx and
Asx subjects (p=0.83). Using a linear mixed effects model, greater
ΔCoCL was associated with increased dryness rating in the Sx group
(p=0.01) but not the Asx group (p=0.47). The model estimates that
among Sx subjects a 37-point higher dryness rating is associated with
the maximum ΔCoCL measured (0.070C/s) compared to the minimum
ΔCoCL measured (-0.160C/s). No significant association was found
between ΔCL comfort and ΔCoCL in either group.
Conclusions: An increase in CoCL over 6 hours of CL wear was
found to be associated with worsening dryness ratings in Sx CL
wearers but not in Asx CL wearers, suggesting that sensitization of
cold nociceptors may occur in symptomatic patients.
Commercial Relationships: Wing Li, Coopervision, Inc. (F);
Andrew Graham, None; Thomas Dursch, None; Diana Yan, None;
Meng C. Lin, Coopervision, Inc. (F)
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Performance Evaluation of Dailies AquaComfort Plus Toric
Contact Lens
Jami R. Kern1, Chiao-Hua Wang2. 1Global Medical Affairs, R&D,
Alcon Research Ltd, Fort Worth, TX; 2Alcon, Johns Creek, GA.
Purpose: To evaluate the clinical performance of nelfilcon A toric
contact lenses.
Methods: The analyses included 94 subjects who wore the nelfilcon
A daily disposable contact lens for 1 week. Subjects were asked
to rate the study lenses on a scale of 1 to 10. The rating of ‘1’
represented the worst experience and the rating of ‘10’ represented
the best experience. The investigator recorded the position of the
scribe marks while at the slit-lamp biomicroscope. The degree of
offset away from the horizontal meridian was analyzed for each eye.
Lens centration and lens fit were also assessed by the investigators,
while lens oscillation was observed by the investigator during blink.
Results: The average age of subjects was 35.8 years and 59.6% were
female. The mean sphere was -2.82 D and 41.8% of the subjects
had a cylinder greater than -1.5 D. Mean insertion comfort ratings
at dispense were 9.0 ± 1.3 and mean overall comfort ratings were
8.1 ± 1.7 after 1 week of lens wear. Mean quality of vision ratings at
dispense were 8.4 ± 1.5. The average amount of offset was clinically
acceptable for the lens at both visits (range of average values: 5.2° to
6.8°). There were no lenses rated as decentered with corneal exposure
or unacceptably decentered. At dispense, 98.4% of the lenses had
≤5° oscillation, while 98.9% had ≤5° oscillation after 1 week. At
dispense, 100% of the lens fit was rated as optimal or acceptable, and
99.4% was rated optimal or acceptable after 1 week of lens wear.
Conclusions: Overall, subjects and investigators rated the nelfilcon
A contact lens high with respect to comfort, quality of vision and
lens fit, (including position, centration, oscillation and overall fit).
This lens may be a good option for patients who require astigmatism
correction and want the convenience of a daily disposable contact
lens.
Commercial Relationships: Jami R. Kern, Alcon (E);
Chiao-Hua Wang, Alcon (E)
Clinical Trial: NCT01207466
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The correlation between corneal biomechanics and corneal
morphology in the early stage of overnight orthokeratology
Renai Chen1, Hua Bi2, Xinjie Mao1, Meixiao Shen1, Jun Jiang1,
Fan Lu1. 1Optometry Department, The Affiliated Eye Hospital
of Wenzhou Medical University, Wenzhou, China; 2College of
Optometry, NOVA Southeastern University, Davie, FL.
Purpose: Overnight orthokeratology causes changes in corneal
morphology, such as corneal curvature, corneal thickness. It was also
reported overnight orthokeratology reduced corneal biomechanics
including corneal hysteresis (CH) and corneal resistance factor
(CRF). In this study, we tried to find the relationships between the
changes of corneal biomechanics and corneal morphology in the early
stage of overnight orthokeratology.
Methods: Twenty-seven subjects wearing orthokeratology
lens were recruited from the Eye Clinic at Wenzhou Medical
University. Baseline data were collected at day 0. Twenty-five
of the subjects finished the first day follow-up and 23 of them
completed the 7-day follow-up. CH and CRF were measured with
an ocular response analyzer, corneal curvature was measured with
Medmont E300 corneal topographer, and other morphological
changes were measured with a custom-built ultra-high resolution
coherence tomography(UHR-OCT) with 3um axial resolution and
approximately 2mm imaging depth. One-way ANOVA with repeated
measure was used to compare the longitudinal changes and partial
least squares linear regression (PLSLR) was used to explore the
relationships between corneal biomechanics and corneal morphology.
Results: At baseline, both CH and CRF were positively correlated
with central corneal thickness (CCT) (p=0.02, p<0.01 respectively),
central stroma thickness (CST) (p=0.02, p=0.01 respectively), rather
than central epithelial thickness (CET) (p=0.88, p=0.62 respectively)
and central Bowman’s layer thickness (CBT) (p=0.49, p=0.17
respectively). At day 1 and day 7 follow-up, neither the change of
CH (ΔCH) nor the change of CRF (ΔCRF) was correlated with any
changes of corneal curvature and corneal thickness.
Conclusions: While corneal mechanics (CH and CRF) were
positively correlated with CCT and CST at baseline, the changes
of CH and CRF were not correlated with any changes in corneal
morphology in the early stage of overnight orthokeratology.
Commercial Relationships: Renai Chen, None; Hua Bi, None;
Xinjie Mao, None; Meixiao Shen, None; Jun Jiang, None; Fan Lu,
None
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Diurnal variation of sensory and tearing responses and symptoms
in symptomatic and asymptomatic contact lens wearers
Ping Situ1, Trefford L. Simpson2, Carolyn G. Begley1, Nancy J. Keir3.
1
School of Optometry, Indiana University Bloomington,
Bloomington, IN; 2School of Optometry and Vision Science,
University of Waterloo, Waterloo, ON, Canada; 3R & D,
CooperVision, Pleasanton, CA.
Purpose: To examine diurnal variation in corneal sensory processing,
tearing response and symptoms in symptomatic and asymptomatic
contact lens (CL) wearers.
Methods: 51 adapted CL wearers and15 normal non-lens wearer
controls participated. CL wearers were subdivided into symptomatic
and asymptomatic groups based on comfortable wearing time and
Contact Lens Dry Eye Questionnaire-8 score. Detection threshold
to cool stimulus was estimated using a Belmonte esthesiometer
at baseline (BL) before 9 am and within 1 hour of awakening.
Following BL measurement, subjects of the contact lens group wore
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their contact lenses for approximately 8 hours and threshold was
estimated again. For the non-lens wear controls, measurements were
repeated at 8 hours after BL. Lower tear meniscus height (TMH)
was measured using an OCT prior to threshold measurement and
immediately following stimulus detection, and symptoms were
assessed using the Current Symptom Questionnaire (CSQ) at BL and
8 hours.
Results: Thresholds did not change during the day in controls and
asymptomatic contact lens wearers, but the symptomatic group’s
threshold decreased by the end of the day (p<0.001). There was
no effect of time-of-day on the tearing response, with TMH being
similar at the beginning and end of day (p=0.547). On the other hand,
symptoms were greater in the symptomatic group at the end of the
day, but not in the asymptomatic and control groups (p=0.004).
Conclusions: These data show that ocular surface changes are
generally not occurring during the day illustrated by there being no
differences in tearing response in the morning and in the afternoon,
but in the symptomatic group, their eyes were more uncomfortable
after a day of lens wear. This, therefore, appears to point to “higher”
processes being partly responsible for the diurnal symptom change in
this group.

Average CSQ scores and TMH at the beginning (BL) and end of
day (8h) in symptomatic and asymptomatic contact lens wearers and
controls
Commercial Relationships: Ping Situ, CooperVision (F);
Trefford L. Simpson, CooperVision (F); Carolyn G. Begley,
CooperVision (F); Nancy J. Keir, CooperVision (E)
Support: This work was supported by a grant from CooperVision
and by Grant Number R01EY021794 (Dr. Begley) from the National
Eye Institute.
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Clinical Evaluation of Two Daily Disposable Contact Lenses in
Neophytes
Mary Fahmy1, Chiao-Hua Wang2, Wolfgang Sickenberger3,
Sebastian Marx4. 1CDMA, Alcon, Johns Creek, GA; 2Biometrics,
Alcon, Johns Creek, GA; 3University of Jena, Jena, Germany; 4JenVis
Research, Jena, Germany.
Purpose: To compare the subjective and objective outcomes for
nelfilcon A and narafilcon A in neophytes.
Methods: A prospective, randomized, sponsor-masked (to subject),
parallel group clinical study conducted at 28 sites in Europe enrolled
326 subjects interested in wearing contact lenses but without previous
contact lens experience. One group was fit with nelfilcon A lenses and
a second group with narafilcon A lenses. Subjects were asked to rate

the subjective performance of the study lens, while investigators were
asked to rate lens surface performance and calculate training time.
Results: Approximately 64% of the subjects enrolled were female
and the mean age was 26.5 (range=10 to 60). Superior comfort upon
insertion was shown for nelfilcon A vs. narafilcon A contact lenses
when reported by neophytes (p = 0.004). In addition, investigators
rated nelfilcon A superior to narafilcon A for surface dryness (dry
areas/non-wetting) (p<0.001) and overall impression of surface
wettability (p<0.001). A majority of subjective performance variables
favored nelfilcon A, although in some cases statistical significance
was not achieved. When asked their agreement to “contact lenses are
comfortable to wear,” 85% of subjects wearing nelfilcon A agreed.
62% agreed that nelfilcon A “improve their confidence while playing
sports.” 76% of subjects who wore nelfilcon A agreed that “they
have given them a greater sense of freedom.” 83% of subjects agreed
that nelfilcon A “are easy to care for.” 76% of subjects agreed that
nelfilcon A contact lenses gave them “a greater sense of freedom.”
61% of subjects wearing nelfilcon A agreed that “I cannot feel the
lenses in my eye.” Overall training time (insertion and removal
training time combined) was 20.1 ± 15.3 minutes for nelfilcon A vs.
17.4 ± 14.1 minutes for narafilcon A (p=0.130).
Conclusions: Neophytes and investigators rated nelfilcon A high in
this clinical study. Eye care professionals can be confident in fitting
first time contact lens wearers with nelfilcon A.
Commercial Relationships: Mary Fahmy, Alcon (E);
Chiao-Hua Wang, Alcon (E); Wolfgang Sickenberger, Alcon (F);
Sebastian Marx, Alcon (F)
Clinical Trial: NCT00987623
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Modality of contact lens use after placement of intrastromal ring
segments for corneal ectasia
Amy C. Nau1, Leela Raju2. 1Korb Research, Sharon, MA;
2
ophthalmology, NY Langone Medical Center, New York, NY.
Purpose: Intrastromal ring segments are known to reduce the
magnitude of irregular astigmatism, but whether they allow freedom
from use of medical contact lenses is less clear. We performed
a retrospective chart review of patients with corneal ectasia to
determine whether post-surgical contact lens modality was affected.
Methods: 58 eyes of 42 patients age 23 to 81 years (n=32 males
and 24 females) with a diagnosis of keratoconus or LASIK induced
corneal ectasia who were implanted with intrastromal ring segments
in at least one eye over a 10 year period were included. Refraction,
visual acuity, keratometry, apical thickness and elevation were
measured with the Pentacam (Oculus) before and 6 months after
surgery. The primary endpoint was type of contact lens fit at 6 months
after surgery. Descriptive statistics were used for data analysis.
Results: 52 eyes carried a diagnosis of keratoconus and 6 eyes had
LASIK induced ectasia. 90% of subjects in this review had Stage 4
disease. Patients using hybrid lenses: 12.5% were fit with custom
soft lens, 18.75% were fit with a commodity soft lens, 18.75% stayed
in a hybrid, 12.5% were fit with a scleral lens, 18.75% were without
lenses. Patients using corneal rigid gas permeable lenses: 6.25%
were fit with a custom soft lens, 18.75% were fit with commodity
soft lenses, 18.75% went into a hybrid, 0% were fit in a scleral,
37.53% stayed in a rigid gas permeable lens, and 18.75% wore no
lens. Patients who did not use lenses before the procedure (due to
intolerance (72%) or inability to achieve a successful fit (28%): 25%
were fit with rigid lenses post-operatively, 30% were fit in a scleral
lens and 44% continued not to wear a lens.
Conclusions: This review of patients with advanced corneal ectasia
demonstrated that the majority of our patients enjoyed improvements
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in refractive and topographical parameters, but most still required the
use of custom contact lenses. In our cohort, 11% of treated eyes were
free of contact lenses, but 57% required the use of medical, custom
contact lenses post-operatively. We recommend that future studies on
intrastromal ring segments include use of medical contact lenses as
an outcome measure. Patients with advanced corneal ectasias should
be properly counseled regarding the likelihood of needing custom
contact lenses after placement of intrastromal ring segments.
Commercial Relationships: Amy C. Nau, None; Leela Raju, None
Program Number: 3052 Poster Board Number: A0306
Presentation Time: 11:00 AM–12:45 PM
Visual acuity and over-refraction in myopic children fitted with
soft multifocal contact lenses in the BLINK Study
David A. Berntsen1, Krystal L. Schulle1, Loraine T. Sinnott2,
Katherine Bickle2, Anita T. Gostovic1, Gilbert E. Pierce2,
Lisa A. Jones-Jordan2, Donald O. Mutti2, Jeffrey J. Walline2. 1College
of Optometry, University of Houston, Houston, TX; 2College of
Optometry, The Ohio State University, Columbus, OH.
Purpose: To determine the over-refraction necessary to achieve bestcorrected visual acuity (BCVA) when fitting myopic children with a
center-distance soft multifocal contact lens (MFCL) with a +2.50 D
add.
Methods:
Myopic children (n = 294) ages 7 to 11 years were fitted OU with
a center-distance soft MFCL (Biofinity “D” with +2.50 D add;
CooperVision). All children had myopia (spherical component) of
-0.75 D to -5.00 D (inclusive) and 1.00 D cylinder or less (corneal
plane). The initial CL power chosen was based on the spherical
equivalent (after referencing each meridian to the corneal plane) of
a most plus/least minus subjective refraction that provided BCVA.
Initial CL powers were rounded to the nearest 0.25 D step. A
spherical over-refraction (OR) was performed for each eye to achieve
BCVA. High-contrast logMAR acuity was measured binocularly with
full manifest spectacle correction and with best-corrected MFCLs.
Photopic pupil size OD was measured with a VIP-200 Pupillometer
(NeurOptic, Inc.). A t-test was used to compare the difference in
BCVA between correction types to zero, and a correlation analysis
was used to evaluate whether there was a relationship between pupil
size and BCVA with MFCLs.
Results: The mean age (±SD) and spherical equivalent refraction at
the corneal plane (OD / OS) were 10.3 ± 1.2 years and OD: -2.57 ±
1.07 D / OS: -2.53 ± 1.07 D, respectively. The mean (±SD) spherical
OR needed to achieve BCVA was OD: -0.61 ± 0.24 D / OS: -0.58 ±
0.27 D. Binocular high-contrast BCVA (logMAR) with spectacles
was -0.01 ± 0.06 (range: -0.20 to +0.16) and with best-corrected
MFCLs was -0.01 ± 0.07 (range: -0.20 to +0.10). There was no
significant difference in BCVA between correction types (p = 0.59).
The mean (±SD) photopic pupil size was 5.4 ± 0.7 mm (range: 3.1 to
7.2 mm). There was no correlation between photopic pupil size and
logMAR BCVA with MFCLs (p = 0.30).
Conclusions: Children achieved visual acuity with MFCLs with a
+2.50 D add that was not different compared to spectacle correction.
Most children required an over-refraction of between a -0.50 D and
-0.75 D to achieve best vision. With a careful over-refraction, the
+2.50 D add MFCLs provide good distance visual acuity, making
them viable candidates for myopia control in children.
Commercial Relationships: David A. Berntsen, Bausch + Lomb
(F); Krystal L. Schulle, Bausch + Lomb (F); Loraine T. Sinnott,
Bausch + Lomb (F); Katherine Bickle, Bausch + Lomb (F);
Anita T. Gostovic, Bausch + Lomb (F); Gilbert E. Pierce,
Bausch + Lomb (F); Lisa A. Jones-Jordan, Bausch + Lomb (F);

