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Evaluation of the impact of low-addition progressive lenses on the 
accommodation and convergence functions in Indian population
Nisha Singh1, Chwee Hong Yeo1, Archayeeta Rakshit3, 
Nomitha Baanu3, Madhavan Renjini3, Viswanathan S3, 2, 
Jameel Rizwana Hussaindeen3, 2, Krishna Kumar Ramani3, 
Meenakshi Swaminathan2. 1CI&T AMERA, Essilor, SINGAPORE, 
Singapore; 2Eye Hospital, Sankara Nethralaya, Chennai, India; 
3Visual Psychophysics, Elite School of Optometry, Chennai, India.
Purpose: Low-addition progressive lenses have been well endorsed 
as a product for alleviating visual fatigue, yet there is ambiguity 
about its effect on the accommodative and convergence functions. 
Therefore, this study was aimed to evaluate the effect of low-addition 
(+0.40 D and +0.60 D) progressive lenses on the amplitude of 
accommodation (AA) and near point of convergence (NPC).
Methods: A randomized study in cross-over design was conducted on 
82 subjects in each test lens group (+0.40 D and +0.60 D). For +0.40 
D group, subjects were recruited from 19-29 years and for +0.60 
D group from 30-37 years. Each subject wore test lenses (Essilor 
EyezenTM) and control lenses (single vision) for 4 weeks each in 
randomized order. Baseline measurement was taken with the subjects’ 
own glasses and then after wearing either the test lenses or control 
lenses. Both AA and NPC were measured binocularly using push-up 
technique with the RAF ruler. Average of three measurements was 
taken for the analysis.
Results: Repeated measures ANOVA was used to compare the 
measurements after wearing the test, control lenses and baseline. 
NPC for +0.4D group measured at baseline (6.3 ±2.4), the control 
(5.9 ± 1.7) and test lenses (6.04 ± 2.4) were not statistically different 
(F (2, 76) = 1.67, p = 0.19). For +0.6 D, there was also no significant 
different (F (2, 58) = 1.53, p = 0.23) in NPC at baseline, after 
wearing control and test lenses (6.0 ± 1.6, 6.2 ± 1.9, and 6.5 ± 1.9, 
respectively).
No significant difference was also found for AA in +0.40 D lens 
group at baseline, after wearing control and test lenses (10.8 ± 
2.3, 11.2 ± 2.3, 11.5 ± 2.6, respectively; F (2, 76) = 2.32, p = 0.10) 
whereas for +0.60 D group the AA measured at baseline (7.1 ± 2.0), 
after control (7.9 ± 1.7) and test lenses (7.9 ± 3.2), was increase 
significantly after switching to either control or test lens (F (2, 82,  
p < 0.05). Post-hoc test (Fisher’s LSD) revealed significant difference 
between own glasses and test lens (p < 0.05) as well as control lens 
(p< 0.05) but no difference was found between test and control lenses 
(p = 0.87).
Conclusions: No difference in AA or NPC is found between  
low-addition progressive lenses and single vision lenses. Hence, low-
addition progressive lenses do not impact the binocular functions of 
the eye.
Commercial Relationships: Nisha Singh, ESSILOR (E);  
Chwee Hong Yeo, Essilor International (E); Archayeeta Rakshit, 
Essilor International (F); Nomitha Baanu, Essilor International 
(F); Madhavan Renjini, Essilor International (F); Viswanathan S, 
Essilor International (F); Jameel Rizwana Hussaindeen, Essilor 
International (F); Krishna Kumar Ramani, Essilor International (F); 
Meenakshi Swaminathan, None
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The effect of wearing progressive addition lenses on the 
accommodative function in children
Yunyun Chen1, 2, Xinping Yu1, 2, Wanqing Jin1, 2, Bjorn Drobe3, 2, 
Binjun Zhang1, 2, Hao Chen1, 2. 1School of Ophthalmology 
&Optometry, Wenzhou Medical University, Wenzhou, China; 
2WEIRC, Wenzhou Medical University-Essilor International 
Research Center, Wenzhou, China; 3R&D Optics AMERA, Essilor 
International, Singapore, Singapore.
Purpose: To compare accommodative parameters among children 
corrected over 2 years by single vision spectacles (SV), conventional 
progressive addition lenses (PALs) and customized PALs.
Methods: 48 myopic children (aged 11.73 ± 1.16 years) with mean 
of spherical equivalent refraction (SER) of -3.67 ± 0.83D and 
astigmatism less than 1.50DC were enrolled in the study. They wore 
different spectacle lenses for two years, 15 corrected by SV  
(Group I), 17 by conventional PALs with +2.00D addition (Group 
II), and 18 by customized addition PALs based on Sheard’s 
criterion (Group III). Continuous accommodative stimulus-
response curves (ASRC) were measured on the right eye with full 
correction by trial lenses. ASRC were obtained by a Grand Seiko 
WAM-5500 autorefractor in high speed mode at a sampling rate 
of 5 Hz under continuous stimuli produced by a motorized Badal 
system, and were fitted with a 3-degree polynomial equation. The 
slope of ASRC was defined as the steepest slope of the function. 
Objective accommodative amplitude (AA) was the difference 
between maximum and the minimum accommodative response. 
The accommodative lag area between 1D and 6D was calculated by 
Matlab software.
Results: There were no differences in age among three groups at two-
year visit (P>0.05). The slope of ASRC was 0.92±0.08, 0.91±0.08, 
and 0.92±0.08 for Group I, II, III respectively. The objective AA 
was 7.08±1.15D, 7.37±1.48D, 7.70±0.88D, and the accommodative 
lag area was 7.12±0.86D2, 7.19±1.42D2, 7.19±1.42D2 respectively 
for Group I, II, III. No significant differences were found in the 
slope (F=0.14, P=0.87), objective AA (F=1.08, P=0.35) and the 
accommodative lag area (F=0.11, P=0.90) among those three groups 
at two-year visit.
Conclusions: Neither conventional nor customized addition 
progressive addition lenses affected the accommodative stimulus-
response function in myopic children compared to single vision 
lenses.
Commercial Relationships: Yunyun Chen, Essilor International 
(F); Xinping Yu, Essilor International (F); Wanqing Jin, 
Essilor International (F); Bjorn Drobe, Essilor International (E); 
Binjun Zhang, Essilor International (F); Hao Chen, Essilor 
International (F)
Support: International S&T Cooperation Program of China, Grant 
No. 2014DFA30940
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Reading and attention in relation to naturalistic accommodation 
responses in typical children
Siobhan M. Ludden, Anna M. Horwood, Patricia M. Riddell. School 
of Psychology and Clinical Language Sciences, University of 
Reading, Reading, United Kingdom.
Purpose: Our previous research has found that many children 
underaccommodate at 33cm and it has been suggested that 
underaccommodation may be associated with poorer reading ability 
or attention in children. An ongoing study is investigating typical 
accommodative responses in children, under naturalistic conditions 
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and exploring the relationship between accommodation and reading 
ability and attention.
Methods: 30 healthy, typically developing children were 
recruited from 3 UK primary schools, from varied socio-economic 
backgrounds. Children were aged 10-11yrs, without any prior 
diagnoses of reading or attention difficulties and had passed visual 
acuity screening when aged between 4.5 and 5.5yrs. All children had 
a minimum distance visual acuity of 0.200 LogMAR and near visual 
acuity of 0.100 LogMAR. A Plusoptix R09 PowerRef3 photorefractor 
was used to assess naturalistic accommodation responses objectively 
at 33cm to a range of targets. The accommodative targets varied in 
complexity and included sustained reading of age appropriate text 
of different font sizes, individual letters, a colourful picture and a 
visual search puzzle. Target presentation order was counterbalanced. 
Reading rate, accuracy and comprehension was assessed using the 
“York Assessment of Reading Comprehension” (YARC), a UK 
standardised reading test. Attention measures were obtained using the 
“Test of Everyday Attention for Children (TEA-Ch)”, a standardised 
attention battery.
Results: The accommodative response varied greatly across 
participants with lag greater than 0.5D being common. The 
accommodative responses varied significantly across target types 
(F5,145=9.361; p<0.001); higher accommodative responses were 
observed to more complex tasks such as reading print. All children 
achieved reading and attention scores within normal ranges. No 
significant correlation was found between the accommodation 
response to each target and the measures of reading ability or 
attention (p>0.05).
Conclusions: In typical children target type influences the 
accommodative response observed and their accommodative 
response to different targets may vary greatly. In older primary 
school children accommodation does not appear to be correlated with 
reading ability or attention; children who exert less accommodation 
to targets at 33cm do not appear to perform worse on standardised 
measures of reading or attention than children who accommodate 
more appropriately.
Commercial Relationships: Siobhan M. Ludden; 
Anna M. Horwood, None; Patricia M. Riddell, None
Support: Fight for Sight Charity Grant GS14-40

Program Number: 320 Poster Board Number: B0565
Presentation Time: 8:30 AM–10:15 AM
Effect of experimental conditions in the accommodation response 
in myopia
Carles Otero1, Mikel Aldaba2, Fuensanta A. Vera-Diaz3, 
Jaume Pujol1. 1Davalor Research Center (dRC). Universitat 
Politècnica de Catalunya, Terrassa, Spain; 2Centre for Sensors, 
Instruments and Systems Development (CD6). Universitat 
Politècnica de Catalunya, Terrassa, Spain; 3New England College of 
Optometry, Boston, MA.
Purpose: To analyze the effect of stimuli characteristics: method, 
depth and field of view (FOV) on the accommodation response (AR) 
for emmetropes (EMM), late-onset myopes (LOM) and early-onset 
myopes (EOM).
Methods: Monocular AR were measured under 60 different viewing 
conditions, the result of permuting the following factors: (1) 
stimulation procedure (free space, FS, or Badal lens viewing, BLV), 
(2) stimulus depth (flat or volumetric), (3) FOV (2.5°, 4°, 8°, 10°, 
30°) and (4) amount of accommodation stimulation (AS: 0.17 D, 2.50 
D, 5.00 D). The refractive error groups comprised n=9 EMM (those 
with a subjective spherical equivalent between 0.00 and +0.75 D), 
n=8 LOM those who became myopic after or at 15 years old) and 
n=9 EOM (before 15 years old).

