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Cortical recordings of acute epiretinal stimulation with the 
VLARS-device in rabbits
Tibor K. Lohmann1, Florent Haiss1, Claudia Werner1, 
Kim Schaffrath1, Florian Waschkowski2, Anne-Christine Schnitzler1, 
Wilfried Mokwa2, Peter Walter1. 1Ophthalmology, RWTH Aachen 
University Hospital, Aachen, Germany; 2Department of Materials 
in Electrical Engineering 1, RWTH Aachen University, Aachen, 
Germany.
Purpose: The VLARS (Very Large Array Retinal Stimulator) is 
an epiretinal stimulator designed to conquer degenerative retinal 
diseases, such as Retinitis pigmentosa. The stimulators diameter of 
ca. 12mm enables a wide area of stimulation with its 250 iridium-
oxide sputtered gold electrodes. Thus, not only restoring the acuity 
of the central vision but also regaining a peripheral visual field seems 
feasible. In order to proof the principal of stimulating distant areas 
of the retina we simultaniously recorded the elicited potentials in the 
visual cortex of rabbits in an acute setting.
Methods: Six rabbits were succesfully implanted with the VLARS 
device mounting 25 active electrodes placed in clusters on the star 
shaped device. Ten Electrodes were placed in high density in the 
center of the device, and 5 each at three peripheral positions. Prior 
to implanting the VLARS device a recording electrode, capable 
of recording with 32 electrodes rostro-caudally and in depth, was 
positioned in the visual cortex of the rabbits. As reference, field 
potential changes after LED flashes were recorded. For the acute 
stimulation single electrodes and cluster stimulation with up to five 
electrodes with currents between 50µA and 120µA per electrode were 
applied. As a stimulation pattern negative first for 200µs, followed 
by 200µs positive charge and an intermission of 5ms between the 
stimulations was used.
Results: The recorded results show that stimulating at distant 
positions on the retina elicits different field potential changes 
corresponding to the expected retinotopy of the rabbit’s eye. The 
currents used for stimulation were within the thresholds of the device 
and did not exceed stimulation currents from other non-harmful 
epiretinal stimulation experiments. Even though the results were 
particularly convincing in two animals, the results varried greatly 
with the success of the implantation surgery, and the stability of the 
set up during the acute experiment.
Conclusions: The acute epiretinal stimulations and cortical 
recordings demonstrate that the VLARS device is capable of 
covering a large area of perception, as well as being able to stimulate 
meaningful in the center of the visual field. Thus both the acuitiy 
of central vision and the periphery are addressed by one implanted 
device.
Commercial Relationships: Tibor K. Lohmann, None; 
Florent Haiss, None; Claudia Werner, None; Kim Schaffrath, 
None; Florian Waschkowski, None; Anne-Christine Schnitzler, 
None; Wilfried Mokwa, None; Peter Walter, None
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The effect of an asymmetric pulse in retinal prosthesis based on 
suprachoroidal-transretinal stimulation (STS)
Yukari Nakano1, Yasuo Terasawa1, 2, Hiroyuki Kanda3, 
Motoki Ozawa4, Hajime Sawai5. 1Artificial Vision Institute, R&D 
Div., Nidek CO., LTD., Gamagori, Japan; 2Materials Science, Nara 
Institute of Science & Technology, Icoma, Japan; 3Department 
of Applied Visual Science, Osaka University Graduate School 
of Medicine, Suita, Japan; 4Nidek CO., LTD., Gamagori, Japan; 
5Department of Health Sciences, School of Nursing, Osaka Prefecture 
University, Habikino, Japan.
Purpose: To find out more effective electrical stimulation parameter, 
we examined the effect of an asymmetric pulse in suprachoroidal-
transretinal stimulation (STS).
Methods: Normal rats (Long–Evans, n = 3) anesthetized with 
urethane (1.75 g/kg) were used for the acute electrophysiological 
experiments. A platinum stimulating electrode (diameter, 0.5 mm; 
height, 0.3 mm) and a return electrode (22 G needle) were positioned 
in the partial scleral resection of the eyeball and in the subcutaneous 
tissue of the nose, respectively. A single symmetrical biphasic pulse 
(anodic first [AF] or cathodic first [CF]) of constant current with 0.5 
ms of phase duration was applied between the electrodes as a control 
stimulation to record evoked field potentials (EPs) from the superior 
colliculus. The amplitudes of the EPs were compared with those to an 
asymmetric biphasic pulse, of which the duration of the anodal phase 
or cathodal phase was extended four times (2 ms) with the same 
amount of electric charge.
Results: In both AF and CF electrical stimulation, the mean 
amplitudes of EP significantly decreased as longer duration of the 
anodal phase, irrespective of AF or CF pulses (AF, 520 ± 170 µV vs. 
111 ± 73 µV, p<0.05, CF, 550 ± 154 µV vs. 215 ± 132 µV, p<0.05, 
Mean ± SD, Symmetric vs. Asymmetric, paired t-test). In contrast, 
extension of the cathodal phase did not result in a reduction of EP 
amplitudes (AF, 520 ± 170 µV vs. 506 ± 157 µV, p = 0.24, CF,  
550 ± 154 µV vs. 574 ± 177 µV, p = 0.24, paired t-test).
Conclusions: It is demonstrated that the anodal phase in a biphasic 
pulse of suprachoroidal stimulation excite visual cortical neurons 
more effectively than cathodal phase does [John et al. J. Neural Eng. 
2013]. Our results confirm the previous study and suggest that shorter 
duration and higher current of anodal pulse can be more effective to 
evoke a large EP to an asymmetric biphasic pulse.
Commercial Relationships: Yukari Nakano, Nidek Co., Ltd. (E); 
Yasuo Terasawa, Nidek Co., Ltd. (E); Hiroyuki Kanda, Nidek Co., 
Ltd. (F); Motoki Ozawa, Nidek Co., Ltd. (E); Hajime Sawai, Nidek 
Co., Ltd. (C)
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Investigate the long-term effects of varying blast overpressure 
(BOP) on retinal pathophysiology and behavioural outcome in 
non-human primate (NHP) model
Veluchamy A. Barathi1, 2, Sai Bo Bo Tun1, Lu Jia3. 1Translational Pre-
Clinical Model Platfor, Singapore Eye Research Institute, Singapore, 
Singapore; 2Ophthalmology Academic Clinical Research Program, 
DUKE-NUS Graduate Medical School, Singapore, Singapore; 3DSO 
National Laboratories, Defence Medical and Environmental Research 
Institute, Singapore, Singapore.
Purpose: To investigate the long-term effects of varying blast 
overpressure (BOP) on pathophysiology and behavioural outcome. 
The goal of this study was to correlate blast overpressure readings to 
the pathophysiological and neurobehavioural outcomes induced by 
primary BOP using a NHP non-lethal blast model.
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Methods: The underlying mechanism for primary blast injury is still 
unclear. In the proposed study, detailed retinal imaging scans and 
retinal function test was carried out before and after BOP injuries on 
NHP (n =20; 40 eyes). Retinal pathological changes were monitored 
by fundus fluorescein angiography, spectral domain Optical 
Coherence Tomography (OCT), anterior segment in vivo slit lamp 
microscopy, in vivo confocal microscopy, and anterior segment-OCT 
(AS-OCT). Roland Consult Electrophysiological Units was utilized 
for complete retinal function test, which includes Visual Evoked 
Potential / ElectroRetinoGraphy / Electro-OculoGram / multifocal 
ElectroRetinoGram.
Results: Morphological changes in cornea and retina were analyzed 
using OCT images. Overall retinal defects, hemorrhage and optic 
head was examined by Fundus images. We have observed increased 
corneal thickness 24 hours after blast which may be due to incidences 
of corneal edema observed in some NHPs post injury. 25% showed 
optic nerve head damage at all time points (p = 0.003). Macular 
thickness longtidudinal profile, showing signification changes at 2 
months after injury (p = 0.0122) which was resolved 4 months after 
blast. Retinal function test showed that there was a slight change in 
visual acuity, patternERG and mfERG in high pressure as compared 
to control eye.
Conclusions: Macular thickness showed biphasic changes, 
increasing at 2 months post-blast, and subsequently recovered at 
the 4-month time-point. Remarkable structural alterations affecting 
Purkinje neurons and glial cells were observed at 1 week after blast. 
Lipofuscin accumulation is a major risk factor implicated in optic 
head damage, a degenerative disease of the eye. The ability to non-
invasively profile these retinal structural and functional changes after 
blast may help us understand the effects of BOP on retinal injury 
and also provide a useful tool for assessment of Mild traumatic brain 
injury (MTBI).
Commercial Relationships: Veluchamy A. Barathi; Sai Bo 
Bo Tun, None; Lu Jia, None
Support: NMRC/CG/015/2013 and Roland
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Injectable, Self-opening, and Freestanding Retinal Prosthesis for 
Fighting Blindness
Diego Ghezzi1, Kevin Sivula2, Marta J. Airaghi Leccardi1, 
Laura Ferlauto1. 1Medtronic Chair in Neuroengineering, École 
Polytechnique Fédérale de Lausanne, Lausanne, Switzerland; 
2Laboratory for Molecular Engineering of Optoelectronic 
Nanomaterials, École Polytechnique Fédérale de Lausanne, 
Lausanne, Switzerland.
Purpose: In the past decade, retinal prostheses emerged as promising 
technology to restore a primitive, although clinically useful, form of 
vision. However, fighting blindness with retinal prostheses require 
challenges not yet achieved. From a clinical perspective, sight 
restoration requires to reach two main goals: enlarging the visual field 
of the patient and improving its visual acuity. From the engineering 
point of view, these needs demand the overcoming of two major 
issues: implanting a prosthesis (i) large enough to cover the retinal 
surface and (ii) embedding a high number of highly dense stimulatory 
elements. Our goal is the development of an injectable, self-opening, 
and freestanding retinal prosthesis restoring at least 40° of visual 
field, therefore covering at least a retinal surface of  
12 mm in diameter. Moreover, the prosthesis must have a 
hemispherical shape in order to minimize the distance from the 
targeted cells over its entire surface, it should operate according to 
a photovoltaic stimulation principle and it must be injected trough a 
minimal scleral incision.

Methods: Using solution processes and micro-fabrication techniques, 
we designed a retinal prosthesis based on polydimethylsiloxane 
(PDMS) as shell material, embedding photovoltaic pixels made 
of conjugated polymers. The prosthesis is shaped with a molding 
technique.
Results: The prosthesis consists in a photovoltaic PDMS-interface, 
embedding 2345 organic stimulating pixels (100 µm and 150 µm in 
diameter, density 54.34 px/mm2) with a biomimetic distribution in 
an active area of 13 mm (44° of visual field). Our results indicate that 
those photovoltaic pixels can deliver up to 54.22±10.55 mA/cm2 and 
generate an electrode potential of 182.22±6.72 mV when illuminated 
with a pulse light of 10 ms, 32.47 µW/mm2, at 530 nm. Sample 
tested n = 20. Accelerated aging tests and experiments with explanted 
retinas are currently under evaluation.
Conclusions: These preliminary results show the potential of 
organic photovoltaic technology in the fabrication of a retinal 
prosthesis with large surface area and high stimulation efficiency. 
The biocompatibility and mechanical compliance of the materials 
represent an additional step forward in building advanced 
photovoltaic retinal prostheses.
Commercial Relationships: Diego Ghezzi; Kevin Sivula, None; 
Marta J. Airaghi Leccardi, None; Laura Ferlauto, None
Support: Fondation Pierre Mercier pour la science
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Passive safety outcomes of a preclinical 44-channel 
suprachoroidal retinal prosthesis
Carla J. Abbott1, 2, Chi D. Luu1, 2, David A. Nayagam3, 4, 
Alice Brandli1, 2, Jonathan Yeoh1, 2, Joel Villalobos3, Owen Burns3, 
Stephanie B. Epp3, Mohit N. Shivdasani3, 5, Patrick C. Thien3, 5, 
Ceara McGowan3, Richard Williams4, 6, Robyn H. Guymer1, 2, 
Chris E. Williams3, 5, Robert K. Shepherd3, 5, Penelope J. Allen1, 2. 
1Centre for Eye Research Australia, Royal Victorian Eye and Ear 
Hospital, East Melbourne, VIC, Australia; 2Department of Surgery 
(Ophthalmology), University of Melbourne, East Melbourne, VIC, 
Australia; 3Bionics Institute, East Melbourne, VIC, Australia; 
4Department of Pathology, University of Melbourne, St Vincent’s 
Hospital, Fitzroy, VIC, Australia; 5Medical Bionics Department, 
University of Melbourne, East Melbourne, VIC, Australia; 6St. 
Vincent’s Hospital Melbourne, Fitzroy, VIC, Australia.
Purpose: Following successful clinical outcomes of the prototype 
24-channel suprachoroidal retinal prosthesis (SRP), an upgraded 
fully-implantable 44-channel SRP has recently been developed 
by Bionic Vision Australia. Our aim was to evaluate the surgical 
implantation safety and long-term conformability and stability of the 
44-channel suprachoroidal electrode array in a large-eye model.
Methods: Eight normal-sighted felines were unilaterally implanted 
with an array containing platinum electrodes (44 stimulating and 
2 returns) in a medical-grade silicone base. Assessments were 
conducted under anesthesia at baseline, then at 2-, 4-, 8-, 12- and 
16-weeks post-surgery, including retinal trauma and implant 
position from color fundus photography, retinal structure, electrode-
retina (ER) distance and conformability from spectral-domain 
optical coherence tomography, and retinal function from full-field 
electroretinograms.
Results: The array was positioned near the area centralis in all 
animals. Most animals showed no surgical trauma to the retina (5/8), 
no increase in ER distance over time (6/8; p>0.05, ANOVA), minimal 
(<1 disc diameter (DD)) lateral array movement (6/8), and good 
array conformability to the retinal curvature (7/8). There was minor 
surgical trauma in two animals with localized, mild retinal folds and 
tapetum thinning at the implant edge. One animal showed minor 



