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Variability of Ciliary Muscle Segmentation in OCT Images
Keke Liu1, 3, Florence Cabot1, 4, Yu-Cherng Chang1, 3, Marco Ruggeri1, 
Sonia H. Yoo4, 3, Jean-Marie A. Parel1, 2, Fabrice Manns1, 3. 
1Ophthalmic Biophysics Center, Bascom Palmer Eye Institute, 
University of Miami Miller School of Medicine, Miami, FL; 2Brien 
Holden Vision Institute and Vision Cooperative Research Centre, 
Sydney, NSW, Australia; 3Department of Biomedical Engineering, 
University of Miami College of Engineering, Coral Gables, FL; 
4Anne Bates Leach Eye Hospital, Bascom Palmer Eye Institute, 
University of Miami Miller School of Medicine, Miami, FL.
Purpose: Variability of manual segmentation of the ciliary muscle 
(CM) may prevent accurate CM thickness measurements from 
OCT images. This study aims to quantify intra- and inter-examiner 
variability of CM thickness and CM thickness change during 
accommodation measured from manually segmented OCT images.
Methods: A commercial SD-OCT system (Telesto II, Thorlabs, 
Newton, NJ) with imaging speed of 28,000 A-lines/s, axial resolution 
of 7.5 μm, axial range of 2.5 mm operating at a central wavelength 
of 1325 nm was coupled with a custom-made accommodation unit 
capable of providing monocular step stimuli. Three eyes from three 
subjects (24, 40, and 48 y.o.) were dynamically imaged in response to 
a step stimulus from 0 to 2 D. Two examiners manually segmented 20 
OCT images from each imaging session, the first and last 10 images 
when the CM was relaxed and accommodated, respectively. Each 
image was segmented 10 times. CM thicknesses were calculated at 
the inner apex and 1.0 mm from the scleral spur (Figure 1) in each 
image. Relaxed and accommodated CM thicknesses were defined 
as the average thickness of the first 10 images and last 10 images, 
respectively. CM thickness change due to accommodation was 
defined as the difference in thickness between the accommodated 
and relaxed states. Intra-examiner variability was quantified for each 
subject as the 95% confidence interval of CM thickness and thickness 
change over 10 repetitions of CM segmentation. Inter-examiner 
variability was quantified as the mean difference in CM thickness and 
thickness change between the two examiners.
Results: Intra-examiner variability was generally greater for 
measurements at the inner apex than measurements at a distance of 
1.0 mm away from the scleral spur (Table 1). The mean inter-operator 
variability at the inner apex for relaxed CM thickness and CM 
thickness change was 50.5 and 25.0 μm, respectively (Table 1).
Conclusions: The variability of manual segmentation of the CM 
surfaces in OCT images may significantly affect the outcome of CM 
thickness measurements and should be considered when performing 
accommodation studies.

CM OCT image. Red line: Upper boundary; Blue line: Lower 
boundary; White arrow: Inner apex; Teal and purple dashed lines: 
CM thickness at the inner apex and 1.0 mm from the scleral spur, 
respectively.

Mean change (μm) ± 95% confidence interval of relaxed CM 
thickness and CM thickness change at the inner apex and 1.0 mm 
from the scleral spur.
Commercial Relationships: Keke Liu, None; Florence Cabot, 
None; Yu-Cherng Chang, None; Marco Ruggeri, US Patent 
8,425,037 (P); Sonia H. Yoo, None; Jean-Marie A. Parel, US Patent 
8,425,037 (P); Fabrice Manns, US Patent 8,425,037 (P)
Support: NEI Grants: R01EY014225, P30EY14801 (Center Grant); 
the Florida Lions Eye Bank; Research to Prevent Blindness; Drs. KR 
Olsen and ME Hildebrandt, Drs. Raksha Urs and Aaron Furtado, the 
Henri and Flore Lesieur Foundation (JMP)
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In Vivo Measurement of the Attenuation Coefficient of the 
Sclera and Ciliary Muscle from Transscleral Optical Coherence 
Tomography images
Gabrielle Monterano Mesquita1, 2, Yu-Cherng Chang1, 2, 
Florence Cabot1, 3, Marco Ruggeri1, Sonia H. Yoo3, 4,  
Jean-Marie A. Parel1, 4, Fabrice Manns1, 2. 1Ophthalmic Biophysics 
Center, Bascom Palmer Eye Institute, University of Miami Miller 
School of Medicine, Miami, FL; 2Department of Biomedical 
Engineering, University of Miami College of Engineering, Coral 
Gables, FL; 3Anne Bates Leach Eye Hospital, Bascom Palmer Eye 
Institute, University of Miami College of Engineering, Coral Gables, 
FL; 4Brien Holden Vision Institute and Vision Cooperative Research 
Center, Sydney, NSW, Australia.
Purpose: Images of accommodation-induced changes in the ciliary 
muscle acquired using Optical Coherence Tomography (OCT) can 
provide insight into the mechanism of accommodation. However, the 
inner boundary of the ciliary body near the apex is often difficult to 
visualize due to signal loss. The purpose of this study was to quantify 
the attenuation coefficients of the sclera and ciliary muscle in vivo to 
better understand the mechanism of signal loss in OCT images of the 
ciliary muscle.
Methods: Following an IRB-approved protocol, the ciliary muscle 
was imaged transsclerally in the unaccommodated state in the left 
eye of eighteen healthy subjects (39.2 ± 10.5 years old) using a 
Spectral-Domain OCT system (1320nm, 28,000 A-lines/s, 7.5 μm 
axial resolution, and 2.5 mm axial range, Thorlabs Telesto, Newton, 
NJ) coupled with an accommodation module (Ruggeri et al, Biomed 
Opt Exp, 2016: 1351-1364). For each subject, we acquired one image 



ARVO 2017 Annual Meeting Abstracts

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

consisting of 897 A-lines. The A-line corresponding to the inner 
apex was selected in the ciliary muscle image from each subject. 
The boundaries of the sclera and ciliary muscle in the selected A-line 
were determined from visual inspection of the OCT images (Figure, 
left). The attenuation coefficients of the sclera and ciliary muscle 
were calculated from the slopes of linear fits of the data points of the 
corresponding regions of the axial reflectivity profile (Figure, right). 
Calculation of the attenuation coefficient was repeated five times 
on the same image and the average value was calculated for each 
subject.
Results: The average attenuation coefficient across subjects was 3.08 
± 2.03 mm-1 for the sclera and 3.30 ± 0.53 mm-1 for the ciliary muscle
Conclusions: The study demonstrates the feasibility of measuring 
the attenuation coefficient of the sclera and ciliary muscle in vivo 
from OCT images. The results suggest that there are significant inter-
individual variations in the scleral attenuation coefficient that may be 
due to differences in scleral collagen ultrastructure and vasculature.

Figure. Left: OCT image of the ciliary muscle and sclera. Blue line 
corresponds to the A-line passing through the inner apex. Right: 
Linear fits of the axial intensity profile in the sclera and ciliary 
muscle. The attenuation coefficients for this subject were determined 
to be 4.75 mm-1 and 3.52 mm-1 for the sclera and ciliary muscle, 
respectively.
Commercial Relationships: Gabrielle Monterano Mesquita, 
None; Yu-Cherng Chang; Florence Cabot, None; Marco Ruggeri, 
None; Sonia H. Yoo, None; Jean-Marie A. Parel, None; 
Fabrice Manns, None
Support: National Eye Institute Grants 2R01EY14225, P30EY14801 
(Center Grant); Florida Lions Eye Bank; Drs KR Olsen and ME 
Hildebrandt, Drs R Urs, and A Furtado; the Henri and Flore Lesieur 
Foundation (JMP); an unrestricted grant from Research to Prevent 
Blindness; and the Australian Federal Government Cooperative 
Research Centre Scheme through the Vision Cooperative Research 
Center
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Effect of Accommodative Therapy on Ciliary Muscle Thickness
Marjean T. Kulp1, Nahrain Shasteen1, G.Lynn Mitchell1, 
Melissa Bailey1, Chiu-Yen Kao3, Kathryn Richdale2. 1The OSU 
College of Optometry, Columbus, OH; 2SUNY College of Optometry, 
New York, NY; 3Claremont McKenna College, Claremont, CA.
Purpose: Accommodative therapy has been shown to improve both 
signs and symptoms associated with accommodative insufficiency 
(AI). The underlying mechanism has not yet been shown. The ciliary 
muscle is a multi-unit smooth muscle which may retain the ability to 
undergo changes in size and contractile ability. The purpose of this 
study was to investigate whether a change in ciliary muscle thickness 
(CMT) occurs in subjects with AI following accommodative therapy.
Methods: Subjects, ages 9 to 30 years, with AI were recruited. 
Anterior segment optical coherence tomography was used to measure 
maximum ciliary thickness (CMTMAX) and ciliary muscle thickness 