Results: Mixed ANOVA for the AS of 2.50 D showed a significant 
interaction between stimulus depth and FOV (F=2.73, p=0.03) and 
among stimulation methods, FOV and refractive groups  
(F=2.42, p=0.02). For the AS of 5.00 D, there was a significant effect 
of stimulation methods, stimulus depth and refractive groups  
(F=4.08, p=0.03). When controlling for the within factors 
interactions: LOM showed larger lags than EMM and EOM, and the 
most accurate AR was obtained for a FOV between 8° and 10°, which 
did not significantly differed for different stimulation methods or 
stimulus depth.
Conclusions: AR were most accurate when the FOV was between 
8° and 10°, which suggests that there may be an optimum peripheral 
retinal image size for accommodation stimulation. Previously 
reported differences in AR when using lens-based methods compared 
to FS viewing may be explained by the effect of other factors such as 
the FOV or the depth of the stimulus.
Commercial Relationships: Carles Otero; Mikel Aldaba,  
None; Fuensanta A. Vera-Diaz, None; Jaume Pujol,  
Davalor Salud, S.L. (F)
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Does accommodation respond equally to artificially blurred as to 
real out-of-focus retinal images?
Norberto Lopez-Gil1, 3, Ivan Marín-Franch2, 3, Paula Bernal-
Molina2, 3, Jose Esteve-Taboada2, 3, Robert Montés-Micó2, 3, 
Philip B. Kruger4, 1, Antonio Del Águila-Carrasco2, 3. 1Physics, 
Universidad de Murcia, Murcia, Spain; 2Department of Optics and 
Optometry and Visual Sciences, University of Valencia, Valencia, 
Spain; 3Interuniversity Laboratory for Research in Vision and 
Optometry, Mixed group UVEG-UMU, Valencia-Murcia, Spain; 
4State College of Optometry, State University of New York, New 
York, NY.
Purpose: To determine whether accommodation is driven by 
the presence of an accommodation error (image focused in front 
or behind the retina) or just by the presence of defocus blur in 
the retinal image, since both are potential cues that could trigger 
accommodation.
Methods: A custom-made adaptive optics system with a deformable 
mirror together with a 4-mm artificial pupil was used to measure 
the monocular accommodation response of nine subjects to a 
monochromatic (550 ± 5 nm) Maltese-cross target. Two conditions, 
vergence-driven condition and blur-driven condition, were 
tested against each other. In the vergence-driven condition, the 
accommodative demand changed sinusoidally between −1  
and −3 D at 0.2 Hz producing changes in defocus blur on the retina 
that accompanied changes in optical vergence. In the blur-driven 
condition, the image was always projected in-focus on the retina so 
there was no accommodative error, but the target itself, presented 
on a microdisplay, blurred and cleared sinusoidally over time due 
to computer-generated blur. In both conditions, the accommodation 
feedback loop was open because defocus, astigmatism, and higher-
order aberrations of the eye were removed at 20 Hz with the adaptive 
optics system. Six trials of 20 s of duration were performed for both 
conditions, presented in a random order.
Results: The accommodative response was different in the two 
conditions for all subjects except one, who did not respond in either 
of the conditions. On average, in the vergence-driven condition 
subjects followed the sinusoidal change in stimulus-vergence with 
a clear sinusoidal change in their refractive state (1.00±0.56 D), 
but presented a very small refractive change (0.14±0.06 D) in the 
blur-driven condition, similar to the small microfluctuations of 
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accommodation. The difference in accommodative response between 
the two conditions was significant (p<0.004).
Conclusions: Accommodation responds to the sign of defocus  
(lead or lag of accommodation) and not just to the blur generated 
when the image is not in-focus on the retina. These results suggest the 
presence of a retinal mechanism that provides a directional cue for 
accommodation from optical vergence.
Commercial Relationships: Norberto Lopez-Gil, None; 
Ivan Marín-Franch, None; Paula Bernal-Molina, None; 
Jose Esteve-Taboada, None; Robert Montés-Micó, None; 
Philip B. Kruger, None; Antonio Del Águila-Carrasco, None
Support: European Research Council grant  
ERC-2012-StG-309416-SACCO
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Objective Amplitude of Accommodation and Refraction Using a 
New Wavefront Metric Dependent on Pupil Radius
Mateusz T. Jaskulski1, Norberto Lopez-Gil1,  
Andrei Martinez-Finkelshtein2, Vicente Fernández-Sánchez1. 
1Physics, University of Murcia, Murcia, Spain; 2Departamento de 
Matemáticas, Universidad de Almería, Almería, Spain.
Purpose: To obtain fast and accurate measurements of the equivalent 
sphere (M) and amplitude of accommodation (AA; subjective 
SAA, objective OAA), taking into account the potential changes in 
refraction due to the changes of pupil size.
Methods: An empirical wavefront refraction metric (MTR) was 
formulated using objective (OR) and subjective refraction (SR) 
measurements, compiled from 3 datasets: Murcia (174 eyes), 
Houston (40), and Alabama (94). It was tested using an independent 
dataset, Indiana (200 fully corrected eyes). OR were calculated for 
all eyes, for pupil radii (rescaled) from 1.00 to 3.75mm. The results 
were compared with ones obtained with traditional metrics; Paraxial 
and minRMS. The MTR metric was then used to compute the OAA 
in 140 eyes (ages 17-55), for which OR measurements spanning 
the full range of accommodation had been obtained using the irx3 
aberrometer (Imagine Eyes, France), in 0.5D steps of stimulus 
vergence. OAA was calculated as the maximum minus minimum 
value of OR. The results were compared to SAA, obtained with 
minus lenses, and custom Badal optometer.
Results: The MTR metric predicted the subjective M with a mean, 
inter-subject error ≤0.12D for all pupil radii, both in the 3 datasets 
used to formulate it (308 eyes), and the independent dataset, Indiana 
(200 eyes). Equivalent sphere values calculated by the MTR metric 
lie between these of the minRMS and Paraxial metrics (Fig. 1), which 
for large pupils usually give values too myopic or too hyperopic, 
respectively.
The OAA estimated by the MTR metric was on average 0.91±0.10D 
smaller than SAA obtained with the Badal method, and 0.75±0.09D 
smaller for the minus lenses method.
Conclusions: The new MTR metric gives accurate prediction of 
the subjective M for the whole range of pupil radii, even though the 
SR may change due to spherical aberration (SA) for large pupils. 
On average, it was found to underestimate the SAA by 0.85±0.10D, 
which is expected, as the effects of the depth of field, present in 
subjective measurements, are not taken into account in objective 
measurements of far, and especially near points (see Bernal et al. 
OVS, 2014).
The new metric can be used to estimate OR and OAA for pupil radii 
different than the measurement radius, and of interest to studies of 
children, and low illumination, where the pupil radius and SA can  
be large.