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.

axial (100±32µm increase, p=0.0002, ANOVA) and lateral (1.7DD) 
array movement at 12-weeks that subsequently stabilized. There was 
major surgical trauma in one animal (device buckling due to a bulged 
choroid) with many overlying retinal folds and a large increase in 
ER distance (451±177µm, p<0.0001, ANOVA) from 2- to 8-weeks 
resulting in poor conformability. One animal had an infection at the 
implant anchor site (due to overlying conjunctival erosion) associated 
with a large lateral (3.7DD) movement at 4-weeks. All animals 
showed no further changes (than that seen due to surgery) in retinal 
structure between 2- and 16-weeks. There was no change in retinal 
function either over time or to control eyes (a-wave amplitude, 
p>0.05, ANOVA).
Conclusions: The array has an acceptable surgical safety, 
conformability and stability profile to proceed to clinical trial. The 
two major complications (due to bulged choroid and infection) are 
more likely in feline surgery than human due to choroidal and scleral 
anatomical differences.
Commercial Relationships: Carla J. Abbott, None; Chi D. Luu, 
None; David A. Nayagam, None; Alice Brandli, None; 
Jonathan Yeoh, None; Joel Villalobos, Bionics Institute (P); 
Owen Burns, Bionics Institute (P); Stephanie B. Epp, None; 
Mohit N. Shivdasani, Bionics Institute (P); Patrick C. Thien, 
None; Ceara McGowan, None; Richard Williams, None; 
Robyn H. Guymer, None; Chris E. Williams, Bionics Institute 
(P); Robert K. Shepherd, None; Penelope J. Allen, Centre for Eye 
Research Australia (P)
Support: ARC Special Research Initiative in Bionic Vision Science 
and Technology grant to Bionic Vision Australia; NHMRC grant 
1082358 to CIA Dr Penny Allen. The Centre for Eye Research 
Australia and the Bionics Institute wish to acknowledge the support 
of the Victorian Government through its Operational Infrastructure 
Support Program.
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Network-mediated responses of ON ganglion cells to electric 
stimulation change over the course of retinal degeneration
Jae-Ik Lee1, Shelley I. Fried2, 3, Maesoon Im1, 3. 1Department of 
Ophthalmology, Henry Ford Health System, Detroit, MI; 2Boston 
VA Healthcare System, Boston, MA; 3Neurosurgery, Massachusetts 
General Hospital, Harvard Medical School, Boston, MA.
Purpose: Microelectronic retinal prostheses have been used to 
restore sight in individuals with profound vision loss caused by outer 
retinal degenerative diseases. Previously, we reported in the healthy 
retina that some components of electrically-elicited responses in ON 
types of retinal ganglion cells (RGCs) resemble the corresponding 
components of visually-elicited responses. However, it is not known 
whether such similarities persist as the retina degenerates and so here 
we studied how responses change over the course of time in rd10 
mice.
Methods: Cell-attached patch clamp was used to record spikes from 
RGCs in retinal explants from rd10 mice, a slow degeneration model 
of retinitis pigmentosa. Alpha RGCs were targeted by their large 
soma (>20 µm) and classified as ON or OFF by their response to 
stationary flashes. After classification, a monophasic half-sinusoidal 
wave (4 ms duration, -100 µA amplitude) was delivered epiretinally 
to elicit network-mediated responses. Each stimulus was repeated 7 
times. We recorded the spiking activity in ON RGCs from retinas at 
postnatal days 15 (n=9), 31 (n=9) and 60 (n=4).
Results: Network-mediated responses in ON alpha RGCs varied 
systematically with age. 1) The peak firing rate decreased as retinal 
degeneration progressed: 148.3±65.2 Hz, 79.2±35.7 Hz (p=0.008) 
and 17.1±16.2 Hz (p<0.001) at P15, 31 and 60, respectively. 2) The 

latency at which peak firing occurred increased as degeneration 
progressed: latencies to peak firing were 161±40 ms, 224±112 
ms (p=0.073) and 536±309 ms (p=0.047) at P15, P31 and P60, 
respectively.
Conclusions: Sharp changes in peak firing rate and latency were 
observed over the course of degeneration and should be taken into 
consideration during the development of stimulation strategies that 
activate the retinal network. Because bipolar cells are thought to 
remain intact through P60 and beyond, our results suggest that they 
become less sensitive to activation during degeneration although it 
is also possible that photoreceptors are more sensitive to stimulation 
and activated in the wild type retina.
Commercial Relationships: Jae-Ik Lee, None; Shelley I. Fried, 
None; Maesoon Im, None
Support: Boston VA Healthcare System (1I01RX001667) and NIH/
NEI (R01EY023651)
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Chronic Implantation of a wide-field dual-array suprachoroidal–
transretinal stimulation (STS) prosthesis in dogs
Takeshi Morimoto1, Hiroyuki Kanda1, Takao Endo2, Kohji Nishida2, 
Takashi Fujikado1. 1Applied Visual Science, Osaka Univ Graduate 
Sch of Med, Suita, Japan; 2Ophthatmology, Osaka University 
Graduate School of Medicine, Suita, Japan.
Purpose: To investigate the feasibility of implanting a wide-field 
dual-array suprachoroidal-transretinal stimulation (STS) prosthesis in 
dogs and to determine its biocompatibility and stability.
Methods: The STS prosthesis system consisted of two arrays 
of 25 electrodes each and an extraocular microstimulator. The 
arrays were implanted into a scleral pocket of each of four healthy 
beagle dogs. Color fundus photography, fluorescein angiography, 
electroretinography, and functional testing of the STS system were 
performed postoperatively. The dogs were euthanatized from 3 to 
6 months after the implantation, and the retinas were evaluated 
histologically.
Results: All the prostheses were successfully implanted without 
complications, and no serious complications occurred during 
the postoperative period. The fixation of the implant was stable 
throughout the experimental period. Fundus photographs and OCT, 
FA revealed no serious damage in the retina and choroid around the 
arrays. Histologic evaluations showed good preservation of the retina 
over the electrode array.
Conclusions: Implantation of a wide-field dual-array STS retinal 
prosthesis into a scleral pocket of animals is surgically feasible and 
can be performed without significant damage to the retina or the 
animal. The biocompatibility and stability of the system were good 
for the observation period.
These findings indicate that it might be possible to implant more STS 
electrode arrays to cover a larger area of the retina to activate a larger 
visual field.
Commercial Relationships: Takeshi Morimoto, None; 
Hiroyuki Kanda, NIDEK Co.Ltd (F); Takao Endo, None; 
Kohji Nishida, None; Takashi Fujikado, NIDEK Co.Ltd (F)
Support: JSPS KAKENHI Grant Number JP26462684
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Argus® II array-retina distances correlate with patient 
thresholds
Meghan Marino, Lucy Xu, Aleksandra V. Rachitskaya, Alex Yuan. 
Cole Eye Institute, Cleveland Clinic, Chardon, OH.
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Purpose: Prior studies have shown the importance of Argus II 
Retinal Prosthesis array placement. The current retrospective study 
examined if the gap between the Argus array and the retina correlated 
to electrical stimulation thresholds in a cohort of Argus II patients 
implanted at the Cole Eye Institute. We hypothesized that patients 
with smaller distances will have lower electrical thresholds.
Methods: Distance between the array and the retina was measured 
from spectral domain optical coherence tomography (OCT) macular 
cube 512x128 scans by three independent graders. The distance 
between the array and retina at each of the four corner electrodes, and 
the maximum gap were manually measured with software calipers. 
Perceptual threshold was previously measured. The average threshold 
of 4 electrodes at each corner was used for threshold measurement. 
Average of 9 electrodes in a 3x3 grid was used for the area of 
maximum gap. The intraclass coefficient (ICC) was used to determine 
the graders’ inter-rater reliability. Spearman’s rank correlation 
coefficient was calculated to determine the correlation between array 
-retina distance (averaged across the graders) and the threshold.
Results: Six patients were included for the study. The ICC between 
the three graders at the corners was 0.82 (temporal), 0.70 (inferior), 
0.94 (superior) and 0.66 (nasal). The ICC for the maximum gap was 
0.96. Five patients were included for the Spearman’s rank correlation 
between array-retina distance (average of graders) and threshold 
values (1 patient was excluded because thresholds were measured 
at a different frequency). When the location for the maximum gap 
was different amongst the three graders, the average for each grid 
threshold (3x3 grid) at each location was used. The Spearman’s 
rank coefficient for the corner electrodes was 0.56 (p = 0.01) and 
the maximum gap was 0.60 (p = 0.28). The overall Spearman’s rank 
coefficient was 0.48 (p = 0.01), which supports our hypothesis.
Conclusions: Manual measurements of the array-retina distance 
demonstrated high inter-rater reliability, despite some variation 
likely due to motion or imaging artifacts. There was a statistically 
significant correlation between array-retina distance and thresholds. 
These results suggest minimizing array-retina distance is important 
for obtaining low thresholds, which could possibly translate to better 
visual outcomes.
Commercial Relationships: Meghan Marino, Second Sight 
Medical Products (C); Lucy Xu, None; Aleksandra V. Rachitskaya, 
None; Alex Yuan, None
Support: This study was supported in part by the NIH-NEI P30 
Core Grant (IP30EY025585-01A1) and Unrestricted Grant from 
The Research to Prevent Blindness, Inc., awarded to the Cole Eye 
Institute.
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Retinal spatiotemporal characteristics and contrast sensitivity 
with subretinal prosthesis
Elton Ho1, 2, Georges A. Goetz3, 2, Richard Smith4, Alexander Sher4, 
Daniel V. Palanker2, 5. 1Physics, Stanford University, Stanford, CA; 
2Hansen Experimental Physics Laboratory, Stanford University, 
Stanford, CA; 3Neurosurgery, Stanford University, Stanford, CA; 
4Santa Cruz Institute for Particle Physics, University of California 
Santa Cruz, Santa Cruz, CA; 5Ophthalmology, Stanford University, 
Stanford, CA.
Purpose: Current clinical subretinal implants yield lower spatial 
resolution than pixel spacing limit, and use only low-frequency 
(<7Hz) stimulation, resulting in discontinuous percepts. Here we 
assess the spatiotemporal characteristics of the network-mediated 
responses of retinal ganglion cells (RGCs) to subretinal photovoltaic 
stimulation. We measure responses of RGCs in the degenerated 
retina to photovoltaic spatiotemporal white noise and to full-field 