Donald O. Mutti, Bausch + Lomb (F); Jeffrey J. Walline, Bausch +
Lomb (F)
Support: NIH U10-EY023204, EY023206, EY023208, EY023210
Clinical Trial: NCT02255474
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Vision Correction Preference and Refractive Error in Presbyopes
and Non-Presbyopes
Erin Rueff, Melissa Bailey. College of Optometry, The Ohio State
University, Columbus, OH.
Purpose: Presbyopia often results in contact lens discontinuation
despite, perhaps, a patient’s desire to maintain habitual contact lens
wear. This prospective survey study aimed to determine the vision
correction preferences (spectacles versus contact lenses) of nonpresbyopes and presbyopes and how refractive error is related to
these preferences.
Methods: Subjects were recruited from the general public at the
Center of Science and Industry (COSI), a science museum in
Columbus, Ohio. Adult COSI visitors (ages 18 to 76 years) who
reported wearing glasses or contact lenses completed a survey that
asked about their opinions and preferences related to refractive
correction. After survey completion, subjects removed their habitual
refractive correction, and autorefraction was performed on both eyes.
Results: Of the 304 total subjects, 38.2% (116/304) were presbyopic.
Most of the sample was female (59.2%, 180/304). Spectacles were
the primary vision correction for 78.0% (237/304) of subjects. The
proportion of presbyopes was higher (p = 0.006, X2= 7.4) in the
spectacle group (42.2%, 100/237) compared to the contact lens
wearing group (23.9%, 16/67). For spectacles wearers of all ages
who had tried contact lenses, 61.0% (75/123) would prefer to wear
contact lenses if good vision and comfort could be achieved, and
the percent of subjects reporting this preference was not different
for presbyopes versus non-presbyopes (p = 0.2, X2 = 1.6). In the
overall sample, contact lens wearers were more myopic (p < 0.001,
OR = 0.7) and had less astigmatism (p = 0.04, OR = 1.9) than
spectacle wearers. Within the contact lens wearing group, there was
no significant difference in refractive error (spherical power p = 0.5,
OR = 1.5; astigmatism p = 0.9, OR = 1.5; anisometropia p = 0.5, OR
= 0.5) between presbyopes and non-presbyopes. Overall, contact
lens wearers were more likely to be female (p = 0.004, X2 = 8.5), but
there was no difference in gender in presbyopic and non-presbyopic
contact lens wearers (p = 0.5, X2 = 0.5).
Conclusions: For patients who have tried contact lenses, presbyopes
would prefer contact lens correction as often as non-presbyopes.
When considering vision correction options, eye care practitioners
should not allow presbyopic status or gender to influence their
decision to trial contact lenses with a patient.
Commercial Relationships: Erin Rueff, None; Melissa Bailey,
None
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Using detection thresholds to select ocular surface sensory
panels II: Criteria based on mechanical and chemical threshold
combinations
Trefford L. Simpson1, Nancy J. Keir2, Yunwei Feng1, William Ngo3.
1
School of Optometry and Vision Science, University of Waterloo,
Waterloo, ON, Canada; 2Cooper Vision, Pleasanton, CA; 3University
of Waterloo, School of Optometry & Vision Science, Centre for
Contact Lens Research, Waterloo, ON, Canada.
Purpose: To determine if we can we select ‘good’ and ‘bad’
participants in a sensory panel who were able to interocularly judge
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contact lens comfort and match it to pneumatic stimuli delivered
using a Belmonte esthesiometer.
Methods: 49 adapted contact lens wearers had mechanical and
chemical detection thresholds (flow rate [ml/min] and % added CO2,
respectively), measured with the Waterloo Belmonte Esthesiometer
using the ascending method of limits. For each stimulus, thresholds
were estimated on 3 occasions and averaged. From the average
mechanical and chemical thresholds, subjects were classified as being
sensitive (both thresholds below the median, n=17), insensitive (both
thresholds above the median, n=16) or mixed (n=16). Subjects also
interocularly matched the discomfort of 3 optimally fit contact lenses
(each on a randomly selected eye) using the mechanical or chemical
stimuli of the esthesiometer (obviously stimulating the other eye)
and scaled contact lens discomfort using magnitude estimation. We
tested a simple hypothesis: Subjects in the ‘good’ group would be
better at interocular matching and the regression of the pneumatic
stimulus match to rated discomfort would be linear with a positive
slope, but the other groups would not perform well, with random
slopes (positive, 0 and negative). Bayesian mixed modeling (with
vague priors) estimated the group slopes (among others) and the
distributions of these estimates were compared in the sensitive and
other groups defined by detection thresholds. R and rjags were used
for the data analysis.
Results: For chemical matching, the sensitive group’s 95% HDI of
the Bayesian estimate of the interocular-match regression slope was
0.25-0.86. In the insensitive and mixed groups, the 95% HDI’s both
included zero. For mechanical matching, the sensitive group’s slopes
were the highest but the 95% HDI included zero. The figure shows
the posterior distribution of the slope estimates in the sensitive group.
Conclusions: Pneumatic thresholds can be used to separate sensitive
and insensitive subjects who can match contact lens discomfort in a
‘well behaved’ way and therefore pneumatic esthesiometry may be
used to select sensory panels. A simple rule to select these subjects is
an exclusionary one: If subjects’ mechanical or chemical thresholds
are above the median, exclude them – they should not be part of the
sensory panel.

Commercial Relationships: Trefford L. Simpson, None;
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Daily soft contact lens preference and visual performance as a
function of wear time and natural corneal aberrations
Nicole M. Putnam, Florencia Yeh, Ngoc Le, Sean Rowan, Tal Quirl,
Robert Potter, Andrew Mackelprang, Wendy W. Harrison. Arizona
College of Optometry, Midwestern University, Phoenix, AZ.
Purpose: Factors governing comfort and clarity in daily soft contact
lens wear are numerous and relate to both the lenses characteristics
and the wearer. This study seeks to better understand the relationship
between comfort and clarity in daily soft contact lens wear and the
influence of subjective ratings, wear time, and corneal aberrations on
this impression.
Methods: 23 experienced soft contact lens wearers, 18-39 years old
with 11.7 ± 4.4 years of wear, were included in this study. Subjects
were blindly fit in etafilcon A 58% and nelfilcon A 69% spherical
daily disposable hydrogel soft contact lenses. Visual acuity (VA)
and corneal aberrations (5mm pupil size) were measured using the
Freiburg Vision test and Pulsar tomographer, respectively, through the
study lenses. Subjects reported on lens comfort and clarity on a scale
of 1-10 and returned after 4-8 hours of wear for repeat measurements.
Results: Total RMS corneal aberration values correlated with VA
measured in the AM in both habitual (p<0.01) and study lenses
(p=0.05) and in the PM (p=0.03) with the study lenses. There was
a correlation between change in VA over the day and subjects’
wear time with longer wear times performing worse, as expected
(p=0.02). At both the start and end of day, perceived lens comfort was
associated with perceived clarity of vision (all p<0.01). There was a

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.

ARVO 2017 Annual Meeting Abstracts
correlation between VA and ratings of clarity in the AM (p<0.01) and
the PM (p<0.01). This was also true for VA and ratings of comfort in
the AM (p<0.01) and PM (p=0.02). Nelfilcon A 69% was more stable
over the course of the day with fewer subjects dropping a line of
acuity (5 vs 6) and more stable ratings of comfort and clarity, though
these changes did not reach significance. A significant difference
was observed for the AM comfort rating (5.33 vs 8.85, p<0.01)
between the groups reporting increased and decreased comfort and
also for PM clarity (8.75 vs 7, p=0.01) between the groups reporting
increased and decreased clarity.
Conclusions: Wear time and total RMS corneal aberration
measurements were associated with acuity in the study lenses and
habitual lenses, indicating both measures impact visual experience.
Perception of lens comfort was related to visual quality with initial
perception of comfort and final perception of clarity of vision playing
a greater role than changes throughout the day.
Commercial Relationships: Nicole M. Putnam, None;
Florencia Yeh, None; Ngoc Le, None; Sean Rowan, None;
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A Neuro-Optical Model of Binocular Visual Performance in
Simultaneous Vision
Derek Nankivil, Ben Wooley. Research & Development, Johnson &
Johnson Vision Care Inc., Jacksonville, FL.
Purpose: Optical and visual performance models in the literature
have failed to capture the myriad environmental conditions and
subject qualities that influence the patient’s visual experience. To
address this, we developed a model of visual acuity (VA) and used
it to examine the performance of simultaneous vision contact lens
designs.
Methods: The general functional form of subjective image quality
is given by k*INT(MTF(υ)*W(υ)dυ) where k is a constant, MTF(υ)
is the modulation transfer function of the optical system, and W(υ)
is a weighting function, which captures the sensitivity of the retina/
brain to certain spatial frequencies, υ. This model was calibrated to
optimize the correlation with measured VA data obtained on subjects
wearing various multifocal contact lens designs using all pertinent
data available in the literature (>10,000 subjects). The model
includes the age, refraction and accommodation dependence of the
spherical aberration of the eye, the luminance, age, and refraction
dependence of the ocular pupil, age-dependent accommodative
loss, and accommodative lag. Binocular summation/inhibition was
modeled considering the neural integration of monocular signals from
each eye. Binocular VA was modeled across add levels of 0.75 to
2.5D, refractive errors of -9 to 6D, vergence demands of 0 to 2.5D,
and luminance levels of 1 to 7,000 cd/m2. Two potential multifocal
contact lens designs were evaluated and compared.
Results: Binocular VA was ≥-1 (-10logMAR) for all refractive
errors with luminance ≥150 cd/m2 for add levels of 1, 1.75 and
2.5D over vergence ranges of 0 to 2.3D, 0.4 to 2.1D, and 0.2 to
2D, respectively, for design 1 and 0 to >2.5D, 0.2 to 2.3D, and 0.1
to 1.7D, respectively, for design 2. For add powers ranging from
0.75 to 1.75D, design 2 was superior over a vergence range of ~2
to 2.5D, while design 1 was superior in low luminance with a 1D
vergence. For add levels ranging from 2 to 2.5D, design 2 is superior
at low luminance with a distance target, while design 1 is superior,
at moderate and high luminance, particularly for myopes, over a
vergence range of ~2 to 2.5D.
Conclusions: A neuro-optical model of VA was developed and
applied to the assessment of multifocal contact lens designs. The

model illustrates the manner in which multifocal designs require
performance trade-offs across the manifold of subject/environment
space.

Visual Performance: Design 1 (top) and design 2 (bottom) with a 1D
add.
Commercial Relationships: Derek Nankivil, Johnson & Johnson
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Prosthetic Replacement of the Ocular Surface Ecosystem
treatment for patients with Stuve-Weidemann Syndrome
Buntitar Lertsuwanroj, Thomas H. Dohlman, Michelle N. Lee,
Kimberly C. Sippel, Ana G. Alzaga Fernandez, Edward C. Lai,
Jessica Ciralsky. Ophthalmology, Weill Cornell Medicine, New York,
NY.
Purpose: Stuve-Weidemann syndrome (STWS) is a rare skeletal
disorder that has manifestations of dysautonomia. Visually significant
corneal opacities are a common feature of this disorder and stem
from the combination of corneal hypoesthesia, decreased blink
reflexes, and hypolacrimation or alacrima. Traditional treatments
for this disorder have included lubricating drops, punctal occlusion,
lateral tarsorrhaphy, and optical iridectomy. Many other patients
with syndromes marked by dysautonomia have benefited greatly
from treatment with Prosthetic Replacement of the Ocular Surface
Ecosystem (PROSE). In this case series, we describe the first two
patients with STWS successfully treated with PROSE.
Methods: A retrospective review of two siblings with STWS
who underwent PROSE treatment at Weill Cornell Department of
Ophthalmology between 2014 and 2016. Patient demographics,
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clinical presentations, visual acuity, duration of follow-up, recurrent
epithelial defects and complications were described.
Results: Two male siblings presented at ages 4 and 9 years old.
Both patients presented with typical features of STWS, including
short stature, skeletal dysplasia with bowing of long bones, painless
fractures and scoliosis. The ophthalmic examination was significant
for bilateral corneal scars in the setting of lagophthalmos, alacrima
and decreased corneal sensation. Both patients had previously
received treatment with aggressive lubricants and a nighttime
tape-assisted tarsorrhaphy. Three eyes had suffered from persistent
corneal epithelial defects prior to PROSE initiation. In all four eyes,
best-corrected visual acuity improved with PROSE therapy compared
to pre-PROSE visual acuity. In the eighteen months of follow-up,
there have been no recurrent epithelial defects or other complications
associated with PROSE wear.
Conclusions: PROSE may be considered as an adjunctive therapy
in patients with STWS who develop progressive corneal pathology
despite conventional treatment.
Commercial Relationships: Buntitar Lertsuwanroj,
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Rigid gas permeable contact lens for correction of coneal ectasia
after corneal refractive surgery
Zonghui Yan. Refractive Surgery, Shenzhen Eye Hospital, Shenzhen,
China.
Purpose: To observe the clinical effect of rigid gas permeable
contact lens(RGP)for correction of corneal ectasia after laser in situ
keratomileusis(LASIK).
Methods: We observed 9 eyes of 6 patients(29 to 43 years old) with
corneal ectasia after LASIK. Outcomes included postoperative best
spectacle-corrected visual acuity(BSCVA), best corrected visual
actuity with RGP(BCVA), mean corneal curvature, refraction, base
curve of RGP fitting.
Results: One patient had worn RGP lens in the past time, but another
five patients never wore it. The mean curvature was within 41.5 to
56D, myopia was within -0.5 to 23D, and the astigmatism was within
-0.87 to -6.87D. BSCVA was within 0.1 to 0.6(mean=0.32±0.34),
The base curve of lens was 6.3 to 7.8mm, and the diameter was with
in 8.5 to 9.6mm. The prescription of RGP lens ranged between -2.5
to -24.5D. BCVA with RGP raised substantially and ranged between
0.4 to 1.0(mean= 0.76±0.42). All patients had adaption period about
1 week at the beginning of wearing RGP lens. During the observation
period of 6 months, the patients had good fit, except one patient
lost monocular lens. There were no obvious corneal scar, infection,
neovascularization and other serious complications.
Conclusions: Corneal ectasia is the most serious hidden complication
after LASIK. RGP lens is the main treatment measure if only it is
well matched and the satisfactory results can be obtained.
Commercial Relationships: Zonghui Yan, None
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The influence of hard and soft contact lenses on tear protein
profiles: A perspective through the proteomic looking glass
Caroline Manicam, Natarajan Perumal, Yong C. Ngongkole,
Alexandra Tschäbunin, Marcel Sievers, Franz H. Grus,
Norbert Pfeiffer, Joanna Wasielica-Poslednik, Adrian Gericke.
Department of Ophthalmology, University Medical Center of the
Johannes Gutenberg University Mainz, Mainz, Germany.

