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Second Harmonic Generation Microscopy Of The Human 
Cornea and Sclera In Vivo
Francisco J. Avila, Juan M. Bueno, Adrian Gambin, Pablo Artal. 
Laboratorio de Óptica, Universidad de Murcia, Murcia, Spain.
Purpose: Second Harmonic Generation (SHG) microscopy provides 
high resolution structural images of both the cornea and the sclera 
without labelling procedures. This is a powerful technique that, as 
far as we know, has not been yet applied in living human eyes. Here, 
we present a novel compact SHG microscope developed to image 
collagen-based ocular structures in human healthy volunteers.
Methods: A research prototype of SHG multiphoton microscope has 
been designed and built. It is a compact device using a femtosecond 
Ti:Sapphire laser (800 nm, 76 MHz) as illumination source and 
an on-air long-working distance objective that allows non-contact 
imaging of the cornea and sclera. A piezo step-motor is used for 
optical sectioning and a scanning unit permits imaging of different 
areas of interest. Ocular movements during image acquisition were 
minimized by means of a bite-bar and a head fixation system. Images 
of 100x100 µm2 with a resolution of 100x100 px were acquired at a 
frame rate of 3.3 Hz.
Results: Light safety limits, as well as functionality and sensitivity 
of the instrument, were carefully established and tested in a previous 
calibration procedure using ex-vivo fresh ocular tissues. The 
maximum average laser power used was 20 mW at the corneal plane, 
10 times below the maximum permissible exposure (according to 
ANSI Z136.1-2000). The instrument was successfully applied to 
obtain images of non-stained collagen-structures in the cornea and 
sclera of 2 volunteers. Since the measurements were performed 
without contact, eye movements were the main limiting factor of the 
quality of the images. Different techniques to compensate motion 
artefacts were subsequently used to improve the images. A structural 
analysis of the collagen distribution was carried out for the recorded 
SHG images.
Conclusions: We presented the first SHG images of anterior ocular 
structures recorded non-invasively and without physical contact in 
human subjects. Future additional improvements of this technique 
could be of potential use for earlier diagnosis of corneal diseases.
Commercial Relationships: Francisco J. Avila, None; 
Juan M. Bueno, None; Adrian Gambin, None; Pablo Artal, None
Support: European Research Council Advanced Grant ERC-2013-
AdG-339228 (SEECAT) & SEIDI, Spain (grant FIS2013-41237-R) & 
“Fundación Séneca,” Murcia, Spain (grant 19897/GERM/15)
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Enhancements to a confocal microfluorometer for lifetime 
spectroscopy of the cornea based on a digital frequency domain
Kushal Shah1, Sahana Damale2, Ramesh Babu2, Uday B. Kompella3, 
Beniamino Barbieri4, Sangly P. Srinivas1. 1Optometry, Indiana 
University, Bloomington, IN; 2Computer Science, DSCE, Bangalore, 
India; 3Pharmaceutical Sciences, University of Colorado, Bangalore, 
India; 4ISS, Champaign, IL.
Purpose: We report on enhancements to a confocal scanning 
microfluorometer [CSMF; Srinivas and Maurice, IEEE Trans Biomed 