Subjective - Objective Refraction Error in Function of Pupil Radius
Commercial Relationships: Mateusz T. Jaskulski, None; 
Norberto Lopez-Gil, None; Andrei Martinez-Finkelshtein, None; 
Vicente Fernández-Sánchez, None
Support: Marie Curie ITN grant "AGEYE" 608049
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Dynamics of Accommodative Changes in the Human Crystalline 
Lens Thickness Measured with Optical Coherence Tomography
ethan adre1, 2, Alex T. Pham1, 2, Keke Liu1, 2, Yu-Cherng Chang1, 2, 
Florence Cabot1, 3, Siobhan Williams1, 2, Giovanni Gregori4, 
Arthur Ho6, 7, Marco Ruggeri1, 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, Miami, FL; 
4Quantitative Imaging Center, Bascom Palmer Eye Institute, Miami, 
FL; 5Brien Holden Vision Institute and Vision Cooperative Research 
Centre, Sydney, NSW, Australia; 6Brien Holden Vision Institute, 
Sydney, NSW, Australia; 7School of Optometry and Vision Science, 
University of New South Wales, Sydney, NSW, Australia.
Purpose: Dynamic changes in lens thickness have been measured 
using ultrasonography, which requires contact with the eye and 
provides limited spatial resolution. The purpose is to quantify 
dynamics of human crystalline lens thickness with accommodation 
using Optical Coherence Tomography (OCT).
Methods: Four eyes from 4 subjects (Age: 26.5 ± 4.2 years) were 
imaged with a custom-built OCT system that enables dynamic 
imaging of the anterior segment during accommodation (Ruggeri et 
al, Biomed Opt Exp 7:1506-1520, 2012). A fixation target provides 
a step stimulus of accommodation that is triggered at 1.9 s after the 
start of an OCT image acquisition. 54 images of the eye ranging 
from the anterior cornea to the retina were acquired at a rate of 8.6 
frames per second while the subjects responded to the step stimulus. 
For each subject, six dynamic OCT acquisitions were performed 
for step stimulus amplitudes of 1, 2, 3, 4, 5 and 6 D starting from 
distance vergence. Each OCT image was processed using an 
automated segmentation algorithm that produces measurements of 
lens thickness. For each eye and accommodation amplitude, the time-
dependence of the lens thickness was fit with an exponential function 
using a non-linear least square algorithm to obtain the following 
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parameters: peak velocity (mm/s), time constant (s), latency (s),  
and asymptotic lens thickness change (mm).
Results: The dependence of each parameter on accommodative 
amplitude was assessed (see figure). The change in lens thickness 
increased with accommodation amplitude, with an average change 
of 0.070±0.026 mm/D. Peak velocity and time constant increased 
with accommodation amplitude from average values of, respectively, 
0.01±0.01 mm/s and 0.17±0.10 s at 1 D to 0.16±0.07 mm/s and 
0.48±0.11 s at 6 D. There was no significant trend in latency with 
accommodation amplitude, with average values varying from 
0.24±0.07 s at 1 D to 0.31±0.04 s at 6 D. The dynamic parameters 
are consistent with values obtained using dynamic optical refraction 
(Kasthurirangan and Glasser, Vis Res, 2006).
Conclusions: Dynamic biometry using OCT enables characterization 
of the dynamics of lens accommodation.

Change in lens thickness (A), peak velocity (B), time constant (C) 
and latency (D) as a function of accommodation demand (1 to 6 D) 
for the four subjects.
Commercial Relationships: ethan adre, None; Alex T. Pham, 
None; Keke Liu, None; Yu-Cherng Chang, None; Florence Cabot, 
None; Siobhan Williams, None; Giovanni Gregori, None; 
Arthur Ho, None; Marco Ruggeri, US Patent 8,425,037 (P); 
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 
(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 
Centre.
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Comparison of two objective techniques for measurement of 
accommodative amplitude
Rami Aboumourad, Heather A. Anderson. College of Optometry, 
University of Houston, Houston, TX.
Purpose: Studies of objective accommodative amplitude (AA) with 
open-field autorefraction (AR) have shown that the subjective push-
up technique over-estimates AA. However, using AR to measure AA 
in the clinic is not practical and thus alternative objective techniques 

are needed that could provide more accurate information about 
AA than the commonly used subjective push-up amplitude test. 
The purpose of this study was to compare agreement between AR 
measurement of AA and a recently described objective technique 
using dynamic retinoscopy (DR).
Methods: One hundred subjects aged 5-60 were measured by two AA 
tests (order randomized) monocularly (dominant eye) while wearing 
their habitual distance correction and asked to keep clear a 0.9mm tall 
letter target. For DR, subjects held a near rod and pushed the target 
away until it became “first clear”. The examiner then viewed the 
retinoscopic reflex along the horizontal meridian and identified the 
location from the eye where neutrality was observed, which was then 
converted to diopters (D) to express AA. For AR, refraction measures 
were taken as subjects viewed the target first at a 2.5D demand 
and then subsequent demands increasing in proximity (up to a 30D 
demand maximum) until no additional increase in accommodation 
was observed. Refractions were converted to spherical equivalent and 
expressed as accommodation in D, and the maximum value termed 
the AA. Distance over-refractions were measured for both techniques 
and added to the AA to account for any uncorrected refractive error.
Results: The group mean difference between AR and DR  
was +0.22D (95% LOA = -2.32D to +2.77D diopters), with 88% of 
subjects having differences between +/-1.50D. Three children were 
identified as likely outliers with differences between tests of 4.85D 
or greater (2 responded poorly to DR and 1 responded poorly to AR). 
Removal of these outliers improved the agreement to +0.16D (95% 
LOA = -1.73 to 2.05D). There was no significant linear relationship 
between subject age and the magnitude of the difference with or 
without the outliers (p≥0.07).
Conclusions: On average, AR measured greater amplitudes; 
however, the majority of subjects had differences less than 1.50D, 
indicating DR may serve as a substitute for AR in the clinic to 
measure objective AA.
Commercial Relationships: Rami Aboumourad, None; 
Heather A. Anderson, None
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Analysis of the mechanical response of in vivo human 
accommodation from dynamic OCT recording
Arthur Ho1, 3, Rong Zhu2, Pwint Phoo Wai2, Marco Ruggeri3, 
Sangarapillai Kanapathipillai2, Fabrice Manns3, 4. 1Brien Holden 
Vision Institute, UNSW Sydney, NSW, Australia; 2School of 
Mechanical and Manufacturing Engineering, University of New 
South Wales, UNSW Sydney, NSW, Australia; 3Ophthalmic 
Biophysics Center, Bascom Palmer Eye Institute, University of 
Miami School of Medicine, Miami, FL; 4Department of Biomedical 
Engineering, University of Miami College of Engineering, Miami, 
FL.
Purpose: Advancements in anterior eye OCT imaging has opened the 
opportunity to analyse in greater precision the mechanical response 
of the accommodation system. We applied an existing mechanical 
model to analyse in vivo human accommodation using images 
captured with a synchronous OCT system.
Methods: The study was approved by the IRB of the University 
of Miami and followed the tenets of the Declaration of Helsinki. 
Three subjects (age 22, 39 and 45 yo) were enrolled. The anterior 
eye of each subject was imaged at 13 fps with an OCT during 
accommodation tasks. Full details of the synchronous OCT imaging 
system have been described in Ruggeri et al (2016). Test eyes were 
corrected for their spherical equivalent refractive error. Following 
stabilisation at zero object vergence for at least 1.5 s, accommodation 
was initiated monocularly (left eye) by a step change to near object 
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vergence. The younger subjects were recorded for 2 D and 4 D 
response. The 45 yo was tested only on 2 D vergence. Dynamic 
recording of the accommodation response then continued for 
approximately 4.5 s. Image frames were digitally analyzed to extract 
the geometry and positions of the lens and ciliary body. These data 
were fitted to the model of Beers et al (1994 & 1996) using ordinary 
least squares technique to obtain values for lens initial thickness (X), 
thickness change (A), time-constant for response (τ) and initial time 
of response (t0).
Results: Figure 1 shows the result for the 2 yo during 2 D 
accommodation. Results for X, A, τ, t0 and RMS of residuals of 
model fitting for both subjects and object vergences are given in 
Table 1. Analysis of the method using Monte Carlo techniques 
(1000 trials per scenario; Gaussian noise matching the fitted RMS) 
estimated precisions of ±0.001 (0.03%), ±0.0016 (1%), ±0.02 (6%) 
and ±0.013 (0.7%) for X, A, τ and t0 respectively. Thus the results are 
in agreement with those of Beers et al (1994 & 1996). Examination 
of residual errors revealed the rapid rise portion of A around t0 departs 
noticeably from the single exponential model. This suggests the need 
for either a higher-order dynamic component or additional viscous 
components to be added to achieve a mechanical model with greater 
fidelity.
Conclusions: Data from dynamic OCT recording on in vivo human 
accommodation were fitted to a mechanical model. Examination 
of residual errors suggest the need for an enhanced model with 
additional components.

Commercial Relationships: Arthur Ho, None; Rong Zhu, None; 
Pwint Phoo Wai, None; Marco Ruggeri, US Patent 8,425,037 (P); 
Sangarapillai Kanapathipillai, None; Fabrice Manns, US Patent 
8,425,037 (P)