at 1mm (CMT1), 2mm (CMT2) and 3 mm (CMT3) posterior to 
the scleral spur of the right eye while subjects viewed a distance 
target before and after therapy. Therapy consisted of 8 weeks of 
in-office weekly accommodative therapy (1 hour/week) with home 
reinforcement therapy (15 minutes/day, 5 days/week).
Results: Subjects with AI (N = 16, mean age = 17.4 years) were 
enrolled and completed the therapy. CMT measurements at baseline 
were 776.96 ± 67.12μm at CMTMAX, 756.76 ± 66.91μm at CMT1, 
554.14 ± 74.30μm at CMT2, and 335.14 ± 49.48μm at CMT3. After 
accommodative therapy, CMT measurements showed thickening of at 
least 20μm (CMTMAX: mean difference 31.54μm, p=0.012; CMT1: 
28.42 μm, p=0.043, CMT2: 40.42 μm, p=0.006, CMT3: 21.59 μm, 
p=0.009).
Conclusions: Accommodative therapy increased CMT in subjects 
with AI. The increase in muscle thickness provides a potential 
mechanism for the improvements in signs and symptoms seen with 
therapy.
Commercial Relationships: Marjean T. Kulp; Nahrain Shasteen, 
None; G.Lynn Mitchell, None; Melissa Bailey, Patent number 
9,060,717 (P); Chiu-Yen Kao, Patent number 9,060,717 (P); 
Kathryn Richdale, None
Support: Colllege of Optometrists in Vision Development
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Ultra high-field MRI determination of diffusion rates in human 
lenses of different ages
Thomas Stahnke1, Rudolf F. Guthoff1, Oliver Stachs1, Andreas Wree2, 
Anselm G. Juenemann1, Niels Grabow3, Tobias Lindner4, 
Stefan Polei4. 1Department of Ophthalmology, University of Rostock, 
Rostock, Germany; 2Institute of Anatomy, Rostock, Germany; 
3Institute of Biomedical Engineering, Rostock, Germany; 4Core 
Facility Multimodal Small Animal Imaging, Rostock, Germany.
Purpose: Accommodation loss affects clinically every human 
individual older than 45. This effect is predominantly caused by 
increased lens stiffness. The aim of this investigation was to analyze 
effects in presbyopia in human lenses of different ages ex vivo using 
ultra high-field magnetic resonance imaging (UHF-MRI).
Methods: After enucleation intracapsular lens extractions were 
performed. Optically clear lenses (N=23) were photographed, 
weighed, and embedded in cooled 0.5% agarose solved in culture 
medium. UHF-MRI (7 Tesla, BioSpec 70/30, Bruker, Germany) 
was conducted to analyze anatomical characteristics, equatorial lens 
diameters and thicknesses in the central layer of each lens using 
T2-weighted Turbo-RARE sequences (Resolution: (75x75x800) 
μm3). Spin-echo based diffusion sequences (6 directions, 4 b-values 
between (100-1000) s/mm2) were used to obtain Apparent Diffusion 
Coefficient (ADC) values. A simple (double-) Gaussian fit routine 
was applied in order to examine two individual modes.
Results: There was an age-dependent increase in lens weight, which 
was from 0.18 g for younger lenses (31-40 years) to 0.28 g for older 
lenses (81-90 years). In T2-weighted images the measured increase 
in lens diameter from 8.57 to 9.74 mm and in lens thickness (3.71 to 
5.65 mm) was also age-related. Additionally, T2-weighted images 
revealed a hyperintense area of the lens cortex, which decreased in 
signal intensity stepwise towards the nucleus. Histogram analysis of 
the ADC values of individual lenses showed occurrence of bimodal 
distributions. Peak positions of the first mode (lower ADC values) 
in the ADC histogram appear to remain constant (~0.5*10-3 mm2/s), 
whereas for the second mode peak positions tend towards lower ADC 
values with increasing age.
Conclusions: Ex vivo UHF-MRI allowed detailed examinations of 
anatomical characteristics and diffusion coefficients of human lenses. 
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In conjunction with the local distribution of ADC values within the 
lens the results indicate that the first mode represents mainly the 
lens nucleus where there was no change, whereas there is an age 
dependent decrease in the cortex region of the lens, represented by 
the second mode. Age dependent space-resolved ADC values showed 
unexpected alterations only in the cortical areas, the clinically 
obvious age dependent hardening of the nucleus is not correlated with 
changes in the Apparent Diffusion Coefficient.
Commercial Relationships: Thomas Stahnke, None; 
Rudolf F. Guthoff, None; Oliver Stachs, None; Andreas Wree, 
None; Anselm G. Juenemann, None; Niels Grabow, None; 
Tobias Lindner, None; Stefan Polei, None
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Normal and Cataract Crystalline Lens Evaluation with  
Swept-Source Optical Coherence Tomography
Alberto De Castro1, Antonio Benito1, Silvestre Manzanera1, 
Juan Mompean1, Belen Canizares2, Jose Maria Marin2, 
Ireneusz Grulkowski3, Pablo Artal1. 1Laboratorio de Óptica, 
Universidad de Murcia, Murcia, Spain; 2Servicio de Oftalmología, 
Hospital Virgen de la Arrixaca, Murcia, Spain; 3Faculty of Physics, 
Nicolaus Copernicus University, Torun, Poland.
Purpose: To characterize different spatial structures appearing 
in the crystalline lens of older adults and cataract patients when 
imaged three dimensionally with a Swept Source Optical Coherence 
Tomography (OCT).
Methods: We used a laboratory prototype of high speed Swept 
Source OCT operating at 1050 nm for long-range imaging designed 
for full anterior segment visualization. The instrument itself and the 
processing parameters were optimized to enhance the image quality 
of the crystalline lens. Volumetric data consisted on 50 B-scans 
of 1900 A-scans each covering an area of 8x8 mm2. The anterior 
segment of both eyes in two age grouped subjects (young group, 
N=10, age range 13 to 44, mean 32; older adult group N=12, age 
range 62 to 91, mean 72 years old) was imaged. Within the older 
adult group, 8 subjects had visual complaints related to cataracts 
and were clinically graded according to the Lens Opacification 
Classification System III (LOCS III). The location in the meridional 
plane, the depth and the size of the structures visible in some of the 
crystalline lenses were studied.
Results: In the images of the crystalline lenses in the young group, 
the nucleus and several layers of the cortex were clearly visible. 
When the clinical examination revealed some opacity (nonzero 
LOCS III punctuation) in the cortex, structures were visible in the 
OCT images. Similar structures were also visible in some eyes of the 
older adult group that did not have any visual complains. In 8 of the 
22 crystalline lenses imaged in the older adult group, hyperreflective 
structures were visible between two layers on both the anterior and 
posterior cortex. With respect to the pupil plane, this hyperreflective 
structures were crescent-shaped and tended to accumulate on the 
lower part starting in the vertical meridian between 1 and 1.5 mm 
away from the center of the pupil. Hyporeflective localized defects 
were visible in 4 lenses in the older adult group in either the anterior 
or the posterior cortex. These defects, whose size was about 1 mm 
wide, 200 μm deep, created shadows that blocked the pass of the 
OCT light.
Conclusions: Our swept-source OCT instrument permits to acquire 
3-D information of the crystalline lens in vivo that reveals the 
position and size of the opacifications. This may allow a more 
detailed study of the age-related changes of the lens leading to 
clinically significant cataracts.