contrast steps. These responses are then compared with responses to 
corresponding visual stimuli in the healthy retina.
Methods: Retinas were sandwiched between a photovoltaic array 
with 70um pixels and a 512-electrode multielectrode array (MEA), 
with RGC side facing the MEA. To stimulate the retinas electrically, 
4-ms pulses of near-infrared light (880 nm) were applied at 20Hz. 
Continuous visible light (591 nm) was used for visual stimulation. 
Light was spatially modulated by an LCD screen, and focused 
onto the retina and photovoltaic array. High-frequency (20-30 Hz) 
spatiotemporal binary white noise was used to characterize responses 
in healthy (Long-Evans, LE) and degenerate (Royal College of 
Surgeons, RCS) retinas. Contrast sensitivity was assessed by 
applying full-field greyscale contrast steps of 500ms in duration with 
continuous illumination for LE and with 20Hz carrier frequency for 
RCS retinas.
Results: In healthy retinas, ON RGCs showed photovoltaic OFF 
responses, and vice versa. Photoreceptor degeneration led to 
all RGCs having only ON photovoltaic responses. Degenerate 
retinas responded to network-mediated photovoltaic stimulation at 
naturalistic frequency, and exhibited spatially localized receptive 
fields with antagonistic center-surround organization. Most 
responsive RGCs in the degenerate retina exhibited transient and 
steady-state responses to full-field contrast steps. For these cells, 
contrast sensitivity of prosthetic vision was about 5 to 8 times worse 
than natural: +17%/-10% (Michelson) contrast elicited responses 
comparable to that of +/-2% contrast in healthy retinas, respectively.
Conclusions: Complex spatio-temporal high-frequency subretinal 
stimulation induced fast and spatially localized responses in the 
degenerate retina with antagonistic center-surround organization. 
Contrast sensitivity was found to be much better than previously 
reported values. Both findings strengthen the possibility of providing 
functional prosthetic vision.
Commercial Relationships: Elton Ho, None; Georges A. Goetz, 
None; Richard Smith, None; Alexander Sher, None; 
Daniel V. Palanker, Stanford University (P), Pixium Vision (P), 
Pixium Vision (C)
Support: National Institutes of Health grant R01-EY-018608 
(DP); Department of Defense grant W81XWH-15-1-0009 (DP); 
Stanford Spectrum fund (DP); Stanford Neurosciences Institute 
Interdisciplinary Award (GG); Pew Charitable Trusts Scholarships in 
the Biomedical Sciences (AS)
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Stimulation of Retinal Ganglion Cells Using an Ion-Mediated, 
Protein-Based Retinal Implant
Jordan A. Greco1, 2, Nicole L. Wagner2, 1, Ralph J. Jensen3, 
Robert R. Birge1, 2. 1Chemistry, University of Connecticut, Storrs, 
CT; 2LambdaVision, Inc., Farmington, CT; 3VA Boston Healthcare 
System, Boston, MA.
Purpose: Protein-based subretinal implants offer a new approach 
to restoring vision for patients blinded by age-related macular 
degeneration (AMD) and retinitis pigmentosa (RP). Ex vivo 
extracellular recording experiments with P23H transgenic rats are 
employed to demonstrate the ability of an ion-mediated, protein-
based prosthetic to stimulate the bipolar and ganglion cells of a 
degenerated retina.
Methods: Retinal implant constructs, comprised of an ion permeable 
membrane and alternating layers of bacteriorhodopsin (BR) and a 
polycation binder, are manufactured using layer-by-layer electrostatic 
adsorption. Upon the absorption of light, the BR layers generate a 
unidirectional proton gradient that activates acid-sensing ion channels 
(ASICs) present in the outer membrane of bipolar and ganglion cells. 
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The retinal implants are placed in a subretinal position relative to 
the excised retina of P23H transgenic rats, and a pulsed LED system 
is used to generate precise pulses at a wavelength that selectively 
activates BR. Extracellular recording, using both a single electrode 
and multielectrode array, is carried out to validate the ion-mediated 
mechanism of action and to investigate the spatial sensitivity of the 
retinal prosthetic.
Results: Studies using extracellular recording of retinal ganglion 
cells in excised P23H rat retinas indicate that that our subretinal 
implant is capable of stimulating the retinal tissue via a directional 
proton gradient. The activation efficiency of the protein-based 
prosthetic increases with the increasing intensity of incident red light 
(~640 nm). The experiments suggest that the implant can stimulate 
the retina using light intensities that are comparable to indoor 
ambient light (~7.2 mW/cm2), and also demonstrate that the temporal 
resolution of the prosthetic is similar to physiological latency of 
activation (~100 ms). Moreover, a multielectrode array is used to 
show that we can limit activation to a 200-µm pixel diameter.
Conclusions: The preliminary results suggest that a BR-based retinal 
implant can stimulate the remaining neural circuitry of P23H retinas, 
demonstrating the potential efficacy in the treatment for AMD and 
RP.
Commercial Relationships: Jordan A. Greco; Nicole L. Wagner, 
LambdaVision, Inc. (E), LambdaVision, Inc. (P), LambdaVision, Inc. 
(F); Ralph J. Jensen, LambdaVision, Inc. (F); Robert R. Birge, 
LambdaVision, Inc. (C), LambdaVision, Inc. (P), LambdaVision, Inc. 
(F)
Support: NSF Grant 1632465
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Evaluating the Effective Spatial Resolution of an Optoelectronic 
Nanowire Prosthesis
Samir Damle1, Yu-hsin Liu2, Yi Jing3, William R. Freeman4, 5, Yu-
Hwa Lo2. 1Bioengineering, University of California San Diego, La 
Jolla, CA; 2Electrical and Computer Engineering, University of 
California San Diego, San Diego, CA; 3Nanovision Biosciences, Inc., 
San Diego, CA; 4Opthamology, University of California San Diego, 
San Diego, CA; 5Jacobs Retina Center-Shiley Eye Institute, San 
Diego, CA.
Purpose: We characterized the effective spatial resolution of a high-
density optoelectronic nanowire detector array for retinal prosthesis 
by measurements and simulations.
Methods: Scanning electrochemical microscopy techniques were 
used to characterize the spatial distribution of electric potential 
produced by nanowire p/n junction detectors with iridium oxide 
electrodes in electrolyte. Electric potential measurements were 
performed with a potentiostat in x-y planes above active electrodes. 
Effective spatial resolution was evaluated from the relative change of 
electric potential for different pixels under the condition that only one 
single pixel is illuminated by a laser beam.
Results: The optoelectronic nanowire detector array produces 
spatially resolvable focal stimulation under global electrical bias and 
focal illumination. The “dark current” produced by simultaneous 
biphasic electrical bias of all dark electrodes results in a nearly 
constant baseline potential (±3%). Illumination of a single electrode 
results in focal photocurrent that achieves 3:1 contrast between 
the illuminated pixel and the neighboring pixels that are 50µm or 
further away. Simulation results are consistent with the experimental 
observations and produce results with more complicated illumination 
patterns.
Conclusions: Spatial resolution is a critical metric to evaluate retinal 
prosthesis effectiveness. Prostheses available on the market today 

lack sufficient electrode density to achieve significant visual acuity 
in patients. We characterized the effective spatial resolution of a 
high-density nanowire detector array. Single pixel resolution for a 
nanowire electrode array is effectively preserved at electrical currents 
and penetration depths relevant for subretinal stimulation.
Commercial Relationships: Samir Damle, None;  
Yu-hsin Liu, None; Yi Jing, Nanovision Biosciences, Inc. (E); 
William R. Freeman, Nanovision Biosciences (I); Yu-Hwa Lo, 
Nanovision Biosciences, Inc. (C)
Support: UCSD Vision research core grant (P30EY022589), 
R01EY016323 (DUB) Research to Prevent Blindness, Nanovision 
Biosciences
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Evaluation of Implantation Feasibility of a Flexible, Tack-Free, 
Epiretinal Prosthesis in Yucatan Minipig
James D. Weiland1, Yi Zhang1, Juan C. Martinez1, Bruce Ash2, 
Katie Markley2, Helmut Eckhardt2, Mark S. Humayun1. 
1Ophthalmology, University of Southern California, Los Angeles, 
CA; 2Premitec, Inc., Raleigh, NC.
Purpose: We tested a model of an epiretinal prosthesis with an 
intraocular polymeric buckle for tack-free fixation of the electrodes 
in close proximity to the retina. We assessed a surgical technique 
for epiretinal implantation and fixation and evaluated the long-term 
stability over 4 months in two Yucatan minipigs.
Methods: The inactive implants comprised of a flex circuit with 60 
stimulating electrodes, a dummy silicon chip (with area equivalent 
to a 250 channel chip), two coils for power and data, and 6 off-chip 
capacitors were used to validate the chronic implantation. This device 
was implanted into one eye in each of 2 minipigs. A scleral pocket 
at the posterior pole of the eye was created to affix the external part 
of the implant first, and a pars plana approach was used to insert the 
electrode array and its buckle structure. Implants were planned for 
4 months and ocular examinations with fundus photography and 
ultrasonography were performed at baseline and postoperative at 
regular intervals to identify the long-term retinal response and record 
any signs of inflammation, infection, or toxicity from the implant.
Results: One linear pars plana incision of approximately 7.5mm 
was required to deliver the implant into the eye and another incision 
of 3mm (180° from the first one) was used to guide and affix the 
polymeric buckle on the pars plana. The size of incisions induced 
some bleeding, while the eye condition remained stable. Once in the 
eye, the implant was pressed gently against the retina by adjusting the 
polymeric buckle on either side. The buckle was sutured to the sclera 
on both sides of the eye. The surgery was completed in less than 4 
hours. Post-operative follow-up revealed erosion of the conjunctiva 
over the areas where the internal buckle exited the eye, and 
concomitant movement of the array away from the retina. The eyes 
showed no signs of infection. An inferior nasal retinal detachment 
(caused during surgery) was observed in one eye. One minipig 
developed a cataract within two months, due to the forceps accidently 
contacting the lens during the implantation.
Conclusions: The surgical procedure for an epiretinal prosthesis with 
tack-free fixation appears feasible. An improved mechanical design 
of the scleral fixation method is needed for long-term stability. 
Commercial Relationships: James D. Weiland; Yi Zhang, 
University of Southern California (P); Juan C. Martinez, University 
of Southern California (P); Bruce Ash, Premitec, Inc. (E); 
Katie Markley, Premitec, Inc. (E); Helmut Eckhardt, Premitec, Inc. 
(E); Mark S. Humayun, Second Sight Medical Products, Inc. (I), 
University of Southern California (P)
Support: NIH Grant 2R42EY018794-02A1
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Retinal Hypercircuit Responses to Pattern Reversal Electrical 
Stimulation by A High Density MEA
Ya-Ting Cheng1, Long-Sheng Fan1, 4, Chang-Hao Yang3, 2, L. J. Lee2, 
J. Huang1, Y. J. Lai1. 1Iridium Medical Technology Co., Ltd., 
Hsinchu, Taiwan; 2School of Medicine, National Taiwan University, 
Taipei, Taiwan; 3Dept. of Ophthalmology, National Taiwan University 
Hospital, Taipei, Taiwan; 4Inst. of NEMS, Hsinchu, Taiwan.
Purpose: To investigate the RGC hypercircuit responses to pattern 
reversal of subretinal electrical stimulation, and the minimum 
detectable spatial movement of stripe- patterned stimulations.
Methods: A 2,500-electrode microelectrode array with SIROF 
electrodes arranged hexagonally 30 µm in pitch is used for patterned 
electrical stimulation covering an area of ~1.5x1.2mm. Whole-cell 
patch clamping is used to measure the RGC responses of retina tissue 
from 26 C57/B6 wild-type mice during the stimulation. The biphasic 
current stimulations from these electrodes are spatially grouped into 
stripe patterns with the stripe width ranging from 26 µm to 260 µm, 
and temporally separated into two phases 180 degrees out of phase. 
The pulse rates ranges from 4 to 20 Hz, and the phases of the stripe 
pattern are reversed every 500 msec. GABAA and GABAC receptors 
are blocked with antagonists, bicuculline and TPMPA, to assess the 
influence mediated by lateral inhibition from amacrine cells in the 
pattern reversal subretinal electrical stimulation.
Results: At low pulse rates (4~8 Hz), the ON RGC’s can spike with 
each electrical stimulation pulse; at higher pulse rates (16~20 Hz), 
the RGC’s only respond to the first reversal pulses of one phase 
indicating the flicker fusion. Some ON RGC’s can respond to pattern 
reversal with stripe movements as small as 26 µm. Most of the ON 
RGC’s have the minimum detectable stripe movements between 
26 µm to 104 µm (n = 11/18); most of the OFF RGC’s have lower 
detectable stripe-movements resolution between 208 to 260 µm  
(n = 5/8); however, some of the OFF RGC’s detect stripe movements 
between 26 µm to 78 µm (n = 2/8). With GABAA receptor blocked by 
bicuculline, the patched ON RGC’s have improved stripe movement 
resolution (from 78 µm to 26 µm). With both GABAA and GABAC 
receptor blocked by bicuculline and TPMPA, the ON RGC’s have 
increased sensitivity to electrical stimulation, and the flicker fusion 
happened at the pulse rate ≥ 40 Hz. RGC’s respond to the first pulses 
of the phase reversal of both phases in both GABA blocked cases.
Conclusions: The minimum detectable stripe movement in subretinal 
electrical stimulation by RGC’s of C57/B6 wild-type mice is 26 
µm. By blocking the GABAA and GABAc receptor, the RGC’s have 
increased sensitivity to the electrical stimulation; however, the stripe 
movement spatial resolution and pattern reversal time responses 
results are mixed.
Commercial Relationships: Ya-Ting Cheng; Long-Sheng Fan, 
None; Chang-Hao Yang, None; L. J. Lee, None; J. Huang, Iridium 
Medical Technology Co., Ltd. (E); Y. J. Lai, Iridium Medical 
Technology Co., Ltd. (E)
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Novel eye-tracking method for retinal prostheses
Hiroyuki Kanda1, Shunta Satonaka2, Takeshi Morimoto1, 
Tomomitsu Miyoshi3, Takashi Fujikado1. 1Applied Visual Science, 
Osaka Univ Graduate Sch of Med, Suita, Japan; 2NIDEK CO., LTD., 
Gamagori, Japan; 3Integrative Physiology, Osaka Univ Graduate Sch 
of Med, Suita, Japan.
Purpose: Although a gaze feedback system is effective for retinal 
prostheses using an external camera (Hozumi et al ARVO 2016), 
there are issues of processing time and device weight in conventional 