Support: National Eye Institute Grants 2R01EY14225, 
1R01EY021834, P30EY14801 (Center Grant); Florida Lions Eye 
Bank; Drs KR Olsen and ME Hildebrandt, Drs R Urs and A Furtado; 
an unrestricted grant from Research to Prevent Blindness; and 
the Australian Federal Government Cooperative Research Centre 
Scheme through the Vision Cooperative Research Centre.
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Finite element accommodation models using elasticity gradients 
from Brillouin microscopy
Andres De la Hoz1, Giuliano Scarcelli2, Seok Hyun Yun3, 
Susana Marcos1. 1CSIC, Madrid, Spain; 2University of Maryland, 
College Park, MD; 3Harvard Medical School, Boston, MA.
Purpose: To develop elasticity models of the crystalline lens using 
Brillouin microscopy data and evaluate their performance in lens 
accommodation models.
Methods: Results from compression tests and Brillouin data 
on human crystalline lenses aged 14, 37, and 67, and Brillouin 
microscopy data on longitudinal modulus variation (Besner et al 
IOVS 2016) were used in a finite element model of lens compression 
to obtain parameters for elasticity profiles of crystalline lenses 
in the form E(r,θ) = En – Es(r/rs)

k, where En and Es are elasticity 
(in Young’s Modulus) at nucleus and surface, rs is distance from 
center to surface at θ, and k is rate of change from nucleus to 
surface. Then, finite element models of crystalline lenses subjected 
to accommodation forces (for lenses aged 29 and 45 years) were 
developed to incorporate these gradient elasticity profiles. The 
models were evaluated for two separate boundary conditions: 1) 
with a fixed displacement corresponding to expected ciliary body 
expansion, 2) with a fixed force of 0.08 N. Deformation of nodes 
was used to calculate the deformed radii of curvature of anterior and 
posterior surfaces (as spherical fit) as well as the deformed thickness. 
Accommodation amplitude was calculated by computing lens power 
for deformed and undeformed conditions. Results were compared to 
lenses using elasticity profiles from earlier studies (Burd et al Vision 
Res 2002).
Results: Elasticity profiles obtained had average E value of 0.0048 
MPa and En>Es. For a fixed displacement, simulations using elasticity 
profiles derived from Brillouin microscopy data showed 42% and 
32% less power change than elasticity profiles derived from other 
methods for two lenses. For a fixed force of 0.08 N, the difference 
between Brillouin and other gradient profiles increased, to 56% for 
29-year-old model and 46% for 45-year-old model. Difference in 
diopter between 29 and 45 year models was smaller in Brillouin 
profiles than in other gradient profiles. Values of parameter k were 
found to affect the power change by 0.2-0.5 D for a fixed geometry.
Conclusions: Elasticity profiles found in Brillouin microscopy 
(where En>Es) show less accommodation amplitude than those with 
Es>En. Variations of rate of change in gradient (with fixed En, Es) have 
a minor effect on accommodation amplitude. Conversion process 
from Brillouin frequency shift to Elastic Modulus might account for 
reduced accommodation amplitude.
Commercial Relationships: Andres De la Hoz, None; 
Giuliano Scarcelli, Massachusetts General Hospital (P); Seok 
Hyun Yun, Massachusetts General Hospital (P); Susana Marcos, 
None
Support: ERC-2011-AdG-294099, FIS2014-56643, CMMI-
1537027, R01EY025454, CMMI-1562863
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Optimization of the Kamra inlay for a large population of 
subjects
Pablo De Gracia1, Andreas Hartwig2. 1Chicago College of 
Optometry, Midwestern University, Downers Grove, IL; 2Hartwig 
Research Center, Heikendorf, Germany.
Purpose: To evaluate the multifocal properties of the Kamra inlay 
(Acufocus) in 1299 healthy subjects by using the visual Strehl ratio 
(VSOTF) metric. Also, to explore how different inner and outer 
radius of the inlay would modify the properties of the design.
Methods: The optical properties of the Kamra inlay were analyzed 
by computing the VSOTF metric through-focus (-1 to 5 D). The 
simulations included the variation of the inner (1-2.5 mm) and the 
outer diameters (3.0 - 5.0 mm) of the KAMRA inlay for an ideal 
eye with varying pupil sizes (1 to 8 mm). The Kamra inlay has 
8400 holes with a diameter varying between 6 and 12 µm. The area 
covered by the holes roughly represents a 4% of the circular area 
covered by the corneal inlay. The representation of the Kamra Inlay 
in our calculations was performed by introducing an apodization 
effect (six levels: 80 - 84 - 88 - 92 – 96 -100 %) on the generalized 
pupil for the circular area defined by the inner and outer radius of 
the inlay. The current design, and the three best solutions found 
in the simulations with the ideal eye were recalculated. This time, 
introducing the Higher Order Aberrations of the 1299 subjects on 
this study. Finally the resulting VSOTF’s were evaluated both under 
monocular and binocular conditions according to three values: the 
area under the VSOTF, the range through focus of acceptable optical 
performance, and, for binocular combinations, the optical disparity 
occurring between left and right eyes.
Results: The average optimal solution for our population of subjects 
has an inner radius of 2 mm and an optimal outer radius of 4 mm. 
These values improve the area under the VSOTF by 4% and the range 
through focus by 7%. The apodization variable - that corresponds to 
different amounts of wholes in the inlay – showed a direct correlation 
with the optical performance of the design; the higher the apodization 
the higher were the optical performance of the inlays.
Conclusions: A slightly larger central aperture would improve the 
optical properties of the Kamra inlay. Also, the holes in the corneal 
inlay - that are necessary to allow the proper transmission of nutrients 
between layers of the cornea and therefore to preserve its integrity 
- have to be minimized in order to increase the optical properties 
of the Kamra inlay. The optical properties of the inlay improve by 
decreasing the area occupied by holes on the design.

Figure 1. Functioning of the Kamra inlay.
Commercial Relationships: Pablo De Gracia, Bausch + Lomb (C); 
Andreas Hartwig, None
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Objective evaluation of tolerance to induced astigmatism in 
presbyopes implanted with the small-aperture corneal inlay
Srividhya Vilupuru, Sincere Chen, Corina Van de Pol. Acufocus, 
Irvine, CA.
Purpose: Small-aperture inlay (KAMRA inlay) extends depth of 
focus by blocking unfocused peripheral light rays and by allowing 

only the central light rays to reach the retina. The main purpose 
of this study was to measure and compare the effect of induced 
astigmatism on the optical quality of the retinal image between the 
inlay eye and the fellow eye.
Methods: A prospective, comparative pilot study on five subjects 
that were implanted with the small-aperture inlay in their preferred 
eye. The post-implantation time varied from 1 month to 10 years. Up 
to 2.5 D of astigmatic defocus (DC) was induced in 0.50 D steps at 
both 180° and 90°. AcuTarget HD was used to objectively evaluate 
the optical quality of the retinal images at all defocus levels. The 
Strehl ratio, ocular scatter index (OSI), and predicted visual acuity 
(VA) were measured at each defocus level. All subjects were fully 
corrected in both eyes. The changes to the Strehl ratio, predicted 
visual acuity and OSI from the baseline (0 DC) are reported as mean 
± std or as percentage of change.
Results: The spherical equivalent was -0.33 D ± 0.78 D and 0.00 D ± 
0.09 D in the inlay and the fellow eyes respectively. For up to 1.5 DC 
of defocus, the mean decrease in Strehl ratio was 11.2% ± 18.8% vs. 
33.7% ± 20.7% in the inlay vs the fellow eyes respectively  
(p < 0.0001). The mean VA loss was 0.07 ± 0.11 and 0.24 ± 
0.16 logMAR in the inlay and the fellow eyes (p = 0.0001). The 
mean decrease in OSI was 18.2% ± 22.9% and 141.3% ± 112.7% 
in the inlay and the fellow eyes respectively (p < 0.0001). For 
defocus greater than 1.5 DC, both eyes showed a significant loss 
in optical quality. The mean changes to the Strehl ratio, OSI and 
predicted visual acuities for defocus levels greater than 1.5 DC was 
significantly different between the inlay eye and the fellow eyes  
(p < 0.05). Inlay eyes were more tolerant to astigmatic defocus 
induced at 90° vs. 180°.
Conclusions: The optical quality of the retinal images in eyes 
implanted with the small-aperture inlay showed robust tolerance to 
astigmatic defocus of up to 1.5 DC. In comparison, the optical quality 
of the retinal images degraded beyond 0.50 DC of defocus in the 
fellow eyes. For defocus greater than 1.5 DC, the inlay eyes showed a 
gradual but significantly lower change to retinal image quality when 
compared to their fellow eyes.
Commercial Relationships: Srividhya Vilupuru, AcuFocus (E); 
Sincere Chen, AcuFocus (E); Corina Van de Pol, AcuFocus (E)
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Correlation of 1.5% EV06 Ophthalmic Eye Drop Formulation 
(NCT02516306) Snellen scores (logMAR) results with ex parte 
clinical accommodation (diopters) measurements
William H. Garner1, 2, William Burns2. 1Research, Bioptics Research, 
Eastport, ME; 2Research, Encore Vision, Inc, Fort Worth, TX.
Purpose: Determine an equation to convert logMAR units acquired 
in our clinical study to diopters.
Methods: Diopter value was calculated using ∂D(AGE)=7.081/
(1+EXP(0.2031*((AGE-36.2)-0.6109))) developed by Anderson et al 
[IOVS (2008), 49: 2919-2926]. Data collected from the EV06 study 
was used to construct XY-scatter plots. GraphPad was then used to 
determine a best-fit equation to logMAR with age. Subsequently, 
an equation was then found to calculate diopters as a function of 
logMAR. iTrace aberrometry measurements were obtained for 
objective analysis.
Results: The fitted solid line in Figure 1 using equation 
logMAR(AGE)= 6.8985*(EXP((-3.5413)*AGE^0.4695))) predicts an 
equivalent age (closed green circles) with logMAR values. Equation 
Diopter(logMAR) = (6.898)*(EXP(-3.541*logMAR^0.469)) provides 
the fitted dotted line shown in Figure 2 to calculate the expected 
diopter value using the clinical derived logMAR value.
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Conclusions: Figures show logMAR scores changed inversely 
to accommodative amplitude measured by diopters. A numerical 
relationship was derived to determine an expected diopter change 
from the measured EV06 logMAR score results. The equation 
demonstrates diopter magnitude of change increases from +0.5D 
(average on DAY-1) to more than +1D in over 50% of the patients 
with EV06 treatment. Using the logMAR transformation equation 
demonstrates that the 1.5% EV06 Ophthalmic Formulation 
significantly (P<0.001) improves diopter response compared to 
placebo group over the 91-DAY treatment duration.