Young and older adult OCT image
Commercial Relationships: Alberto De Castro; Antonio Benito, 
None; Silvestre Manzanera, None; Juan Mompean, 
None; Belen Canizares, None; Jose Maria Marin, None; 
Ireneusz Grulkowski, None; Pablo Artal, None
Support: European Research Council Advanced Grant ERC-2013-
AdG-339228 (SEECAT); SEIDI, Spain (grant FIS2013-41237-R); 
Polish Ministry of Science and Higher Education (IUVENTUS 
PLUS; IP2014 014073); “Fundación Séneca” Murcia, Spain (Grant 
19897/GERM/15)
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Novel system for measuring the scattering associated to the 
cornea and the lens
Pau Santos, Meritxell Vilaseca, Juan Antonio Martínez-Roda, Juan 
Carlos Ondategui, Fernando Díaz-Doutón, Jaume Pujol. Centre for 
Sensors, Instruments and Sensors Development (CD6), Universitat 
Politecnica de Catalunya, Terrassa, Spain.
Purpose: To test a novel technique based on the contrast of Purkinje 
images (PI) to separate the contribution of the cornea and the lens to 
the intraocular scattering.
Methods: The third (P3) and the fourth (P4) PIs of a 2-fringes pattern 
aperture illuminated with a xenon lamp attached to a long-pass filter 
(cut-off 760nm) were recorded using a 14 bits EMCCD camera and 
a telecentric objective lens. Michelson contrast was calculated for P3 
and P4.
We recorded PIs of a commercial artificial eye (AE1) (OEMI-
7, Ocular Instruments) and a customized artificial eye (AE2) (1 
meniscus and 2 plano-convex lenses simulating the cornea and lens). 
Diffusing filters usually used to simulate cataracts (Black Pro Mist 
1 (BPM1), 4 (BPM4), single and double Cinegel 3020 (C3020; 
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D-C3020)) were placed in front AE1 to simulate corneal scattering 
and between the plano-convex lenses in AE2 to resemble cataracts.
We measured PIs and Objective Scatter Index (OSI) (HD Analyzer, 
Visiometrics SL) of 14 subjects (aged 25 to 72 y.), including healthy 
eyes (9), and others with corneal disorders (2) and incipient cataracts 
(3).
Results: In AE1, mean contrasts (±SD) of P3 and P4 changed with 
filters (P3: 0.93±0.01 naked eye (NE); 0.79±0.01 BPM1; 0.66±0.01 
BPM4; 0.33±0.03 C3020; 0.08±0.02 D-C3020; P4: 0.90±0.01 NE; 
0.75±0.01 BPM1; 0.59±0.01 BPM4; 0.27±0.01 C3020; 0.09±0.01 
D-C3020). In AE2, P3 remained constant (0.98±0.01 NE; 0.97±0.01 
C3020; 0.98±0.01 D-C3020) while P4 decreased (0.95±0.01 NE; 
0.61±0.03 C3020; 0.40±0.01 D-C3020).
Since P3 showed a strong dependency on age(r=0.74), a factor to 
compensate for this effect was used (P3+α, where α=0 for age<50, 
α=0.1 for 50<age<60 and α=0.25 for age>60). There were significant 
differences in P3 between transparent (healthy eyes (0.52±0.02); 
cataract eyes (0.50±0.01)) and corneas with disorders (0.39±0.02) 
(t-test p<.001). We also found significant differences in P4 
between healthy eyes (0.69±0.05) and those with corneal disorders 
(0.54±0.07) or lens opacities (0.58±0.04) (t-test p<.005). There was a 
stronger correlation between OSI and P4 (r2=0.62) than between OSI 
and P3 (r2=0.37).
Conclusions: Preliminary results obtained show the potentiality of 
the proposed method to separate the contribution of the cornea and 
lens to the intraocular scattering. Experiments in a large population 
including eyes with different degree of cataracts and corneal 
pathologies are being conducted to confirm its clinical usefulness.
Commercial Relationships: Pau Santos, Visiometrics SL (E); 
Meritxell Vilaseca, None; Juan Antonio Martínez-Roda, None; 
Juan Carlos Ondategui, None; Fernando Díaz-Doutón, None; 
Jaume Pujol, None
Support: Agència de Gestió d’Ajuts Universitaris i de Recerca 
(AGAUR) of the Government of Catalunya (grant: Industrial 
Doctorate 2014 DI 045) and the Spanish Ministry of Education and 
Science and the European Union (grant DPI2014-56850-R)
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Forward light scattering by implant lenses extracted from donor 
eyes
Grzegorz Labuz1, 2, Nicolaas Reus4, Thomas J. Van Den Berg3. 
1Rotterdam Ophthalmic Institute, Rotterdam, Netherlands; 
2Department of Optics and Optometry, University of Murcia, 
Murcia, Spain; 3Netherlands Institute for Neuroscience, Royal 
Netherlands Academy of Arts and Sciences, Amsterdam, Netherlands; 
4Department of Ophthalmology, Amphia Hospital, Breda, 
Netherlands.
Purpose: Clinical studies have found that in 10% of pseudophakic 
eyes straylight can be considered a serious hindrance for patient’s 
vision. Straylight is the visual effect of forward light scattering. 
Increased straylight results in unwanted light phenomena, such as 
glare. This could be due to implanted intraocular lenses (IOLs). Such 
IOL-related complications have, however, been rarely reported, 
possibly because scatterers in the IOL can be missed, as slit-lamp 
evaluation assesses only backscattered light. We therefore studied in 
vitro forward-scattering effects of IOLs extracted from donor eyes, 
and determined potential sources of straylight in the IOLs.
Methods: Seventy-seven IOLs removed from donor eyes were 
analyzed. Straylight was measured using the C-Quant device 
(Oculus) adapted for in vitro evaluation of IOLs. To study straylight-
angular dependence, measurements were performed at a 2.5 deg 
and 7 deg scatter angle. Results were compared to normal straylight 

levels of the crystalline lens at the age of 20 and 70 years, and to a 
cataractous lens. To identify potential scattering sources, the IOLs 
were examined with light microscopy.
Results: The average straylight parameter s (±SD) at 2.5 deg was 
6.5 ±6.0 deg^2/sr; at 7 deg it was 5.7 ±5.2 deg^2/sr. Straylight was 
found to be below the level of the 20yo crystalline lens in 39% of the 
IOLs; 13% showed straylight higher than that of the 70yo lens. Three 
IOLs showed straylight levels close to that of the cataractous lens. We 
identified 8 groups of 5 till 11 IOLs each, which accounted for 81% 
of the studied lenses. Median straylight (at 7 deg) for these 8 IOL 
groups ranged from 1.7 to 11.6 deg^2/sr. Light microscopy revealed 
that increased straylight is associated with the presence of surface 
deposits, snowflake degeneration, and glistenings.
Conclusions: We found that 13% of the studied IOLs showed 
seriously increased straylight levels. The results correspond to in vivo 
studies reporting straylight elevation in pseudophakic patients. The 
mentioned IOL-related complications appear to be significant sources 
of forward light scattering. Straylight-angular dependence was more 
or less in correspondence with the Stiles-Holladay approximation, 
suggesting that the responsible particles are of wavelength size or 
larger.
Commercial Relationships: Grzegorz Labuz, None; 
Nicolaas Reus, None; Thomas J. Van Den Berg, Oculus (P)
Support: AGEYE (608049), Marie Curie Initial Training Network 
(FP7-PEOPLE-2013-ITN)
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Quantifying crystalline lens geometry and optical properties by 
combined optical coherence tomography & laser ray tracing
Ashik Mohamed1, 2, Marco Ruggeri3, Eduardo Martinez-
Enriquez4, Pablo Perez-Merino4, Siobhan Williams3, 5, Yue Yao3, 5, 
Bianca Maceo Heilman3, 5, Alberto De Castro4, Virender S. Sangwan1, 
Robert C. Augusteyn2, 6, Jean-Marie A. Parel3, 6, Arthur Ho2, 6, 
Susana Marcos4, Fabrice Manns3, 5. 1Ophthalmic Biophysics, L V 
Prasad Eye Institute, Hyderabad, India; 2School of Optometry and 
Vision Science, The University of New South Wales, Sydney, NSW, 
Australia; 3Ophthalmic Biophysics Center, Bascom Palmer Eye 
Institute, University of Miami Miller School of Medicine, Miami, 
FL; 4Visual Optics and Biophotonics Lab, Institute of Optics, Consejo 
Superior de Investigaciones Científicas, Madrid, Spain; 5Department 
of Biomedical Engineering, University of Miami College of 
Engineering, Coral Gables, FL; 6Vision Cooperative Research Centre, 
Brien Holden Vision Institute, Sydney, NSW, Australia.
Purpose: To quantify geometry and optical properties of crystalline 
lenses ex vivo by using a combined optical coherence tomography 
(OCT) & laser ray tracing (LRT) system.
Methods: 3-D OCT images (Fig 1A) of ex vivo crystalline lenses 
(maximally stretched with a motorized lens stretcher in a tissue 
chamber filled with BSS) of a 4.2 y/o cynomolgus monkey were 
acquired using a commercial SD-OCT (Bioptigen Inc.) coupled to 
a custom delivery system designed for on- and off-axis imaging. 
Custom algorithms for image segmentation and distortion correction 
were applied to quantify lens shape (Fig 1B). Assuming a constant 
index of refraction for the lens (n=1.420@880nm), computational ray 
tracing (Zemax) was applied to the OCT-based lens model to predict 
on-axis and off-axis aberrations. A custom LRT system used the OCT 
unit for light delivery and a CMOS camera mounted on motorized 
stages below the lens acquired the spots at different axial positions. 
A program was developed to calculate ray slopes from the spot 
positions, which enabled to calculate Zernike wavefront coefficients 
using a least square curve fitting algorithm. Measured and predicted 
lens aberrations were compared to assess the impact of lens shape on 
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aberrations and quantify the contribution of lens gradient refractive 
index (GRIN).
Results: Fig 2 summarizes the image analysis results. LRT-based 
lens aberrations were dominated by astigmatism (1.64/1.74 μm, 
23%/20%), spherical aberration (0.42/0.82 μm, 5%/8%) and coma 
(1.53/1.34 μm, 22%/19%), on-axis/off-axis (20°) respectively for 
6-mm pupils. The simulated aberration terms overestimated the 
LRT-measured ones by a factor of 1.41/1.47 (astigmatism), 1.31/1.45 
(spherical) and 1.09/1.86 (coma) on-axis/off-axis.
Conclusions: LRT-OCT can be utilized to characterize the 
geometrical and optical properties of the crystalline lens ex vivo. 
Shape and GRIN both contribute to the optical aberrations of the 
lens. GRIN has a compensatory role on the spherical aberration of 
the lens and attenuates the impact of high order aberrations off-
axis. Combined information of lens shape and optical aberrations at 
different angles can be used to reconstruct GRIN.

Fig 1: A. OCT image acquired on one of the two lenses which was 
oriented with posterior surface (up) facing the beam. B. OCT-based 
anterior (purple) and posterior (blue) lens surfaces reconstruction.