Eng. 1992 Dec; 39(12):1283-91] for depth-resolved frequency 
domain (FD) lifetime spectroscopy across the cornea.
Methods: In the FD approach, the excitation is modulated. This 
results in a modulated fluorescence with phase and modulation 
depth dependent on the lifetime of the excited fluorophore. Here we 
have employed a blue LED (460 nm) that can be pulsed up to 200 
MHz (ISS Model N742) as the excitation source. The fluorescence 
emission is detected by a photomultiplier (R928). The output of the 
photomultiplier is directed to the signal input on a digital FD (DFD) 
hardware (ISS model: FastFLIM). DFD unit outputs the modulation 
signal to the LED (5 Volts; peak-to-peak with 2 ns pulse width) 
and also performs Time-Tagged-Time-Resolved data acquisition 
for calculation of phase and modulation depth in the emission. The 
operation of the DFD is synced to the depth scanning subsystem via a 
frame CLK input on the DFD. As per the FD approach, fluorescence 
lifetime (t) is calculated by tan φ = ωΤ, where ω = 2πf and f is the 
excitation harmonic in Hz.
Results: Several modifications to the CSMF have vastly improved its 
usability. First, an adaptive algorithm for depth scanning has doubled 
the speed of scanning so that depth scans of human/rabbit corneas can 
be performed within a minute. Secondly, the addition of a sighting 
optic, situated before the detector, has enabled easy alignment of the 
excitation and emission slits to be confocal. With this improvement, 
we routinely get a depth-resolution better than 10 µm with a 40x 
objective. Finally, the addition of FastFlim has made the CSMF to 
be useful for lifetime measurements with 50-100 ps resolution. Our 
initial experiments with gave measurements of lifetime at 3.9 ns for 
fluorescein as expected.
Conclusions: CSMF can now make lifetime measurements at the 
sub-nanoseconds level and hence is now poised for applications with 
a wider array of fluorophores of interest. Accordingly, we will be able 
to measure physiological parameters such as pO2, Na+, Cl-, and pH 
across the depth of the cornea with a high depth resolution.
Commercial Relationships: Kushal Shah, None; Sahana Damale, 
None; Ramesh Babu, None; Uday B. Kompella, None; 
Beniamino Barbieri, ISS (E); Sangly P. Srinivas, None
Support: CTSI and FRSP (PI- SP)
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Trans-corneal Fluorescence Lifetime Spectroscopy in Time 
Domain using a Multichannel Scalar
McKinzie Daniels1, T Sushma2, S Amutha3, Ramesh Babu3, 
Uday B. Kompella4, Sangly P. Srinivas1. 1Optometry, Indiana 
University, Bloomington, IN; 2Electronics and Instrumentation, 
DSCE, Bangalore, India; 3Computer Science, DSCE, Bangalore, 
India; 4Pharmaceutical Sciences, University of Colorado, Denver, 
CO.
Purpose: Multi-channel scalars (MCS) have been used to measure 
fluorescence lifetimes of long-lived fluorophores in the time 
domain (TD). In this project, we have interfaced a standard MCS 
(SR430; Stanford Research Systems) to a custom-built confocal 
scanning microfluorometer (CSMF; Srinivas SP, Maurice DM., A 
microfluorometer for measuring diffusion of fluorophores across the 
cornea. IEEE Trans Biomed Eng., 39(12):1283-91; 1992) to enable 
measurements of fluorescence lifetimes of exogenous fluorophores 
such as Ru phenanthroline for sensing pO2 at localized depths across 
the cornea ex vivo.
Methods: A high power LED, employed as the excitation source, 