Purpose: The prevalence of contact lens (CL) use is increasing
worldwide owing to various factors. Albeit the many benefits,
the adverse effects of CL wear on the ocular surface are no less
important. To date, many studies had assessed the pathophysiology
of CL use on tear film, the main component of the anterior eye that
is directly affected by CLs. However, in-depth studies at the protein
level are still lacking. Hence, this study endeavoured to elucidate
the differentially expressed protein profiles in tears of hard and
soft CL users and, to investigate for the first time the proteome
changes associated with renouncement of CL employing the massspectrometry (MS)-based proteomic platform.
Methods: Tear samples were collected from non-CL users (Controls)
(N= 22), hard CL (N= 16) and soft CL (N= 18) users. Tears were
collected before and after renouncement (for 4.7 ± 0.7 days) of CL
use. Samples were pooled in each group and subjected to label-free
quantitative MS analyses. The acquired MS spectra were analysed
by MaxQuant computational proteomics platform, followed by
functional annotation and pathways analyses.
Results: A total of 261 proteins were identified in the tear samples
with less than 1 % false discovery rate. Among these, 93 proteins
were significantly (P <0.01) differentially expressed in both CL
groups. The differential expressions of some proteins were exclusive
to a particular CL type, such as the HSPA8 and PRR4 in the hard
CL and, ENO1 and PROL1 in the soft CL group. The top clusters of
proteins significantly upregulated in both CL users were involved in
inflammatory responses and metabolic diseases. Interestingly, many
of these were restored to near-normal after renouncement, namely
AGT, PIP, TF and MSLN. Conversely, specific protein clusters
did not revert back to normal levels after renouncement especially
FABP5, which was a common up-regulated protein in both groups.
Conclusions: In gist, this study elucidated the complex proteome
alterations implicated in tears of both types of CL users. Importantly,
these findings have provided first evidence that there are specific
proteome changes attributed to renouncement of CL wear. These
proteins might be the key players that maintain homeostasis and
provide protection on the ocular surface.
Commercial Relationships: Caroline Manicam;
Natarajan Perumal, None; Yong C. Ngongkole, None;
Alexandra Tschäbunin, None; Marcel Sievers, None;
Franz H. Grus, None; Norbert Pfeiffer, None;
Joanna Wasielica-Poslednik, None; Adrian Gericke, None
Program Number: 3061 Poster Board Number: A0315
Presentation Time: 11:00 AM–12:45 PM
Advanced contact lenses based on cyclodextrin-decorated
hydrogels for controlled release of drugs and demulcents
Carmen Alvarez-Lorenzo1, Fernando Alvarez-Rivera1,
Soledad Anguiano-Igea2, Angel Concheiro1. 1Pharmacology,
Pharmacy and Pharmaceutical Technology, Universidade de Santiago
de Compostela, Santiago de Compostela, Spain; 2Lentimed Medical
Devices S.L., Santiago de Compostela, Spain.
Purpose: Efficient topical treatment of ocular pathologies still
remains as a challenge. In this context, the endowing of contact
lenses (CL) with the ability to host/release active substances has
been largely pursued; but none tested approach has yet proven to be
easily implemented at industrial scale. Our purpose was to design
a unique material which could be processed using broadly adopted
and well stablished CL manufacturing technologies but which, at
the same time, could simultaneously perform as versatile drug/
demulcent release platform. This designed material benefits from
the incorporation of cyclodextrins as hosting agents, but without
hydrogel network structure alteration. Overall, it can be considered to
be a game-changing material agent for the CL state-of- the-art.
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Methods: Several compositions of hydroxyethyl methacrylate-coglycidyl methacrylate hydrogels were synthesized and then postfunctionalizated with cyclodextrin. Subsequent uptake/release tests
of a-lipoic acid, an antioxidant molecule which preserves corneal
sensitivity, essential for the normal physiological function of the
eye surface were carried out. Optimized composition was used to
synthesize bottom discs at industrial scale which were transformed
in CL applying the lathe cutting method. The cyclodextrin-decorated
CL were evaluated regarding optical properties, oxygen permeability,
swelling, ocular irritation, drug release and drug penetration through
bovine cornea (using conventional eye drops as reference)
Results: The designed cyclodextrin-decorated hydrogels showed full
industrial-adequate properties to be used as CL, rendering remarkably
high load amounts of α-lipoic acid (60 mg/g vs. 10 mg/g for
conventional CL) and also sustained release for several hours. Bovine
corneal permeability tests demonstrated that the released α-lipoic
acid can efficiently accumulate into the cornea and eventually cross
it, despite low concentration environments on lachrymal fluid.
Conclusions: The designed material shows excellent processability
properties and also remarkable affinity for target active substances.
This proofs that cyclodextrin-decorated CL, be this either with or
without graduation, offers new ways for the therapeutics of the eye
pathologies and also for the prevention of CL discomfort syndrome,
just by adequately choosing the cyclodextrin that best fits to the
requirements of each drug/demulcent release.
Commercial Relationships: Carmen Alvarez-Lorenzo, Lentimed
Medical Devices S.L. (P); Fernando Alvarez-Rivera, None;
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BIMODAL AMPHIPHILIC CONETWORKS AS
THERAPEUTIC CONTACT LENSES FOR THE CONTROL
DELIVERY OF TOPICAL DRUGS
MARYO KOHEN1, Faruk Orge1, GUSTAVO GUZMAN2,
MUKERREM CAKMAK2. 1Department of Ophthalmology, Case
Western Reserve University, Cleveland, OH; 2Department of
Nanotechnology, PURDUE UNIVERSITY, WEST LAFAYETTE, IN.
Purpose: Therapeutic Contact lenses are thought to be the optimal
replacement for eye drops in the delivery of topically applied drug
solutions, as they would be able to provide better drug bioavailability
and controlled delivery. Bimodal Amphiphilic conetworks (B-APCN)
have characteristic such as high oxygen permeation and ability to be
loaded with drugs which makes them exceptional materials to be used
as therapeutic contact lenses. Using an experimental model of rats,
we tested the hypothesis that B-APCN can be molded into contact
lenses, and that a drug loaded onto the lens is released over 24 hours.
Methods: B-APCN contact lenses dimensions were base curve 3.1
mm, diameter 6.0 mm, and thickness 80 μm. They were were loaded
with 0.545 mg/ml moxifloxacin hydrochloride (MH) by immersing
them into a solution of same concentration of MH for 12 hours. 4
rats recieved MH loaded contact lenses on their right eyes. After 24
hours 20 microliters of aqueous humor (AH) were withdrawn using
Hamilton syringes (Hamilton Company NV, USA) from both right
and left eyes. Left eyes’ AH were control. MH concentrations were
determined using high performance liquid chromatography (HPLC).
Results: B-APCN contact lenses showed good fit and were able to
stay on the cornea at the prone position. The mean concentration of
MH in AH on the right eyes of the animals were 1239.7 ng/ml which
was significantly higher than the mean left eye concentration of MH
which was 0.205 ng/ml (p=0.005).

Conclusions: Our results are consistent with our hypothesis that
B-APCN material can be molded as contact lenses which can release
the loaded drug over time. However, to determine if B-APCN
materails can be used as therapeautic contact lenses further testing is
needed on the effects of B-APCN on corneal homeostasis.

Image depicting a B-APCN contact lens and its placement on rat’s
eye
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Inflammatory mediator uptake and release in contact lens
materials - a preliminary experimental report
Cecilia Chao1, 2, Kathryn Richdale1, Mark D. Willcox2, 1. 1Optometry,
SUNY, New York, NY; 2School of Optometry and Vision Science,
UNSW, Sydney, NSW, Australia.
Purpose: The rate of corneal infiltrative events during silicone
hydrogel lens wear is approximately double that of traditional
hydrogel lenses. It is not known why this is, but it may be related
to adsorption of inflammatory mediators into or onto the silicone
hydrogel lenses. This pilot experiment aimed to dertermine if certain
mediators could be taken up and released by such contact lenses.
Methods: Comfilcon A (Biofinity, silicone hydrogel, low water, nonionic) and Omafilcon A (Proclear, hydrogel, high water, non-ionic)
were used. Contact lenses were removed from the package and rinsed
with PBS (pH 7.2) before soaking in 500 or 100pg/ml of IL-8 (MWt
= 11 kDa; pI = 9.1), IL-10 (21 kDa; pI 8.21) and MMP-9 (78 kDa;
pI 5.69), or pooled basal tears (CC, KR) for 24 hours at ambient
temperature. Lenses were then extracted in 1:1 2% trifluoroacetic
acid: acetonitrile for 24 hours at ambient temperature. The extractant
was freeze-dried and reconstituted. The concentrations in the
extractions were determined using enzyme-linked immuno-assays.
Results: When incubated in 500pg/ml of IL-8, there was markedly
more IL-8 released from Comfilcon A vs. Omafilcon A lenses (131 vs
43pg/ml). However, when incubated in tears, less IL-8 was released
from Comfilcon A (28pg/ml vs 69pg/ml). When incubated in 100pg/
ml of IL-10 or MMP-9, less than 2pg/ml difference was found
between materials (IL-10: both 34pg/ml; MMP-9: 0 in ComfilconA
and 1.5pg/ml in OmafilconA). When incubated in 500pg/ml, there
was approximately 6pg/ml greater released from ComfilconA
compared to OmafilconA for both IL-10 (43 vs 36pg/ml) and MMP-9
(36 vs 29pg/ml). For tears, there was also no difference in released
concentration of IL-10 (both 34pg/ml) or MMP-9 (both 0pg/ml) from
either material.
Conclusions: The uptake and release of proteins from contact lenses
is influenced by their charge and size, and material properties of
lenses. IL-8 is smaller and more positively charged at pH 7.2 than
either IL-10 or MMP-9 and these may have influenced release after
absorption from pure solutions. However, data from soaking lenses in
tears demonstrate that other substances may influence the uptake and/
or release from lenses.
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MMP-Deactivating Contact Lens for Corneal Melting
Kyung Jae Jeong1, Chelsi Lopez2, Benjamin Shalek1, Jung-Jae Lee2.
1
Chemical Engineering, University of New Hampshire, Durham, NH;
2
Chemistry, University of Colorado Denver, Denver, CO.
Purpose: Corneal melting is the uncontrolled degradation of
cellular and extracellular components of the cornea by matrix
metalloproteinases (MMPs), and this potential cause of corneal
blindness has no satisfying cure as of now. The objective of this
research is to develop a poly(2-hydroxyethyl methacrylate)(pHEMA)-based zinc-absorbing contact lens which can deactivate
zinc-dependent MMPs in cornea, thereby slowing down the
progression of corneal melting.
Methods: Methacrylated dipicolylamine (DPA-MA) was mixed
with hydroxyethyl methacrylate (HEMA) and was made into a
hydrogel by UV crosslinking. A colorimetric assay was performed
to demonstrate zinc absorption by the DPA-containing hydrogels
(pDPA-HEMA). The enzymatic activities of MMP-1 and MMP-2
were measured after these enzymes were incubated with hydrogels
for two hours. Human corneal epithelial cells (HCECs) were cultured
in the presence of hydrogels and their proliferation was measured by
alamar blue assay over 48 hours to assess the biocompatibility of the
hydrogels.
Results: Polymerization of DPA-MA and HEMA resulted in
a transparent hydrogel with a slight yellow tint. pDPA-HEMA
hydrogels effectively absorbed zinc ions from the buffer solutions
(5.1+/- 0.4% compared to pHEMA hydrogel, n=3). When MMP1 and MMP-2 were incubated with pDPA-HEMA hydrogels, the
enzymatic activities were reduced significantly whereas pHEMA
hydrogel (without DPA) had no effect on MMP activities (Figure
1). pDPA-HEMA hydrogel exhibited minimal cytotoxicity toward
HCECs compared to pHEMA hydrogels.
Conclusions: A novel zinc-absorbing contact lens was synthesized
based on pHEMA hydrogel. This hydrogel was capable of quickly
removing zinc ions. When incubated with MMP-1 and MMP-2, the
hydrogels effectively reduced the enzymatic activities. pDPA-HEMA
hydrogels were non-cytotoxic to HCECs. These results indicate that
this novel hydrogel can be used as a contact lens to treat corneal
melting caused by overexpression of MMPs.

Figure 1. Relative MMP activities. MMP-1 and MMP-2 were
incubated with pHEMA hydrogels with different DPA contents. Data
are means and standard deviations (n = 3).
Commercial Relationships: Kyung Jae Jeong, UNH/UCD (P);
Chelsi Lopez, None; Benjamin Shalek, None; Jung-Jae Lee, UNH/
UCD (P)
Program Number: 3065 Poster Board Number: A0319
Presentation Time: 11:00 AM–12:45 PM
Antimicrobial efficacy of silver copolymerized barrel lens cases
Ananya Datta, Mark Willcox, Fiona Stapleton. School of Optometry
and vision Science, University of New South Wales, Sydney,
Kingsford, NSW, Australia.
Purpose: Contact lens case contamination is common in daily
contact lens wear despite the use of care systems. Silver impregnated
contact lens cases were developed to reduce case contamination.
In vitro studies evaluating the antimicrobial efficacy of silverimpregnated flat lens cases have demonstrated their robust activity
against Gram negative bacteria including Pseudomonas aeruginosa.
This study evaluated the in vitro antimicrobial activity of silver
copolymerized barrel lens cases compared to control non-silver lens
cases.
Methods: Silver copolymerized barrel lens cases and non-silver
barrel lens cases (control) were evaluated against the test organisms
Pseudomonas aeruginosa 6294, Serratia marcescens ATCC 13880,
Acinetobacter sp. 22-1, Staphylococcus aureus 31 and Micrococcus
sp. 22-1. Each bacterial strain was grown in tryptic soy broth at 37oC
for 24 hours. Contact lens cases were challenged with 106 colony
forming unit (CFU) bacterial suspensions. After 24 hrs incubation at
37oC, bacteria were dislodged from the lens cases and serial dilutions
plated onto nutrient agar. Surviving colonies were counted and the
ability of the silver lens cases to reduce microbial colonisation was
determined by comparing surviving organism on silver cases and
control cases, using Mann-Whiney U test and Kruskal-Wallis test.
Statistical significance was set at p <0.05.
Results: There were significantly lower numbers of recovered
microbes from silver-copolymerized lens cases compared to control
cases, for all the selected bacterial strains (p=0.02). Silver contact
lens cases showed significantly higher activity against Gram positive
bacteria compare to Gram negatives (p=0.04). The maximum
inhibition in bacterial adhesion was 2.02±0.06 Log10 CFU (p=0.008)
against S. aureus 31. Compared with control cases, the silver cases
reduced Micrococcus sp. 22-1 by 1.26±0.05 Log10 CFU, followed
by Acinetobacter sp. 22-1 by 1.51±0.03 Log10 CFU, S. marcescens
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ATCC 13880 by 1.44±0.03 Log10 CFU and P. aeruginosa 6294 by
1.26±0.07 Log10 CFU.
Conclusions: Silver copolymerized barrel contact lens cases
exhibited broad spectrum antimicrobial efficacy. Compared with nonsilver barrel cases, silver barrel lens cases showed greatest activity
against Gram positive bacteria.
Commercial Relationships: Ananya Datta; Mark Willcox, None;
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The Effect of Hyaluronic Acid on the Surface Properties of
Recombinant Human Proteoglycan 4 modified Model Contact
Lenses
Myrto Korogiannaki1, Michael Samsom2, Tannin A. Schmidt2, 3,
Heather Sheardown1. 1Chemical Engineering, McMaster University,
Hamilton, ON, Canada; 2Biomedical Engineering, University of
Calgary, Calgary, AB, Canada; 3Kinesiology, University of Calgary,
Calgary, AB, Canada.
Purpose: Contact lens-induced dry eye (CLIDE) remains a
considerable burden in CL industry. Up to 50% of CL wearers
experience symptoms of ocular dryness and discomfort, mainly
attributed to poorly hydrated and lubricated surfaces and to
biofouling, leading to discontinuation of use. Rewetting eye
drops with wetting agents, such as hyaluronic acid (HA), are
currently applied to counteract dryness. Proteoglycan 4 (PRG4)
is a mucinous glycoprotein naturally found on the ocular surface
acting as a boundary lubricant. A small clinical study showed that
human recombinant PRG4 (rhPRG4) reduced effectively signs and
symptoms of dry eye. HA and PRG4 can interact to synergistically
reduce further friction. This work aims to examine the impact of HA
sorption on the surface properties of rhPRG4 surface grafted model
CLs.
Methods: The monomers 2-hydroxyethyl methacrylate (HEMA)
and methacryloxypropyltris (trimethylsiloxy) silane (TRIS) were
used for the synthesis of the model pHEMA and pHEMA-co-TRIS
hydrogels. ATR-FTIR and XPS were used to confirm the surface
grafting of full-length rhPRG4 on the examined materials via
1,1’-carbonyldiimidazole chemistry. Following, the samples were
soaked in HA solution (1 MDa, 0.18%) for 12 hours. The impact
of HA on the in vitro surface wettability (contact angle), friction
(biomechanical testing, disc-cornea biointerface), protein deposition
and dehydration rate (gravimetric analysis) was assessed.
Results: Successful grafting of rhPRG4 on both surfaces was
indicated by ATR-FTIR and XPS spectra. Lower contact angles were
observed for rhPRG4-pHEMA-co-TRIS surfaces (p<0.002) only,
while HA sorption decreased contact angles solely for rhPRG4pHEMA (p<0.001). Using an artificial tear solution, HA further
improved the antifouling proteins of rhPRG4-modified hydrogels
against lysozyme and albumin (p<0.05). Under boundary lubrication
conditions, HA was found to reduce synergistically with rhPRG4
the friction of pHEMA-co-TRIS hydrogels, whereas the friction
for rhPRG4-pHEMA was increased (p<0.001). A reduction in
dehydration rate for both materials was observed upon overnight
soaking with HA (p<0.01).
Conclusions: The wetting and lubricating properties of HA in
solution can be combined with the advantageous properties of
rhPRG4 coating, especially for silicone hydrogel based contact
lenses, to alleviate potentially the symptoms of ocular dryness and
discomfort.
Commercial Relationships: Myrto Korogiannaki, Lubris
Biopharma (F); Michael Samsom, None; Tannin A. Schmidt,