Inner box encloses patient scores aged between 45 and 55-years 
(open red circles ranging from 0.3 to 0.8 logMAR units left axis). 
Corresponding patient logMAR scores are shown (open green circles) 
at DAY-91. The scatter plot also shows the non-linear fit (solid line) 
to logMAR values collected from the reference literature (black 
circles) combined with the EV06 DAY-1 logMAR measurements. 
Accommodative amplitude loss is indicated with dashed line with 
diopter units right Y-axis).

The Scatter Plot shows the relationship of logMAR (open red circles) 
measured at DAY-1 (X-axis) to expected diopters of accommodation 
(Y-axis). The closed green circles represent derived diopter values 
based on DAY-91 logMAR. Using initial logMAR DAY-1 help 
visualize the EV06 treatment effects on diopter change that occurs 
from DAY-1 to DAY-91 (open green circles).

Commercial Relationships: William H. Garner; William Burns, 
Encore Vision Inc (F), Encore Vision Inc (R), Encore Vision Inc (C), 
Encore Vision Inc (P), Encore Vision Inc (I), Encore Vision Inc (E)
Clinical Trial: NCT02516306
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An observational follow-up study assessing the long-term effects 
of bilaterally dosed topical lipoic acid choline ester eye drops for 
the treatment of presbyopia
Jerry M. Stein6, Stella M. Robertson5, David G. Evans2, 
Steven H. Rauchman4, Kenneth N. Sall3, Michael S. Korenfeld10, 11, 
Travis Whitfill8, Judy Gordon9, Adrian Glasser7, William Burns1. 
1Encore Vision, Inc, Fort Worth, TX; 2Total Eye Care, PA, Memphis, 
TX; 3Sall Research Medical Center, Artesia, CA; 4North Valley Eye 
Medical Group, Mission Hills, CA; 5Arrochar Consulting LLC, 
Fort Worth, TX; 6Summer Creek Consulting, LLC, Fort Worth, TX; 
7Adrian Glasser Consulting Services, Tampa, FL; 8Bios Partners, 
Fort Worth, TX; 9ClinReg Consulting Services, Laguna Beach, CA; 
10Ophthalmology and Visual Sciences, Washington University, St. 
Louis, MO; 11Ophthalmology and Visual Sciences, Comprehensive 
Eye Care Ltd, Washington, MO.
Purpose: Few pharmacological options are in development for the 
treatment of presbyopia, and the durability of these options is not 
well known. A recent clinical study (NCT02516306) in presbyopes 
demonstrated statistically and clinically significant improvement in 
distance corrected near vision acuity (DCNVA) following BID dosing 
with lipoic acid choline ester eye drops (EV06 Ophthalmic Solution, 
1.5%) compared to vehicle control (Placebo). The current study 
followed a cohort of the original study’s population for 7 months after 
cessation of their assigned treatment to determine the duration of the 
investigational product’s effects.
Methods: All subjects who successfully completed the 90-day 
randomized, double-masked, controlled study of EV06 vs. Placebo 
were eligible for enrollment. Subjects had been initially dosed 
unilaterally on Days 1-7 (BID) to ensure safety, and then bilaterally 
on Days 8-91 (BID). During this single-masked follow-up study, 
subjects were observed at 150 and 210 days following their last 
treatment to assess long-term effects on near and distance visual 
acuity (ETDRS charts; M&S System) and safety.
Results: A cohort of 52 of the 72 subjects (72.2%) who successfully 
completed the original evaluation elected to enroll in this 7-month 
follow-up study: 34 previously had received EV06 and 18 previously 
had received Placebo. None of the subjects were lost to follow-
up. Preliminary results indicate that the bilateral improvements in 
near vision that were gained during the original treatment period 
were maintained for 5-7 months after the last dose of EV06 was 
administered. At the end of the initial 90-day dosing period, the 
cohort of the present study had a statistically significant difference in 
bilateral DCNVA when the EV06 treatment group was compared to 
the Placebo group [(Mean LogMAR ± SEM) EV06 0.201±0.036 vs 
Placebo 0.311±0.022; p=0.011]. This difference was also observed 
150 days (EV06 0.228±0.031 vs Placebo 0.352±0.032; p=0.008) and 
210 days (EV06 0.245±0.037 vs Placebo 0.348±0.032; p=0.042) 
post-dosing. Additional safety and efficacy data will be presented.
Conclusions: These results suggest that the gains in DCNVA 
attributed to dosing with EV06 Ophthalmic Solution for 90 days in 
presbyopes persist for at least an additional 210 days after the last 
exposure to the study article.
Commercial Relationships: Jerry M. Stein; Stella M. Robertson, 
Encore Vision Inc (C), Encore Vision Inc (I); David G. Evans, 
None; Steven H. Rauchman, None; Kenneth N. Sall, None; 
Michael S. Korenfeld, Encore Vision Inc (I); Travis Whitfill, 
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Encore Vision Inc (C), Encore Vision Inc (I); Judy Gordon, 
Encore Vision Inc (C); Adrian Glasser, Encore Vision Inc (C); 
William Burns, Encore Vision Inc (I), Encore Vision Inc (E)
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A Phase I/II clinical study evaluating the safety and efficacy of 
bilaterally dosed topical lipoic acid choline ester eye drops for the 
treatment of presbyopia
Michael S. Korenfeld1, 2, David G. Evans3, Steven H. Rauchman4, 
Kenneth N. Sall5, Jerry M. Stein6, Stella M. Robertson7, 
Travis Whitfill8, Judy Gordon9, William Burns10, Adrian Glasser11. 
1Ophthalmology and Visual Sciences, Washington University, St. 
Louis, MO; 2Ophthalmology and Visual Sciences, Comprehensive 
Eye Care, Ltd, Washington, MO; 3Total Eye Care, PA, Memphis, TN; 
4North Valley Eye Medical Group, Mission Hills, CA; 5Sall Research 
Medical Center, Artesia, CA; 6Summer Creek Consulting, LLC, 
Fort Worth, TX; 7Arrochar Consulting, LLC, Fort Worth, TX; 8Bios 
Partners, Fort Worth, TX; 9ClinReg Consulting Services, Inc, Laguna 
Beach, CA; 10Encore Vision, Inc, Fort Worth, TX; 11Adrian Glasser 
Consulting Services, Tampa, FL.
Purpose: There are no currently approved pharmacological therapies 
designed to treat presbyopia, a condition thought to be related to an 
increased number of crystalline lens disulfide bonds, which leads 
to a loss of lens flexibility. Lipoic acid is an antioxidant shown to 
chemically reduce lens disulfide bonds, which results in greater 
cytosol displacement during accommodation, and increased dynamic 
lens refractive power. This first-in-man, Phase I/II study was designed 
to evaluate the topical bilateral use of a lipoic acid choline ester 
formulation (EV06 Ophthalmic Solution, 1.5%) on distance corrected 
near visual acuity (DCNVA) in a sample of presbyopes.
Methods: Subjects were recruited at 4 sites for this randomized, 
double-masked, placebo-controlled study. The 75 generally healthy 
45-55 year old subjects all met eligibility criteria, including DCNVA 
worse than 20/40 in each eye and manifest refraction spherical 
equivalent between, or equal to, +4.0D to -4.0D. DCNVA was 
assessed using ETDRS charts (M&S System). Following informed 
consent, subjects were randomized to EV06(n=50) or Placebo(n=25). 
On Days 1-7, subjects were dosed BID in one eye to ensure safety 
prior to Days 8–91, when dosing was BID bilaterally.
Results: Acceptable safety and comfort were observed. 72 of 75 
randomized subjects completed the study (EV06 n=49; Placebo 
n=23). No subjects discontinued for drug related ocular adverse 
events. Clinically significant improvements in bilateral DCNVA 
(change in DCNVA from Day 1, baseline) were observed in the EV06 
Group compared to the Placebo Group, with the onset of statistically 
significant differences in DCNVA OU beginning on Day 8 (Placebo 
vs EV06, mean±SEM: 0.035±0.013 vs 0.084±0.016 LogMAR; 
p=0.024) and continuing throughout the 3-month study (Day 91: 
0.089±0.020 vs 0.189±0.019 LogMAR; p=0.001). The percentage of 
subjects with DCNVA OU of 20/32 or better at baseline was 8.0% 
in both EV06 and Placebo Groups (p=1.00) compared to 61.2% and 
26.1% on Day 91 (p=0.011), respectively. There were no clinically 
or statistically significant changes in best corrected distance visual 
acuity, pupil size or intraocular pressure.
Conclusions: These Phase I/II study results suggest that EV06 
Ophthalmic Solution is safe and effective for the treatment of 
presbyopia.
Commercial Relationships: Michael S. Korenfeld, Encore 
Vision, Inc (I); David G. Evans; Steven H. Rauchman, None; 
Kenneth N. Sall, None; Jerry M. Stein, Encore Vision, Inc (C); 
Stella M. Robertson, Encore Vision, Inc (C), Encore Vision, Inc 
(I); Travis Whitfill, Encore Vision, Inc (C), Encore Vision, Inc (I); 