eye-tracking devices. In this study, we propose a new eye-tracking 
method that estimates direction of gaze using stimulus artifacts 
generated by a retinal prosthesis. To confirm its feasibility, we 
evaluated the accuracy of the eye-tracking method using animal 
models.
Methods: In this study, a stimulating electrode was implanted 
into the scleral pocket created at the posterior pole of the eyes of 
anesthetized cats (n = 3). Stimulus pulses of 0.5 ms duration and 
0.1–0.5 mA amplitude were applied to the eye via the stimulating 
electrode. A pair of recording electrodes was placed on the medial 
and lateral canthus of the implanted eye. Stimulus artifacts were 
evaluated by measuring the electrical potential difference between the 
recording electrodes. The recording trials were repeated 100 times. 
To measure gaze direction, we illuminated the eye and projected the 
fundus image on the screen placed 1.0 m in front of the eye. Changes 
in gaze direction were evaluated by measuring the shift in the fundus 
image on the screen. Finally, we investigated the relationship between 
the amount of shift in gaze direction and changes in the amplitude of 
stimulus artifacts.
Results: The amplitude of the stimulus artifact was significantly 
correlated with gaze direction in all animals (#1, r = 0.996 and  
p < 0.01; #2, r = 0.970 and p < 0.01; #3, r = 0.997 and p < 0.01; 
Pearson correlation analysis). Standard deviations of the residual 
error of linear regression were 0.1, 0.5, and 0.2 degrees in #1, #2, and 
#3, respectively.
Conclusions: These findings demonstrate that gaze direction can 
be estimated using stimulus artifacts evoked by retinal prosthesis 
without delay of processing time.
Commercial Relationships: Hiroyuki Kanda, NIDEK CO., LTD. 
(P); Shunta Satonaka, NIDEK CO., LTD. (E); Takeshi Morimoto, 
NIDEK CO., LTD. (P); Tomomitsu Miyoshi, None; 
Takashi Fujikado, NIDEK CO., LTD. (F)
Support: JSPS KAKENHI Grant Number JP15K16353
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Optical coherence tomography in patients with Alpha IMS 
subretinal implant
Laura Kuehlewein1, Veronique Kitiratschky2, Mariya Gosheva1, 
Thomas Edwards3, Robert E. MacLaren3, Akos Kusnyerik4, 
Cristina Angelescu5, Timothy L. Jackson5, Chen-Hsin Sun6, 
Caroline Chee6, Helmut G. Sachs7, Barbara Wilhelm10, 
Florian Gekeler9, Karl U. Bartz-Schmidt1, Eberhart Zrenner1, 8, 
Katarina Stingl1. 1Department of Ophthalmology, Center for 
Ophthalmology, Tuebingen, Germany; 2Augenklinik des Ortenau 
Klinikums, Offenburg-Gengenbach, Germany; 3John Radcliffe 
Hospital and Nuffield Laboratory of Ophthalmology, Oxford, United 
Kingdom; 4Department of Ophthalmology at the Semmelweis 
University, Budapest, Hungary; 5King’s College Hospital NHS 
Foundation Trust, London, United Kingdom; 6Department of 
Ophthalmology of the National University Hospital, Singapore, 
Singapore; 7Staedtisches Klinikum Dresden-Friedrichstadt, Dresden, 
Germany; 8Werner Reichardt Centre for Integrative Neuroscience, 
Tuebingen, Germany; 9Katharinenhospital Stuttgart, Stuttgart, 
Germany; 10STZ Eyetrial, Tuebingen, Germany.
Purpose: We analyzed optical coherence tomography (OCT) data 
from a prospective, interventional clinical study to determine changes 
in retinal thickness after implantation of the RETINA IMPLANT 
Alpha IMS.
Methods: The RETINA IMPLANT Alpha IMS subretinal device 
(Retina Implant AG, Reutlingen, Germany) carries 1500 photodiodes, 
amplifiers and electrodes on a 9 mm2 chip. It has been developed 
to partially restore vision by stimulating the bipolar cells of the 



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.

retina in patients suffering from profound photoreceptor loss due 
to degenerative diseases such as retinitis pigmentosa. Spectral 
domain OCT scans of 27 patients who received the Alpha IMS in a 
multi centre trial (ClinicalTrials.gov, NCT01024803) acquired with 
Spectralis OCT (Heidelberg Engineering, Heidelberg, Germany) or 
Cirrus OCT (Carl Zeiss Meditec AG, Jena, Germany) were analyzed 
using the built-in software to assess changes in retinal thickness 
anterior to the implant between two time points: within 6 weeks and 
6 ± 1 months after implantation. Three thickness measurements were 
performed in each of the 4 quadrants of the retina anterior to the 
implant for each of the two visits. Statistical analyses were performed 
with IBM SPSS Statistics for Windows, Version 23.0 using paired 
samples t-test. The significance level was set at 5%.
Results: Due to lack of fixation and common presence of nystagmus, 
images of a good enough quality to perform quantitative analyses in 
all 4 quadrants at each of the two time points were available from  
15 patients. We observed no statistically significant change in the 
mean retinal thickness within 6 weeks (288 µm) and 6 ± 1 months 
(309 µm) after implantation of the Alpha IMS. The results of the 
detailed analysis for each of the 4 quadrants are shown in Table 1. 
 Epiretinal membranes – if present - remained essentially stable 
and no proliferative vitreoretinopathy was observed in the areas 
evaluated.
Conclusions: In patients with RETINA IMPLANT Alpha IMS, it 
is possible to acquire OCT scans and assess the thickness of the 
retina anterior to the implant. No major changes (e.g. thinning of the 
retina induced by the implant, induction of epiretinal membranes/
proliferative vitreoretinopathy in the analyzed areas) were found 
during the observation period. With more patients receiving 
subretinal implants and with advanced OCT technology, the data set 
will be extended to study possible changes in retinal structure in finer 
detail.

Commercial Relationships: Laura Kuehlewein, Retina Implant 
AG (F); Veronique Kitiratschky, None; Mariya Gosheva, 
None; Thomas Edwards, None; Robert E. MacLaren, 
None; Akos Kusnyerik, None; Cristina Angelescu, None; 
Timothy L. Jackson, None; Chen-Hsin Sun, None; Caroline Chee, 
Novartis (R), Bayer (R), Bayer (F), Novartis (F); Helmut G. Sachs, 
Retina Implant AG (F); Barbara Wilhelm, Retina Implant AG (F); 
Florian Gekeler, Retina Implant AG (F); Karl U. Bartz-Schmidt, 
Retina Implant AG (F); Eberhart Zrenner, Retina Implant AG (R), 
Retina Implant AG (S), Retina Implant AG (I), Retina Implant AG 
(P), Retina Implant AG (F), Retina Implant AG (C); Katarina Stingl, 
Retina Implant AG (F)
Clinical Trial: NCT01024803
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Retinotopy of percepts elicited by an IRIS epi-retinal implant
Vincent J. BISMUTH3, Matthias Keserue1, Lars Wagenfeld1, 
Tim Schade1, Yannick Le Mer2, Omar Darwiche-Domingues3, 
Ralf Hornig3. 1Department of Ophthalmology, University Medical 
Center Hamburg-Eppendorf, Hamburg, Germany; 2Ophthalmology, 
Fondation Adolphe de Rothschild, Paris, France; 3Pixium Vision, 
Paris, France.
Purpose: The retinotopy of phosphenes elicited by visual 
prostheses conditions the performance of such systems and should 
drive stimulation strategies. We explore here the relationship 
between electrode position and perceived phosphene location in 
the visual field. We report data from the ongoing IRIS V1 clinical 
study (NCT01864486 – Sponsor: Pixium Vision). This is the first 
publication of this kind with an IRIS epi-retinal implant.
Methods: An IRIS V1 epi retinal implant system with 49 electrodes 
was implanted in a human clinical trial. Individual electrodes were 
stimulated in random order at various stimulation levels. Every 
time the patient had a percept, he reported its position though a 
touchscreen. The collected data for stimulation levels between 
0.8 and 2.0 times the perception thresholds were analyzed. We 
computed the Pearson correlation between electrode locations 
on the implant and phosphene positions. Moreover, we fitted the 
phosphene positions with affine and polynomial models, computed 
coefficients of determination for each model and provided graphical 
representations of the data. We report data collected in two sessions, 
6 weeks apart, in 2016.
Results: 46 out of 49 electrodes elicited perception. 140 location 
data points were recorded. The Pearson correlation between the x 
(resp. y) coordinate of the implant and the x (resp. y) coordinate of 
the phosphene locations is 0.85, p <0.001 (resp. 0.89 p < 0.001). The 
affine model fits to the data with an R^2 of 0.77 and the third order 
polynomial model with an R^2 of 0.81. The left part of Figure 1 
represents the electrodes on the implant with color coding. Its right 
part depicts the average position of phosphenes for each electrode. 
Figures 2 illustrates affine fit on the left and polynomial fit on the 
right. For all phosphene position graphs the scale is cm on a screen 
located at 30cm from the patient’s head.
Conclusions: The strong and statistically significant correlations 
between electrode positions and phosphene locations together 
with the strong R^2 obtained with affine and polynomial models 
demonstrate retinotopic perception of phosphenes. The fact that the 
data was collected in two sessions moreover demonstrates stability of 
this retinotopic organization over time.

Figure 1
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Figure 2
Commercial Relationships: Vincent J. BISMUTH, Pixium Vision 
(E); Matthias Keserue, None; Lars Wagenfeld, None; Tim Schade, 
Pixium Vision (R); Yannick Le Mer, Pixium Vision (S), Pixium 
Vision (C); Omar Darwiche-Domingues, Pixium Vision (E); 
Ralf Hornig, Pixium Vision (E), Pixium Vision (P)
Clinical Trial: NCT01864486
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In vivo acute and chronic evaluation of a nanowire based 
subretinal prosthesis
Brandon Bosse2, 3, Samir Damle1, Abraham Akinin1, Dirk-
Uwe G. Bartsch2, Lingyun Cheng2, Yi Jing2, 3, William R. Freeman2. 
1Bioengineering, University of California, San Diego, San Diego, 
CA; 2Ophthalmology, University of California, San Diego, San 
Diego, CA; 3Nanovision Biosciences, La Jolla, CA.
Purpose: A nanowire based retinal prosthesis with a theoretical 
resolution of 20/80 has been developed with the aim of restoring 
useful vision to blind patients suffering from retinal degenerative 
diseases. This report presents the evaluation of tolerance and function 
of the device in vivo both acutely and after six months.
Methods: The retinal prosthesis devices were implanted into the 
subretinal space of Dutch pigmented rabbits (N=12) via a trans-
scleral approach. Three screw electrodes were inserted over the visual 
cortex to record visual evoked potentials (VEPs) and electrically 
evoked potentials (EEPs). A Visual Diagnostic System with 
Ganzfeld dome (LKC Technologies) was used for electrophysiology 
recordings. A Benchtop Laser Controller (Thorlabs) delivered either 
532 nm or 850 nm laser light to the implanted device. Two devices 
were left implanted for six months for chronic testing. The device 
activation signal was recorded from the cornea using an ERG 
electrode to assess functionality after six months of implantation. 
Histology of the retina surrounding the device was performed to 
evaluate the effect of chronic implantation.
Results: Control VEPs were elicited with bright full-field flashes, 
confirming the health of the eye post implantation. Focal VEPs from 
retina over the device were elicited with 3 mm spot size 532 nm 
green laser up to 100 µW/mm2. EEPs were elicited with electrical 
stimulation by activating the subretinal prosthesis with 3 mm spot 
size 850 nm infrared laser up to 11 mW/mm2, a wavelength which 
was confirmed undetectable by the photoreceptors. The devices 
implanted for six months were activated with pulsed IR light and the 
activation signals were readily recorded from the cornea using an 
ERG electrode. Histology showed that the retinal tissue surrounding 
the device showed no signs of inflammation or degradation after six 
months.
Conclusions: The prosthesis, powered only by pulsed laser light, 
effectively delivers electrical stimulation to the retina and generates 
neuronal activity in the rabbit visual cortex. In future experiments the 

nanowires will be biased with external power to increase the dynamic 
range of electrical stimulation and reduce the light intensity required 
to elicit a response. This study also showed that the device does not 
negatively affect surrounding retinal tissue and it continues to deliver 
electrical stimulation in vivo six months post implantation.
Commercial Relationships: Brandon Bosse, Nanovision 
Biosciences (E); Samir Damle, None; Abraham Akinin, 
None; Dirk-Uwe G. Bartsch, Nanovision Biosciences (F); 
Lingyun Cheng, Nanovision Biosciences (C); Yi Jing, Nanovision 
Biosciences (E); William R. Freeman, Nanovision Biosciences (C)
Support: UCSD Vision research core grant (P30EY022589), 
NIH grant R01EY016323 (DUB) Research to Prevent Blindness, 
Nanovision Biosciences