Lubris Biopharma, US9393285 B2 (P), Lubris Biopharma (I), Lubris
Biopharma (C), Lubris Biopharma (F); Heather Sheardown, None
Support: Natural Sciences and Engineering Research Council
(NSERC) - Postgraduate Scholarships-Doctoral (PGS D)
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Diclofenac Loaded Soft Contact Lenses: in vitro studies towards
the development of safe and efficient devices
Helena Filipe5, 6, Raquel Galante1, Daniela Ghisleni1, Marina Braga1,
Terezinha J. A. Pinto1, Rogério Colaço2, 3, Ana Paula Serro2, 4.
1
Departamento de Farmácia, Faculdade de Ciências Farmacêuticas
- Universidade de São Paulo, São Paulo, Brazil; 2Centro de Química
Estrutural, Instituto Superior Técnico - Universidade de Lisboa,
Lisbon, Portugal; 3Departamento de Engenharia Mecânica and
IDMEC, Instituto Superior Técnico - Universidade de Lisboa,
Lisbon, Portugal; 4Centro de Investigação Interdisciplinar Egas
Moniz, Instituto Superior de Ciências da Saúde Egas Moniz, Lisbon,
Portugal; 5Departamento de Cirurgia. Serviço de Oftalmologia,
Hospital das Forças Armadas, Lisboa, Portugal; 6Unidade de
Oftalmologia, Hospital dos SAMS, Lisboa, Portugal.
Purpose: Contact lenses have been studied as platforms for topical
corneal drug delivery, capable of increasing bioavailability in at least
50% when compared to eyedrops (1-5%). However, there is a lack of
knowledge concerning the possible effects of sterilization on the drug
release behavior from those devices.
The main goal of this work was to evaluate the impact of two
commonly used sterilization methods, gamma irradiation and steam
heat, on the release of diclofenac from a silicone hydrogel (Si-Hy)
soft contact lenses
Methods: The Si-Hy was produced in lab by thermospolymerization
and loaded with the drug by soaking in diclofenac solution.
Performing control contamination with different loads of the specific
biologic indicator, i. e,. specific resistant microorganisms for each
method (Bacillus pumillus for gamma irradiation and Geobacillus
stearothermophilus for steam heat) ensured the effectiveness of the
sterilization procedures. In vitro drug release tests were conducted
in sink conditions. The amount of drug released was quantified by
high performance liquid chromatography (HPLC). Considering
the hydrodynamic conditions of the eye, a mathematical model
was applied to the results to estimate the in vivo efficacy of the
loaded devices in comparison to commercially available diclofenac
eyedrops.
Results: Gamma irradiation (10 kGy) led to significant reduction
of the total released drug amount with formation of degradation
products, being only effective in sterilizing microbial loads under 104
CFU/mL. Steam heat was effective in sterilizing all contaminated
samples yet, induced ~50% reduction of the total released drug
amount, but no degradation products were observed. Concerning in
vivo efficacy estimation and according to the applied model, after
each eyedrop instillation the diclofenac concentration remained above
10% of its initial concentration value for 15 min. The unsterilized
loaded Si-Hy, rises this time to at least 96h. After the steam heat
sterilization the residence time falls to below 28h.
Conclusions: Our findings offer relevant insights about the feasibility
of producing safe and effective diclofenac loaded daily contact
lenses, using a simple methodology.
Commercial Relationships: Helena Filipe, None; Raquel Galante,
None; Daniela Ghisleni, None; Marina Braga, None;
Terezinha J. A. Pinto, None; Rogério Colaço, None; Ana
Paula Serro, None
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Protein uptake by model soft contact lens materials in vitro:
effects of surface charges and modifications
Tatyana F. Svitova, K. Michael F. Sommerschuh , Meng C. Lin.
Optometry School, Univ of California, Berkeley, Berkeley, CA.
Purpose: To study the influences of surface charges of pHEMAbased model soft contact lens (SCL) polymers and surface
modifications on model tear-protein uptake in vitro.
Methods: Quartz crystal microbalance with dissipation (QCM-D)
method was used to quantify the adsorption of model tear proteins
onto model pure pHEMA and pHEMA + 5% PMAA surfaces in vitro.
Gold QCM-D sensors were spin-coated with 25-35 nm-thick films
of model polymer and saturated in a buffered model-tear-electrolyte
(MTE, pH 7.3) solution overnight in a flow rate of 30 µl/min. Egg
white lysozyme (Lys, 1 mg/ml in MTE), milk β-lactoglobulin
(Lg, proteins from lipocalin family, 1 mg/ml in MTE), and Bovine
mucin (Bm, 0.03 mg/ml in MTE) were used as model tear proteins
either as individuals or as mixed (Lys:Lg:Bm = 2:1:0.0.3,1 mg/
ml total) solutions. Adsorption on model surfaces was studied at
35.5°C for 16-20 hours and then proteins were washed out with
MTE. Aqueous solutions of Polyacrylic acid (PAA), quaternized
hydroxyethylcellulose ethoxylate (QHECE), sodium carboxymethyl
cellulose (CMC), and sodium alginate (SA) were used for surface
modifications of spin-coated SCL materials. Sauerbrey model was
employed to calculate the masses.
Results: The amounts of proteins adsorbed on pHEMA were
1.02±0.18, 2.2±0.7, and 3.3±0.93 µg/cm2 for Lys, Lg, and Bm,
respectively, and 0.5±0.12 µg/cm2 for mixed proteins. The amounts
of proteins adsorbed on pHEMA+5% PMAA were 4.4±0.55,
1.4±0.33, and 2.6±0.85 µg/cm2 for Lys, Lg, and Bm, respectively,
and 1.9±0.19 µg/cm2 for mixed proteins. An increase of Bm in a
mixture from 3% to 10% reduced total proteins adsorption by 20±2%.
PAA and CMC polymers were reversibly adsorbed onto pHEMA
and pHEMA+5%PMAA surfaces and were washed out with MTE
whereas QHECE and SA were bound irreversibly. Adsorptions of
individual and mixed proteins increased 2.3±0.2 times on QHECEmodified pHEMA compared with 1.3±0.1 times on QHECE-modified
pHEMA+5%PMAA (p= 0.07). Modification of both model polymers
with SA reduced total proteins adsorption by 25-30% (p=0.082).
Conclusions: Introduction of either negative or positive charge into/
onto model SCL polymers increased adsorption of individual proteins
and their mixtures. However, model SCL surface modification
with SA slightly reduced protein binding to pHEMA-based model
materials.
Commercial Relationships: Tatyana F. Svitova, None;
K. Michael F. Sommerschuh, None; Meng C. Lin, None
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The Impact of Densely Grafted Phosphorylcholine on Surface
Modified Model Silicone Hydrogel Lenses
Alysha Spadafora1, Myrto Koroyannaki2, Heather Sheardown2, 1.
1
Biomedical Engineering, McMaster University, Hamilton, ON,
Canada; 2Chemical Engineering, McMaster University, Hamilton,
ON, Canada.
Purpose: In contact lens wear, oxygen permeability through the
lens matrix is important for corneal health. Silicone hydrogel lenses
enable increased gas permeability by incorporation of siloxanes.
However, the high surface-activity of these groups can impart
hydrophobicity to the lens surface, decreasing wettability and
increasing bio fouling. This study focuses on the surface modification
of silicone hydrogels by incorporation of 2-methacryoyloxyethyl

phosphorylcholine (MPC), chosen to provide a bio interface between
the lens and ocular surface due to its unique biomimetic structure
and anti-fouling properties. This work highlights the potential of
a novel densely grafted MPC-based polymer to improve surface
characteristics of silicone hydrogels.
Methods: Model silicone hydrogels incorporated 2-hydroxyethyl
methacrylate (HEMA) and 3-[tris(trimethylsilyloxy)silyl]propyl
methacrylate (TRIS) (90:10 wt%). Poly(2(2-bromoisobutyryloxyethyl methacrylate)-graft-poly(2-methacryloyloxyethyl
phosphorylcholine p(BIBEM)-g-p(MPC), of varying chain
lengths was sequentially grafted from the lens surface by surfaceinitiated atom transfer radical polymerization. Gel Permeation
Chromatography and NMR were used to assess MW, chain length,
and polydispersity indexes. Surfaces were analyzed by Attenuated
Total Reflectance-Fourier Transform Infrared Spectroscopy (ATRFTIR) and X-ray Photoelectron Spectroscopy (XPS). Wettability was
measured by sessile drop and equilibrium water content (EWC) as
well as dehydration were determined gravimetrically.
Results: ATR-FTIR confirmed surface modifications, with MPC
modified lenses showing a decreased peak at 850 cm-1 (Si-CH3
group), displaying a potential to mask hydrophobic silicone surface
domains. XPS indicated an increase in percentage of expected surface
elements. For MPC modified lenses, a substantial decrease in contact
angle up to 84.2 % ± 5.8 (p<0.0001) was observed when compared to
unmodified lenses, suggesting improved surface wettability. Modified
lenses also demonstrated EWC values suitable for overnight wear and
a decreased dehydration rate compared to unmodified materials.
Conclusions: MPC modification may improve surface wettability
and decrease rate of dehydration compared to unmodified lenses.
Future studies will focus on quantitation of adhered characteristic
tear film proteins and the effect of varying chain length and grafting
density on surface properties.
Commercial Relationships: Alysha Spadafora;
Myrto Koroyannaki, None; Heather Sheardown, None
Support: Natural Sciences and Engineering Research Council
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In vitro and on eye wettability of lotrafilcon B lenses packaged
with a substantive wetting agent
Robert C. Tucker1, Jessie M. Lemp2, Michel Guillon3. 1R&D, Alcon,
Johns Creek, GA; 2Medical Affairs, Alcon, Fort Work, TX; 3Ocular
Technology Group, London, United Kingdom.
Purpose: The objective of the study was to determine the wetting
properties of lotrafilcon B lenses packaged with copolymer 845 and
an added block copolymer (EOBO-41) using in vitro and in vivo
methods.
Methods: Study 1: Senofilcon C, samfilcon A, lotrafilcon B/
copolymer 845 (LOTRA-B1) and lotrafilcon B/copolymer
845+EOBO-41 (LOTRA-B2) silicone hydrogel lenses (n=10)
were pre-soaked in PBS for 16 hrs and then placed on a pedestal
for Interfacial Dewetting and Drainage Optical Platform (iDDrOP)
wettability measurement [1]. Lenses were submerged in fresh PBS
and then raised through the air interface to dewet. A video of the
dewetting allows objective water break-up time (WBUT) and water
retention time (from 100% to 90% break-up) measurements. Study
2: Lotrafilcon B/copolymer 845 +EOBO 41 lenses were worn by 45
subjects (90 eyes) for 30 days and cared for with Clear Care®. The
pre-contact lens tear film was recorded during the full inter-blink
period using the Tearscope and a digital video recording system after
insertion, 8hrs and 12hrs on Day 1 and after 8hrs on Day 30. The
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tear film kinetics were characterized by the Minimum Protected Area
(MPA) between two natural blinks.
[1] Bhamla, JCIS, 2015
Results: Study 1: LOTRA-B2 lenses had a significantly longer
WBUT (19±6 sec) and water retention time (1.1±0.5 sec) than the
other lens types tested (WBUT’s of 14±2 sec, 14±4 sec and 15±5 sec
and water retention times 0.7±0.2 sec, 0.7±0.3 sec and 0.6±0.3sec
for LOTRA-B1, senofilcon C and samfilcon A respectively; p<0.05).
Study 2: The mean MPA on Day 1 was as follows: insertion 86.8%,
8hrs 91.0% and 12hrs 91.2% [mean difference for 8hrs vs. insertion
4.1%; 95% CI (-0.75, 8.89) and for 12hrs vs. insertion 4.4%; 95%
CI (-0.43, 9.23)]. The mean MPA at Day 30 8rs was 86.9% [mean
difference for Day 30 8hrs vs. Day 1 8hrs -4.0%; 95% CI (-8.94,
0.87)].
Conclusions: The in vitro wetting properties of lotrafilcon B
lenses packaged in copolymer 845+ EOBO-41, characterized by
air interface dewetting, were superior to those of lotrafilcon B/
copolymer 845, senofilcon C, and samfilcon A. The in vitro resistance
to dewetting of lenses packaged with EOBO-41 was associated with
maintenance of in vivo wettability over a full 12hrs of wear on a
single day and over 30 days of wear.
Commercial Relationships: Robert C. Tucker, Alcon (E);
Jessie M. Lemp, Alcon (E); Michel Guillon
Support: Alcon Research Ltd has funded this research
Clinical Trial: NCT02699684
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New Methods for Measuring Water Transport through Hydrogel
Contact Lenses
Donald Riederer, Charles Scales, Bernardo Santa Maria,
Michael Ferran, Zohra Fadli. R&D, Johnson and Johnson Vision
Care, Inc., Jacksonville, FL.
Purpose: The rate of water permeation through a contact lens is
important for understanding exchange of the post lens tear film.
Evaporation from the surface is one of the routes by which water
is removed from the ocular environment. Both of these parameters
influence ocular hydration and lens comfort. New approaches are
described for measuring permeation and evaporation rates across
a series of traditional and silicone hydrogel lens materials. These
new methods were also used to measure the influence of adsorbed
tear film components on the evaporation rate of water from the lens
surface.
Methods: The rate of water permeation was measured via two
approaches that used saline prepared with isotopically labeled water
(n=3 per material). The first used a traditional diffusion cell where
water permeation was determined by nuclear magnetic resonance
spectroscopy (NMR). The second used a custom cell designed for use
with a Fourier transform infrared (FTIR) spectrometer. Evaporation
rates (n=3 per material) were determined gravimetrically using a
dynamic vapor sorption instrument that provided complete control
over the temperature and humidity of the environment. The influence
of adsorbed protein and lipid on evaporation was explored by
exposing lenses to a tear like fluid (TLF) in the laboratory prior to
analysis and by ex-vivo analysis of lenses worn for 30 days.
Results: Both approaches (NMR and FTIR) to measuring permeation
rates produced similar values. Permeation rates were found to be
material dependent and fell within the range 5 to 50 µL/min/cm2.
Evaporation rates were found to be significantly lower (0.5 to 1.5 µL/
min/cm2). For some lens types, exposure to protein and lipid caused
the evaporation rate to increase by > 30% (p=0.001). For lenses
exposed to TLF in the laboratory, the increase in evaporation rate

was reversible upon rinsing. For ex-vivo lenses worn for 30 days, the
increase in the evaporation rate was irreversible.
Conclusions: Evaporation is the rate limiting step to loss of water
from the lens and is material dependent. For some lens materials,
adsorption of tear film components can significantly increase the rate
of water loss from the lens by evaporation.