Fig 2: Biometry of stretched cyno lenses
Commercial Relationships: Ashik Mohamed, None; 
Marco Ruggeri, None; Eduardo Martinez-Enriquez, None; 
Pablo Perez-Merino, None; Siobhan Williams, None; Yue Yao, 
None; Bianca Maceo Heilman, None; Alberto De Castro, None; 
Virender S. Sangwan, None; Robert C. Augusteyn, None;  
Jean-Marie A. Parel, None; Arthur Ho, None; Susana Marcos, 
None; Fabrice Manns, None
Support: NIH R01EY021834, R01EY014225 and P30EY14801, 
the Australian Federal Government CRC Scheme through the Vision 
Cooperative Research Centre, Florida Lions Eye Bank, Research to 
Prevent Blindness, Drs KR Olsen and ME Hildebrandt, Drs Raksha 
Urs and Aaron Furtado, Henri and Flore Lesieur Foundation (JMP), 
Hyderabad Eye Research Foundation, European Research Council 
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Enhanced pupil reaction for blue light after cataract surgery
Manami Kuze2, 1, Masahiko Ayaki3, Toshiyuki Koyasu4, 
Youngseok Song5, 6, Mineo Kondo1, Kazuno Negishi3, Kazuo Tsubota3. 
1Ophthalmology, Mie University Graduate School of Medicine, 
Matsusaka, Japan; 2Ophthalmology, Matsusaka Central General 
Hospital, Matsusaka, Japan; 3Ophthalmology, Keio University School 
of Medicine, Tokyo, Japan; 4Ophthalmology, Miwa Eye Clinic, Gifu, 
Japan; 5Ophthalmology, Lagone Medical Center, New York, NY; 
6Ophthalmology, Asahikawa Medical University, Asahikawa, Japan.
Purpose: Cataract decreases the transmission of wide-width 
wavelength light into the eye, and thus, may interfere not only with 
vision but also circadian rhythm and quality of life. The intrinsically 
photosensitive retinal ganglion cell, which has a peak sensitivity to 
blue light (470 nm), plays an important role in circadian rhythm. 
The increased transmission of different colored stimuli that occurs 
after cataract surgery has not been fully evaluated. Therefore, using 
pupil reaction as a sensitive parameter to assess light transmission, 
we evaluated the change in pupil reaction to white and blue light 
stimulation after cataract surgery.
Methods: The study was conducted on 26 eyes with cataract (grade 
2.1±3.4) from thirteen patients (average age, 76.2 years) undergoing 
cataract surgery with implanted intraocular lenses (OptiBlue®, 
Abbott Medical Optics Inc. Santa Ana, USA). We used two colored 
light-emitting diode stimuli of white (463, 563 nm) and blue (470 
nm), with a stimulus duration of 1 second. The diameter of the pupil 
before stimulation was set as baseline and the post-illumination 
pupillary response (PIPR) was measured using the pupillometer (FP-
10000 II; TMI Inc., Japan) and image analyzing software (View Shot; 
TMI Inc).
Results: The mean diameter of the pupil (mm) was 3.26±0.79 before 
surgery and 3.26±0.76 after surgery. The PIPR was significantly 
different between white light (3.25% ± 2.22%) and blue light (4.08% 
± 2.29%) before surgery (P < 0.001, t test), as well as after surgery 
(white, 4.01% ± 1.79%; blue, 6.95% ± 3.71%; P < 0.001, t test). After 
surgery, the increase in PIPR was significantly greater for blue light 
(2.83% ± 2.11%) than for white light (0.89% ± 1.14%; P < 0.001, t 
test).
Conclusions: Cataract surgery increased the pupillary light reaction 
to both white and blue light, with the response greater for blue light.
Commercial Relationships: Manami Kuze, None; 
Masahiko Ayaki, None; Toshiyuki Koyasu, None; 
Youngseok Song, None; Mineo Kondo, None; Kazuno Negishi, 
None; Kazuo Tsubota, None
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Pre-operative Prediction of Post-cataract Surgery IOL Position 
Using Anterior Chamber Depth and Lens Thickness Determined 
with Extended-depth OCT
Yu-Cherng Chang1, 2, Florence Cabot3, 1, Siobhan Williams1, 2, 
Giovanni Gregori4, Marco Ruggeri1, Sonia H. Yoo3, 2,  
Jean-Marie A. Parel1, 5, Fabrice Manns1, 2. 1Ophthalmic Biophysics 
Center, Bascom Palmer Eye Institute, University of Miami Miller 
School of Medicine, Miami, FL; 2Department of Biomedical 
Engineering, University of Miami College of Engineering, Coral 
Gables, FL; 3Anne Bates Leach Eye Hospital, Bascom Palmer Eye 
Institute, University of Miami Miller School of Medicine, Miami, 
FL; 4Quantitative Imaging Center, Bascom Palmer Eye Institute, 
University of Miami Miller School of Medicine, Miami, FL; 5Brien 
Holden Vision Institute and Vision Cooperative Research Centre, 
Sydney, NSW, Australia.
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Purpose: To assess the precision of post-cataract surgery IOL 
position prediction using anterior chamber depth (ACD) and lens 
thickness (LT) as determined with extended depth Optical Coherence 
Tomography (OCT)
Methods: Five eyes from four patients (34, 64, 77, and 79 years 
old) undergoing cataract surgery were imaged before and 1 month 
after the procedure using a custom-built extended depth OCT system 
which produces whole eye images ranging in depth from the cornea 
to retina (Ruggeri et al, Biomed Opt Express 3:1506-1520; 2012) (8.6 
frames/s, 400 A-lines/B-scan, 8 μm axial resolution; Figure 1). Pre- 
and post-operative anterior chamber depth (ACD) and pre-operative 
lens thickness (LT) were determined along the A-line passing through 
the corneal apex. A linear regression was performed to model the 
relationship between pre-operative ACD and LT, and post-operative 
IOL position (post-operative ACD) according to the formula: 
post-operative ACD = pre-operative ACD + C x LT, where C is an 
empirically-derived constant (T Olsen and Hoffmann, J Cat Ref Surg 
40:764-773; 2014). The prediction error was quantified by comparing 
the predicted and measured post-operative IOL position.
Results: Average pre-operative ACD, LT and post-operative ACD 
were 2.76 ± 0.59, 4.68 ± 0.44, and 4.24 ± 0.55 mm, respectively. 
The value of the C-constant derived from the five eyes was 0.315 ± 
0.012. The residual error of the linear regression was less than 85 μm 
for all eyes (average of 45.4 ± 27.8 μm; Figure 2) corresponding to a 
refractive error of less than 0.2 D in a hyperopic eye.
Conclusions: Pre-operative ACD and LT derived from extended-
depth OCT can be used with the C-constant method to predict post-
cataract surgery IOL position.

Figure 1: Example pre- (left) and post-operative (right) OCT images 
from the 79 year old subject.

Figure 2: Scatter plot of measured post-operative IOL position (post-
operative measured ACD) and prediction error for each eye.
Commercial Relationships: Yu-Cherng Chang; Florence Cabot, 
None; Siobhan Williams, None; Giovanni Gregori, None; 
Marco Ruggeri, US Patent 8,425,037 (P); Sonia H. Yoo, None; 
Jean-Marie A. Parel, US Patent 8,425,037 (P); Fabrice Manns, US 
Patent 8,425,037 (P)
Support: National Eye Institute Grants 2R01EY14225, P30EY14801 
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Optical ensemble analysis of a toric IOL using two different 
methods of optical modeling in realistic pseudophakic eyes
Huawei Zhao1, Marrie Van der Mooren2, Patricia A. Piers2. 1R & 
D, Abbott Medical Optics, Santa Ana, CA; 2AMO Groningen B.V, 
Groningen, Netherlands.
Purpose: The efficacy of a toric intraocular lens (TIOL) in 
pseudophakic astigmatic eyes can be degraded due to the post-
operative cylindrical axial misalignment (CAM) of the implanted 
TIOL from the intended orientation. This paper evaluates the effect 
on visual outcomes predicted using two different methods of optical 
modeling.
Methods: Two methods of modeling the effects of CAM were 
compared. The method1 follows the optical ensemble analysis 
methodology (Zhao, Opt. Lett. 2009) and the method2 is the 
physiological average corneal eye model (Piers, Opt. Lett. 2004) 
both implanted with a common aspheric TIOL. Clinically relevant 
distributions of CAM and corneal astigmatism (in both methods) 
and high order aberration (HOA up to 4th order, Wang, JCRS 2003) 
(in method1) were further included by Monte Carlo sampling. These 
models are used to artificially assemble 2 groups of 100 realistic 
pseudophakic astigmatic eyes in ZEMAX (v15.5, ZEMAX LLC, 
Washington). For simplicity, all TIOLs are 20D+4D cylinder, 
matching the astigmatic cornea of about 2.9D cylinders. The MTF 
and visual Strehl ratio (VSR) values at best focus in white light were 
calculated. Pupil size of 3.5 and 5.0 mm in diameter was set for 
photopic and mesopic light respectively. MiniTab (v16.5, MiniTab) 
was used for group statistical analyses. A p value of 0.05 was set for 
statistical significance.