Program Number: 4192 Poster Board Number: B0548
Presentation Time: 8:30 AM–10:15 AM
Eye movement control in Argus II retinal prosthesis users 
improves performance in a shape localization task
Avi Caspi1, 2, Arup Roy2, Varalakshmi Wuyyuru2, Paul E. Rosendall4, 
Jason W. Harper4, Kapil D D. Katyal4, Michael P. Barry3, 
Gislin Dagnelie3, Robert J. Greenberg2. 1Jerusalem College of 
Technology, Jerusalem, Israel; 2Second Sight Medical Products 
Inc, Sylmar, CA; 3Ophthal-Lions Vision Cntr, Johns Hopkins Univ, 
Baltimore, MD; 4The Johns Hopkins University Applied Physics 
Laboratory, Laurel, MD.
Purpose: The Argus II retinal prosthesis is an approved treatment 
to restore sight and has been implanted in more than 200 blind 
patients worldwide. In contrast to scanning with the eyes by sighted 
individuals, scanning the scene with the Argus II is done by  
camera – i.e., head – movements. Here, we tested if a scanning mode 
based on patient’s eye movements will increase visual stability.
Methods: Eye positions were measured in real time using a head-
mounted eye tracker. The eye positions were used to shift the region 
of interest (ROI) that is sent to the implant within the wide field-
of-view (FOV) of the head-mounted scene camera. Subjects were 
able to use combined eye-head scanning: Shifting the scene camera 
by moving the head and shifting the ROI within the camera FOV 
by moving the eye. Four Argus II implantees, three males and one 
female, participated in the study. A white target appeared on a touch-
screen monitor and the patients were instructed to report the location 
of the target by touching the monitor. We compared the spread of 
the responses between the combined eye-head and the head-only 
scanning. The mean error can be corrected, by image shifting, but the 
spread around the mean, i.e. standard deviation, is an indication of the 
precision across trials. The F-test was used to compare the standard 
deviation along the horizontal and vertical axes between the scanning 
modes. As we have tests along two dimensions for each patient, based 
on the Bonferroni correction the critical p-value was set to 0.025
Results: Spreads of one patient’s responses relative to the target 
position with eye-head and head-only scanning is shown in the 
attached figures. The standard deviations of the responses for each 
scanning mode along the horizontal and vertical axes are given in 
the attached table. The F-test shows that for all patients there is a 
narrower spread in one axis using combined eye-head scanning.
Conclusions: Integrating an eye tracker into the Argus II to shift the 
region-of-interest based on eye position for eye-head scanning is 
feasible and improves pointing precision.
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Reported percept location relative to the target location in each trial. 
Left panel: head-only scanning. Right panel: eye-head scanning.

Spread of patients’ responses as quantified by standard deviations for 
the two scanning conditions. Cases that are larger than the critical 
F-value of 1.89 are marked with (*).
Commercial Relationships: Avi Caspi, Second Sight 
Medical Products (P), Second Sight Medical Products (C); 
Arup Roy, Second Sight Medical Products (I), Second Sight 
Medical Products (E); Varalakshmi Wuyyuru, Second Sight 
Medical Products (I), Second Sight Medical Products (E); 
Paul E. Rosendall, None; Jason W. Harper, None; Kapil 
D D. Katyal, None; Michael P. Barry, Second Sight Medical 
Products (F); Gislin Dagnelie, Second Sight Medical Products 
(P), eSight (I), Second Sight Medical Products (C), Quadra Logic 
Technologies:Code (F), eSight (C); Robert J. Greenberg, Second 
Sight Medical Products (P), Second Sight Medical Products (I), 
Second Sight Medical Products (E)
Support: Alfred Mann Foundation
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Reducing spread of neural activation using focused multipolar 
retinal electrical stimulation in sighted and blinded cats
Thomas Spencer1, 2, James B. Fallon1, 2, Carla J. Abbott3, 4, 
Penny J. Allen3, 4, Alice A. Brandli3, 4, Chi D. Luu3, 4, 
Mohit N. Shivdasani1, 2. 1Bionics Institute, East Melbourne, VIC, 
Australia; 2Department of Medical Bionics, University of Melbourne, 
Carlton North, VIC, Australia; 3Centre for Eye Research Australia, 
Royal Victorian Eye and Ear Hospital, East Melbourne, VIC, 
Australia; 4Department of Surgery (Ophthalmology), University of 
Melbourne, East Melbourne, VIC, Australia.
Purpose: The spatial resolution provided by even the most advanced 
retinal prostheses is severely limiting for recipients. A major factor 
is presumed to be broad spread of activation within the retina in 
response to monopolar (MP) electrical stimulation. This study 
hypothesized that compared with MP stimulation of a single retinal 
electrode, focused multipolar (FMP) stimulation of all electrodes 
simultaneously with weighted positive and negative charges would 

result in a narrow electric field and reduced spread of neural 
activation.
Methods: Four cats were unilaterally blinded for a minimum 
of 14 weeks via intravitreal injection of adenosine triphosphate. 
Retinal structure and function was assessed using optical coherence 
tomography (OCT) and dark-adapted flash electroretinogram (ERG). 
Ten cats (6 normal-sighted and 4 blinded) were bilaterally implanted 
with suprachoroidal electrode arrays. In response to MP and FMP 
retinal stimulation at varying charge levels, voltage recordings were 
taken on surrounding retinal electrodes as a measure of the electric 
field spread and multiunit activity was recorded from the visual 
cortex to measure neural activation spread.
Results: FMP stimulation exhibited a narrower electric field through 
a significant reduction in retinal voltage spread (paired t-test p<0.001) 
as well as a reduced cortical activation spread (two-way ANOVA 
p<0.001) compared with MP stimulation in normal-sighted cats. In 
blinded eyes, OCT imaging showed photoreceptor degeneration in 
regions overlying the electrode array and a reduction in ERG a-wave 
responses by 50-85%. While FMP stimulation still showed reduced 
cortical activation spread when stimulating the normal-sighted 
eyes of the blind cohort, no such benefits were observed when the 
blind eyes were stimulated. Cortical thresholds for each stimulating 
electrode were found to be higher for FMP compared to MP 
stimulation (paired t-test p<0.001) in both sighted and blinded cats.
Conclusions: The study found FMP stimulation of the retina can 
constrain the electric field in two dimensions, and elicit a reduced 
spread of cortical activation but only in normal-sighted cat eyes. 
While these results question the effectiveness of FMP stimulation in 
improving resolution for retinal prosthesis recipients, psychophysical 
experiments are required to verify this notion.
Commercial Relationships: Thomas Spencer, None; 
James B. Fallon, None; Carla J. Abbott, None; Penny J. Allen, 
None; Alice A. Brandli, None; Chi D. Luu, None; 
Mohit N. Shivdasani, None
Support: National Health and Medical Research Council Grant 
1063093; Victorian Government Operational Infrastructure Support 
Program; Bart Reardon Scholarship; Harold Mitchell Postgraduate 
Travelling Fellowship
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Optimizing Selectivity of Epiretinal Stimulation using Local 
Returns
Victoria Fan1, Lauren E. Grosberg1, Sasi Madugula1, 
Pawel Hottowy3, Wladyslaw Dabrowski3, Alexander Sher2, 
Alan M. Litke2, E.J. Chichilnisky1. 1Department of Neurosurgery 
and Hansen Experimental Physics Laboratory, Stanford University, 
Stanford, CA; 2Santa Cruz Institute for Particle Physics, University 
of California, Santa Cruz, Santa Cruz, CA; 3Physics and Applied 
Computer Science, AGH University of Science and Technology, 
Krakow, Poland.
Purpose: A limitation of epiretinal prostheses is that current spread 
can produce non-selective activation of many retinal ganglion 
cells (RGCs), resulting in an imprecise artificial visual signal. The 
purpose of this work is to test whether using a local return (ground) 
arrangement with high-density multi-electrode arrays, rather than a 
distant return, can more selectively activate an individual targeted 
RGC while avoiding activation of other RGCs.
Methods: A custom 512-electrode system (60µm pitch, 8-15µm 
diameter, hexagonal grid) was used to stimulate and record from 
hundreds of RGCs in isolated macaque retina. Electrical stimuli  
were provided on one or more channels while recording RGC  
activity from all channels. The distant return pattern consisted of a 
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charge-balanced triphasic pulse on a single electrode, with a bath 
ground ~1 cm away. The local return pattern consisted of the same 
central electrode current, with simultaneous current waveforms of 
opposite sign and 1/6 amplitude on the six immediately surrounding 
return electrodes. Spiking activity was manually analyzed to separate 
spikes from electrical artifact. The locations of cell bodies and 
axons were determined from the electrical image, i.e. the average 
spatiotemporal pattern of voltage deflections produced across the 
array during a spike. The geometric arrangement of cells relative to 
the stimulating electrode was examined to test how it influenced the 
selectivity of activation.
Results: Selectivity was defined as the ratio of activation threshold 
of a non-target cell to the threshold of a target cell; thus, high ratios 
indicated activation of the target cell without activation of the non-
target cell. Selectivity was examined directly in recordings from  
7 cell pairs, and indirectly in surrogate data from 112 pairs of cells 
recorded on different electrodes. In all cases, the target cell was 
near the central electrode and the non-target cell was near one of the 
surrounding return electrodes. In all 7 pairs and 102/112 surrogates, 
selectivity increases (medians 2.1 and 1.5 respectively) were 
observed with local returns. In other geometric arrangements, local 
returns were less effective.
Conclusions: Restricting the electric field with local returns can 
increase selectivity of stimulation at single-cell resolution. In a 
future high-resolution prosthesis, this may reduce unwanted neuronal 
activity and permit a more faithful reproduction of the neural code of 
the retina.
Commercial Relationships: Victoria Fan, None; 
Lauren E. Grosberg, None; Sasi Madugula, None; 
Pawel Hottowy, None; Wladyslaw Dabrowski; Alexander Sher, 
None; Alan M. Litke, None; E.J. Chichilnisky, None
Support: Stanford Bio-X Undergraduate Summer Research 
Fellowship (V.H.F), NIH Grant F32EY025120 (L.E.G.), Polish 
National Science Centre grant DEC-2013/10/M/NZ4/00268 (P.H.), 
Pew Charitable Trusts Fellowship in Biomedical Sciences (A.S.), 
NEI Grant EY021271 (E.J.C)
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Stability of the suprachoroidal electrode array during one-month 
implantation in rabbit eyes
Yasuo Terasawa1, 2, Hiroyuki Tashiro2, 3, Yukari Nakano1, 
Motoki Ozawa4. 1Artificial Vision Institute, R&D Div., Nidek Co., 
Ltd., Gamagori, Japan; 2Materials Science, Nara Institute of Science 
and Technology, Ikoma, Japan; 3Department of Health Sciences, 
Kyushu University, Fukuoka, Japan; 4Nidek Co., Ltd., Gamagori, 
Japan.
Purpose: We have been developing a retinal prosthesis with 
suprachoroidal transretinal stimulation (STS). The purpose of 
this study is to quantify the lateral movement of suprachoroidally 
implanted electrode array after implantation surgery.
Methods: Eight 2-channel electrode arrays were suprachoroidally 
implanted to the eyes of rabbits. After 2-week recovery period, 
electrical stimulation with 0.75µC/phase at 50Hz was applied 
to the stimulation electrode for 8 hours per day for 4 weeks. 
Fundus photography was performed immediately after electrode 
implantation, after 2-weeks recovery period, after 4-weeks electrical 
stimulation respectively. The electrode position relative to blood 
vessels around optic nerve head was estimated from the fundus 
photos.
Results: Five of eight electrode arrays were visible in fundus photos. 
Electrode movement at the early phase (movement between the 
day just after implantation and the day after 2-weeks recovery) was 

582±265 µm (Mean vs S.E.M), which was significantly larger than 
that of the later phase (movement between the day after 2-weeks 
recovery and the day after 4-weeks stimulation, p<0.05 paired t-test). 
Electrodes had a tendency to move from temporal to nasal both in the 
early phase and in the later phase.
Conclusions: The measured movement was less than 1 mm and was 
comparable to previous similar study (Nayagam et al., PLOS ONE, 
2014). The smaller movement in the later phase suggested that the 
electrode array became stabilized possibly due to the encapsulation of 
fibrous tissue around the electrode array. The tendency of movement 
from temporal to nasal suggested that one of the driving forces of 
electrode movement was the residual stress from the lead which 
was connected to the electrode and was sutured onto the sclera. 
Minimizing the stiffness of the lead would help stabilizing the 
electrode array.