Judy Gordon, Encore Vision, Inc (C); William Burns, Encore 
Vision, Inc (E), Encore Vision, Inc (I); Adrian Glasser, Encore 
Vision, Inc (C)
Clinical Trial: NCT02516306
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PhysIol® (Fine vision) versus PanOptix® (Alcon), a comparative 
observational study in high grade aberration pattern after 
phacoemulsification cataract surgery in a sample of Mexican 
population
Daniela Alanis Cabrera, Eduardo Chavez, Diego Zamora- de la 
Cruz, Karla Zuñiga, Ivo Ferreira-Rios, Fernando Solorio. Instituto 
de Oftalmologia Conde de Valenciana, Ciudad de Mexico, Mexico.
Purpose: To compare high order aberration pattern between two 
multifocal intraocular lenses (IOL), PhysIol® (Fine visión) and 
PanOptix® (Alcon)
Methods: We identified 20 eyes of 10 patients with cataract who 
desired surgery. We performed phacoemulsification with multifocal 
intraocular lens implant in a period of time between July and 
November 2015. During the procedure 10 PhysIol® (FineVision) 
IOLs and 10 Acrysof IQ PanOptix® (Alcon) IOLs were implanted. 
Follow up was performed at three months postop with measurement 
of high order aberrations (tilt, coma, trifoil, tetrafoil and spheric) 
using NIDEK OPDIII. Data was gathered and analyzed using IBM 
SPSS 20.0, a T student test was used to compare means between both 
groups for each aberration. Statistical significance was defined as  
p≤ 0.05
Results: A total of 20 eyes of 10 patients were included in this study. 
We divided two groups, of 10 patients 5 had phacoemulsification 
with Acrysof IQ PanOptix® (Alcon) IOL implant and 5 had 
phacoemulsification with 10 PhysIol® (FineVision) IOL implant. 
We did not find statistical significance between Tilt Z1, -1, Tilt Z1, 1, 
Trifoil Z3, -3, Coma Z3 -1, Coma Z3 1, Trefoil Z3 3, Tetrafoil Z4 -4 
and Spheric aberration Z4 0. We only obtained statistical significance 
for Tetrafoil Z4, 4 aberration (p = .009). In the PanOptix group all 
eyes had Tetrafoil Z4, 4 aberration with a mean value of - 0.015  
(± .0643), while within the PhysIol group the mean was 0.022  
(± 0.0353).
Conclusions: The comparison of multifocal IOL PhysIol®  
(Fine visión) and PanOptix® (Alcon) show that there is no statistical 
difference between the high order aberrations. A significant difference 
was found only in the Tetrafoil Z4, 4 aberration. These prove that the 
aberrations in both IOL do not decrease the visual quality and both 
are good options for patients who want to be spectacle independent.
Commercial Relationships: Daniela Alanis Cabrera, None; 
Eduardo Chavez, None; Diego Zamora- de la Cruz, None; 
Karla Zuñiga, None; Ivo Ferreira-Rios, None; Fernando Solorio, 
None
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MAS: The Multifocal Acceptance Score
Carlos Dorronsoro1, Juan Luis Mendez-Gonzalez2, Enrique Gambra2, 
Nicolas Alejandre1, Pablo Perez-Merino1, Susana Marcos1. 1Instituto 
de Optica, CSIC, Madrid, Spain; 22Eyes Vision, Madrid, Spain.
Purpose: To define and demonstrate a clinical metric quantifying 
individual acceptance of presbyopic corrections, useful for 
prospective users of multifocal lenses.
Methods: MAS is defined as a multi-component vector, comprising 
stereoscopic vision and 6 Perceptual Scores (PS; 0 to 10) of image 
quality, at far & near vision, and overall across distances, of day & 
night multi-stimuli. Stimuli comprised street visual scenes (including 
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a night driving scene with real glare introduced by LEDs) for far –
presented in a UHD HDR 3D Monitor at 4 m- and typical reading/
cell phone screenshots at near –iPad Retina display at adjustable 
reading distance–. Random dot stereograms with E-letters (size: 
10-35 arcmin; disparity: 1-7 arcmin) were used to test stereoscopic 
vision at far. MAS is numerically summarized in its modulus 
(|MAS|), and graphically represented as a polygon with the vector 
components as vertices. 3 young presbyopic subjects (43 - 46 yo), 
long-term monofocal soft contact lens (CL) users, evaluated 7 
corrections through CLs (Alcon Dailies Monofocal or Multifocal) 
and parallel corrections through a binocular simultaneous vision 
simulator (SimVis) using temporal multiplexing (Dorronsoro et 
al. Optica 2016): 1) Binocular Monof-far; 2) Binocular Multif; 
Monovision: 3) Monof-far in dominant eye (DE); 4) Monof-near in 
DE; Modified Monovision: 5) Multif+Monof-far in DE; 6) Multif in 
DE+Monof-far; 7) Multif in DE+Monof-near.
Results: |MAS| varied across subjects and corrections (|9.8| to |4.6| 
for S1; |10| to |7.3| for S2 and |8.7| to |5.2| for S3, but was consistent 
across SimVis and real CLs, with PS within ±1 in comparable 
conditions. MAS polygons show strong lateral symmetry, indicating 
high auto-consistency and low influence of day/night factor. Highest 
PS (9.7±0.9) were provided for Binocular Monof-far at far and lowest 
for Multif in DE+Monof-near (6.7±2.2) at far. The highest overall PS 
were obtained for Binocular Monof-far (9.0) and Multif+Monof-far 
(8.5). The highest |MAS| was achieved for Binocular Monof-far  
(S1, |9.8|), Multif+Monof-far in DE (S2, |10|) and Multif in 
DE+Monof-far (S3, |8.7|). Stereovision was largely degraded with 
monovision. The entire test (7 corrections) was performed in 20-30 
minutes with SimVis and 40-75 min with CLs.
Conclusions: MAS is a sensitive metric to evaluate vision and 
compare across contact lens presbyopic corrections. In combination 
with SimVis, it reduces drastically chair time to select optimal 
presbyopic corrections.
Commercial Relationships: Carlos Dorronsoro, CSIC (P), 
2Eyes Vision (I); Juan Luis Mendez-Gonzalez, 2Eyes Vision 
(E); Enrique Gambra, 2Eyes Vision (E), 2Eyes Vision (I); 
Nicolas Alejandre, 2Eyes Vision (I); Pablo Perez-Merino, 2Eyes 
Vision (I); Susana Marcos, CSIC (P), 2Eyes Vision (I)
Support: European Research Council ERC-2011-AdG-294099; 
ERC-PoC-713422 (SimVisSim); Spanish Government FIS2014;
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Functional outcomes and patient subjective perception of a 
trifocal IOL
Luis C. Escaf1, 2, Claudia Quijano3, 1, Luis J. Escaf1. 1Colombian 
Institute for Research in Vision and Ophthalmology (CIRVO), 
Clinica Oftalmologica del Caribe, Barranquilla, Colombia; 
2Ophthalmology, Fundacion Oftalmologica Santander Carlos Ardila 
Lulle, Bucaramanga, Colombia; 3Ophthalmology, Western Eye 
Hospital, London, United Kingdom.
Purpose: Intermediate vision and correction of presbyopia has 
become a principal factor in patient’s spectacle independence and 
satisfaction in modern cataract surgery. First and second generation 
multifocal intraocular lenses (IOL) have shown consistent decreased 
visual acuity in intermediate vision. In recent years, various 
diffractive trifocal IOL have been introduced. We performed a 
retrospective, observational review to evaluate the performance of 
a new trifocal diffractive IOL. (AcrySof® IQ PanOptix®, Alcon, 
Novartis)
Methods: A retrospective review of 40 consecutive medical files 
of all the patients who had cataract surgery and implantation of 
with trifocal IOL (Panoptix) between March and October 2016 was 