ARVO 2017 Annual Meeting Abstracts

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

Results: The mean ocular spherical aberration was not significantly 
different in both groups (p>0.05) while the mean trefoil and coma 
aberrations were significantly different (p<0.05). With the CAM of 
3.5±2.4 o (average ± 1 standard deviation), the refractive cylinder was 
0.57±0.12D and 0.64±0.15D for groups 1&2 respectively (p>0.05). 
For both pupil sizes the significant higher mean MTF value was 
found in favor of group1 (p<0.05) at 30 cycles per degree. For 3.5mm 
pupil size, the significant higher mean VSR value was found in favor 
of group2 (p<0.05). For 5.0mm pupil size, the mean VSR in both 
groups were essentially zero.
Conclusions: The image quality of the TIOL with different CAM 
depends not only on residual refractive cylinder but also on the 
distribution of ocular HOAs. The use of more physiologically eye 
models shows that the centered optical performance is important 
in determining how much rotation can be present before the visual 
acuity provided by the Toric IOL is significantly reduced.
Commercial Relationships: Huawei Zhao, Abbott Medical Optics 
Inc (E); Marrie Van der Mooren, AMO Groningen B.V (E); 
Patricia A. Piers, AMO Groningen B.V (E)
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Use of the Ratio of Posterior to Anterior Corneal Radii of 
Curvature to Improve the Accuracy of Intraocular Lens Power 
Calculation: Eom’s Adjustment Method
Youngsub Eom, Mingyu Kim, Hwa Lee, Young-Woo Suh, Jong 
Suk Song, Hyo Myung Kim. Ophthalmology, Korea University 
College of Medicine, Ansan-si, Korea (the Republic of).
Purpose: The accuracy of intraocular lens (IOL) power calculation 
using posterior corneal measurements was not improved in normal 
eyes when corneal power measurements from a Scheimpflug camera 
were directly applied to the IOL power calculation. We tested the 
hypothesis that if the conventional keratometry (K) can be adjusted 
according to the ratio of posterior to anterior corneal radii of 
curvature without changes to the mean value of the entire dataset, the 
adjusted corneal power could reduce the refractive prediction error 
created by the conventional K in IOL power calculation.
Methods: This retrospective study included 123 eyes from 123 
patients who underwent uncomplicated phacoemulsification with 
implantation of a Tecnis ZCB00 (Abbott Medical Optics Inc.) IOL. 
The fictitious refractive index of the cornea for a Scheimpflug camera 
was calculated and adjusted anterior corneal radius and predicted 
posterior corneal radius were calculated from conventional K using 
the ratio of posterior to anterior corneal radii of curvature and 
fictitious refractive index of the cornea. Then, adjusted corneal power 
was calculated from obtained anterior and posterior corneal radii 
using a thick lens formula. The median absolute error (MedAE) based 
on the adjusted corneal power was compared with that based on the 
conventional K in the Haigis formula.
Results: The mean ratio of posterior to anterior corneal radii of 
curvature was 0.813, and the fictitious refractive index of the cornea 
for the Scheimpflug camera was 1.3277. The mean adjusted corneal 
power was 44.22 ± 1.57 D, and the mean difference between the 
adjusted corneal power and conventional K was 0.00 ± 0.21 D. The 
difference between the adjusted corneal power and conventional K 
was significantly correlated with the ratio of posterior to anterior 
corneal radii of curvature (R2 = 0.997, P < 0.001). The MedAE 
(interquartile range) based on the adjusted corneal power (0.29 [0.14-
0.50] D) was significantly smaller than that based on the conventional 
K (0.33 [0.16-0.58] D; P = 0.010).
Conclusions: IOL power calculation using adjusted corneal 
power according to the ratio of posterior to anterior corneal radii 

of curvature provided more accurate refractive outcomes than the 
calculation using conventional K.

The keratometry-adjusted intraocular lens power calculator 
developed for this study.
Commercial Relationships: Youngsub Eom, None; Mingyu Kim, 
None; Hwa Lee, None; Young-Woo Suh, None; Jong Suk Song, 
None; Hyo Myung Kim, None
Support: Basic Science Research Program through the National 
Research Foundation of Korea(NRF) funded by the Ministry of 
Education (2016R1D1A1A02937003).
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Spherical equivalent refractive error of the pseudophakic eye 
with and without prior LASIK predicted using Gaussian optics
Fabrice Manns1, 2, Yu-Cherng Chang1, 2, Florence Cabot1, 3, 
Marco Ruggeri1, Sonia H. Yoo3, 2, Jean-Marie A. Parel1, 4. 
1Ophthalmic Biophysics Center, Bascom Palmer Eye Institute, 
University of Miami Miller School of Medicine, Miami, FL; 
2Department of Biomedical Engineering, University of Miami 
College of Engineering, Coral Gables, FL; 3Anne Bates Leach Eye 
Hospital, Bascom Palmer Eye Institute, University of Miami Miller 
School of Medicine, Miami, FL; 4Brien Holden Vision Institute and 
Vision Cooperative Research Centre, Sydney, NSW, Australia.
Purpose: There is conflicting evidence for the need to take into 
account ocular aberrations instead of relying on Gaussian optics to 
accurately predict intraocular lens (IOL) power, particularly in post-
LASIK eyes. The purpose was to evaluate if the refractive state of the 
pseudophakic eye can be accurately predicted using Gaussian optics 
in eyes with and without prior LASIK.
Methods: Following an IRB-approved protocol, 26 eyes of 16 
pseudophakic subjects (34 to 88 years old), including 7 eyes of 
5 post-LASIK subjects were enrolled. The following data was 
collected: manifest refraction, best-corrected distance visual acuity, 
corneal shape (Pentacam, Oculus, Wetzlar, Germany) and ocular 
distances measured from optical coherence tomography (OCT) 
images acquired with a custom-built extended-depth system that 
provides images ranging from anterior corneal surface to posterior 
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retinal boundary (Figure 1) (Ruggeri et al, Biomed Opt Exp 7:1506-
1520, 2012). A Gaussian eye model using two surfaces to model the 
cornea and a thin lens to model the IOL was created for each patient 
using measured ocular distances, mean radius of curvature of the 
central 3 mm zone of the corneal surfaces, and known IOL power. 
The thin lens was placed at the IOL posterior vertex measured in the 
OCT images. A backward ray-trace through the eye model was used 
to predict the spherical equivalent refraction (SEQ) in the spectacle 
plane. The difference between SEQ predicted with the eye model and 
actual post-operative SEQ was calculated for each subject.
Results: In the 19 eyes without history of LASIK, prediction error 
ranged from -0.40 D to 0.98 D with a mean absolute value of 0.26 
± 0.27 D, and with 11/19 eyes within ±0.25D and 15/19 eyes within 
±0.50D. In the 7 post-LASIK eyes, the prediction error ranged from 
-0.88 D to 0.50 D with a mean absolute value of 0.40 ± 0.23 D, and 
with 2/7 eyes within ±0.25D and 6/7 eyes within ±0.50D.
Conclusions: The results suggest that the optics of the pseudophakic 
eye with or without history of LASIK can be accurately predicted 
using Gaussian optics.

Figure 1: Extended-depth OCT image of a pseudophakic eye. 
AEL:axial eye length; CCT: central corneal thickness; ACD: anterior 
chamber depth; VD: vitreous depth.

Figure 2: Prediction error of the pseudophakic spherical equivalent 
plotted in terms of axial eye length. Triangles: Eyes with no history 
of LASIK. Dots: post-LASIK eyes.
Commercial Relationships: Fabrice Manns, US Patent 
8,425,037 (P); Yu-Cherng Chang, None; Florence Cabot, None; 
Marco Ruggeri, US Patent 8,425,037 (P); Sonia H. Yoo, None; 
Jean-Marie A. Parel, US Patent 8,425,037 (P)
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Clinically relevant measurement conditions and metrics for 
evaluating intraocular lenses
Carmen Canovas1, Aixa Alarcon1, Henk A. Weeber1, 
Kendra Hileman2, Patricia A. Piers1. 1R&D, AMO Groningen B.V., 
Groningen, Netherlands; 2R&D Clinical Research, AMO,  
Santa Ana, CA.
Purpose: According to ISO standard for intraocular lenses 
(IOLs) (ISO 11979-2), IOLs’ imaging quality can be specified as 
the modulation transfer function (MTF) value measured at one 
particular spatial frequency in green light. Measurement results of 
IOLs strongly depend on the conditions in which measurements are 
performed. Additionally, IOL material and design influence chromatic 
aberration, that impacts the optical and visual performance of the 
pseudophakic eye (Weeber et al. ARVO 2016). The purpose of this 
study was to evaluate the correlation between clinical performance 
and different MTF based metrics and measurement conditions.
Methods: Through focus MTF was measured using an optical bench 
for a range of IOL designs, including monofocal, spherical and 
aspheric, as well as multifocals, with different add powers, and an 
extended depth of focus IOL. Measurements were performed in white 
light at 3mm pupil. Three MTF based metrics were evaluated: the 
area under the MTF (MTFa) calculated up to 50cpmm, as well the 
MTF measured at 50cpmm and 100cpmm, respectively. In addition, 
MTF was measured in green light at 50cpmm and 100cpmm, per ISO 
11979-2. Each metric was compared to the defocus curves measured 
in patients bilaterally implanted with the same IOL models. In the 
clinic, high contrast defocus VA was measured binocularly using the 
ETDRS chart with best distance correction.
Results: Amongst all the metrics evaluated, the highest correlation 
was found for MTFa measured in white light (r2=0.95) and the 
lowest was for both MTF metrics that incorporate one single spatial 
frequency measured in green light (r2<0.60). The correlation of MTF 
at 100cpmm increased by a factor of 1.1 when measurements were 
performed in white light, but remained relatively low (r2=0.67). For 
MTF at 50cpmm, the correlation was further increased due to white 
light by a factor of 1.4 as compared to using green light.
Conclusions: MTF based metrics are correlated to clinical 
performance and the correlation depends on the measurement 
conditions. An MTF based metric that incorporates multiple spatial 
frequencies in white light showed a high correlation to clinical 
performance. MTF measurements performed according conditions of 
the ISO resulted in limited correlation.
Commercial Relationships: Carmen Canovas, AMO 
(E); Aixa Alarcon, AMO (E); Henk A. Weeber, AMO (E); 
Kendra Hileman, AMO (E); Patricia A. Piers, AMO (E)
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Preclinical evaluation of IOL associated dysphotopsia footprint
Mihai State, Robert Rosen, Patricia A. Piers. R&D, AMO Groningen 
B.V., Groningen, Netherlands.
Purpose: Generally described as spurious bright images or 
shadows occurring after the implantation of a capsular bag 
intraocular lens (IOL), dyphotopsia was previously theoretically 
evaluated and several rationales were proposed to explain its 
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origin, clinical detectability and visual impact. The current study 
describes dysphotopsia assessment through a theoretical model, 
the development of a preclinical measurement method including 
figures of merit, and comparative results for different IOLs. Such a 
method would enable the quantitative evaluation of the dysphotopsia 
footprint characteristic to a given IOL platform design.
Methods: For the theoretical in-vitro evaluation, a non-sequential 
ray tracing model eye with an anatomically average cornea was used. 
The IOL geometry was described as a 3D CAD object. For a discrete 
series of object angles and clinical conditions, the irradiance was 
mapped on the entire image plane. Analogously, the measurements 
were performed by means of an off-axis MTF bench with a 12-bit 
CCD camera. For each object angle, the main image, glares and 
interlaced frames were processed off-line by the means of a Matlab 
script. The figures of merit were area under the intensity curves, 
glares contrast and their angular position with respect to the main 
image. Several monofocal aspheric IOLs were evaluated.
Results: The measured photic footprint (see Fig. 1) bears a close 
similarity to the simulated one (see Fig. 2). To account for the edge 
glare relative intensity, the edge frosting effect was retro-fitted by a 
Lambertian scattering surface. For the IOL models and object angles 
evaluated, the angular offset of the cornea glare with respect to the 
main image was on average 3.7 degrees with a standard deviation 
of 0.39 degrees. For the same glare, as expected, the contrast 
increases as a function of object angle and for 60 degrees a factor two 
difference was recorded between various models.
Conclusions: A method enabling the preclinical evaluation of 
dysphotopsia was developed. Its results can be integrated at the 
IOL design stage and used for the quantification of the IOLs photic 
footprint in clinically representative conditions.