Fig.1 Estimation of electrode position. A: fundus photo just after 
electrode implantation. stimulation electrodes are indicated by yellow 
arrows. B: Blood vessels and electrode positions estimated by the 
fundus photos.
Commercial Relationships: Yasuo Terasawa, Nidek Co., Ltd. (E); 
Hiroyuki Tashiro, Nidek Co., Ltd. (F); Yukari Nakano, Nidek Co., 
Ltd. (E); Motoki Ozawa, Nidek Co., Ltd. (E)
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Setup for visible and infrared electroretinogram and visual 
evoked potential in an animal model for evaluation of a retinal 
prosthesis
Dirk-Uwe G. Bartsch1, Samir Damle1, Brandon Bosse1, 2, 
Lingyun Cheng1, 2, William R. Freeman1, 2. 1Ophthalmology-Shiley 
Eye Ctr, Univ of California-San Diego, La Jolla, CA; 2Nanovision 
Biosciences, La Jolla, CA.
Purpose: Recent advances in the design of retinal implants have 
required to develop a method of measuring the electroretinogram 
(ERG) and the visual evoked potential (VEP) in eyes implanted with 
a retinal prosthesis in an animal model. Most retinal prosthesis are 
sensitive in the visible and also in the infrared spectrum beyond the 
sensitivity of the native photoreceptors. It is therefore important to 
develop to study the neural response to the visual stimulus of visible 
and infrared light stimulus. Furthermore, this setup can then be used 
to evaluate the ability of a retinal prosthesis to produce a neural 
response.
Methods: We modified an existing electroretinogram device by 
modifying the stimulus generation and stimulus delivery. We replaced 
the Ganzfeld stimulator in the conventional setup with a slitlamp 
delivery system. In addition, we used a laser diode to create the 
light stimulus. The laser diodes (532 and 850 nm) were mounted 
in a temperature controlled mount and driven by combination laser 
diode current and temperature driver. The light was coupled into 
a multimode fiber and delivered via a Haag-Streit slitlamp. The 
retinal spot size can be varied between 600-5,000 µm. We used 
Dutch pigmented rabbits (n=12) for our experiment. The focal 
ERG was recorded with a Burian-Allen contact lens. The VEP was 
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recorded with transcranial screw electrodes as previously described 
[Makowiecki et al. TVST 4:15;2015 PMC4413925]. Maximum 
permissible exposure limits were calculated according to ANSI 
standard. A custom Faraday cage was constructed.
Results: The results show good reproducibility of the VEP recording 
within the same day and a decrease in VEP amplitude with decreasing 
spot size. As expected, infrared light was not able to generate a 
detectable VEP in normal retina even at the highest power setting. 
The VEP generated by the implant when stimulated with infrared 
light showed a cortical response.
Conclusions: This setup allows selection of different laser diode light 
sources with accurate stable light output and triggered by commercial 
ERG equipment. Light delivery through the slit lamp allows accurate 
monitoring of the stimulus location. It allows for ERG and VEP 
testing in animals with a retinal prosthesis and allowed us to evaluate 
the focal response of the neural retina in normal and diseased retinal 
regions as well as the performance of a retinal prosthesis.
Commercial Relationships: Dirk-Uwe G. Bartsch, Nanovision 
Biosciences (F); Samir Damle, None; Brandon Bosse, Nanovision 
Biosciences (E); Lingyun Cheng, Nanovision Biosciences (I); 
William R. Freeman, Nanovision Biosciences (I)
Support: UCSD Vision research core grant (P30EY022589), 
NIH grant R01EY016323 (DUB) Research to Prevent Blindness, 
Nanovision Biosciences
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Advantage of Using Topographic Prominence Discriminator–
adapted Filter for Eliminating Electric Stimulus Artifact
JungRyul Ahn1, MyoungHwan Choi2, Kyo-in Koo2, Yongsook Goo1. 
1Physiology, Chungbuk National University Med School, Cheong-
ju, Korea (the Republic of); 2Biomedical Engineering, University of 
Ulsan, Ulsan, Korea (the Republic of).
Purpose: Electrical stimulation through retinal prosthesis elicits 
retinal ganglion cell (RGC) spikes directly and indirectly through 
synapses. Because directly-evoked spike is usually 1:1 matched with 
electric stimulus, it is very important to isolate spike obfuscated by 
electric stimulus artifact. Previously, we showed that topographic 
prominence (TP) discriminator based algorithm is valid and useful 
for artifact subtraction. In this study, we compared the performance 
of forward backward (FB) filter only vs. TP-adapted FB filter.
Methods: C3H/HeJ strains (rd1 mice) at postnatal week 10 and 
higher were used for the retinal degeneration model (number of 
mouse = 3). Extracted retina was placed RGC layer down on the 
surface of the 8 × 8 multi-electrode array (MEA) in which one 
electrode was used for stimulation while all the others for recording. 
The recorded signals were classified into four groups by distances 
between the stimulation and recording electrodes on MEA (200-400, 
400-600, 600-800, 800-1000 µm). Fifty cathodic phase-1st biphasic 
current pulses (duration 500 ms, intensity 5, 10, 20, 30, 40, 50,  
60 µA) were applied at every 1 sec. Two subtraction filters were used: 
forward backward (FB) zero phase filter with cut-off frequency of 
500 Hz high pass and TP-adapted FB filter. The performances of two 
algorithms were statistically compared in terms of false positive error 
and false negative error, considering variability of stimulus artifacts 
related with spatial distance and current intensity.
Results: In terms of false positive error, TP-adapted FB filter 
shows better performance than simple FB filter (p < 0.001, number 
of channels vary from 32 to 83) except in the condition of 50 µA 
intensity, 200-400 µm distance. In terms of false negative error, 
simple FB filter shows better performance than TP-adapted FB filter 
(p < 0.01).

Conclusions: Since false negative error of TP-adapted FB filter  
(0.08 ± 0.02 spike/pulse) was much less comparing with false 
positive error of FB filter (2.64 ± 0.07 spikes/pulse), it suggests 
that advantage of using TP-adapted FB filter would be higher than 
negligible disadvantage of slight increase of false negative error. 
Therefore, we propose that TP-adapted FB filter could be used as a 
computational algorithm to subtract the electric stimulus artifact.
Commercial Relationships: JungRyul Ahn, None; 
MyoungHwan Choi, None; Kyo-in Koo, None; Yongsook Goo, 
None
Support: Supported by grants of the MEST (NRF-
2013R1A1A3009574) of Korea
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Degeneration Stage-specific Safe Limit for Electric Stimulus in 
rd10 Mouse Retina
SeongKwang Cha, JungRyul Ahn, Yongsook Goo. Physiology, 
Chungbuk National University, Cheongju, Korea (the Republic of).
Purpose: Retinal prostheses have been developed to restore 
vision for the blind with retinitis pigmentosa (RP) and age-related 
macular degeneration (AMD) by electrical stimulation of surviving 
neurons, eliciting spikes of retinal ganglion cells (RGCs). While 
electric stimulus can evoke RGC spikes, there is a possibility 
of neural damage with repetitive electric stimulus. Therefore, 
determining the safe limit for electric stimulus is important for the 
successful development of the retinal prostheses. Here, we explored 
degeneration stage-specific safe limit for electric stimulus in rd10 
mouse, a good animal model of human RP.
Methods: Rd10 mice with postnatal weeks (PNWs) 6.5, 10, 20 
and 34 were chosen for different degeneration stages (n=3 for each 
PNW). After isolation of retinal explant, RGC side is attached on 
the electrode. By applying electric pulses (500 µs-long, 30 µA-
amplitude, cathodic phase-first, biphasic charge-balanced, symmetric 
square current with 5 Hz frequency) for 450 min, we recorded 
responses of RGC spikes with 8 × 8 perforated multi-electrode array 
(pMEA). Our in vitro system mimics the configuration of epiretinal 
prosthesis. We compared RGC spike rate at 25, 70, 135, 220, 325, 
and 450 min of electric stimulus application.
Results: In all PNW groups, pMEA system enabled us a stable 
recording of RGC spikes up to 480 min. In all PNW groups except 
PNW 20, the mean frequency of RGC spikes decreased with 
increasing stimulus duration (p<0.001). But the rate of frequency 
change differed in each PNW group; in PNW 34 group, frequency 
change of RGC spikes were observed at 25 min of stimulus 
application (p<0.05), while 135 min of stimulus application induced 
frequency change in PNW 6.5 and 10 group (p<0.01). The multiple 
peaks in post-stimulus time histogram which are correlated with 
phase-locking local field potential disappeared after the 135~325 min 
of electric stimulus application; the disappearance timing is different 
in different PNW groups.
Conclusions: These results imply that safe limit for electric stimulus 
is different at each degeneration stage. The difference of safe limit 
could be explained by different retinal network and Mueller cell 
thickness according to degeneration stage. Thus, degeneration stage-
specific long-term safety limit should be considered to establish 
optimal vision restoration strategies using retinal prosthesis.
Commercial Relationships: SeongKwang Cha, None; 
JungRyul Ahn, None; Yongsook Goo, None
Support: This work was supported by the National Research 
Foundation (NRF) of Korea grant funded by the Korea government 
(NRF-2013R1A1A3009574 to YSG).
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Estimation of the reliability of a subretinal implant using 
systematic statistical evaluation of clinical results and developing 
a laboratory model
Renate Daschner, Martin Kokelmann, Udo Greppmaier, Ralf Rudorf, 
Sandra Rudorf. Retina Implant AG, Reutlingen, Germany.
Purpose: As there are no therapies available yet to cure Retinitis 
Pigmentosa, several approaches of retinal implants are under 
development that might allow patients to retrieve some kind of visual 
sensations. A critical issue thereof is the functional life of these 
devices, because sensitive electronic components must continuously 
withstand the environment of the body. A first estimation of the 
reliability of the two implant systems Retina Implant Alpha IMS and 
Retina Implant Alpha AMS is given.
Methods: The subretinal implant Alpha IMS has been part of 
a clinical trial consisting of 29 patients (www.clinicaltrials.gov, 
NCT01024803). This part of the trial is already finished allowing 
us to statistically evaluate the reliability of the retinal implant. 
An exponential model is used to calculate the system lifetime. 
Additionally the reliability of the implant is simulated in a laboratory 
environment. Here all critical components of the implant system are 
tested under accelerated ageing conditions. The total system lifetime 
is predicted from the components using a competing risk analysis. 
The advanced implant system Alpha AMS is part of an ongoing 
clinical trial. For that reason only a first estimate of the reliability can 
be given using the same evaluation models and assumptions that have 
been developed for Alpha IMS.
Results: Using an exponential model to calculate the reliability 
of the Alpha IMS system a median device lifetime of 0.6 years is 
determined. Failure mechanisms that occurred during the clinical trial 
could be reproduced in our laboratory accelerated aging tests. Also 
the estimated median device lifetime of 0.7 years from laboratory 
experiments is in good agreement with the clinical result showing 
that our experiments are suitable to model clinical usage of the 
system. Therefore we use the same model to estimate the laboratory 
and clinical reliability of the newer system Alpha AMS where only 
few clinical data exist up to now. Already now it can be shown, that 
for a confidence level of 75% the median device lifetime of Alpha 
AMS is expected to be at least four times the system lifetime of 
Alpha IMS.
Conclusions: A laboratory model is developed which gives a reliable 
estimation of the device lifetime of the subretinal implants Alpha 
IMS and Alpha AMS showing good agreement with the predicted 
clinical reliability based on recent clinical data.
Commercial Relationships: Renate Daschner; 
Martin Kokelmann, Retina Implant AG (E); Udo Greppmaier, 
Retina Implant AG (E); Ralf Rudorf, Retina Implant AG (E); 
Sandra Rudorf, Retina Implant AG (E)
Clinical Trial: NCT01024803
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Optimization of pillar electrodes in subretinal prosthesis for 
enhanced proximity to target neurons
Thomas A. Flores1, Xin Lei2, Tiffany W. Huang2, Henri Lorach3, 
Roopa Dalal3, 4, Theodore Kamins2, Keith Mathieson5, 
Daniel V. Palanker3, 4. 1Applied Physics, Stanford University, 
Stanford, CA; 2Electrical Engineering, Stanford University, Stanford, 
CA; 3Hansen Experimental Physics Laboratory, Stanford University, 
Stanford, CA; 4Ophthalmology, Stanford University, Stanford, CA; 
5Institute of Photonics, University of Strathclyde, Glasgow, United 
Kingdom.