undertaken. The inclusion criteria included: cataract diagnosis, lens 
exchange for presbyopia, uneventful surgery, and astigmatism less 
than 0.75 diopter (D). Exclusion criteria included: previous ocular 
surgery, past ophthalmic history of ocular disease, complications 
during surgery and corneal astigmatisms of more than 0.75 D. The 
main outcomes where uncorrected near (UNVA), intermediate 
(UIVA) and distance visual acuity (UDVA) after 1 month, spectacle 
independence, and patient satisfaction. The refractive target was 
emmetropia. The defocus curves where obtained (description 
of the defocus). For statistical analysis, BCVA was expressed in 
decimals. Quantitatitve parameters were reported as mean and 
standard deviation. Pre and post operative data was compared by 
paired samples t-test. A p value <0.05 was considered statistically 
significant.
Results: Total of 48 eyes (54% females, 46 % males) and mean 
age at surgery was 65 years old. The mean decimal UNVA, UIVA, 
and UDVA was 0.68 (SD0.174) (P<0.008.6), 0.71 (SD 0.185) 
(P<0.061) and 0.788 (SD 0.217)(P<0.003.5) respectively 1 months 
postoperatively. Spectacle independence was 100% for distance and 
just 15% patients requiring reading glasses. Patient satisfaction scores 
for distance were 9.3/10, for intermediate 9.0/10 and for near 8.7/10. 
None of the patients reported halos or glare, however 85% reported 
mild starburst in the night. All of the patients said they would 
recommend the same surgery with the trifocal IOL to other people.
Conclusions: The trifocal IOL used in our research showed 
significant improvement on the distance, intermediate and near vision 
after 1 month postoperatively. We found high levels of spectacle 
independence and excellent patient satisfaction
Commercial Relationships: Luis C. Escaf, None; 
Claudia Quijano, None; Luis J. Escaf, None
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Dissatisfaction after implantation of multifocal intraocular lenses
Clemence Bonnet, Antoine P. Brezin, Dominique Monnet. 
Ophthalmology, Hopital Cochin, Paris, France.
Purpose: To assess the causes of dissatisfaction after implantation of 
multifocal intra-ocular lenses (M-IOL).
Methods: Charts of consecutive patients referred for visual 
dissatisfaction after implantation of a multifocal were reviewed since 
January 2016. The following data were systematically recorded: 
types of complaint, uncorrected and corrected distance and near 
visual acuities, photic phenomena, refractive state, pupil diameter 
and wavefront aberrometry measurements, corneal topography and 
treatment. Two senior physicians (DM, AB) have to determine the 
main cause of dissatisfaction.
Results: Twenty two eyes of 15 patients were analyzed. Mean age 
at the first consult was 68 years (sd 10.29 years). Eleven patients 
(73.3%) were female. Eleven IOL were available and all were 
diffractive. The most common cause for complaint was blurry 
vision. Ten patients (11 eyes, 50%) reported blurry vision for 
both distance and near, 2 patients (4 eyes, 18%) reported photic 
phenomena, 4 patients (5 eyes, 23%) reported both blurry vision and 
photic phenomena and two patients (4 eyes, 18%) reported dry-eye 
syndrome. Causes of blurry vision included ametropia  
(7 eyes, 31%), posterior capsule opacification (PCO) (7 eyes, 31%), 
IOL decentration (4 eyes, 18%) and dry-eye syndrome (3 eyes, 
14%). Causes of photic phenomena included PCO (5 eyes, 23%), 
pre-operative irregular astigmatism (2 eyes, 9%), dry-eye syndrome 
(1 eye, 2%). Spherical aberrations were also high in this group for 
6 patients (23%). A large pupil was found in 8 patients (36%) with 
blurry vision and 5 patients with photic phenomena (23%). Indication 
of M-IOL was inappropriate in 7 eyes (31%) (high myopia,  
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pre-operative irregular astigmatism on corneal topography, posterior 
uveitis and chonic open angle glaucoma). The most common 
interventions proposed were treatment of refractive error  
(glasses or contact lenses, 11 eyes, 50%), treatment for dry eye  
(5 eyes, 23%) and laser capsulotomy (5 eyes, 23%). Controlateral 
cataract surgery was suggested in 3 patients (20%). Complementary 
refractive surgery was made in 3 eyes (14%). No intraocular lens 
exchange was performed.
Conclusions: Residual ametropia and astigmatism, IOL decentration, 
PCO and large pupil were the most significant etiologies. The cause 
can be identified and effective treatment measures taken in most 
cases. Furthermore, indications and contra-indications of M-IOL 
should be better known by ophthalmologists.
Commercial Relationships: Clemence Bonnet; Antoine P. Brezin, 
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Comparative analysis between objective and subjective results 
for currently available diffractive trifocal intraocular lenses
Karla V. Zuniga Posselt, Daniela Alanis Cabrera,  
Diego Zamora- de la Cruz, Ivo Ferreira-Rios, Daniela Pulido, 
Eduardo Chavez. Instituto de Oftalmologia Conde de Valenciana, 
Mexico City, Mexico.
Purpose: To compare objective results after bilateral implantation of 
4 different diffractive trifocal intraocular lenses (IOL) in a Mexican 
population.
Methods: Prospective, interventional case series involving 31 
cataract surgery patients who underwent bilateral implantation of the 
trifocal Micro F lens FineVision IOL (PhysIOL, Liège, Belgium), 
AcrySof IQ PanOptix IOL (Alcon,), AT Lisa tri839 IOL (Zeiss,) 
and Tecnis Symfony IOL (Abbot,). Objective analysis involved 
assessment of monocular uncorrected distance (UDVA), near 
(UNVA) at 30 cm, and intermediate visual acuity (UIVA) at 70 cm, 
preoperatively and at postoperative months 1, 3 and 6. Higher order 
aberrations were assessed via aberrometry. Contrast sensitivity was 
determined via modulation transfer function (MTF). Subjective 
outcomes were assessed using the National Eye Institute Visual 
Functioning Questionnaire-25 (VFQ-25).
Inclusion criteria:
Men and women over 50 years old with bilateral cataract looking 
for spectacle independence, who underwent uncomplicated bilateral 
cataract surgery.
Exclusion criteria:
Any comorbilities or corneal cylinder over 1.00 D.
Results: At postoperative 6 months, mean monocular UDVA for 
FineVision (PhysIOL) was 0.06±0.11 logMAR, UIVA was 0.04±0.08 
logMAR, UNVA was 0.03±0.04 logMAR; For AT Lisa tri839 IOL, 
UDVA was 0.16±0.11, UIVA 0.32±0.11, UNVA 0.11±0.03; for 
AcrySof IQ PanOptix IOL UDVA -0.05±0.07, UIVA -0.01±0.03, 
UNVA -0.01±0.09; Symfony IOL UDVA -0.2±0.8, UIVA 0.00±0.11, 
UNVA 0.00±0.11. Spherical equivalent at postoperative month 3 was 
0.23±0.4 diopters (D). VFQ-25 questionnaire results showed a mean 
score of 93.64 ± 4.19 points (maximum 100 points). Vision during 
distance and near activities were reported as ‘excellent’. Adverse 
events were reported as occurring ‘never to occasionally’. The worst 
UDVA was AT Lisa tri839 with a P value 0.029; the best UIVA was 
FineVision P= 0.00; the best UNVA was FineVision P= 0.00.
Conclusions: Implantation of a diffractive trifocal IOL in a 
Mexican population appears safe and effective, both objectively and 
subjectively. Good uncorrected visual acuity outcomes were achieved 
at far, near and intermediate distances. Overall patient satisfaction 
was excellent.