Fig. 1 Negative dysphotopsia (ND) measurement results (60 degrees): 
MI – main image, upper row - raw frames, lower row - intensity 
plots.

Fig. 2 Intensity profiles comparison (60 degrees): black - theoretical, 
coloured - measurements.
Commercial Relationships: Mihai State, AMO Groningen B.V. (E); 
Robert Rosen, AMO Groningen B.V. (E); Patricia A. Piers, AMO 
Groningen B.V. (E)
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Posterior capsular wrinkle in eyes with 2 types of 1-piece 
intraocular lens
Eri Shibuya, Mai Sasaki, Norihiro Mita, Ayako Okamoto, Mai Kita, 
Hiromi Osada, Naoko Shibata, Yoriko Takahashi, Eri Kubo, 
Hiroshi Sasaki. Kanazawa Medical University, Ishikawa, Japan.
Purpose: To compare the incidence of posterior capsular wrinkle 
(PCW), relationships among PCW and lens capsular diameter, PCW 
position and deviation of intraocular lens (IOL) for 2 types of IOL.
Methods: Subjects, 238 eyes (72.1±8.5 yrs) with Alcon IOL 
(AcrySof group) and 181 (74.2±9.6 yrs) with AMO IOL (TECNIS 
group) underwent phacoemulsification and 1-piece IOL implantation 
at Kanazawa Medical University Hospital and Anamizu General 
Hospital. PCW in the 3 mm diam. of pupil center was determined 
from retroillumination images (EAS-1000, NIDEK) 1-month 
post-surgery. PCW site was measured counterclockwise, with the 
optic-haptic junction or toric mark as 0°. Axial length (AL), WTW 
(White To White, corneal horizontal diam and curvature radius, were 
measured as lens capsular diameter factors (IOL Master,ZEISS) pre- 
and IOL deviation (EAS-1000) 1-month post-surgery.
Results: Incidence of PCW in AcrySof (47.9%) was higher than in 
TECNIS (30.4%) (P<0.05), and in small WTW regardless of group 
(P<0.05). Incidence by axial length <11.5mm, ≥11.5mm, <12mm 
and ≥12mm was 53.5%, 43.4% and 45.5% in AcrySof and 36.4%, 
32.1% and 13.3% in TECNIS, respectively. It was higher in TECNIS 
with WTW<11.5mm than ≥11.5mm and <12mm and ≥12.5mm 
(P<0.05). And with AL<23.0mm, ≥23.0mm, <24.5mm and ≥24.5mm 
was 61.9%, 45.5% and 38.8% in AcrySof and 35.6%, 25.6% and 
5.6% in TECNIS, respectively. It was higher with AL <23.0mm than 
≥23.0mm, <24.5mm and ≥24.5mm regardless of group (P<0.05). 
PCW tended to be located at 63.9±5.2° in TECNIS, with no specific 
trend in AcrySof (72.4±26.8°). There was no significant difference 
in IOL tilt or decentration between IOL type, however IOL tilt and 
decentration in eyes with PCW were larger in AcrySof (P<0.05).
Conclusions: The mechanism of PCW formation may differ by IOL. 
PCW in eyes with AcrySof may denote good fixation in the capsular 
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bag, however, that with AcrySof may indicate risk of IOL tilt and 
deviation due to adhesion between the IOL and posterior capsule 
besides IOL haptics, in addition to haptic pressure to the capsular 
bag. In TECNIS, PCW may be due to IOL haptic pressure to smaller 
capsular bags.
Financial Disclosure of authors: None to declare.
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Impact of intraocular lens design on anterior surface reflections
Robert Rosen, Mihai State, Marrie Van der Mooren. Abbott Medical 
Optics, Groningen, Netherlands.
Purpose: After an intraocular lens (IOL) implantation some patients 
report highly visible reflections similar to the reflexes seen in cat’s 
eyes. In the published literature, flatter anterior IOL surfaces and 
high index materials are thought to be the cause. The purpose of the 
current study is to develop a theoretical model and a pre-clinical 
measurement setup enabling quantitative and qualitative assessment 
of such IOL reflections. This information can be incorporated at the 
IOL design stage to predict reflections and used to understand why 
some patients experience this phenomenon.
Methods: For the theoretical evaluation a physiological eye model 
with an anatomically average cornea was implemented in Zemax. 
Reflection strength was quantified as peak intensity for an observer 1 
m away from the patient. The radii of curvature giving high reflection 
intensities were thus determined. The sensitivity of the model to 
corneal radius, anterior chamber depth, wavelength and observer 
distance was assessed. Experimentally, several IOL models were 
evaluated in a physical eye model. The whole eye was illuminated 
with a light source and the reflection intensity was recorded. The 
IOLs evaluated were a standard aspheric lens (ZCB00 20 D, r=12 
mm), a lens specially made to have a large reflection according to 
the model (r=26 mm), and a lens with an even flatter anterior surface 
design (r=1000 mm).
Results: As it can be observed in Fig. 1, the reflection intensity 
as a function of radius of curvature can vary by several orders of 
magnitude. The reflection intensity is within the same order of 
magnitude over a wide range of corneal radii, wavelengths, anterior 
chamber depths and observer distances. The theoretical predictions 
were verified by the experimental data. For a 26 mm radius of 
curvature IOL, the strong reflection appeared as predicted  
(see Fig. 2).
Conclusions: A model to predict anterior IOL reflections was 
developed and validated. Contrary to what has previously been 
assumed, flatter surfaces do not necessarily result in a stronger 
reflection. There is rather a critical range of anterior radii of curvature 
for which reflections are large. This is of particular importance for 
IOLs made with high index of refraction material, e.g. 1.55,  
where a biconvex design would give the highest reflectivity for a 
power of 17 D.

Reflection intensity as a function of radius of curvature.

IOL reflections for radii 12 mm (a), 26 mm (b) and 1000 mm (c).
Commercial Relationships: Robert Rosen, Abbott Medical Optics 
(E); Mihai State, Abbott Medical Optics (E); Marrie Van der 
Mooren, Abbott Medical Optics (E)
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Intraocular lens movement in different states
Manqiang Peng, Ding Lin. Aier school of opthalmology, Central 
South University, Changsha, China.
Purpose: To investigate intraocular lens (IOL) movement, measured 
by two kinds of instruments in different states.
Methods: The IOL movement was measured using anterior segment 
optical coherence tomography (AS-OCT) and optical low-coherence 
reflectometry in 38 pseudophakic eyes. Postoperative uncorrected 
visual acuity was greater than or equal to 0.8 and none complication 
occurred in all patients. A: Change of IOL position in fogging and 
accommodating states, measured by AS-OCT. B: Change of IOL 
position before and after torchlight irradiating on the unexamined 
eye, measured by AS-OCT and optical low-coherence reflectometry. 
C: Change of IOL position before and after using 1% pilocarpine, 
measured by AS-OCT and optical low-coherence reflectometry.
Results: 22 eyes were acrylic monofocal intraocular lenses, including 
4-haptic IOL and L-haptic IOL. 16 eyes were L-haptic acrylic 
multifocal intraocular lenses. There was no change of IOL position in 
A and B. IOL movement were 92.4±12.1um measured by AS-OCT 
and 92.3±12.1um measured by optical low-coherence reflectometry 
in C. The IOLs showed backward movement except 4 IOLs in which 
there were no change.
Conclusions: Our results suggest that IOL do not move in 
accommodation state and pupil constriction state caused by 
torchlight, while mainly move backward when using 1% pilocarpine.
Commercial Relationships: Manqiang Peng; Ding Lin, None