Purpose: High-resolution visual prostheses require dense stimulating 
arrays with highly localized current injection to convey high fidelity 
visual information to the remaining retinal neurons. Reducing the 
electrode to target cell distance is expected to decrease stimulation 
thresholds and electrical cross-talk, enabling higher spatial resolution. 
In this study, we test the integration of pillar electrodes with retinal 
tissue following implantation in the subretinal space and model the 
electric field produced by high-density subretinal arrays.
Methods: Silicon arrays were fabricated with cylindrical pillars 5, 
10, and 20um in height. Pillars were 6, 10, and 14um in diameter, 
with 40, 55, and 70um pitch, respectively. Two devices of each 
geometry and two devices with no pillars (control) were implanted 
into the subretinal space in rats with retinal degeneration (RCS). 
Retinal integration with the implants was assessed at 6 weeks post 
implantation using confocal microscopy of immunostained whole-
mount retinas and histological sections. Electric fields were modeled 
using COMSOL Multiphysics and converted to retinal response using 
a threshold-mediated model based on the measured cellular proximity 
to the electrode surface.
Results: All sizes of the pillar electrodes integrated well with 
the retina without significant fibrosis. Pillars of 10um in height 
penetrated to the middle of INL, while 20um pillars penetrated to the 
top of the INL. Modeling the retinal response indicated optimal pillar 
placement at the bottom of the INL, while electrode penetration into 
the INL reduced stimulation of the cells located below the electrode 
surface due to reversed orientation of the electric current.
Conclusions: Pillar electrodes in the subretinal space reduce the 
distance from the electrode surface to the INL compared with 
flat arrays. Careful atraumatic implantation results in excellent 
integration of the implant with the retinal tissue with no significant 
fibrosis. Electrode penetration into the INL may reduce stimulation 
efficacy due to reversal of the electric current below the plane of the 
electrode surface. Optimal electrode height depends on the thickness 
of the subretinal debris layer separating the implant from the INL. 
Future studies with active devices in-vivo will quantify the difference 
in stimulation thresholds, contrast sensitivity, and spatial resolution 
between implants with flat and 3-D electrodes.
Commercial Relationships: Thomas A. Flores, None; Xin Lei, 
None; Tiffany W. Huang, None; Henri Lorach; Roopa Dalal, 
None; Theodore Kamins, Pixium Vision (C); Keith Mathieson, 
None; Daniel V. Palanker, Pixium Vision (P), Pixium Vision (C)
Support: NIH Grant R01-EY-018608, Department of Defense Grant 
W81XWH-15-1-0009
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Characterization of the Silicon Nanowire Optoelectronic Device 
For Subretinal Prosthesis
Yi Jing1, Samir Damle2, Brandon Bosse1, Sue Bauchner1, 
William R. Freeman3, Yu-Hwa Lo4. 1Nanovision Biosciences Inc., San 
Diego, CA; 2Department of Bioengineering, University of California, 
San Diego, La Jolla, CA; 3Department of Ophthalmology, University 
of California, San Diego, La Jolla, CA; 4Department of Electrical and 
Computer Engineering, University of California, San Diego, La Jolla, 
CA.
Purpose: The purpose of this study is to characterize the performance 
of a silicon nanowire optoelectronic device as artificial retinal 
photoreceptors.
Methods: Silicon nanowire photodiode arrays were fabricated using 
nanofabrication techniques. The current-voltage characteristics were 
investigated under dark and illumination using a semiconductor 
device analyzer. In addition, the spectral photo response of the 
device over visible and infrared (IR) wavelengths was measured 
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using a solar cell quantum efficiency measurement system. To study 
the electrical current output of the device, chronoamperometry 
measurements were performed under IR illumination using a three-
electrode configuration with device immersed in phosphate-buffered 
saline electrolyte.
Results: The Si nanowire photodiode array exhibited high photo 
responsivities to visible and IR illumination. The peak responsivity 
of the device occurs at a wavelength of 750 nm. The device used 
for wet characterization consists of 1512 electrodes. It is optically 
addressed and can be electrical biased. Under continuous 850 nm 
IR illumination and pulsed bias, the responsivity of the device was 
measured to be 1.7 A/W at 0.5 V bias and 2.1 A/W at 1.5V bias, 
respectively. This constitutes a fivefold improvement in responsivity 
compared to conventional unbiased micro-photodiode array for 
retinal prosthesis. At 10ms pulse, each electrode was able to 
inject 1-5nC charges per phase under a bias of 0.5 to 1.5 V and IR 
illumination of 50-200 µW/mm2.
Conclusions: We demonstrated a high-responsivity silicon nanowire 
based optoelectronic device for retinal prosthesis application. The 
charge injected by a single electrode of the device is well above the 
threshold for subretinal electrical stimulation of retina reported in 
literature.
Commercial Relationships: Yi Jing, Nanovision Biosciences 
Inc. (E); Samir Damle; Brandon Bosse, Nanovision Biosciences 
Inc (E); Sue Bauchner, Nanovision Biosciences Inc (E); 
William R. Freeman, Nanovision Biosciences Inc (S); Yu-Hwa Lo, 
Nanovision Biosciences Inc (C)
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Behavioral assessment of photovoltaic subretinal prosthesis in 
rats with retinal degeneration
Henri Lorach1, Florian Lazslo1, Elton Ho1, Xin Lei2, 
Ludwig Galambos2, Theodore Kamins2, James Harris2, 
Daniel V. Palanker1, 3. 1Hensen Experimental Physics Lab, Stanford 
University, Stanford, CA; 2Electrical Engineering, Stanford 
University, Stanford, CA; 3Ophthalmology, Stanford University, 
Stanford, CA.
Purpose: Assessment of prosthetic vision using behavioral responses 
in awake animals is a challenge for many prosthetic approaches. Here 
we take advantage of the wireless nature of photovoltaic stimulation 
and measure characteristics of prosthetic vision using behavioral 
responses in rats with retinal degeneration.
Methods: Pigmented rats (n=9) were implanted subretinally with 
photovoltaic arrays. Among them, 6 animals had global retinal 
degeneration (RCS rats) and 3 were Long Evans (LE) rats that 
developed local degeneration above the implant. Stimulation was 
performed with 4 LED panels surrounding the cage, emitting 880nm 
radiation. Animal behavior in response to stimulation was recorded 
on video and analyzed by the experimenter.
Results: Implanted RCS rats reacted to prosthetic stimulation 
by startling (freezing) response, similar to the fear response in 
conditioning paradigms. This response was absent in the age-matched 
non-implanted RCS as well as in implanted LE rats, indicating 
that it is mediated by the implant and that remaining natural vision 
in LE rats negates startling response. With this method, we found 
stimulation thresholds of 0.17mW/mm2 with 10 ms pulses at 2 Hz. 
To assess contrast sensitivity, we applied a continuous train of pulses 
at 20 Hz, and modulated the pulse duration within 2 seconds long 
segments. We found responses to both increase and decrease in light 
intensity, with Michelson contrast of 12%.
Conclusions: Behavioral studies in awake, freely moving animals 
enable quantitative assessment of prosthetic vision, and reveal higher 

contrast sensitivity than with VEP measurements, as well as the 
presence of not only ON but also OFF responses.
Commercial Relationships: Henri Lorach, Pixium Vision 
(C); Florian Lazslo, None; Elton Ho, None; Xin Lei, None; 
Ludwig Galambos, None; Theodore Kamins, Pixium Vision (C); 
James Harris, None; Daniel V. Palanker, Pixium Vision (P), Pixium 
Vision (C)
Support: NIH Grant R01-EY-018608
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Optimized rabbit eye model for acute evaluation of subretinal 
prosthesis
Fangting Li1, Ying Xiao1, Yuqin Wang1, Scott Thorogood2, 
William R. Freeman1, Lingyun Cheng1. 1University of California, San 
Diego, San Diego, CA; 2Nanovision Biosciences, San Diego, CA.
Purpose: Retinal prosthesis is an engineered light sensor which is 
designed to receive the light evoked electrophysiology signals to 
adjacent remaining retinal cells which relay the signals to the brain 
visual cortex. Good ocular safety and biocompatibility of such a 
device is the first must-met criteria for further development. Rabbit 
eye size is closer to human eye than rodent while cheaper and 
easier handling than pig; however, many studies were performed 
in rodent eyes or pig eyes due to the thin and avascular retina of 
rabbit leading to low successful rate of subretinal implantation and 
lateral complication from surgical manuver. We developed a simple 
transcleral method to implant subretinal prosthesis using rabbit eye.
Methods: Retinal prosthesis of 3mm x 4 mm x 300 µm with a power 
supplying tail design was implanted subretinally via a two-step 
surgical technique. The technique consists of external trans sclera/
choroid implanting and internal vitrectomy and oil tamponading, 
using 25 G vitrectomy system. Ophthalmoscopic imaging and optical 
coherence tomography (OCT) analysis were performed to evaluate 
the anatomical relationship between the implant and the surrounding 
eye tissues.
Results: Implant was successfully implanted in 19 rabbits out of 10 
rabbits, with a 90% successful rate. The fundus image on the next 
day clearly demonstrated implant below optic nerve head where the 
rabbit visual streak is. OCT revealed overlying retina apposed to the 
electrode without retinal detachment (Fig1).
Conclusions: This two-step surgical technique using 25 G vitrectomy 
system seems minimally invasive with little complication while with 
a consistent surgical successful rate.

Commercial Relationships: Fangting Li; Ying Xiao, None; 
Yuqin Wang, None; Scott Thorogood, Nanovision Biosciences (E); 
William R. Freeman, Nanovision Biosciences (C); Lingyun Cheng, 
Nanovision Biosciences (C)
Support: Nanovision Biosciences Inc.
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A Pre-clinical Model for Safe Retinal Stimulation
David A. Nayagam1, 2, Patrick C. Thien1, 3, Carla J. Abbott4, 6, 
Mohit N. Shivdasani1, Stephanie B. Epp1, Joel Villalobos1, 
Ceara McGowan1, Richard Williams2, 5, Chi D. Luu4, 6, Cesar Salinas-
LaRosa5, Jonathan Yeoh4, 6, Owen Burns1, Alice A. Brandli4, 6, 
Chris E. Williams1, Penelope J. Allen4, 1, Robert K. Shepherd1, 3. 
1Bionics Institute, East Melbourne, VIC, Australia; 2Department 
of Pathology, University of Melbourne, Fitzroy, VIC, Australia; 
3Department of Medical Bionics, University of Melbourne, East 
Melbourne, VIC, Australia; 4Centre for Eye Research Australia, 
Royal Victorian Eye and Ear Hospital, East Melbourne, VIC, 
Australia; 5Anatomical Pathology, St Vincent’s Hospital Melbourne, 
Fitzroy, VIC, Australia; 6Department of Surgery (Ophthalmology), 
University of Melbourne, East Melbourne, VIC, Australia.
Purpose: Safety limits for electrical stimulation of the retina are 
unclear. We developed a model to determine safe retinal stimulation 
limits using a clinical electrode array driven by two independent 
current sources.
Methods: Normally sighted adult cats (n=13) were implanted, 
suprachoroidally, with a medical grade electrode array. The array 
contained 44 platinum (Pt) disc electrodes (1 mm diameter) and 2 
large Pt return electrodes. The lead assembly was tunnelled to an 
exteriorised connector. Following recovery, the animals were fitted 
with a wearable harness containing two multichannel stimulators 
controlled by a custom designed and built processor allowing 
simultaneous (paired) electrode activation. Stimulation parameters 
were fully controllable, and electrode impedances monitored, 
wirelessly using custom software running on a laptop PC base 
station. Biphasic current pulses were delivered continuously at a 
range of defined charge levels (250-1450 nC), phase widths (145-580 
µs) and rates (50-200 pps) to randomly assigned electrode pairs for 
up to 4 months (mean: 54 days). Eye health was assessed monthly 
with standard clinical testing. Pathohistological assessments were 
performed using our published protocols.
Results: Chronic stimulation was well tolerated by the subjects, 
as determined by veterinary consultation. The wireless control 
and monitoring system significantly reduced subject interactions. 
Following a clinically relevant stimulus of 500 nC per pair of 
electrodes at 50 Hz (phase width: 400 µs), retinal imaging revealed 
local increased reflectivity and a build-up of material in the outer 
retinal layers. Histology confirmed localised acute inflammation 
limited to the suprachoroidal pocket (Fig). However, no overt 
structural changes were observed in the retina by clinical imaging 
or histopathology. Higher charge levels and/or rates induced 
progressively more significant retinal tissue reaction including, 
ultimately, destruction of the photoreceptor outer segments and 
reorganisation of the outer nuclear layer (Fig).
Conclusions: An animal model for assessing the safety limits of 
chronic electrical stimulation of the retina has been developed and 
validated with clinical and histopathological outcomes. Future studies 
using this model will refine the safe stimulus parameter space and 
provide clinical imaging guidelines to facilitate management of 
retinal prosthesis recipients.