was pulsed by a constant current generator (AV-156-A-B) at 12V 
DC. Pulse width and current amplitude were set at 10 µs and 2 A, 
respectively. Pulse frequency was varied (100 - 1500 Hz) depending 
on the number of bins/record in the MCS (SR430; Stanford Research 
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Systems). A sync signal from the current generator was coupled to 
trigger data acquisition in the MCS. Depending on the formulation 
of the Ru salts or Pd-porphyrin, dwell time, record lengths, and 
records/scan in SR430 were varied as 40-160 ns, 1-8k, 5000-10000, 
respectively. Since SR430 is equipped with a pulse discriminator, 
output of the PMT could be coupled directly to SR430. Set up 
of SR430 and transfer of bin data to a PC were controlled by a 
LabVIEW program.
Results: Our preliminary experiments, with and without CSMF, 
consisted of measuring changes in lifetime of porphyrins (Porphyrin 
R2 and G2) as well as Ru phenothroline in response O2 and N2 
transitions. In all our experiments, changes in lifetime could be 
recorded with a temporal resolution of 5-10 seconds. Despite the 
small slit widths, changes in lifetime of Ru salts could be measured 
with CSMF at high pulse frequencies giving a temporal resolution 
of > 0.1 Hz. The lifetime could also be calculated by non-linear 
least squares and RLD (rapid lifetime determination) algorithms in 
realtime.
Conclusions: Although the TD approach offers poor temporal 
resolution, the new CSMF-MCS combination will enable accurate 
and direct measurement of trans-corneal lifetime of long-lived 
fluorophores of interest to our applications (e.g., pO2 sensing). 
Moreover, the success of the RLD method will enable us to limit the 
number of records/scan once lifetime is estimated to desired accuracy 
during a scan.
Commercial Relationships: McKinzie Daniels, None; T Sushma, 
None; S Amutha, None; Ramesh Babu, None; Uday B. Kompella, 
None; Sangly P. Srinivas, None
Support: FRSP and CTSI grants (PI - SP)
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A new Raman spectrometer device for non-invasive 
determination of the molecular composition of the living eye
Shuo Zhang, Roel J Erckens, Frans HM Jongsma, John de 
Brabander, Carroll Webers, Tos TJM Berendschot. ophthalmology, 
University Eye Clinic Maastricht, Maastricht, Netherlands.
Purpose: To develop a new method for non-invasive analysis of 
physiology and pathology in the eye based on Raman spectroscopy, 
with which the anterior eye chamber can be optically sampled 
without direct illumination of the retina. To develop a new method for 
non-invasive analysis of physiology and pathology in the eye based 
on Raman spectroscopy, with which the anterior eye chamber can be 
optically sampled without direct illumination of the retina.
Methods: We designed a dark field device to exclude the laser 
shining directly on the retina. A confocal Raman spectrometer (Model 
2500, River Diagnostics®) was employed as signal acquiring system, 
and a 30 mW, 785 nm and a 20 mw, 671nm diode laser were used as 
light sources. The device was designed and optimized using ray-
tracing software (ZEMAX, Radiant Zemax, Redmond, WA). For 
proof of principle we used an artificial eye model, combining a sclera 
lens and a cuvette, as well as enucleated rabbit eyes.
Results: Ray tracing showed that the laser light could focus at 1.24 
mm depth under the top surface of cornea. Peaks of ethanol at 884cm-