ARVO 2017 Annual Meeting Abstracts

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

Program Number: 2726 Poster Board Number: A0430
Presentation Time: 8:30 AM–10:15 AM
Comparison of postoperative surface light scattering in various 
hydrophobic acrylic intraocular lenses
Jonghyun Lee, Do hyung Lee, Jin Hyoung Kim, Hun Jin Choi. 
Department of Ophthalmology, Ilsan Paik Hospital, Inje University, 
Goyang, Korea (the Republic of).
Purpose: To evaluate the long-term change in surface light scattering 
of several hydrophobic acrylic intraocular lenses (IOLs) and the 
clinical importance of these findings.
Methods: A total 160 eyes of 96 patients who underwent cataract 
surgery with implantation of a hydrophobic acrylic IOL were enrolled 
in this study. Patients were divided into two groups according to the 
IOL manufacturer: Acrysof IOL (MA60BM, SA60AT, SN60WF; 
Alcon, Inc.) and Sensar or Tecnis IOLs (AR40e, ZA9003, ZCB00; 
Abbot Medical Optics, Inc.). The surface light scattering was 
measured by area densitometry using a Scheimpflug camera (EAS-
1000, NIDEK, Aichi, Japan).
Results: The anterior and posterior surface light scattering in the 
Acrysof IOLs steadily increased up to 10 years postoperatively  
(r = 0.870, p < 0.001 and r = 0.855, p < 0.001, respectively). The 
intensity of anterior and posterior surface light scattering in the 
Acrysof IOLs was significantly greater than that in the Sensor or 
Tecnis IOLs (p < 0.05), except the posterior surface light scattering 
during 1 to 2 years postoperatively.
Conclusions: Surface light scattering of Acrysof hydrophobic acrylic 
IOLs gradually increases postoperatively as time progresses. As 
the surface light scattering of IOLs increases, Neodymium:YAG 
(Nd:YAG) laser posterior capsulotomy typically becomes more 
difficult to perform. In cases of posterior capsule opacification (PCO) 
in Acrysof IOLs, laser posterior capsulotomy should be considered 
earlier than in the typical case.
Commercial Relationships: Jonghyun Lee, None; Do hyung Lee, 
None; Jin Hyoung Kim, None; Hun Jin Choi, None
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Development of a two-component intraocular lens system for 
cataract surgery
Harilaos S. Ginis1, Corinne Wittmer2, Theodore Werblin2, 
Carsten Laue2. 1Research Department, Athens Eye Hospital, Athens, 
Greece; 2Research, InfiniteVision Optics SAS, Srasbourg, France.
Purpose: Despite the increasing accuracy of measurement devices, 
surgical technique and calculation methods, the refractive accuracy 
of cataract surgery remains inadequate. We report on the design of 
a two-component intraocular lens system that facilitates refractive 
enhancement surgery by means of surgical exchange of one of the 
components.
Methods: The lens system consists of a hydrophobic biconvex lens 
that serves as a base lens to which an additional hydrophilic meniscus 
lens is attahed anteriorly. The base lens is implanted in the capsular 
bag while the front lens is outside of the capsule and therefore easily 
accessible if an exchange is required. Having four refractive surfaces 
and two different materials allows the optimization of the lens for 
central and peripheral optical performance. Modelling was carried out 
using ZEMAX (Zemax, LLC, Kirkland, USA) ray tracing software, 
both for the isolated and the implanted lens system. Formulas for the 
lens power calculation for primary and enhancement surgery were 
developed.
Results: The optimized lens design has its power balanced between 
the two elements. This approach allows the reduction of spherical 
aberration for a range of system powers ranging from 10 to 30 
Diopters. The optimized design has off-axis astigmatism and coma 

that are comparable to those of phakic eyes. For a 20 Diopter lens, 
the Petzval field curvature corresponds to approximately 1 Diopter 
of myopia at a field angle of 30 degrees, if implanted in an eye with 
spherical retina and an axial length of 23.3mm.
Conclusions: The lens design is characterized by minimized 
spherical aberration throughout the examined range of total lens 
powers (10-30Diopters). The two-component system performs 
adequately well both on and off-axis when compared with the phakic 
eye. The two-component lens may be particularly applicable in cases 
where a lens exchange on refractive grounds is very likely (e.g. 
pediatric cataract) or in any case that fine-tuning the eye’s refraction 
postoperatively is desirable.
Commercial Relationships: Harilaos S. Ginis, InfiniteVision 
Optics SAS (C); Corinne Wittmer, InfiniteVision Optics SAS (E); 
Theodore Werblin, InfiniteVision Optics SAS (P); Carsten Laue, 
InfiniteVision Optics SAS (E)
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Optical analysis of different types of intraocular lenses. “Real 
life” measurements of Dioptric Power, Spherical Aberration and 
Strehl Ratio
Bruno Trindade1, 2, FELIPE T. AMARAL1, 3, 
DAVIES W. MONTEIRO1, 3, Sebastiao Cronemberger1. 1FEDERAL 
UNIVERSITY OF MINAS GERAIS, BELO HORIZONTE, Brazil; 
2INSTITUTO DE OFTALMOLOGIA CANÇADO TRINDADE, 
BELO HORIZONTE, Brazil; 3OPTMA, ELECTRICAL 
ENGINEERING SCHOOL, BELO HORIZONTE, Brazil.
Purpose: To determine the optical quality and magnitude of high 
order aberration (HOA) of three commercial available intraocular 
lenses (IOL) with three different dioptric power.
Methods: Three different IOL designs were analyzed. A spherical 
and two aspheric lenses were chosen. (Alcon SN60AT®, Bausch and 
Lomb MX-60® and AMO Tecnis ZCB00®). IOL power analyzed 
were 15D, 20D and 25D and two IOLs of each power was used 
resulting in a N=18. These IOLs were tested in an optical circuit with 
a Hartman-Shack wavefront sensor. Reconstruction of the wavefront 
error was done using Zernike polynomials limiting to 44 terms and 
mean Defocus, Spherical Aberration (SA) and the Strehl-Ratio (SR) 
were recorded for analysis. Aberration magnitudes were calculated 
using the following formula.
Where,
Sab-IOL = Sagita of the calculated aberration in μm.
Cm