Commercial Relationships: Donald Riederer, Johnson & Johnson
Vision Care, Inc. (E); Charles Scales, Johnson & Johnson Vision
Care, Inc. (E); Bernardo Santa Maria, Johnson & Johnson Vision
Care, Inc. (E); Michael Ferran, Johnson & Johnson Vision Care, Inc.
(E); Zohra Fadli, Johnson & Johnson Vision Care, Inc. (E)
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UVC radiation in sterilization of contact lenses and its potential
in the social technologies development
PRISCILA CRISTOVAM1, Renata R. Loureiro1, Vagner R. dos
Santos1, Karen Bauab2, Cecilia Carvalhaes2, Adagmar Andriolo2,
Jose A. Gomes1, Denise de Freitas1. 1Ophtalmology and Visual
Science, Federal University of Sao Paulo, São Paulo, Brazil; 2Federal
University of Sao Paulo, Sao Paulo, Brazil.
Purpose: The present study proposes to evaluate the technological
viability of ultraviolet light as an alternative for CL sterilization, and
its potential in social technology development.
Methods: This experimental study was approved by the Research
Ethics Committee of UNIFESP (9042310815), carried out in the
Advanced Center of Ocular Surface (CASO), Department of
Ophthalmology and Visual Sciences/UNIFESP, with partnership
of the Central Laboratory of São Paulo Hospital. Sterile gelatinous
lenses were contaminated with Pseudomonas aeruginosa (PSA)
or Staphylococcus epidermidis (SEP) strains at 105 and 102 UFC/
mL. After lenses contamination, the CLs were treated according to
the groups (n = 9): a) Cleaning solution (CS): CLs sanitized with
standard cleaning solution according to the product orientation; b)
Ultraviolet light C (UVC): CLs sterilized in UVC laminar flow;
d) Positive control (CT): CLs contaminated without treatment, e)
Negative control (CTN): virgin lenses without any manipulation.
After the treatments, lenses were incubated in BHI nutritive medium
(brain heart Infusion) at 37°C, with daily observations, for 72 hours.
Media that presented turbidity were seeded in blood agar, incubated
at 37°C for 24 hours for further identification of the microorganism
by Maldi-tof.
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Results: There was no bacterial growth in the negative control group,
whereas, as expected, in the CLs of the positive control group, the
bacteria SEP or PSA used in the CL contaminations were present.
It was observed that both, cleaning solution and UVC treatments,
were 100% effective in the contact lenses decontamination with PSA
at both concentrations (105 and 102 UFC/mL). On the other hand,
cleaning solution was effective in 89% decontaminating of the lenses
with SEP (105 and 102 UFC/mL). The UVC light decontaminated
100% of LCs with SEP at 102 UFC/mL, but only 56% at the highest
concentration of the bacterium (105 UFC/mL).
Conclusions: The UVC light still has doubts about its potential for
decontamination of contact lenses with high concentration of SEP,
although a concentration of the bacteria studied was very high and
not found in the CLs of users. More studies have been carried out to
verify the effectiveness of UVC light for contact lens sterilization.
Commercial Relationships: PRISCILA CRISTOVAM,
None; Renata R. Loureiro, None; Vagner R. dos Santos,
None; Karen Bauab, None; Cecilia Carvalhaes, None;
Adagmar Andriolo, None; Jose A. Gomes, None;
Denise de Freitas, None
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Contact lens care solutions exhibit different efficiencies in
lipids and proteins removal from model SCL surfaces in vitro: a
QCM-D study
Meng C. Lin, K. Michael F. Sommerschuh, Tatyana F. Svitova. School
of Optometry, University of California, Berkeley, Berkeley, CA.
Purpose: To quantitatively evaluate the efficiency of modern
multi-purpose solutions (MPS) (BioTrue (BT), PureMoist (PM) and
Revitalens (RL)) in removing tear proteins from pHEMA-based
model soft contact lens material and tear lipids from model siliconehydrogel (SiH) surface in vitro.
Methods: Quartz crystal microbalance with dissipation (QCM-D)
method was used to quantify the mass of model tear proteins and
human tear lipids extracted (HTLe) from worn AirOptix lenses.
The model surfaces studied were 25-35 nM films of pHEMA+5%
pMAA spin-coated on Gold QCM-D sensors. Silicon sensors were
silanized by octyltrichlorosilane (OTS) to mimic SiH lens surface.
Egg white lysozyme (Lys,1 mg/ml in model tear electrolyte solution
(MTE)), milk β-lactoglobulin (Lg, 1 mg/ml in MTE), and Bovine
mucin (Bm,0.03 mg/ml in MTE) were used as mixed (Lys:Lg:Bm
= 2:1:0.3;1 mg/ml total) solutions. The proteins were adsorbed on
pHEMA+5% pMAA for 16-20 hours at 35.5°C, rinsed with MTE,
and exposed to MPS for 16-20 hours at 22.5° C. HTLe solutions of
1-1.5 µl were spread on OTS-Si sensors, exposed to MPS flow for
16-20 hours at 22.5° C, then washed with MTE. Sauerbrey model
was used to calculate the masses.
Results: The residual amounts of PM and RL were 25±5% and
18±3% of total adsorbed PM and RL, respectively, on pHEMA+5%
pMAA without proteins; however, BT was totally removed from
model pHEMA materials. Treatments of model tear proteins adsorbed
on pHEMA materials with RL and PM increased total mass by
0.4±0.05 µg/cm2 and 0.55±0.06 µg/cm2, respectively; whereas BT
significantly reduced proteins mass by 0.2±0.05µg/cm2 (p=0.016)
(i.e., 45±5% of total proteins was removed). Exposure of HTLe
deposited on model SiH surface to BT and RL increased total mass
by 36-40%, whereas PM significantly reduced the mass of lipids by
25±5% (p=0.034).
Conclusions: All proteins and their mixtures bound irreversibly to
model pHEMA surfaces. Some components of PM and RL bound
irreversibly to model pHEMA materials. Our results suggest that BT
is more efficient in model tear-protein removal from model pHEMA

materials than RL or PM. The latter tend to accumulate into pHEMA
materials and cannot be removed by prolonged washout. Treatment
of HTLe with PM partially removed lipid deposits from a model SiH
surface. These findings may provide some guidance for proper choice
of lens material-MPS combination.
Commercial Relationships: Meng C. Lin, None;
K. Michael F. Sommerschuh, None; Tatyana F. Svitova
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Bacterial transmission to contact lenses following storage case
disinfection
Ajay Kumar Vijay, Nina G. de Jesus, Julia Ong, Mark D. Willcox.
School of Optometry & Vision Science, University of New South
Wales, Sydney, NSW, Australia.
Purpose: Contact lens storage case contaminants may be
transmitted to contact lenses during storage leading to contact lens
related microbial adverse events. This study investigated bacteria
transmission from biofilms in contact lens storage cases to contact
lenses during storage and disinfection.
Methods: Pseudomonas aeruginosa 071 or Staphylococcus aureus
031 biofilms were grown on contact lens cases. Contact lenses,
senofilcon A or etafilcon A, were placed in the storage cases and the
storage cases were either disinfected with a multipurpose disinfecting
solution or filled with a rinsing solution for 4 hours. The number of
bacteria in lens storage cases and contact lenses was estimated by
culture.
Results: There was a significant reduction in P.aeruginosa (-3.5 log
CFU; p<0.01) and S.aureus (-2.9 log CFU; p<0.01) biofilms in the
contact lens storage cases following 4 hours disinfection with the
multipurpose disinfecting solution. There was minimal reduction of P.
aeruginosa (-0.5 log CFU; p>0.1) biofilm in the lens cases filled with
the rinsing solution. Following a disinfection cycle in the presence
of a contact lens, 26% of P. aeruginosa and 13% of S. aureus was
transferred to contact lenses, whereas only 1% of bacteria was
transferred to contact lenses from storage cases filled with the rinsing
solution. However, the contact lenses from storage cases disinfected
with the multipurpose disinfecting solution had significantly lower
numbers of P. aeruginosa (2.0 log CFU reduction; p<0.01) and S.
aureus (1.0 log CFU reduction; p<0.01) compared to lenses from
storage cases filled with the rinsing solution. There was no significant
difference between the two lens types for the number of bacteria
transferred from lens storage cases.
Conclusions: Bacteria can be transferred to contact lenses during
storage even during a disinfection cycle.
Commercial Relationships: Ajay Kumar Vijay, None;
Nina G. de Jesus, None; Julia Ong, None; Mark D. Willcox,
Ophtecs Corporation, Japan (C)
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The Effect of Artificial Tear Solution and Organic Load on the
Efficacy of Contact Lens Disinfectant Solutions
David McCanna, Masooda Bidar, Lakshman Subbaraman,
Lyndon W. Jones. School of Optometry and Vision Science, Centre
for Contract Lens Research, Waterloo, ON, Canada.
Purpose: Artificial tear solutions (ATS) and organic load components
contain components that can bind to chemical disinfectants and
neutralize their ability to kill microorganisms. In contact lens
(CL) cases, microbial biofilms can develop that are resistant to
disinfectants, and the addition of organic molecules can enhance the
resistance of these biofilms. A study was performed to determine
the effect of organic molecules on the efficacy of two antimicrobials.
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Methods: Two different organic solutions were tested in this study.
The first solution was an ATS composed of proteins, lipids and salts
in proportions that closely mimic their composition in the human
tear film. The second formulation is the one described in FDA/ISO
testing methods, which is composed of heat-killed yeast cells and
heat-inactivated bovine serum (FDA organic load). Staphylococcus
aureus (Sa) was allowed to adhere to the surface of the CL cases for
24hrs, after which they were washed to remove non-adherent cells.
Disinfecting CL solutions were then added to lens cases and to lens
cases containing either ATS or FDA organic load. Lens cases treated
with only PBS served as a viability control. Five lens cases were
evaluated for each treatment. A one-way ANOVA with a Bonferroni
post-hoc was performed with significance level of 0.05.
Results: The FDA organic load reduced the anti-microbial efficacy of
two different disinfecting solutions (p<0.01). For the two solutions, a
59.6% decrease in the efficacy of polyaminopropyl biguanide (PAPB)
solution (0.00001%) and a 40.9% decrease in the Polyquat/Aldox
(0.0006 %/0.00036%) solution was observed. The ATS did not reduce
the efficacy of the PAPB and polyquat/aldox disinfecting solutions
(p>0.05).
Conclusions: This study showed that contamination of CL cases with
the FDA organic load can significantly decrease the anti-microbial
efficacy of CL care solutions. However, organic molecules in an
ATS did not significantly reduce the anti-microbial efficacy of
these formulations. The use of the FDA organic load as a model for
lens case contamination may not be appropriate, as an ATS which
models contamination of a CL from the tear film did not significantly
reduce the anti-microbial efficacy of two anti-microbial disinfectant
solutions.
Commercial Relationships: David McCanna, None;
Masooda Bidar, None; Lakshman Subbaraman, None;
Lyndon W. Jones, None
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Refractive index of soft contact lens materials measured in
packaging solution and standard phosphate buffered saline
Eon Kim1, Klaus Ehrmann1, 2. 1Technology, Brien Holden Vision
Institute, Sydney, NSW, Australia; 2School of Optometry & Vision
Science, University of New South Wales, Sydney, NSW, Australia.
Purpose: To measure the refractive index (RI) of most commonly
available soft contact lens materials and their packaging solutions
(PS) and compare to the manufacturers’ nominal values.
Methods: The RI of 18 commercially available single vision soft
contact lens materials were measured using a digital refractometer
CLR 12-70 (Index Instruments Ltd., Cambridge, UK) at wavelength
of 546 nm. Three lenses of each material were measured once in
their PS and then after soaking in standard phosphate buffered saline
(PBS), both at 20 °C. The RIs of the PS were also measured for all
types. Accuracy requirements for correct wet to dry power conversion
based on the thick lens formula were projected.
Results: The standard deviation between the three samples was
generally less than 0.005 which is the ISO 18369-2 tolerance limit.
The measured RI ranged from 1.3744 ± 0.001 to 1.4265 ± 0.0004
for the PBS soaked materials and from 1.3739 ± 0.0003 to 1.4264
± 0.0024 for lenses soaked in PS. Comparing the nominal RI data
with the mean PBS and PS measured values, 5 and 3 lens materials,
respectively, fell outside the ISO tolerance. Dailies Aqua Comfort
Plus PS had the largest difference, 0.0040, to PBS RI of 1.334.
For converting lens power measured in PBS to the in-air power,
the difference between measured and nominal material RI for the
Proclear 1-Day lens of 0.0104 would result in wrongly calculated in-

air power of 0.49 D for a -3.00 D lens and 0.99 D for a -6.00 D lens.
RI of 4 silicone hydrogel materials could not be measured.
Conclusions: The CLR 12-70 is a generally reliable and accurate
refractometer for the measurement of soft contact lens materials,
although it failed to measure four of the materials. Accurate RI
measurements are of particular relevance with the increased use
of wavefront sensors to measure lens power while immersed in
solution. Even small (< 0.001) errors in solution or material RI can
lead to significant errors in converted in-air power. In this respect,
manufacturer provided RI data with only two decimal places
precision may not be sufficient. To obtain valid in-air lens power
results, measurement conditions, including wavelength, must match
the material and solution RIs used for the conversion.