1 and 2930 cm-1 could clearly be observed with 10 seconds acquisition 
times in the artificial eye model. Weak water band between 3200 
cm-1 to 3400 cm-1 could be detected in the anterior chamber of 
untreated eyes within 30s. Peaks at 884 cm-1 and 2930 cm-1 were also 
measurable in eyes injected with ethanol, although with lower peak 
intensities compared to the eye model. Peaks at 1002 cm-1 could be 
observed in eyes injected with phenylephrine.
Conclusions: The new device has been proven to be functional 
both in an artificial eye model as well as in rabbit eyes in vitro. 

Further improvements may be achieved by increasing laser power 
and optimizing the design of the device. In vivo experiment with 
living rabbit is on the schedule and pre-clinic applications are to be 
expected in near future. The device could open a major step into 
fast and non-invasive analysis of the internal eye fluid. Examples 
of clinical applications are early treatment of iritis/Uveitis and 
monitoring drug delivery into the eye in case of glaucoma.
Commercial Relationships: Shuo Zhang, None; Roel J Erckens, 
None; Frans HM Jongsma, None; John de Brabander, None; 
Carroll Webers, None; Tos TJM Berendschot, None

Program Number: 3113 Poster Board Number: B0016
Presentation Time: 11:00 AM–12:45 PM
Optical Coherence Tomography Angiography for Iris Vasculature 
Imaging
Claudio Zett Lobos2, 1, Deborah M. Stina2, Renata Kato2, 
Eduardo A. Novais2, Norma Allemann2. 1Medical Technology, 
Pontificia Universidad Católica de Valparaíso, São Paulo, Brazil; 
2Ophthalmology, Federal University of São Paulo, São Paulo, Brazil.
Purpose: To compare iris vascularization in eyes using spectral-
domain (~840 nm) anterior segment optical coherence tomography 
angiography (AS-OCTA) and fluorescein angiography (AS-FA).
Methods: Patients with different levels of iris pigmentation were 
prospectively recruited to be imaged on OCTA adapted with 
an anterior segment lens (AngioVue, Optovue Inc., Fremont, 
California, USA) and confocal scanning laser ophthalmoscope 
(cSLO) fluorescein angiography (FA) (Spectralis HRA Heidelberg 
Engineering, Heidelberg, Germany) adapted with an anterior segment 
lens. AS-OCTA images were obtained using a 6x6 mm scan size 
pattern, divided into nasal and temporal quadrants and then compared 
to FA images.
Results: Twenty eyes, 10 patients, with different iris colors 
were imaged on AS-OCTA and AS-FA. In both methods, the 
signal blockage was directly proportional to the intensity of the 
pigmentation of the iris. Considering the sample analyzed, AS-OCTA 
showed more details of iris vascularization than FA. Moreover, the 
depth-resolved characteristic of AS-OCT angiograms allowed us a 
3D reconstruction of the iris. However, AS-OCTA was not able to 
detect contrast leaking, delay or impregnation as the AS-FA images. 
Patients with nystagmus and with inadequate fixation had lower 
quality images in OCTA compared to FA images.
Conclusions: AS-OCTA is a new imaging modality that allows the 
analysis of anterior segment and iris vascularization. In our study, 
AS-OCTA provided similar quality of images compared to AS-FA. 
In both methods, iris pigmentation equally blocked the image of iris 
vascularization. Additional studies including different iris pathologies 
are needed to evaluate the parameters of AS-OCT in anterior segment 
imaging.
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Commercial Relationships: Claudio Zett Lobos, None; 
Deborah M. Stina, None; Renata Kato, None; Eduardo A. Novais, 
None; Norma Allemann, None

Program Number: 3114 Poster Board Number: B0017
Presentation Time: 11:00 AM–12:45 PM
Optical system for monitoring net ocular blood flow
Mircea Mujat, Youbo Zhao, Nicusor Iftimia, R D. Ferguson. Physical 
Sciences Inc., Acton, MA.
Purpose: To demonstrate a new approach for 3D measurement of the 
eye posterior segment layer thicknesses and volumes, and vascular 
(retinal and choroidal) topology and flow quantification that enables 
hemodynamic studies in animals and human subjects.
Methods: The platform combines non-invasive measurement of 
retina/choroid structure and ocular blood flow based on Optical 
Coherence Tomography (OCT) and wide-field semi-quantitative 
global flow visualization using Line-scanning Doppler Flowmetry 
(LSDF). OCT provides 3D structural information and precise local 
flow parameters while semi-quantitative LSDF flow visualizations 
aids in characterizing global blood flow patterns. OCT is performed 
in the most deeply penetrating waveband centered at 1060 nm which 
is especially critical for choroidal imaging. LSDF is performed using 
a lasers diode at 915 nm and provides a means for mapping the 
location of the Short and Long Posterior Ciliary Arteries and of the 
Vortex Veins. Net choroid blood flow quantification is then enabled 
at these locations using OCT. Net retinal blood flow quantification 
is performed using circular OCT scan around the optic nerve head 
(ONH). Standard Doppler OCT and speckle-variance (SV) and 
phase-variance (PV) OCT are used for local 3D mapping and 
quantification of blood flow.
Results: LSDF provides visualization and mapping of retinal and 
choroidal blood vessels in different Doppler frequency ranges, 