Spectrum of Stimulus Induced Retinal Tissue Reaction
Commercial Relationships: David A. Nayagam, None; Patrick 
C. Thien, None; Carla J. Abbott, None; Mohit N. Shivdasani, 
Bionics Institute (P); Stephanie B. Epp, None; Joel Villalobos, 
Bionics Institute (P); Ceara McGowan, None; Richard Williams, 
None; Chi D. Luu, None; Cesar Salinas-LaRosa, None; 
Jonathan Yeoh, None; Owen Burns, Bionics Institute (P); 
Alice A. Brandli, None; Chris E. Williams, Bionics Institute (P); 
Penelope J. Allen, Bionics Institute (P), Centre for Eye Research 
Australia (P); Robert K. Shepherd, None
Support: ARC Special Research Initiative in Bionic Vision Science 
and Technology grant to Bionic Vision Australia (BVA); NHMRC 
grant 1082358 to CIA Dr Penny Allen. The Centre for Eye Research 
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The comparison of cortical responses evoked by transcorneal 
electrical and visual stimulation by intrinsic optical imaging
Yao Chen, Pengcheng Sun, Zhuofan Lu, Xinyu Chai. Biomedical 
Engineering, Shanghai Jiao Tong University, Shanghai, China.
Purpose: Transcorneal electrical stimulation (TcES) is a promising 
therapeutic tool in ophthalmic neurodegeneration diseases. It has 
also been applied in screening candidates for retinal prostheses 
implantation. Our previous work found (TcES) through an ERG-jet 
corneal electrode could consistently elicit response areas in cats’ 
visual cortex, using intrinsic optical imaging of signals (OIS) (IOVS, 
2014). These OIS activation regions were mainly located in cortical 
areas representing peripheral visual field. However whether cortical 
areas corresponding to central visual field could be activated is still 
unclear. Furthermore, comparing the cortical responses evoked by 
electrical and visual stimulation could enhance the comprehension 
of neurophysiological mechanisms underlying prosthetic vision. The 
purpose of this study was to investigate the difference of spatial-
temporal patterns of cortical response evoked by TcES through ERG-
jet and visual stimulation.
Methods: Optical imaging of intrinsic signals were recorded from 
area 17 and 18 in 11 adult cats with normal vision to study the 
cortical responses evoked by TcES and visual stimulation. An ERG-
jet contact lens electrode placed on one eye was used to deliver 
different electrical pulses. For visual stimulation, peripheral gratings 
with inner diameter varied from 30° to 2.5° and full screen gratings 
were used.
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Results: The retinotopic map of the cortical area by OIS imaging was 
measured with the visual stimulation. The cortical responses to TcES 
primarily located in area 18 representing peripheral visual field. With 
the increment of current intensity, the electrical activated cortical 
area extended to 17/18 border. The size of activated area significantly 
increased (Wilcoxon test, P<0.05, n=11) when the current intensity 
was above 4 mA, which means the cortical area of 17 corresponded 
to central visual field with about 5° eccentricity were activated. 
Furthermore, compared with visual stimulation, negative response 
always show up in adjacent area when cortical area representing 
peripheral visual field were activated by TcES.
Conclusions: The result of this study demonstrated that TcES 
through ERG-jet corneal electrode preferentially activated peripheral 
area of the retina and central retina could be activated using higher 
current intensity.
Commercial Relationships: Yao Chen, None; Pengcheng Sun, 
None; Zhuofan Lu, None; Xinyu Chai, None
Support: The National Basic Research Program of China (973 
Program, 2011CB707502/3), the National Natural Science 
Foundation of China (31070981, 61171174, 91120304).
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Perceived visual field expanding with content-aware image 
retargeting for prosthetic vision
Xinyu Chai, Yajie Zeng, Heng Li, Yao Chen, Chuanqing Zhou. 
Biomedical Engineering, Shanghai Jiao Tong University, Shanghai, 
China.
Purpose: Although great progress has been made in the development 
of retinal prostheses, small visual field and low-resolution remain 
as major obstacles to achieve satisfying prosthetic vision. Hence, 
we focus on expanding the small visual field by image retargeting 
methods, aiming to retarget a wider scene into the prosthetic vision 
and meanwhile preserve important information as much as possible.
Methods: We utilized the idea of the content-aware seam-assisted 
shrinkability (SAS) (Al-Atabany et al, 2010) method, and made 
improvements by weighting a color-based saliency map to enhanced 
the image importance.
We compared our method with cropping, scaling and SAS under 
simulated prosthetic vision (SPV) by object detection and recognition 
experiments. 28 subjects with normal or corrected-to-normal vision 
participated in the study. 85 images (48 indoor and 37 outdoor) of 
40° visual angle were compressed to 20° by four image strategies. 
After direct pixelization, there were four groups of images, cropping 
pixelization (C-P), scaling pixelization (S-P), SAS pixelization 
(SAS-P) and OURS-P.
Results: On the method improvement, our method outperforms 
in preserving more important region of an image when resizing 
than SAS under different compression ratios based on MSRA100 
database.
About the experimental results, for indoor images, the percentage of 
detected objects were 45.47% ± 1.31% for C-P, 92.71% ± 1.11% for 
S-P, 97.48% ± 0.64% for SAS-P and 98.78% ± 0.42% for OURS-P. 
The latter three strategies had a significant difference from C-P. 
SAS-P and OURS-P both had a significant difference from S-P. The 
recognition accuracy were 23.61% ± 1.26% for C-P, 35.30% ± 3.47% 
for S-P. SAS-P (54.08% ± 2.63%) and OURS-P (64.11% ± 2.28%) 
showed a significant increase (P < 0.001) than C-P and S-P. The 
average recognition time for C-P was 7.69 ± 0.83 s, 10.62 ± 1.22 s 
for S-P, 9.52 ± 0.53 s for SAS-P, and 9.94 ± 1.21 s for OURS-P. And 
there was similar results for outdoor images.
Conclusions: We demonstrated the color-based saliency map 
contributed to preserve more important information. The 

experimental results indicated our method outperformed in conveying 
more useful visual information and meanwhile guaranteeing the 
recognition performance under low-resolution SPV. Therefore, this 
image processing strategy may be beneficial to prosthesis recipients 
in the future.
Commercial Relationships: Xinyu Chai, None; Yajie Zeng, None; 
Heng Li, None; Yao Chen, None; Chuanqing Zhou, None
Support: he National Natural Science Foundation of China 
(61273368, 61472247); The National Basic Research Program of 
China (973 Program, 2011CB7075003); National High Technology 
Research and Development Program of China (863 Program, 
2009AA04Z326).
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Towards effective activation of V1 neurons with micro-coils
Shelley I. Fried2, 1, Seung W. Lee1, 2. 1Neurosurgery, Massachusetts 
General Hospital, Boston, MA; 2Research, Boston VA Healthcare 
System, Boston, MA.
Purpose: The factors influencing the sensitivity of cortical neurons 
to artificial stimulation are not fully understood. While advances 
in computational modeling improve the ability to estimate the 
fields arising from a given set of stimulating conditions, the 
factors governing the neuronal sensitivity to such fields have not 
been completely elucidated. This understanding is essential to the 
development of cortical prostheses that strive to restore vision to the 
blind.
Methods: The sensitivity of individual cortical neurons to different 
forms of stimulation were studied in mouse brain slices. The small 
micro-coils used here confined the induced fields to a narrow region 
within targeted cells; this enabled the sensitivity of individual regions 
to be compared. Responses were captured using cell-attached patch 
clamp electrodes. Stratification levels and anatomical features were 
used to classify cells into known types so that responses across 
individual types could be compared.
Results: In naïve (unstimulated) L5 pyramidal neurons (PNs), the 
proximal axon had the highest sensitivity to stimulation. Interestingly 
however, after a brief period of stimulation, the sensitivity of the 
apical dendrite increased beyond that of the axon; the number 
of stimuli required to induce the switch was comparable to that 
delivered during commonly-used clinical paradigms of repetitive 
transcranial magnetic stimulation (rTMS). Once the change in 
sensitivity occurred, it persisted for the duration of an experiments 
(~1 hour). Consistent repetitive stimulation induced the change with 
fewer pulses than trains in which stimulation was intermittent. Many 
aspects of the response (peak firing rate, duration, etc.) were different 
for different types of PNs. Rotation of the micro-coil revealed that 
fields oriented along the long axis of PNs were highly effective but 
those oriented orthogonally did not induce spiking, even for delivery 
of several thousand stimuli.
Conclusions: Spatially-narrow fields can activate neurons at 
thresholds much lower than those previously thought possible. This 
suggests that activation in response to certain forms of stimulation 
may be more widespread than previously thought. In addition, the 
lack of effectiveness for certain field orientations suggests that 
activation can be narrowly confined for well-designed coils or 
electrodes. This has the potential to greatly improve the acuity of 
artificial vision.
Commercial Relationships: Shelley I. Fried, None; Seung W. Lee, 
None
Support: VA RR&D RX001663; NIH/NEI EY023651; NIH/NINDS 
NS099700
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Influence of the TRPV-1 channel and HSP70 on RPE cell survival 
after transient temperature rise
Katharina Kern1, 2, Saskia Beier2, Ralf Brinkmann1, 2, Yoko Miura1, 2. 
1Medical Laser Center Luebeck, Luebeck, Germany; 2Institute of 
Biomedical Optics, University of Luebeck, Luebeck, Germany.
Purpose: Laser-induced hyperthermia on retinal pigment epithelial 
(RPE) cells is discussed as a new therapeutic strategy for different 
chorioretinal disorders. In this study we investigated the roles of 
a Ca2+ permeable transient potential receptor vanilloid (TRPV)-1 
channel and heat shock protein (HSP) 70 on RPE cell survival and 
subsequent responses after thermal laser irradiation.
Methods: Cultured primary porcine RPE cells were heated with 
a Thulium laser (λ= 1940 nm, spot diameter=30 mm, irradiation 
time=10s), through which a maximal temperature distribution 
exhibits a Gaussian decay from central position (peak temperature 
(Tmax)) to the periphery of the dish. The laser power levels were 
chosen to reach Tmax of 40, 43, 46, 50 and 58 °C. Cell viability 
was examined with flow cytometry using FITC-Annexin V and 
Ethidium Homodimer III, secretion of vascular endothelial growth 
factor (VEGF) with ELISA, and protein expressions with western 
blotting against HSP70, VEGF and Thioredoxin, at 3 and 24 h after 
irradiation performed with or without SB-366791 and VER-155008, 

a TRPV-1 inhibitor and a HSP70 inhibitor, respectively. As a control 
situation Tmax-matched non-inhibited RPE-cultures were used.
Results: Inhibition of TRPV-1 with SB-366791 led to a significant 
decrease of living cells (15%, p≤ 0.01) 3 h after irradiation with Tmax 
58 °C in comparison to the control. Three hours after irradiation 
the secretion of VEGF declined significantly in cultures irradiated 
with Tmax 50 °C under TRPV1 inhibition (15%, p≤ 0.05). Inhibition 
of HSP70 function with VER-155008 led to a significant decline of 
living cells after 3 h of the irradiation with Tmax 58 °C (5%, P≤ 0.05) 
and after 24 h of the irradiation with Tmax 50 °C (10%, P≤ 0.05). 
Western blotting revealed that functional inhibition of HSP70 leads to 
an enhancement of the laser-induced increase of intracellular HSP70 
up to 12 times, intracellular VEGF and Thioredoxin up to 4 times 
temperature-dependendly, in comparison to the control conditions at 
24 h after irradiation.
Conclusions: From the results,TRPV-1 is suggested to be important 
for the prevention of heat-induced cell death at an early phase after 
irradiation, whereas HSP70 to be crucial for longer time (up to days) 
cell survival and the stabilization of the antioxidant potential of RPE 
cells after thermal irradiation.
Commercial Relationships: Katharina Kern; Saskia Beier, None; 
Ralf Brinkmann, None; Yoko Miura, None
Support: Air Force Office of Scientific Research, USAF Award No. 
FA9550-15-1-0443; Federal Ministry of Education and Research 
(BMBF) in Germany Award No. 13GW0043C