Refractive index measurements for commonly available soft contact
lenses. The error bars represent standard deviations between three
lenses of each lens types.
Commercial Relationships: Eon Kim, None; Klaus Ehrmann,
None
Program Number: 3077 Poster Board Number: A0331
Presentation Time: 11:00 AM–12:45 PM
The effect of a novel contact lens blister pack solution on
bacterial contamination during lens handling
Inna Maltseva, Kathleen Khong, Christie Blackman, Andrew Luk,
Carol Morris. R&D, CooperVision, Inc., Pleasanton, CA.
Purpose: Contact lens handling is a significant source of lens
contamination. Numerous studies have indicated that poor
compliance including hand hygiene is a common problem. To
minimize the lens bioburden introduced from contact lens handling
during insertion, we evaluated the effect of e-poly-L-lysine (e-PL), a
natural, biologically derived compound in the blister pack solution on
lens microbial contamination.
Methods: A single-masked, randomized study comparing a test lens
(stenfilcon A, omafilcon A, somofilcon A) packaged in blister solution
with e-PL at two concentrations (25microg/mL or 100microg/mL)
against an appropriate control lens (no compound), and including
1-Day Miru, was conducted. Up to 20 subjects handled each contact
lens after washing their hands in a manner mimicking routine lens
removal from the blister pack prior to insertion. Handled lenses
were collected and evaluated for recovered bioburden. 1-Day Miru
was removed from its blister pack according to the manufacturer’s
instructions. All lenses were left in the recovery solution (PBS) for
a total of 30 minutes prior to plating. Data were expressed as the
mean of colony forming units transformed log10 (+standard error) for
each lens type. Log10 reduction (LR) was calculated as a difference
between log10 control and test lens. Two-tailed Student’s t-test was
used for statistical analysis.
Results: Lenses packed in the test solution at either concentration
had lower microbial count than lenses packed in the control solution.
Statistically significant LR was observed at the highest tested
concentration of the compound (omafilcon A LR=1.7, stenfilcon
A LR=1.0, somofilcon A LR=1.0, p<0.001 for all). In addition, the
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lowest tested concentration caused statistically significant reduction
on omafilcon A (LR=1.1, p=0.0002) A smaller, but statistically
significant reduction in bioburden was also found on 1-Day Miru
lens compared to control omafilcon A (LR=0.8, p=0.006), control
stenfilcon A (LR=0.7, p=0.02) and control somofilcon A (LR=0.8,
p=0.01).
Conclusions: This pilot study demonstrated that e-PL, a
novel compound in the blister pack solution, reduces bacterial
contamination introduced by lens handling.
Commercial Relationships: Inna Maltseva, CooperVision, Inc
(E); Kathleen Khong, CooperVision, Inc (E); Christie Blackman,
CooperVision, Inc (E); Andrew Luk, CooperVision, Inc (E);
Carol Morris, CooperVision, Inc (C)
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Contact lens care – what our patients do and what they know
Jennifer Hind, Olayinka Williams, Dilys oladiwura,
Elisabeth Macdonald. NHS Greater Glasgow and Clyde, Glasgow,
United Kingdom.
Purpose: Contact lens related keratitis is a frequent, often
preventable presentation in emergency eye clinics. Patients often do
not recall being counselled regarding the safe use of contact lenses
and will fail to comply with guidance.
We performed a prospective, anonymous survey of patients
presenting with contact lens keratitis to identify the level of
awareness and education regarding appropriate hygiene practices and
ascertain compliance within this patient group.
Methods: A survey was designed in conjunction with our Research
and Development department in line with local guidelines. All adult
patients presenting with contact lens related keratitis who attended
the emergency clinic at Gartnavel General Hospital, Glasgow,
Scotland were asked to fill in a survey. Information was collected on
type of contact lenses used, the format of advice regularly received
by patients, and compliance with recommended advice on contact
lens and case care.
Results: Twenty patients completed the survey (13 female). The
mean length of contact lens wear was 11.5 years (Range: 0.75-36
years). Lens types used were extended wear (5 patients); monthly
(10); fortnightly (2) and daily disposable (3). All patients reported
being given counselling prior to commencing contact lens use (85%
verbal and 15% written) but not all on renewal of prescription (55%
verbal and 35% written).
Many of the patients surveyed slept (75%), swam (40%) or showered
(85%) in their contact lenses. More patients followed guidance on
care of their contact lenses (88%), but the lens cases were often
neglected.
Conclusions: Contact lenses provide a safe and effective means of
correcting vision however they can be associated with serious contact
lens related infections because of poor hygiene behaviours. Many
of our patients had been long-term contact lens users. Verbal advice
was given to 85% on initial contact but with the increasing use of the
internet, it is likely that more of our patients will purchase contact
lenses online. This reduces opportunities for regular face to face
educational intervention.
We identified that although most patients were informed on some
level of appropriate hygiene requirements, compliance was poor. We
suggest that patient education should be a stronger message when
patients purchase contact lenses and information should be regularly
emphasised in both verbal and written format.
Commercial Relationships: Jennifer Hind, None;
Olayinka Williams, None; Dilys oladiwura, None;
Elisabeth Macdonald, None
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Adhesion of emerging pathogens to contact lenses under the
influence of an artificial tear solution
Jaya Dantam, Lakshman Subbaraman, Lyndon W. Jones. Centre
for Contact Lens Research, School of Optometry & Vision Science,
University of Waterloo, Waterloo, ON, Canada.
Purpose: The purpose of this study was to evaluate the adhesion
of emerging pathogens to a conventional hydrogel and a silicone
hydrogel contact lens (CL) material, under the influence of an
artificial tear solution (ATS) containing a variety of components
commonly found in human tears.
Methods: An in-vitro study was conducted using four different
bacterial strains Pseudomonas aeruginosa ATCC 9027,
Achromobacter xylosoxidans ATCC 27061, Delftia acidovorans
ATCC 17438 and Stenotrophomonas maltophilia ATCC 17676.
Two different CL materials (n=3) etafilcon A (ACUVUE® 2®) and
senofilcon A (ACUVUE® OASYS®) were included in this study. The
test and control CLs were soaked in an ATS and phosphate buffered
saline respectively for 12 h at 37°C, prior to their exposure to bacteria
(inoculum of 106 CFU/mL) for 18 h at 37°C. After the incubation
period, the total and viable counts of bacteria recovered from CLs
were determined using a radio-labelling technique and plate count
method respectively. Each experiment is repeated three times. Log
transformations were used for data analysis.
Results: In the control group, the total counts of A. xylosoxidans
and P. aeruginosa recovered from etafilcon A and senofilcon A CLs
were significantly (p≤0.043) higher compared to D. acidovorans and
there was no significant difference between the two CL materials
(p>0.05). After exposure to ATS, the total counts of A. xylosoxidans
and P. aeruginosa recovered from etafilcon A remained significantly
higher compared to D. acidovorans and S. maltophilia (p≤0.029).
However, the total counts recovered from senofilcon A did not vary
significantly between different strains (p>0.05). The total counts of
D. acidovorans recovered from etafilcon A CLs (mean log CFU/
CL± SD, 5.4 ± 0.2) were significantly lower (p=0.035) compared to
those recovered from senofilcon A CLs (5.8 ± 0.4); for the remaining
strains, the total counts did not vary significantly (p>0.05) between
the two CL materials. Among all the strains assessed, S. maltophilia
showed the least viability on either CL material (p<0.001), regardless
the influence of ATS.
Conclusions: This study found that under the influence of an ATS,
the propensity of emerging pathogens to adhere to a conventional and
a silicone hydrogel CL material varied substantially between different
test strains.
Commercial Relationships: Jaya Dantam, None;
Lakshman Subbaraman, Advanced Vision Research (F),
TearScience (F), TearLab (F), Contamac US (F), Safilens (F),
Oculus (F), Ocular Dynamics (F), Inflamax Research (F), Allergan
(F), CooperVision (F), Essilor (F), Alcon (F), Johnson & Johnson
Vision Care (F); Lyndon W. Jones, Advanced Vision Research (F),
TearScience (F), TearLab (F), Contamac US (F), Safilens (F), Oculus
(F), Ocular Dynamics (F), Inflamax Research (F), Allergan (F),
CooperVision (F), Essilor (F), Alcon (F), Johnson & Johnson Vision
Care (F)
Support: This study is funded by Canadian Optometric Education
Trust Fund (COETF).
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Modeling the limbus as an elliptical toric to optimize scleral lens
fitting
Christine W. Sindt1, Bruno Lay2, Ronan Danno2, David Slater3.
1
Ophthalmology, University of Iowa, Iowa City, IA; 2Adcis,
Saint- Contest, France; 3EyePrint Prosthetics, Lakewood, CO.
Purpose: Highly astigmatic eyes have an elliptical limbal shape, as
well as toric configuration. All current scleral lenses assume a planar
circular limbus of a standard diameter, which will either overestimate
or underestimate the limbal clearance of the lens. Underestimation,
resulting in limbal touch, can create stem cell failure. Overestimation
results in lens displacement, negative pressure and conjunctival
prolapse, which also can result in stem cell failure, debris
accumulation and discomfort. Our hypothesis is to design the entire
lens based on the limbal shape, thus securing the appropriate vault
360 degrees, to improve the lens centration and protect the limbal
stem cells.
Methods: Using impression technology to capture true 3-D ocular
surface topography, 5+ points are chosen to define the limbal
shape. Using these points, an elliptical regression algorithm is run
to find the best fit ellipse. A minimum acceptable clearance value
is entered to create a best fit toric ellipse 360 degrees. The virtual
toric ellipse is displayed on the 3-D model showing the x,y,z axes.
The user visually validates the ellipse-limbus relationship. The
computation of the Transition Zone, the area between the optic zone
and the scleral landing area, guarantees clearance over the limbus
is in each meridian. The Landing Zone diameter is equidistant from
the elliptical limbal definition, thus creating an elliptical lens. The
Landing Zone outer diameter minimum value is based upon the
ellipse major axis. Once the back surface is modeled, the lens front
surface is computed using standard elevation specific technology.
10 patients with highly toric globes fit with circular limbal zones and
experiencing over or under limbal vaulting complications were refit
into toric elliptical limbal designs
Results: Toric elliptical limbal scleral lens designs minimized
conjunctival prolapse and posterior tear film debris. Patients
subjectively reported improved lens comfort and wearing time.
Conclusions: Poor lens to limbus relationships result in significant
scleral lens complications. Using the limbal shape to define lens
shape results in better outcomes
Commercial Relationships: Christine W. Sindt, EyePrint
Prosthetics (P), EyePrint Prosthetics (I); Bruno Lay, EyePrint
Prosthetics (C); Ronan Danno, EyePrint Prosthetics (C);
David Slater, EyePrint Prosthetics (E)
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Normative Scleral Lens Landing Data
Bruno Lay1, Christine W. Sindt2, David Slater3. 1ADCIS, Saint
Contest, France; 2Ophthalmology, University of Iowa, Iowa City, IA;
3
EyePrint Prosthetics, Lakewood, CO.
Purpose: Standardized fitting sets are currently the most common
way to fit scleral lenses. Recent publications have shown vast
differences in the elevation of scleral topography in different
meridians of the eye. Most scleral lenses are designed with rotational
symmetry, with either spherical or toric peripheral curves, with
possibly minor focal changes to account for localized irregularity.
No lenses account for rotational elevation differences, even though
it is known the nasal sclera has a higher elevation than the temporal
sclera. We propose a normative database can be determined using
elevation specific data, to design a standardized scleral lens fitting set
with rotationally asymmetric differences in scleral lens landing zone

elevation. Elevation specific fitting sets should allow for faster and
more physiologically aligned scleral lens determination.
Methods: Using impression technology to capture true 3-D ocular
surface topography, 3+ points are chosen to define the limbal circle
and limbal plane on the impression displayed in the user interface.
Starting 1.5 mm beyond the limbus, the distance from the limbal
plane to the scleral surface is measured. A series of concentric
scleral rings, 100 microns apart with 90 points of interest per ring,
serve as the data locations for the limbal plane to scleral surface
measurements. Concentric rings are measured up to 4mm beyond the
limbus. All elevation data are exported to a generic file that can be
later used for statistical analysis.
Data points may be used to find trends in the scleral elevation data.
Results: Elevation data based on a limbal plane efficiently finds
elevation changes from the limbal plane, in addition to toricity
changes and can be incorporated into scleral lens landing design. This
elevation data may be analyzed for various populations.
Conclusions: Normative scleral lens landing data can be efficiently
collected and utilized in scleral lens designs. This allows standardized
fitting sets to be developed to better align the peripheral eye.
Commercial Relationships: Bruno Lay, EyePrint Prosthetics (C);
Christine W. Sindt, EyePrintProsthetics (I); David Slater, EuePrint
Prosthetics (E)
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Do scleral lenses reduce the need for corneal transplant in some
patients?
Corey Miller, Annahita Amireskandari, Thomas Mauger,
Chantelle Mundy, Cynthia J. Roberts, Mark A. Slabaugh,
Andrew Hendershot. Department of Ophthalmology, The Ohio State
University, Columbus, OH.
Purpose: To evaluate and describe the characteristics of patients
utilizing scleral lenses as an alternative to corneal transplant for
various corneal pathologies.
Methods: Retrospective chart review of patients who were
prescribed scleral lenses or underwent corneal transplant between
2010 and 2015 at a single center. Inclusion criteria included adult
patients age 18-100 with corneal pathology (dystrophies, ectasia,
scars) who received corneal topography. Patients that did not return
for follow-up were excluded.
Results: A total of 61 eyes of 41 patients were evaluated. Patients
who were successfully fitted for scleral lenses were defined as those
who successfully avoided undergoing corneal transplant. Twentytwo eyes of 12 patients were successfully fitted for scleral lenses. 8
were female and the mean age was 56.6 years +/- 16.8. Thirty-nine
eyes of 29 patients required corneal transplantation. Eleven were
female and the mean age was 63.2 years +/- 10.3. Of the patients who
were successfully fitted for scleral lenses, 4 had prior penetrating
keratoplasty (PK), 12 had keratoconus, 2 had post-LASIK ectasia, 2
had pellucid marginal degeneration, and 2 had scarring from previous
radial keratotomy (RK). Of the patient’s who required corneal
transplant, the primary diagnoses were as follows: 13 keratoconus,
12 corneal scarring from trauma or infection, 7 lattice dystrophy, 4
granular dystrophy, 3 Fuch’s dystrophy. The following transplant
types were performed in these patients: 29 PK, 3 deep anterior
lamellar keratoplasty, 1 Descemet’s stripping endothelial keratoplasty,
and 1 keratoprosthesis.
Conclusions: Scleral lenses may be beneficial for patients with
certain corneal pathologies including failed PK, keratoconus, postLASIK ectasia, RK scarring, and pellucid marginal degeneration.
The use of scleral lenses may allow some patients to avoid initial or
repeat PK but may be limited in patients with scarring from trauma or
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infections, some patients with keratoconus, and in those with lattice,
granular or Fuch’s dystrophies. Further investigation into the efficacy
of scleral lenses for different corneal pathologies is warranted.
Commercial Relationships: Corey Miller, None;
Annahita Amireskandari, None; Thomas Mauger, None;
Chantelle Mundy, None; Cynthia J. Roberts, Optimeyes
(C), Oculus (C), Ziemer (C); Mark A. Slabaugh, None;
Andrew Hendershot, None
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Scleral Lens Settling in 20 minute Intervals Over 2 Hours with
Three Lens Designs
Cherie B. Nau, Muriel Schornack. Optometry, Mayo Clinic,
Rochester, MN.
Purpose: Small-diameter scleral lenses were previously found to
settle by almost 50% after two hours of wear. The rate of lens settling
over time in 3 different diameter lenses is evaluated in this study. We
examined the clearance between the lens and cornea at 20 minute
intervals during the first two hours of scleral lens wear.
Methods: Thirty-five participants, fourteen men and twenty-one
women age 20-44 years (29 ± 7 years, mean ± SD) with healthy eyes
(no history of eye disease or surgery and no previous scleral lens
wear), were fitted on one eye with a15.0-mm and 18.2-mm diameter
Jupiter scleral lens (Visionary Optics, Front Royal, VA), and a 18.0mm Digiform lens (TruForm Optics, Bedford, Tx). Lenses were
selected from a diagnostic fitting set to provide 200-300 μm clearance
between the lens and central cornea immediately after application.
Each lens was evaluated at a separate visit. Within 5 minutes after
placement, and every 20 minutes for 2 hours, slit images of the lens
and cornea were recorded by Scheimpflug photography (Pentacam,
Oculus, Inc.). The clearance between the posterior surface of the lens
and the anterior surface of the cornea was measured twice, over the
central cornea, in each of two vertical Scheimpflug images, using
the caliper tool in the Pentacam analysis software. For each lens, the
corneal clearance for each measurement was compared to the initial
clearance by using a paired t-test.
Results: Scleral lens clearance after initial application was 201 ± 90
μm in the 15.0 mm lens, 244 ± 91 μm in the 18.0 mm lens, and 200 ±
82 μm in the 18.2 mm lens. After 40 minutes of lens wear, clearance
decreased 38% (179 ± 95 μm, p =0.003) in the 15.0 mm lens, 30%
(170 ± 79 μm, p<0.001) in the 18.0 mm lens, and 20% (161± 72 μm,
p<0.001) in the 18.2 mm lens. At 2 hours lens clearance was reduced
40% (121 ± 70 μm, p<0.001) in the 15.0mm lens, 39%(149 ± 78 μm,
p<0.001) in the 18.0 mm lens, and 29% (143 ± 89 μm, P<0.001) in
the 18.2 mm lens.
Conclusions: The majority of lens settling over 2 hours occurred
within the first 40 minutes for larger diameter lenses. The different
diameter lenses and lens designs settled at different rates. The
potential for lens settling needs to be considered when fitting these
lenses.
Commercial Relationships: Cherie B. Nau, None;
Muriel Schornack, None
Support: Research to Prevent Blindness, Mayo Foundation
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Outcomes of scleral contact lens use in veterans
Humberto Salazar, Paul Chamberlain, Sumitra Khandelwal.
Department of Ophthalmology, Baylor College of Medicine,
Houston, TX.
Purpose: Scleral contact lenses (ScCL) are utilized in a variety
of ocular conditions. Their uses and the factors associated with