therefore, differentiating between slow, medium, and fast flow. The 
instrument provides a field of view of 60° (90° field of regard with 
fixation control). Large area maps of blood vessels are obtained and 
enable identification of and navigation to key landmark locations for 
flow quantification using OCT. Examples of retinal and choroidal 
blood vessels for temporal and nasal regions of the same eye of a 
normal volunteer are shown in Fig. 1.
Conclusions: Our preliminary retinal and choroidal imaging 
demonstrations (performed at safe light levels for retinal imaging 
under NEIRB and NASA human subjects protocols) have clearly 
shown the potential of this technology to map retinal and choroidal 
blood vessels. Retinal and choroidal blood flow can be clearly 
identified and quantified using these two complementary imaging 
modalities (LSDF and OCT). An advanced diagnostic imaging 
system is fundamental to understanding hemodynamic processes in 
the eye.

Figure 1. Examples of temporal and nasal retinal and choroidal 
vasculature visualized with LSDF.
Commercial Relationships: Mircea Mujat, Physical Sciences, Inc. 
(E); Youbo Zhao, Physical Sciences, Inc. (E);  
Nicusor Iftimia, Physical Sciences, Inc. (E); R D. Ferguson, 
Physical Sciences, Inc. (E)
Support: NASA grant NNX16CC20C
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Integrated photoacoustic microscopy and optical coherence 
tomography for in vivo imaging of choroidal neovascularization
Chao Tian1, 2, Aghapi Mordovanakis1, Wei Zhang2, 
Madison Tarnowski1, Arjun Ponduri1, Xueding Wang2, 
Yannis M. Paulus1, 2. 1Department of Ophthalmology and Visual 
Sciences, The University of Michigan, Ann Arbor, MI; 2Department 
of Biomedical Engineering, The University of Michigan, Ann Arbor, 
MI.
Purpose: Wet age-related macular degeneration (AMD) is the 
leading cause of irreversible blindness in the developed world. Early 
detection of choroidal neovascularization (CNV) may help treatment 
outcomes of AMD. We are aiming to develop a cutting-edge 
multimodal retinal imaging system for early detection and diagnosis 
of CNV.
Methods: The multimodal imaging system (Figs. 1A and 1B) 
integrates three modalities: photoacoustic microscopy (PAM), optical 
coherence tomography (OCT), and fluorescence microscopy. The 
PAM system employs a wavelength-tunable pulsed laser (Ekspla NT-
242, Lithuania), a galvanometer, a scan lens, an ocular lens, and an 
ultrasonic transducer (center frequency: 35 MHz). The OCT system 
was acquired from Thorlabs (Ganymede-II-HR) and coaxially aligned 
with the PAM. The fluorescence microscopy shares the same source 
as PAM and consists of a filter, a lens, and a photodiode. High-
speed imaging was achieved by taking advantage of the high pulse 
repetition rate (1 kHz) of the laser and fast scanning rate (36 kHz) 
of the galvanometer. CNV model was induced in three rabbits using 
a photocoagulator laser (Vitra, Quantel Medical), and its onset and 



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.

propagation were serially monitored immediately after and at three-
day intervals using the platform.
Results: A chrome grating was imaged at the focal plane of the 
scan lens for lateral resolution calibration, which is quantified as 
2.6 µm (Figs. 1C and 1D). Grape tissue was imaged to verify the 
performance of the OCT (Fig. 1E). In vivo PAM image of a rabbit 
shows that the system can distinguish single blood vessels (Fig. 1G), 
which is validated through the fundus photograph in Fig. 1F. In vivo 
OCT image demonstrates that the system can visualize induced CNV 
(Fig. 1H).
Conclusions: A high-speed, high-resolution, multimodal retinal 
imaging system has been developed. Preliminary results show that 
the system can resolve single choroidal blood vessels and visualize 
laser-induced CNV. By incorporating cutting-edge technologies, the 
work will shed new light on early detection and diagnosis of CNV.