n = Zernike aberration coeficient.
�� = wavelength.
nIOL = IOL index of refraction.
DL = IOL diameter in mm.
DC = Decomposion diameter in mm.
DM = Relay’s 2nd lens focal distance in mm.
DF = Relay’s 1st lens focal distance in mm.
Results: Mean defocus was calculated for each IOL model and 
dioptric power and was as follow. 15D IOL was 14.967D for the 
SN60AT model, 15.021 for the MX-60 and 15.091 for the ZCB00. 
For the 20D lens defocus was 20.172D for the SN60AT model, 
19.902D for the MX-60 and 20.122D for the ZCB00. For the 25D 
IOL, defocus was 24.880D for the SN60AT, 25.201D for the MX-60 
and 25.014 for the ZCB00. SA was 0.830μm, 0.021μm and -0.212μm 
for the 15D IOLs, 1.201μm, 0.114μm and -0.113μm for the 20D lens 
and 1.630μm, -0.099μm and -0.310μm for the 25D respectively for 
the SN60AT, MX-60 and ZCB00. SR was 0.301, 0.442 and 0.438 for 
the 15D IOLs, 0.297, 0.318 and 0.310 for the 20D lens and 0.280, 
0.301 and 0.303 for the 25D IOL respectively for the SN60AT, MX-
60 and ZCB00.
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Conclusions: All IOLs tested were within manufacturing range 
conformity. SR comparison showed that spherical IOLs have lower 
optical quality than aspheric ones, however, clinical correlation 
was not addressed in this study. SA measured differed from the 
values informed from manufacturers and this difference should be 
considered when choosing a specific lens for the patient.
Commercial Relationships: Bruno Trindade, None; 
FELIPE T. AMARAL, None; DAVIES W. MONTEIRO, None; 
Sebastiao Cronemberger, None
Support: CAPES, FAPEMIG
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Combining non-sequential ray trace and optical bench method to 
assess intraocular lens glare phenomena
Kamal K. Das1, Jim Schwiegerling2. 1Implantable Lens Research, 
Alcon Laboratories, Inc, Fort Worth, TX; 2College of Optical 
Sciences, University of Arizona, Tucson, AZ.
Purpose: Assessment of intraocular lens (IOL) image quality and 
mitigation of unwanted visual phenomena, such as glare, are critical 
for the best optical performance of the implantable device. The 
purpose of this study is to assess the IOL glare by evaluating off-axis 
incoming light rays both refracted and reflected by the edge or outer 
region of the IOL.
Methods: The methodology employed in this study is a combination 
of non-sequential ray trace analysis using a schematic model eye and 
a laboratory bench set-up to evaluate glare phenomena from off-axis 
illumination for two commonly used IOLs. The simulation analyses 
were verified using a laboratory glare bench-top measurement 
system, whereby glare components formed from off-axis illumination 
of IOLs fitted into an artificial eye model were measured.
Results: This study is the first to evaluate glare from off-axis 
illumination of the SN60WF and ZCB00 IOLs using a non-sequential 
ray trace analysis program along with a laboratory glare bench 
measurement verification of the simulations. Glare phenomena was 
determined for off-axis illumination of 0 to 65 degrees. The results 
from ray trace simulations showed that mid- and higher power 
SN60WF IOLs produced off-axis focused images with minimal 
peripheral glare components across a wide range of off-axis angles 
of incoming illumination. These results also revealed that mid- and 
higher power ZCB00 IOLs produced dispersed main images at 
off-axis angles greater than 35 degrees, and glare components at 50 
degrees of off-axis illumination and above. Most of the incoming 
light from off-axis illumination travels through the IOL optic and 
forms the main image focused at the peripheral retina. Off-axis rays 
composed of incoming light striking the lens at an oblique angle 
rather than perpendicularly, is particularly recognized as contributing 
toward glare phenomena.
Conclusions: The results from a non-sequential ray trace analysis 
using a schematic model eye and a laboratory bench set-up confirm 
that IOL edge and peripheral design has an effect on glare-type 
photic phenomena. Further studies of photic phenomena in patients 
following cataract surgery are needed to validate these findings in a 
clinical setting.
Commercial Relationships: Kamal K. Das, Alcon Laboratories, 
Inc. (E); Jim Schwiegerling, University of Arizona (F)
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Visual outcomes after implantation of a new wide-angle IOL in 
AMD patients
Eloy A. Villegas1, Adilson Pio2, Lucia Hervella1, Carmen M. Lago1, 
Jose Maria Marin2, Muhammad A Qureshi3, Pablo Artal1. 
1Laboratorio de Óptica, Universidad de Murcia, Spain, Murcia, 
Spain; 2Servicio de Oftalmología, Hospital Virgen de la Arrixaca, 
Spain, Murcia, Spain; 3London Eye Hospital Pharma, UK, London, 
United Kingdom.
Purpose: To assess visual acuity improvement in patients diagnosed 
with both incipient cataracts and dry/atrophic age-related macular 
degeneration (AMD) after cataract surgery with bilateral implantation 
of a new wide-angle intraocular lens (IOL).
Methods: Three patients were implanted bilaterally with the Eyemax 
IOLs (London Eye Hospital Pharma, UK). They were diagnosed with 
dry/atrophic AMD and were graded as level 1-2 of nuclear cataract 
according to the Lens Opacification Classification System III (LOCS 
III). All eyes had corneal astigmatism below 1.75 D. The EyeMax 
IOLs is a single lens conventionally implanted in the capsular bag 
with an optimized optical design to provide a nearly constant good 
image quality for retinal eccentricities up to 10 degrees. The IOL’s 
power was selected to render each eye hyperopic (+3.00 D) after 
surgery, assuring a retinal magnification effect. Pre and post-surgery 
uncorrected (UCVA) and best corrected (BCVA) measurements were 
performed both monocularly (each eye separately) and binocularly 
at far and near (33 cm) distances. Microperimetry was also measured 
using the Macular Integrity Assessment (MAIA, Centervue) in order 
to evaluate the Preferred Retinal Locus (PRL).
Results: After surgery, the spherical equivalent refractive error 
of all eyes varied between +2.50 and +3.25 D with astigmatism 
values bellow 2.00 D. The intersubject mean value of LogMAR 
VA increased 46±21%. In two patients, monocular and binocular 
pre-surgery BCVA at both viewing distances ranged from 0.4 to 0.8 
LogMAR. In the other one, pre-BCVA was worse than 0.8 LogMAR 
in all conditions. In both eyes with better pre-BCVA, monocular 
BCVA improved between 0.2 and 0.4 LogMAR and binocular BCVA 
achieved values equal or better than 0.20 LogMAR. In the other 
case, although the monocular BCVA also improved 0.2 LogMAR, 
the binocular BCVA remained in low values of 1.0 LogMAR. Post-
BCVA values were higher than those corresponding to the PRL of 
each eye.
Conclusions: We found a significant improvement in visual acuity 
after Eyemax IOL implantation specially in those patients with a 
higher pre-surgery BCVA. AMD patients with cataracts implanted 
with Eyemax IOLs bilaterally could improve their visual acuity 
exceeding the physiological values corresponding to their retinal 
fixation area.
Commercial Relationships: Eloy A. Villegas, None; Adilson Pio, 
None; Lucia Hervella, None; Carmen M. Lago, None; Jose 
Maria Marin, None; Muhammad A Qureshi, London Eye Pharma 
(P), London Eye Pharma (I); Pablo Artal, London Eye Pharma (P), 
London Eye Pharma (C)
Support: LEH, SEIDI, Spain (grant FIS2013-41237-R) & 
“Fundación Séneca,” Murcia, Spain (grant 19897/GERM/15)
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Evaluation of optical properties of the intraocular lenses 
damaged in vitro with Nd:YAG laser
Wojciech Dyda1, Katarzyna Kolacz2, Michal Miller2, Narcyz Blocki2, 
Zbigniew Jaroszewicz2, Marek Rekas1. 1Ophthalmology, Military 
Institute of Medicine, Warszawa, Poland; 2Maksymilian Pluta 
Institute of Applied Optics, Warsaw, Poland.
Purpose: Nd:YAG (neodymium-doped yttrium aluminium garnet) 
laser capsulotomy is a routinely performed procedure for posterior 
capsule opacification. It often results in damage of intraocular lens 
optics. The purpose of this study is to evaluate impact of Nd:YAG 
induced intraocular lens damages on the optical properties of these 
lenses.
Methods: Intraocular lenses made of different types of materials 
were used in this study. Nd:YAG laser induced damages were 
performed on these lenses in a cross-like and circular fashion to 
simulate possible damages which can happen during capsulotomy 
procedure. All measurements were performed on specially designed 
optical bench. Measured parameters included MTF (modulation 
transfer function) and contrast (using USAF 1951 resolution test 
chart). These parameters were firstly measured for a new lens and 
later for gradually damaged lenses. All measurements were taken 
with a green light (546nm) and 3.0mm pupil diameter.
Results: Comparison of modulation transfer function and contrast 
measurements on defocus for new lenses and damaged lenses 
revealed no significant differences. Figure 1 presents MTF of 
hydrophobic intraocular lens before and after performing damages to 
the lens material.
Conclusions: Presented methods allow evaluation of optical 
properties of damaged intraocular lenses. The Nd:YAG laser induced 
damages of the lens material did not cause significant changes in 
optical properties measured with MTF and contrast on defocus. 
Presented preliminary results suggest that Nd:YAG laser damages 
to intraocular lens material do not affect performance of the lens. 
Further study, including among others light scattering measurements, 
is needed to support this statement as well as influence of the affected 
lenses onto the vision quality.

Figure 1. Modulation transfer function of acrylic hydrofobic 
intraocular lens before and after performing damages.
Commercial Relationships: Wojciech Dyda, None; 
Katarzyna Kolacz, None; Michal Miller, None; Narcyz Blocki, 
None; Zbigniew Jaroszewicz, None; Marek Rekas, None
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Optical Quality after Posterior Chamber Phakic Intraocular lens 
Implantation
Hongting Liu1, 3, Jing Li2, Owhofasa Agbedia3, Jiangxia Wang3, 
lei liu2. 1The People’s Hospital of Guangxi Zhuang Autonomous 
Region, Nanning, China; 2Tongji Hospital of Huangzhong Science 
and Technology University, Wuhan, China; 3Wilmer Eye Institute, 
Baltimore, MD.
Purpose: To evaluate the optical quality after implantable collamer 
lenses implantations (Visian ICL; STAAR Surgical Co, Monrovia, 
California, USA).
Methods: In this prospective study, thirty-three eyes of 20 patients 
with myopia who had ICL implantation were enrolled. Before surgery 
and one month after surgery, the values of modulation transfer 
function (MTF) cutoff frequency, Strehl ratio, Objective scattering 
index (OSI) and the Optical Quality Anaylsis System (OQAS) values 
(OVs) were accessed with the Optical Quality Analysis System 
(OQAS, Visiometrics, Terrassa, Spain). The higher- order aberrations 
(HOAs) data were obtained with the Hartmann-Shack wavefront 
sensor (KR-1W aberrometer, Topcon Corp, Tokyo, Japan). For 
patients with pupil size < 6 mm, the root mean square (RMS) of total 
ocular HOAs, RMS of third-order aberrations, RMS of fourth-order 
aberrations were measured and analyzed for 4mm-pupil diameter. For 
patients with pupil size ≥ 6 mm; HOAs data were calculated for 6mm 
pupil diameter. Visual acuity, refraction, pupil size and intra ocular 
pressures were also recorded.
Results: Significant improvements in visual acuities were found 
postoperatively, with significant reduction in spherical equivalent 
(p<0.001). The mean MTF cutoff frequency, Strehl ratio, OSI, 
OV100%, OV20%, and OV9% were 28.26 ± 11.81, 0.17 ± 0.07, 
2.34 ± 1.92, 0.95 ± 0.35, 0.65 ± 0.27,0.41 ± 0.20, respectively. After 
one month of ICL implantation, these optical quality parameters 
decreased slightly, with values were 26.39 ± 12.08, 0.15 ± 0.06, 
2.24 ± 1.18, 0.80 ± 0.40,0,58 ± 0.33,0.35 ± 0.19, respectively. The 
induction of total ocular HOAs, third-order aberrations, and fourth-
order aberrations in 4mm-pupil group were 0.002 ± 0.061 μm, - 
0.004 ± 0.045 μm, and 0.001 ± 0.039 μm, respectively. In the 6-mm 
pupil group, the induction of total HOAs, third-order aberrations, and 
fourth-order aberrations were 0.089 ± 0.144 μm, 0.042 ± 0.117 μm, 
and 0.034 ± 0.060 μm, respectively. However, the slightly decrease of 
optical quality and minor increase in total HOAs were not statistically 
significant (p>0.05).
Conclusions: ICL implantation results in an improvement in VA with 
barely changed visual quality. Larger longitudinal studies, with a 
greater number of subjects are indicated to confirm these findings.



ARVO 2017 Annual Meeting Abstracts

These abstracts are licensed under a Creative Commons Attribution-NonCommercial-No Derivatives 4.0 International License. Go to http://iovs.arvojournals.org/ to 
access the versions of record.
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Changes of Optical Quality after ICL Implantation
Commercial Relationships: Hongting Liu, None; Jing Li, None; 
Owhofasa Agbedia, None; Jiangxia Wang, None; lei liu, None
Support: The Science and Technology Development Grant of 
Guangxi Zhuang Autonomous Region