outcomes in veterans have not been studied. The purpose of this
study is to determine what factors correlate with discontinuation of
ScCL use in veterans.
Methods: This retrospective analysis reviewed patients who were
fitted with ScCl from January 2010 to December 2015 at the Michael
E. DeBakey Veterans Affairs Medical Center (MEDVAMC). Patients
that discontinued ScCL use at any point after fitting were assigned
to group A, while patients that continued their use were assigned to
group B. Patients’ demographic factors, including age, gender, and
race, indication for ScCL fitting, previous RGP contact lens (RGPCL)
use, the presence of comorbid ocular, psychiatric, and neurologic
diseases, visual acuity before and after scleral lens fitting, and daily
lens wear time were compared between the groups. Descriptive
statistics and logistic regression analyses were used for statistical
analysis.
Results: Sixty-five eyes of 36 patients were fitted with ScCL in the
study period. Mean age of patients was 65.5 years (SD=14.2) and
the most common indication for ScCL fitting was corneal ectasia.
Twenty-three eyes (33%) discontinued the use of the lenses. The
indications for ScCL fitting were similar between both groups.
Patient age predicted ScCL discontinuation, with each additional
year increasing the likelihood of discontinuation (p=0.044, OR
1.07, 95% CI 1.01-1.14). Black race, compared to white race, was
associated with a decreased likelihood of discontinuation (p<0.01,
OR 0.07, 95% CI 0.01-0.45). Improvement in visual acuity measured
by logMAR was also associated with a decreased likelihood of
discontinuation (p=0.037). Gender (p=0.078), the presence of another
ocular disease (p=0.211) and a history of previous RGPCL use
(p=0.895) were not associated with discontinuation.
Conclusions: Advancing age is associated with discontinuation
of ScCL use, likely due to difficulty with insertion and removal.
Conversely, black race and improvement in vision measured
by LogMAR were associated with a decreased likelihood of
discontinuation. The analysis will be augmented upon further chart
review. This study will aid in determining which patients are good
candidates for ScCL fitting and improving outcomes.
Commercial Relationships: Humberto Salazar, None;
Paul Chamberlain, None; Sumitra Khandelwal, None
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Central and Peripheral Corneal Thickness Changes during
Scleral Contact Lens Wear
Vivien Tse1, Young Hyun Kim1, Kristina Lin1, Bo Tan1, Yixiu Zhou1,
Wing Li1, Meng C. Lin1, 2. 1Clinical Research Center, School of
Optometry, University of California, Berkeley, Berkeley, CA; 2Vision
Science Group, University of California, Berkeley, Berkeley, CA.
Purpose: To evaluate corneal thickness changes in the center and
periphery after 5 hours of scleral contact lens wear
Methods: Subjects with no history of contact lens wear in the
past 12 months and presenting with no active ocular disease were
recruited. Scleral lenses of fluorosilicone acrylate material (hofocon
A; 15.6mm diameter; 97 Dk; 1.44 refractive index; average lens
thickness of 400 µm) were used. Ocular surface examination with
slit lamp biomicroscope was performed before and after 5-hr lens
wear. Central, peripheral corneal thicknesses (nasal and temporal
quadrants) and central post-lens tear thickness of each eye were
measured by high-resolution spectral domain optical coherence
tomography (OCT) (ENVISU 2300; Bioptigen Inc.) before and
during lens wear, as well as after lens removal. Mixed effect model
assigning repeated measurements as random effect was employed to
examine the corneal thickness changes from baseline in both center
and periphery.
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Results: A total of 10 sets of central cornea and 20 sets of peripheral
cornea OCT images were analyzed for percent corneal thickness
changes (%CTΔ) from 5 subjects (Mean±SD age: 20.2±1.8 years).
Central %CTΔ after 5-hr lens wear was 0.8±0.9% (p=0.02) and
peripheral %CTΔ were 1.4±0.7% nasally (p=0.62) and 1.4±0.9%
temporally (p=0.56). Central %CTΔ reached its peak at 2 hours after
lens wear (1.0±0.4%; p=0.003). Mean±SD of central post-lens tear
thickness before lens removal was 188.4±99.8µm. Of interest, 40%
eyes exhibited signs of microcystic changes of corneal epithelium in
the periphery, which showed no qualitative trend with %CTΔ.
Conclusions: Using a novel image processing technique, we were
able to monitor peripheral corneal thickness change after scleral lens
wear but it was not considered significantly different from baseline.
We found a change in central corneal thickness however it may not be
considered clinically significant. There was no relationship between
corneal thickness changes and the ocular sign of microcystic changes
of corneal epithelium.
Commercial Relationships: Vivien Tse; Young Hyun Kim, None;
Kristina Lin, None; Bo Tan, None; Yixiu Zhou, None; Wing Li,
Essilor (F); Meng C. Lin, Essilor (F)
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Prediction of Central Corneal Swelling with Scleral-Lens Wear
Young Hyun Kim1, 2, Bo Tan1, Meng C. Lin1, 3, Clayton J. Radke2, 3.
1
Clinical Research Center, School of Optometry, University of
California, Berkeley, Berkeley, CA; 2Chemical Engineering,
University of California, Berkeley, Berkeley, CA; 3Vision Science
Group, University of California, Berkeley, Berkeley, CA.
Purpose: Current scleral-lens (SL) calculations [Compañ et al.
2014, Langis et al. 2012] well characterize corneal oxygen-tension
profiles with SL wear. However, these contributions do not directly
determine corneal edema; they resort to empirical definitions of
oxygen deficiency. To predict actual swelling with SL wear, we
quantify hypoxic edema from coupled transport of salts, respiratory
metabolites, and water, including an active endothelial pump for
bicarbonate [Leung et al. 2011].
Methods: We extend the steady-state corneal-metabolic model of
Leung et al. to include a post-lens tear film (PoLTF) and SL. Because
Leung et al. determined that water flux is insignificant, we adopted a
zero water flux. Corneal hydration and thickness follow from KedemKatchalsky membrane transport relations [Kedem et al. 1958] and the
corneal-hydration relation of Hedbys and Mishima [1966]. PoLTF
thickness, lens oxygen permeability (Dk), and lens thickness were
varied to mimic different lenses and lens fits.
Results: Figure 1 displays predicted percent change in the central
corneal thickness for open eye as a function of lens Dk for varying
PoLTF thickness with a 400 µm thick SL. Model predictions show
clinically insignificant amounts of corneal thickness change for
common PoLTF thickness range of 150-250 µm. This finding is
confirmed by clinical in vivo measurements [Tan et al. AAO 2015].
Lens oxygen transmissibility (Dk/t) plays a minimal role beyond 44
Fatt Dk/t units (i.e. Dk of 175 Barrer on Figure 1). Apparently, the
Dk/t requirement for safe SL wear is larger than that for soft contactlens open-eye wear [Holden et al. 1983] due to increased PoLTF
thickness. We successfully capture the measured swelling reported by
Campañ et al. (symbols in Figure 1).
Conclusions: For the first time, we directly assess central corneal
swelling for a SL wear from metabolic oxygen deficiency caused
by lens thickness, PoLTF thickness, and lens Dk. Safety of different
designs of SL can now be assessed by quantifying swelling of the
cornea rather than empirically correlating swelling against oxygen
concentration or against Dk/t.

Figure 1. Predicted corneal swelling percent (lines) for a 400 µm
SL as a function of lens Dk at several PoLTF thicknesses. Measured
average central corneal swelling of two PoLTF thicknesses [Compañ
et al. 2014] is shown as symbols with standard deviation error bars.
Measured PoLTF thickness corresponds to initial lens insertion.
Commercial Relationships: Young Hyun Kim, None; Bo Tan,
None; Meng C. Lin, None; Clayton J. Radke, None
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Changes in corneal thickness and ocular aberrations associated
with scleral contact lens wear in normal subjects
Florencia Yeh, Joshua Baker, Ngoc Le, Tam Nguyen, Miae Kwon,
Madiha Tehseen, Nicole M. Putnam. Arizona College of Optometry Midwestern University, Glendale, AZ.
Purpose: Scleral contact lenses are increasing in clinical popularity.
As a result it is important to fully characterize and understand the
normal ocular and visual changes that are expected in a normal,
young, healthy population. This study seeks to quantify changes in
corneal thickness over the course of a day of wear and investigate
changes in corneal and/or ocular aberration measurements, contrast
sensitivity, and visual acuity.
Methods: 32 eyes from healthy subjects between the ages of 18 and
40 who were not current gas permeable contact lens wearers and
had no ocular disease or prior refractive surgery were included in
this study. Subjects were fit for scleral lenses using normal clinical
procedures and returned on a separate day for testing. Baseline
and end of day measurements were obtained without any lenses
in place and 4 measurements were made with the lenses in place,
approximately every 2 hours. Measurements included Optovue
Anterior Segment Optical Coherence Tomography (OCT), ocular and
corneal aberrometry with the i.Profilerplus by Zeiss, visual acuity (VA),
and contrast sensitivity (CS).
Results: There was a significant increase of 4.8 microns or 0.9%
in corneal thickness measured with the OCT for 28 eyes (p<0.01).
Average corneal thickness increased steadily over the course of
wear and correlated with average minutes of wear (p<0.01). Total
wear time averaged 422 min (range 342-496 min) and was related
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to changes in corneal thickness, but the correlation did not reach
significance. Ocular aberration measurements showed a significant
decrease from the first to last measurements with the lenses in place
over a 5mm pupil for spherical aberration, high-order RMS, and
vertical coma (p<0.01). The change in thickness was correlated with
the change in high-order RMS (p=0.02). No significant changes were
seen in corneal aberration measurements. VA and CS measurements
were correlated (p<0.0001).
Conclusions: There were significant differences noted in corneal
thickness and ocular aberration measurements for normal subjects
wearing scleral contact lenses. High-order RMS for the eye as
a whole decreased with scleral lens wear and this change was
correlated with changes in corneal thickness. Ocular aberration
measurement of spherical aberration and vertical coma also decreased
with scleral lens wear.
Commercial Relationships: Florencia Yeh, None; Joshua Baker,
None; Ngoc Le, None; Tam Nguyen, None; Miae Kwon, None;
Madiha Tehseen, None; Nicole M. Putnam, None
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Change in Fluid Reservoir Density at 20 Minute Intervals Over 2
Hours with 3 Scleral Lens Diameters
Muriel Schornack, Cherie B. Nau. Ophthalmology, Mayo Clinic,
Rochester, MN.
Purpose: Clinical observation has suggested that post-lens fluid
reservoir turbidity is more pronounced in large than small scleral
lenses. This study compares changes in fluid reservoir optical density
at 20-minute intervals over 2 hours of wear in scleral lenses of three
diameters.
Methods: Thirty-five participants, fourteen men and twenty-one
women age 20-44 years (29[7] years, mean[SD]) with no history of
eye disease, surgery or previous scleral lens wear, were fitted on one
randomized eye with three lenses: 15.0 mm Jupiter (Visionary Optics,
Front Royal, VA), 18.0 mm Digiform (Truform Optics, Beford, TX)
and18.2-mm Jupiter (Visionary Optics, Front Royal, VA). Lenses
were selected from a diagnostic fitting set to provide 200-300 μm
clearance between the lens and central cornea immediately after
application. Lenses were evaluated at separate visits. Two images
of the lens and cornea were recorded by Scheimpflug photography
(Pentacam, Oculus, Inc.) immediately after application and at
20-minute intervals for 2 hours. Optical density of the fluid reservoir
was assessed midway between the back surface of the lens and
the anterior surface of the cornea in all vertical images using the
Pentacam’s densitometry analysis software. The average value of
two images for each time was recorded. Densitometry values with all
three lens designs were compared using Repeated measures analysis
of variance. Significant differences were investigated between lens
sizes using the Student-Newman-Keuls (SNK) procedure.
Results: Initial optical density was 4.9[1.1]%15 mm; 4.5[0.4]%18
mm; and 4.9[0.7]% 18.2 mm; SNK procedure shows a difference
between 18 mm and other two lenses (p=.019), but no difference
between 15 and 18.2 mm lenses. At 20 minutes, optical density
was 7.0[2.0]%15 mm; 6.1[1.2]% 18 mm; 6.5[1.8]% 18.2 mm. SNK
procedure shows difference between 18 mm and other two lenses
(p=0.027), but no difference between 15 and 18.2 mm lenses. At 40
minutes, optical density was 8.0[2.8]% 15 mm; 6.9[1.9]% 18 mm;
and 7.6[2.4]% 18.2 mm. SNK procedure shows difference between
15 and 18 mm lenses (p=.038), but no other differences were noted.
No differences were noted at any other time points.
Conclusions: Optical density of the post-lens fluid reservoir
increases during two hour of continuous wear of 15, 18, and 18.2 mm

scleral lenses. Lens diameter does not appear to affect the rate of fluid
reservoir optical density change.
Commercial Relationships: Muriel Schornack, None;
Cherie B. Nau, None
Support: Mayo Foundation, Research to Prevent Blindness
Program Number: 3089 Poster Board Number: A0343
Presentation Time: 11:00 AM–12:45 PM
Development of a novel, objective metric to determine tear film
stability
Darcy Kroeker, Kevin van Doorn, Hendrik Walther,
Lakshman Subbaraman, Lyndon W. Jones. CCLR, University of
Waterloo, Waterloo, ON, Canada.
Purpose: The traditional metrics of tear film (TF) stability
assessments, both subjective and objective, do not necessarily agree
and may not capture all the relevant aspects of the TF that determines
its stability. The purpose of this study was to develop a non-invasive
objective metric (Spike Ratio Rate) to determine TF stability
using keratoscopy images and compare it with existing metrics for
agreement and sensitivity.
Methods: We developed an image processing program to analyze
video sequences of keratoscopic images captured with a Topcon
corneal topographer. At each frame, the thickness of each Placido ring
in the reflected image was measured at regular azimuth increments
and the difference in this thickness vector since the initial frame was
computed. We defined Spike Ratio (SR) to be the proportion of all
analyzed rings over which the thickness has changed by an amount
exceeding a threshold value. SR Rate (SRR) was defined as the rate
of change of SR, found by fitting a linear model to the SR samples
over the entire time interval.
The optimized method was tested on images obtained in vitro from
contact lenses (CLs) imaged at 10 frames per second for 20 seconds
after emergence from an artificial tear solution (ATS). The CLs
included four silicone-hydrogel lens types (n=4) which were cycled
daily for 4 weeks in ATS (16 hrs/day) and multipurpose solution
(8 hrs/day). We computed correlations of the measured SRR values
against subjective TF break up time (TBUT). An ANOVA was used to
test if the mean SRR values varied between different lens materials.
Results: 37 samples were deemed suitable for analysis, resulting in
3-4 lenses of each type and 2-3 repeats for each lens. As expected,
SRR correlated negatively with subjective TBUT (r2=0.67, p<0.001).
Additionally, SRR was significantly different for the 4 lens types
(p<0.001) and indicated the same between-lens relationships as found
with subjective TBUT.
Conclusions: SRR is a novel metric that can be used to objectively
assess the TF stability over a contact lens or the cornea. Our results
demonstrate that it is sufficiently sensitive to distinguish differences
in TF stability over different lens types.
Commercial Relationships: Darcy Kroeker, None; Kevin van
Doorn, None; Hendrik Walther, None; Lakshman Subbaraman,
None; Lyndon W. Jones, None
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Pre-contact lens tear film kinetic measurement repeatability
under normal and adverse environmental conditions
Michel Guillon1, 2, Kishan Patel1, Ruchi Gupta1, Trisha Patel1,
Cecile A. Maissa3. 1Ocular Technology Group International, London,
United Kingdom; 2School of Life and Health Sciences, Aston
University, Aston, United Kingdom; 3Alcon Research, Ltd, Fort
Worth, TX.
Purpose: Traditionally, contact lens on-eye wettability has been
assessed by measuring the non-invasive break-up time (NIBUT),
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which provides information only on the length of time that wettability
is good. The measurement of tear film kinetics (TFK), which
includes NIBUT, produces a global assessment of wettability over
the full interblink period, while also characterizing the post-break
destabilization. The purpose of this analysis was to evaluate the
reliability of this new clinical technique.
Methods: The TFK of habitual DAILIES® TOTAL 1® (delfilcon
A, Alcon) daily disposable contact lens wearers was measured in
two different studies (n1= 90; n2=58) after 3 hours of conventional
wear and a subsequent 3 hours of computer use in a controlled
environment of 20% humidity. Digital videos were captured using
non-invasive Tearscope illumination. The TFK (NIBUT, dehydration
speed [DS], and minimum protected area [MPA]) was analyzed post
hoc by masked investigators.
Results: Overall (n=148), after 3 hours of wear, TFK characteristics
were as follows: NIBUT (7.1±7.0 s), DS (0.28±0.66 mm2/s) and
MPA (93.4±16.6 %). TFK characteristics remained unchanged after
3 hours in 20% humidity: NIBUT, 8.4±9.8 s; DS, 0.26±0.75 mm2/s,
MPA 95.2±14.0 %). The TFK characteristics in the two studies were
similar after 3 hours of wear and 3 hours in the dry environment.
After 3 hours of wear, mean difference (95% CID) TFK values
were: NIBUT, 0.9 s (-3.2, +1.4); DS, 0.00 mm2/s (-0.22, +0.22); and
MPA, 2.0 % (-3.5, +7.4); after 3 hours in the dry environment, mean
difference (95% CID) values were: NIBUT, 1.3 s (-4.5, +1.9); DS,
0.03 mm2/s (-0.28, +0.22); and MPA, 0.3% (-4.9, +4.3).
Conclusions: TFK after 3 hours of DAILIES® TOTAL 1® wear,
characterized by a long NIBUT, slow dehydration upon the initial
break and high surface coverage by the tear film, confirmed the good
on-eye wettability of DT1; the findings recorded after exposure to dry
eye conditions revealed DT1 robustness to adverse environmental
conditions. The fact that similar findings were recorded in the two
studies demonstrated consistency in TFK for DT1 and repeatability of
the measurement method.
Commercial Relationships: Michel Guillon; Kishan Patel,
Alcon Research Ltd. (F); Ruchi Gupta, Alcon Research Ltd (F);
Trisha Patel, Alcon Research Ltd (F); Cecile A. Maissa, Alcon
Research Ltd (E)
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Tear Film Collection Method and Analysis of the Scleral Lens
Tear Film Reservoir in Keratoconus Patients
Maria Walker, Rachel L. Redfern, Jason D. Marsack. College of
Optometry, University of Houston, Houston, TX.
Purpose: To establish a method of tear collection from the tear film
reservoir (TFR) of a scleral lens (SGP) system and to measure the
protein, lipid, and protease concentrations in the TFR of SGP wearers
with and without keratoconus (KC).
Methods: Habitual SGP wearers were recruited. Subjects applied
their SGP 4h prior to the study visit, applying the lenses with
preservative free saline (approximately 2ml is used to fill the bowl
of the lens). At the visit, the TFR fluid from beneath the SGP system
was collected by having the subject tilt their head forward, allowing
an investigator to remove the lens and collect the fluid from the
concave portion of the SGP using a micropipette. After collection,
the TFR samples were analyzed for protein, lipid and matrix
metalloproteinase (MMP)-1, -2, -7, -9, and -10 (MMP multiplex bead
array) concentrations.
Results: Twenty six SGP wearers were recruited (n=15 with KC;
n=11 post-refractive surgery patients). The mean volume of TRF
collected from subjects in this study was 47 ± 48 µl (range 4 – 212
µl). No significant differences were found between the protein