Commercial Relationships: Karla V. Zuniga Posselt, None; 
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In vivo measurement of longitudinal chromatic aberration with 
multifocal diffractive intraocular lenses
Maria Vinas1, Ana Gonzalez-Ramos1, Carlos Dorronsoro1, 
Vyas Akondi1, nuria Garzon2, Francisco Poyales2, Susana Marcos1. 
1Visual Optics & Biophotonics Lab, Instituto de Optica, CSIC, 
Madrid, Spain; 2Innova Ocular IOA Madrid, Madrid, Spain.
Purpose: Longitudinal Chromatic Aberration (LCA) plays an 
important role on polychromatic optical quality, and it is particularly 
relevant in subjects implanted with diffractive intraocular lenses 
(IOLs), where the chromatic aberration of the ocular elements and the 
refractive component of the IOL are added to the chromatic effects 
of the diffractive design. We used a custom polychromatic Adaptive 
Optics (AO) system to measure the LCA by both psychophysical 
methods and in vivo double-pass (DP) retinal imaging in patients 
bilaterally implanted with hydrophilic trifocal diffractive IOLs.
Methods: A supercontinuum laser (450-1020nm) was used as the 
light source in an AO system provided with:(1) a Hartmann-Shack 
wavefront sensor,(2) a deformable mirror (HASO&MIRAO,Imagine 
Eyes), -used in this study to correct the aberrations of the 
system;(3) a motorized Badal system,(3) a pupil monitoring 
system,(4) a DP retinal imaging channel, and (5) a psychophysical 
channel with monochromatically illuminated stimuli.10 patients 
(66.42±3.8yrs;0.18±0.14D) bilaterally implanted with hydrophilic 
trifocal diffractive IOLs (Physiol, Belgium) participated in the 
study. Measurements were performed in both eyes with dilated 
pupils (4-mm artificial pupil) at 3 different viewing distances 
(0D/+1.75D/+3.50D) achieved with the Badal system. Subjective 
best focus of monochromatic stimuli at 5 wavelengths (λ) 
(480,532,555,650&700nm) was obtained using the Badal system. 
Best focused images of through-focus (0.25D steps) DP aerial 
image series were obtained at 3 λ (480,555&700nm). LCA was 
computed from fitted chromatic difference of focus curves (objective 
and subjective) as the difference between 480 and 700nm at near, 
intermediate and far.
Results: The average subjective-LCA was 0.64±0.04D for far, 
0.23±0.05D for intermediate and 0.17±0.05D for near. The average 
objective-LCA was 0.56±0.21D for far, 0.24±0.19D for intermediate 
and 0.15±0.18D for near.
Conclusions: Objective-LCA is lower than subjective-LCA in 
agreement with previous studies on phakic, and monofocal IOL 
implanted patients, consistent with a λ-dependence of the reflecting 
retinal layers. LCA at far is driven by refraction, while the diffractive 
design lowers LCA at intermediate and near.In vivo measurements 
of LCA allow understanding the relative contribution of refractive 
and diffractive LCA and eventually optimize IOL designs to improve 
polychromatic image quality.
Commercial Relationships: Maria Vinas, Physiol (F); 
Ana Gonzalez-Ramos, Physiol (F); Carlos Dorronsoro, Physiol 
(F); Vyas Akondi, Physiol (F); nuria Garzon, Physiol (F); 
Francisco Poyales, Physiol (F); Susana Marcos, Physiol (F)
Support: European Research Council ERC-2011-AdG-294099; 
Spanish Government FIS2014; Collaborative agreement with Physiol 
(Liege, Belgium);
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Characterization of starburst and halo size for different virtually 
implanted intraocular lenses in comparison to subject’s quality of 
vision
Rudolf F. Guthoff1, Mario Gerlach2, Valentin Fuchs2, 
Karsten Sperlich1, Julia Schubert1, Sebastian Bohn1, Heinrich Stolz3, 
Piotr Marczuk2, Oliver Stachs1. 1Department of Ophthalmology, 
University Medicine Rostock, Rostock, Germany; 2Carl Zeiss 
Meditec AG, Berlin, Germany; 3Institute of Physics, University of 
Rostock, Rostock, Germany.
Purpose: Starburst and halo are undesirable vision phenomena 
usually associated with the use of multifocal and EDoF IOLs, but it is 
not yet fully understood how they impact subjective quality of vision. 
The goal of the study was a qualitative and quantitative comparative 
analysis of different IOLs on their influence on night vision ability 
and photic phenomena using a virtual implantation method (VirtIOL).
Methods: The study was conducted using a VirtIOL system, allowing 
the subjects to perceive a visual experience of a test IOL, mimicking 
the effect of an implanted IOL. A range of a monofocal, multifocal 
and EDoF IOLs was analyzed, which differ in add power and degree 
of chromatic correction. The study was divided into two parts: (1) 
qualitative analysis of vision and (2) quantitative analysis of the 
perceived angular dimensions of photic phenomena. (1) A display 
with a night scenery was placed in 6 m distance. Additionally a bright 
white-light LED was placed in accordance with the image context in 
front of a bright street light contained in the scenery  
(fig. 1). 48 subjects had to order the IOLs according to their best 
visual experience. (2) The subjects had to adjust the diameter of a 
displayed circle to match the perceived size of halo and starburst 
(fig. 2). This allows to calculate the angular subtense of the photic 
phenomena.
Results: For mesopic distance vision the monofocal IOL was 
preferred over the multifocal and EDoF ones. For this lens starburst 
and halo size was found to be the smallest. However, we observed 
differences between the multifocal and EDoF lenses. Surprisingly the 
multifocal lens with the smallest starburst was found to have worst 
visual experience.
Conclusions: Using a glare source in front of a suitable night scenery 
in combination with the VirtIOL and the size determination software, 
the described method helps to improve the understanding of different 
night vision phenomena and their relation to individual optical 
designs. It especially helps to evaluate, which configurations and 
appearances of photic phenomena are least bothering to the patient.

Light scenery on the display including the LED light source. Image 
was taken with a color CCD camera behind the VirtIOL.

Artificial image illustrating starburst (ray pattern, outer dotted line) 
and halo (ring pattern, inner dotted line)
Commercial Relationships: Rudolf F. Guthoff, Carl Zeiss 
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Zeiss Meditec AG (F); Julia Schubert, Carl Zeiss Meditec AG (F); 
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Shack-Hartmann wavefront aberrometer with ray based analysis 
for measuring bifocal lenses
Toshifumi Mihashi1, James Wolffsohn2, Takahiro Hiraoka1, 
Sandeep Dhallu3, Yoko Hirohara4, Masashi Nakajima4, 
Tetsuro Oshika1. 1Department of Ophthalmology, University of 
Tsukuba, Tsukuba, Japan; 2School of Life and Health Sciences, Aston 
University, Birmingham, United Kingdom; 3Moorfields Eye Hospital, 
London, United Kingdom; 4Eye Care Company, Topcon Corp., 
Tokyo, Japan.
Purpose: Several studies suggest that bifocal intraocular 
lenses(IOLs), such as Oculentis bifocal IOL, have larger depth of 
focus than monofocal IOLs. But, wavefront analysis with typical 
low order Zernike polynomial expansion may not be suitable 
for evaluating the eye with segmented bifocal IOL in which the 
wavefront has discontinuity at the boundary between the two power 
level areas. A ray based method for analyzing the output from a 
Shack-Hartmann wavefront aberrometer (SHWA) to better assess the 
double foci in bifocal IOLs was investigated.
Methods: 
A bifocal artificial eye (prototype, University of Tsukuba, Japan), 
a toric IOL (SN6AT5, Alcon, TX), and a bifocal segmented IOL 
(Lentis Mplus LS-312 MF15, Oculentis, Germany)was measured 
using an SHWA (prototype, Topcon, Japan). A wavefront sensor 
of the SHWA detected the slight local deviations at the foci of the 
lens array. To analyze the data, a ray based method instead of the 
conventional standard analysis method with the low order (typically 
up to 6th order) Zernike polynomial expansion was used. In the ray 
based method, the data from the wavefront sensor were interpreted 
as ray vectors instead of wavefront aberrations in the conventional 
method. The ray transfer equations to form spot diagrams at multiple 
though focus points were calculated using the measured ray vectors. 
The point at which the spot diagram standard deviation (SD) was 
minimum in all the though focus points was regarded as a focal point. 
The minimum SD was evaluated over each power level area for the 
bifocal lenses. Vertical and horizontal SDs were evaluated for the 
toric IOL.
Results: High contrast spot diagrams from the three lenses were 
achieved and measured. The difference between the two foci for the 
bifocal artificial eye was 2.04 diopter (D) and its design value was 
2.28 D. For the toric IOL, astigmatism was 1.97 D and its catalog 
value was 2. 28 D. The difference between the two foci for the 
bifocal IOL was 1.59 and its catalog value was 1.5 D.
Conclusions: The measured value for the artificial eye and the toric 
IOL were 10% smaller than the nominal values. Considering this 
method had not been specifically calibrated before the measurements 
and the reasonable observation of spot diagrams, the method has 
potential to evaluate refractive powers of bifocal IOLs.
Commercial Relationships: Toshifumi Mihashi; James Wolffsohn, 
AMO (F), Menicon (F), Coopervision (F), Allergan (F), Alcon (F), 
Innovate UK (F), J&J (F), Rayner (F); Takahiro Hiraoka, Carl 
Zeiss (F), Santen Pharmaceutical Co. (F); Sandeep Dhallu, None; 
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Impact of specific posture for progressive addition lenses 
customization
Valérie Jolivet, Nacer Lakhchaf, Benjamin Rousseau, Jean-
Luc Perrin, Isabelle Poulain, Guilhem Escalier. R&D, ESSILOR 
International, Creteil, France.
Purpose: Progressive addition lenses (PALs) offer presbyopes clear 
vision at any distance but their intrinsic characteristics are more or 
less appreciated depending on the wearer. We conducted a crossover 
study to validate a stronger appreciation of PALs whose design is 
customized according to the wearer’s specific posture.
Methods: The per-protocol population contained 51 presbyopes: 
25 women and 26 men aged from 45 to 69. Every subject wore 
successively two pairs of PALs, each for two weeks, in a randomized 
order. The reference pair consisted of an identical non customized 
optical design for all participants. The other was a customized version 
of the reference design modified to fit with the specific posture of 
the participant recorded during a near-vision task (Poulain, Perrin 
& Escalier, 2016). The customization process took into account the 
downward gaze direction, the reading distance and the vertical eye 
movements’ amplitude to adjust the near vision zone position and 
the power progression profile of the PAL design. After each wearing 
period, a questionnaire was self-administrated to assess the quality 
of vision during static and dynamic activities, the lenses’ bothersome 
impact and visual symptoms. Each of these topics was scored 
between 0 (poor) and 10 (well rated) by averaging related items; the 
scores were compared between the two designs with Student tests for 
paired data. Correlations were computed to check if the differences 
in ratings could be explained by the modification of a single PAL 
parameter (progression length, 85% of addition on progression profile 
point position).
Results: No difference was found between the mean scores of 
reference (8.16±1.47) and customized lenses (8.41±1.30) on static 
aspects (p=.128). The difference in scores for bothersome impact (ref: 
8.58±1.92, custom: 9.05±1.30) was close to significance (p=.067). 
Customized lenses were better rated on dynamic aspects (ref: 
8.47±1.31, custom: 8.86±0.94, p=.009) and symptoms  
(ref: 9.07±1.40, custom: 9.54±0.92, p=.010). No correlation were 
found between the scores and any single parameter of the PALs  
(for all, p>.400).
Conclusions: In comparison to a standard version, a PAL design 
taking into account individual postural behaviour shows a wearer 
benefit. This cannot be explained by the change in a single parameter 
of the design and thus is certainly due to the whole lens optimization 
process.
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