median concentrations in the KC and the non-KC group, 2.85 vs
3.75 µg/µl respectively, (p = 0.11). There were no differences found
in lipid concentration between the two groups (0.0015 µg/µl in KC
group, 0.0020 µg/µl in non-KC group; p = 0.88). There were no
differences in the concentrations of MMP-1 (p = 0.90), MMP-2
(p = 0.98), MMP-7 (p = 0.78), or MMP-10 (p = 0.74). The
concentration of MMP-9 was significantly higher in the KC group
(median KC: 581.74 pg/ml, median non-KC: 105.19 pg/ml, p = 0.01).
Conclusions: We report a method for collecting the TFR which is in
direct contact with the ocular surface in SGP wearers that is suitable
for total and specific protein and lipid analysis. Here we found that
MMP-9 is increased in the KC group of SGP wearers, although
studies expanding on this pilot data are indicated to develop a clearer
relationship between TFR components and KC.
Commercial Relationships: Maria Walker; Rachel L. Redfern,
None; Jason D. Marsack, None
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Correlation between Ocular Surface Temperature and Tear Film
Stability in Soft Contact Lens Wear
takashi itokawa, Yuichi Hori, YUKINOBU OKAJIMA,
Hiroko Iwashita. ophthalmology, Toho University Omiru Medical
Center, Yokohama, Japan.
Purpose: Changes in ocular surface temperature (OST) in dry eye
with the eyes open are higher than in normal eyes because of the tear
film instability in dry eye. We hypothesized that the changes in OST
in soft contact lens (SCL) wear also might be higher than without
SCL wear. We measured the changes in the OST over SCLs and
evaluated the correlations between the changes in OST and noninvasive tear break-up time (NIBUT) in SCL wearers.
Methods: Twenty eyes of 20 normal contact lens wearers (mean
age, 24.4 ± 4.1 years) were enrolled. Four different types of SCLs
(silicone hydrogel, polyvinyl pyrrolidone [PVP] hydrogel, hydrogel,
and hydroxyethyl methacrylate [HEMA]) were used. An ocular
surface thermographer (TG-1000, TOMEY Corporation) measured
the OST for 10 seconds immediately after eye opening. We defined
the difference from 0 to 10 seconds as the ΔOST. The NIBUT
over the SCL was measured by tear film interferometry (DR-1
alpha, KOWA). The tear interference patterns on the contact lens
(TIPCL) were classified into five grades by tear film interferometry.
The correlations between the ΔOST and NIBUT and TIPCL were
determined.
Results:
The ΔOST was correlated significantly with the NIBUT with
(r=0.642, P<0.0001, Spearman) and without (r=0.411, P<0.01)
a SCL. With the OST decrease over 10 seconds, the TIPCL grade
increased significantly (r=-0.636, P<0.0001). The differences in
the ΔOST between with and without silicone hydrogel, hydrogel
with PVP, hydrogel, and HEMA SCLs were 0.15±0.33, 0.22±0.33,
0.46±0.33, and 0.50±0.35oC, respectively. The difference in the
ΔOST between with and without silicone hydrogel SCLs was
significantly smaller than with hydrogel and HEMA SCLs (P<0.05,
P<0.01, respectively, Tukey HSD). The differences in the NIBUTs
between with and without each SCL were 2.6±2.6, 2.3±3.6,
5.3±3.2, and 4.8±2.8 seconds, respectively. The differences in
the NIBUTs with silicone hydrogel and hydrogel with PVP SCLs
were significantly (P<0.05 for both comparisons) smaller than with
hydrogel lens.
Conclusions: Measurements of the OST over SCLs can be used to
evaluate tear film stability and contact lens fitting for contact lens
wearers.
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RELATIONSHIP OF SILICON AND FLUORINE CONTENTS
WITH WATER CONTENT OF SILICONE-HYDROGEL
CONTACT LENS MATERIALS
Terin Dupre, William J. Benjamin. Optometry, University of Alabama
at Birmingham, Birmingham, AL.
Purpose: A negative linear relationship between silicon content (Si)
and water content (W) was found for 14 of 16 commercially available
silicone hydrogel (SiHy) contact lens materials. The contents of
Lotrafilcon A and B deviated from the relationship. These materials
also contain fluorine. Accounting for fluorine content (F) showed that
these materials contributed, as well, to a linear relationship between
W and the combination of Si and F.
Methods: Si was assessed in percent (%) using Inductively Coupled
Plasma-Optical Emissions Spectroscopy (ICP-OES). F was assessed
in % using oxygen flask combustion and measurement with an ionselective electrode. Lotrafilcon A and B were assessed for Si and F
in powers of -3, -1, +3, +6 D. Thus, four lenses per material were
evaluated for Si content and four lenses for F content, and the results
averaged per material. Similarly, Si was evaluated for the 14 other
materials. W was determined using a gravimetric method in powers
-3, -2, -1, +1, +2, +3, +4, and +6 D. Two lenses per refractive power
were assessed, and the results averaged per material. Thus, W was the
average of 16 assessments per material. Si, F, and W were derived for
lens samples having the same lot numbers for each material.
Results: The plot of mean Si and W for the 16 materials including
those containing fluorine revealed a linear negative relationship:
[Si = -0.2834(W) + 26.526, R2 = 0.7466] in the dry state and [Si =
-0.2615(W) + 19.776, R2 = 0.9009] in the hydrated state. With the
inclusion of F with Si of Lotrafilcon A and B, the linear relationship
became for 16 materials: [(Si+F) = -0.345(W) + 29.694, R2 = 0.9003]
in the dry state and [(Si+F) = -0.3079 (W) + 22.151, R2 = 0.9403] in
the hydrated state.
Conclusions: Addition of F to Si in the analysis allowed the data
points for Lotrafilcon A and B to fit the negative linear relationship
established by the other 14 commercially available SiHy contact
lens materials. The addition of fluorine allows Lotrafilcon A and
B to contain lower W and lower Si than would otherwise occur in
clinically successful SiHy contact lens materials.
Commercial Relationships: Terin Dupre, None;
William J. Benjamin, Material Performance Assessments, LLC (S),
Material Performance Assessments, LLC (F)
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Sticky Business: How Cross-Linker Content Can Have a
Profound Effect on the Adhesiveness of Contact Lenses
Charles W. Scales, Sam Popwell, Brian Pall, Bart Johnson,
Thomas Maggio. R&D, Johnson & Johnson Vision Care, Inc.,
Jacksonville, FL.
Purpose: The use of cross-linker to modulate the adhesive properties
of polymeric materials, including hydrogels, is commonly employed
in various industries to modulate material adhesiveness, depending
on the application. Typically, materials with lower cross-link densities
exhibit higher adhesiveness to surfaces, while materials with higher
cross-link densities can exhibit a dis-adhesive effect. Degree of

cross-linking also impacts the muco-adhesiveness of a material.
Herein, two methodologies were employed to measure the adhesion
of silicone hydrogel formulations (within senofilcon contact lens
materials) with increasing levels of cross-linker content.
Methods: Two measurements of contact lens adhesion were
employed to demonstrate differences in adhesion between materials.
The first utilized a lap-shear adhesive test, in which two lenses (from
the same material) were pressed against one another with a specified
normal force Fn across a fixed area. The two lens surfaces were then
pulled apart (laterally) and the force required to do so is measured.
Alternatively, the amount of time required for a contact lens to
be released from its front-curve mold has been used to assess the
adhesive strength of silicone hydrogel materials. Ultimately, these
methods may be good surrogates for assessing the muco-adhesion of
contact lenses.
Results: Four senofilcon-material derived lens formulations with
increasing cross-linker contents were tested. Both methodologies
showed that senofilcon A (i.e. the lens with the most cross-linker)
had the least adhesion (1.6±0.13 kPa, 14.3±1.8 sec), while the
experimental, senofilcon-derived lens with the least cross-linker
showed the greatest adhesion (2.7±0.22 kPa, 29.0±2.20 sec).
Senofilcon-based experimental lenses with intermediate levels of
cross-linker showed intermediate levels of adhesion.
Conclusions: Through two different methodologies, the adhesiveness
of a series of senofilcon formulations with increasing levels of crosslinker has been measured. Both methods demonstrate that modulating
the cross-linker content of a silicone hydrogel impacts its adhesive
properties, which may have an impact on lens tribology, a property
that has been correlated with contact lens comfort/discomfort.
Commercial Relationships: Charles W. Scales, Johnson &
Johnson Vision Care, Inc. (E); Sam Popwell, Johnson & Johnson
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In Vitro Hydrogel Friction Experiments on Corneal Cells
Juan M. Urueña, Angela A. Pitenis, Tristan Hormel,
Tapamoy Bhattacharjee, Samantha L. Marshall, Samuel M. Hart,
Kyle D. Schulze, Thomas E. Angelini, W G. Sawyer. Mechanical
Engineering, University of Florida, Gainesville, FL.
Purpose: The tear film and health of the epithelia in the eye are
important for both lubricity and comfort. The extent of tear film
disruption due to contact lens use is difficult to measure in vivo, and
determining the shear stresses imparted by the lens represents an even
greater challenge. This study examines the effects of shear stress on
human corneal epithelial cells (hTCEpi) by sliding a hydrogel probe
against a hTCEpi monolayer for 24 hours while monitoring mucin
production and cell viability with in situ fluorescence microscopy.
Methods: Cells were incubated in a culture dish with Keratinocyte
Growth Media (KGM-Gold™) growth media and grown to
confluence. Cells bodies were stained with CellTrace™ Calcein
Red-Orange. Mucins produced by hTCEpi cells were dyed with
Concanavalin A Alexa Fluor® 488 Conjugate. A hydrogel spherical
shell probe (7.5 wt.% acrylamide, 0.3 wt.% bisacrylamide) was
loaded against the cells to 200 µN and achieved average contact
pressures below 1 kPa, which were maintained over 10,000
reciprocating cycles (3 mm stroke length, 1 mm/s sliding velocity).
Tribological experiments were performed at 37±0.2°C, 5% CO2,
and 80% RH. Fluorescence microscopy monitored cell viability and
mucin production in situ.
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Results: Over 10,000 reciprocating cycles, the normal force (Fn) was
Fn = 218.6±20.3 µN, the friction force (Ff) was Ff = 12.8±3.2 µN, and
the friction coefficient (Ff/Fn) was µ = 0.058 ±0.008. Average contact
pressure was measured to be approximately 1 kPa and the frictional
shear stress was therefore approximately 60 Pa. A live/dead assay
performed at the conclusion of the experiment (ReadyProbes® Cell
Viability Imaging Kit [Blue/Green]) revealed that less than 0.2%
of hTCEpi cells died during sliding. The intensity of fluorescently
tagged mucin increased over time during sliding.
Conclusions: A monolayer of hTCEpi cells was cultured,
fluorescently tagged, and subjected to 10,000 reciprocating cycles
at physiologically-relevant conditions. Cell damage after 10,000
cycles was not significant (0.2%) and mucin production continued
to increase during testing. These results demonstrate that corneal
epithelial cells can endure prolonged frictional interactions with
hydrogels if they are subject to sufficiently low shear stress
throughout this process. This principle may serve as a guideline for
new contact lens design.
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In Vitro Characterization of Mucin Growth Dynamics by
Confocal Fluorescence Microscopy
Angela A. Pitenis, Tristan T. Hormel, Tapamoy Bhatacharjee,
Juan M. Urueña, W G. Sawyer, Thomas E. Angelini. Mechanical
Engineering, University of Florida, Gainesville, FL.
Purpose: Entangled networks of mucin in the tear film are largely
responsible for lubrication, ocular hydration, and health, but the
growth dynamics of mucin have not been thoroughly characterized
(in vitro or in vivo). This study directly observed corneal epithelial
cells over 2 days and quantitatively measured mucin production and
growth in vitro through confocal microscopy.
Methods: Human telomerase-immortalized corneal epithelial
cells (hTCEpi) were incubated in a culture dish in KGM-Gold
media and grown to confluence. Cell bodies were stained with
CellTrace™ Calcein Red-Orange, and hTCEpi mucins were stained
with Concanavalin A Alexa Fluor® 488 Conjugate (which binds
to oligosaccharides in mucin glycoproteins). Time-lapse confocal
microscopy monitored cell viability and mucin production over 2
days every 30 minutes during growth under steady conditions of
37±0.2°C, 5% CO2, and 80% RH. Increased fluorescence intensity
indicated increased mucin abundance; 3D fluorescence intensity
distribution determined mucin layer thickness.
Results: A mucin layer was observed to grow from the apical side
of the hTCEpi monolayer. Over 48 hours, the mucin layer increased
by more than 2 µm and grew non-monotonically, exhibiting a long
plateau between 10-20 hours. By contrast, the total amount of mucin
produced over 2 days increased 10-fold and grew steadily, estimated
from the integrated fluorescence intensity. To verify that results
were not simply passive fluorescent dye accumulation, dead cells
were imaged over a similar period and no corresponding increase in
fluorescence intensity was observed. Mucin accumulation was nearly
proportional to the square root of time. This time of growth kinetics is
consistent with a diffusion-limited process, possibly linked to hTCEpi
cell nutrient uptake, or diffusion-limited transport within the cell

involved in mucin production. The power-law exponent obtained by
fitting these data is 0.58+/-0.004.
Conclusions: This technique quantifies the spatial distribution and
total amount of mucin growing from a living cell layer, and allows
potential changes in mucin concentration and compaction to be
determined. Mucin concentration increases during the plateau in layer
thickening; the diffusion-limited kinetics of mucin production exhibit
no slowing down during this period, suggesting the accumulation of
mucin within a fixed volume in apical space.
Commercial Relationships: Angela A. Pitenis, Alcon
Laboratories (F); Tristan T. Hormel, Alcon Laboratories (F);
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Surface temperature change in soft contact lenses: an in vitro
study
Stephanie Wong5, Edward Lum1, 3, Aniol Planaguma Cornella2, 3,
Paul J. Murphy3, 4, Lyndon W. Jones5. 1School of Optometry and
Vision Science, University of New South Wales, Sydney, NSW,
Australia; 2Terrassa School of Optics and Optometry, Universitat
Politecnica de Catalunya, Terrassa, Spain; 3School of Optometry
and Vision Science, University of Waterloo, Waterloo, ON, Canada;
4
School of Optometry and Vision Science, Cardiff University,
Cardiff, United Kingdom; 5Centre for Contact Lens Research, School
of Optometry and Vision Science, University of Waterloo, Waterloo,
ON, Canada.
Purpose: Evaporative water loss from a contact lens (CL) influences
daily wear comfort. During a blink a CL undergoes a cycle of
warming and cooling which is repeated during the day and which
may influence this evaporative water loss. This response may be
dependent on lens material and water content (WC). This study
investigates the effects of WC and material type on the forced heating
of soft CL.
Methods: An infrared thermal camera (FLIR A655sc) was used to
measure surface temperature (ST) change of 2 silicone hydrogel
CL: (Dailies Total1 [DT1] - 33%WC, Acuvue Oasys - 38%WC)
and 3 hydrogel CL (SofLens 38 - 38.6%WC, 1-Day Acuvue Moist
- 58%WC, Biotrue daily - 78%WC). Each CL (-3.00D BVP)
acclimatised to ambient temperature (25-26°C) and humidity (3948%) before being placed on a model eye for 10 minutes. The model
eye comprised a mini-scleral (7.70mm BOZR) glued onto a 20mm
diameter heated dome (32.7±0.6°C). This combination was painted
matt black. ST was recorded at the centre of the CL. Measurements
over time and between CL types were compared using repeated
measures ANOVA and post-hoc Games-Howell test.
Results: Significant changes in ST occurred for all lens types
(p<.001). All CL passed through periods of rapid warming from room
temperature on initial placement on model eye. After peak warming,
all CL underwent gradual cooling due to water evaporation from CL
surface. The rate of ST change varied with lens type (p<.001). The
rate of ST cooling was fastest in Oasys (-1.9°C/min), followed by
DT1 (-1.6°C/min), SofLens 38 (-1.5°C/min), Biotrue (-1.1°C/min),
and Moist (-0.95°C/min). Upon reaching minimum ST, and a short
stabilization period, ST increased (p<.001) for SofLens 38 (+0.47°C/
min) and Oasys (+0.46°C/min). DT1 showed a trend toward ST
increase (+0.15°C/min). ST remained stable for Moist and Biotrue
over the remaining test period.
Conclusions: There was an inverse relationship between the rate of
surface cooling and material WC. Subsequent increases in central
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lens ST occurred only in low WC lens types and were unrelated to
material type. These findings suggest that evaporation influences the
rate and extent of temperature change, and that this evaporative effect
is limited by available water in the lens. Further investigations are
required for other CL types and longer periods of forced CL heating.
Commercial Relationships: Stephanie Wong, None; Edward Lum,
None; Aniol Planaguma Cornella, None; Paul J. Murphy, None;
Lyndon W. Jones, Alcon (F), Johnson & Johnson Vision Care (F)
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