Fig. 1 Multimodal imaging of CNV. A and B: Schematic diagram and 
physical setup. C: PAM image of a chrome grating. D: Fitted line 
spread function (LSF) of the edge in the red box in C. E: OCT image 
of grape tissue. F: Fundus photograph of a rabbit eye. G: PAM image 
revealing single blood vessels. H: OCT image visualizing laser-
induced CNV.
Commercial Relationships: Chao Tian, None; 
Aghapi Mordovanakis, None; Wei Zhang, None; 
Madison Tarnowski, None; Arjun Ponduri, None; Xueding Wang, 
None; Yannis M. Paulus, None
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Immersive Virtual Reality for Live Volumetric Optical Coherence 
Tomography
Mark Draelos1, Brenton Keller1, Anthony N. Kuo2, Joseph A. Izatt1, 2. 
1Biomedical Engineering, Duke University, Durham, NC; 
2Ophthalmology, Duke University, Durham, NC.
Purpose: Virtual reality (VR) head-mounted displays (HMDs) 
are an attractive method for displaying intrasurgical optical 
coherence tomography (OCT) volumes because they free surgeons 
from microscope oculars. We demonstrate real-time interactive 
manipulation and viewing of static and live OCT volumes in a 
commercial HTC Vive® immersive VR system.
Methods: We designed a VR rendering pipeline built with CUDA, 
OpenGL, and OpenVR that supports interactive translation, rotation, 
and scaling of volumes as well as volume sectioning with multiple 
cut planes. We modified previously reported raycasting techniques to 

use arbitrary projection matrices for ray generation and to extensively 
exploit spatially-cached texture memory to meet the Vive’s native 
refresh rate of 90 Hz. We used custom OpenGL shaders to composite 
the volumetric render image into a standard 3D scene using ray 
propagation depth. To allow full GPU occupancy for volumetric 
renderings without degrading VR frame rate, we dedicated an 
NVIDIA GTX 1080 for raycasting and used an NVIDIA GTX 670 
for compositing. We tested the pipeline using both static and live 
imaging.
Results: Our VR rendering pipeline operated at 90 Hz without frame 
drops for a 1024x1327x128 static volume. Stereo raycasting at a 
resolution of 512x512 pixels had a median and maximum runtime of 
7.3 ms and 10.3 ms over 15000 consecutive frames. For live imaging, 
concurrent raycasting and updating of the volume did not degrade 
rendering performance. The immersed user was able to view the 
volume from any perspective through head orientation changes and 
walking around or through the volume. Using the interactive features, 
the user was able to readily apply cut planes and manipulate the 
volume’s pose and scale.
Conclusions: We have demonstrated the viability of HMDs for real-
time visualization of OCT volumes and developed an interactive VR 
OCT volume viewer. VR OCT viewing improves upon intrasurgical 
heads-up displays with interactivity, full field of view display, and 
unrestricted head position and orientation.

(Left) Example view through the HMD demonstrating the OCT 
volume rendering for each eye. (Right) Picture of the immersed user 
rotating the volume with handheld controllers. Hands-free controllers 
are also possible.
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(Top) Example of a roughly axis-aligned cut plane. (Bottom) 
Example of an arbitrary cut plane. Both cuts are of the same static 
volume. The translucent plane indicates the cut location.
Commercial Relationships: Mark Draelos, None; Brenton Keller, 
None; Anthony N. Kuo, Leica Microsystems (P), ClarVista (C); 
Joseph A. Izatt, Leica Microsystems (P), Leica Microsystems (R)
Support: NVIDIA Global Impact Award, NIH R01-EY023039, NIH 
F30-EY027280
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Utilization of Automated OCT in a High Volume Eye Urgent 
Care Setting
Richard Kaplan, Richard B. Rosen, Meenakashi Gupta. 
Ophthalmology, New York Eye & Ear Infirmary of Mount Sinai, New 
York, NY.
Purpose: Optical coherence tomography (OCT) has become integral 
to the diagnosis and treatment of ophthalmic disease with the ability 
to reveal subtle anatomical changes with great resolution. Despite 
its utility, OCT has been available only in the ophthalmology clinic 
setting. We performed a retrospective, observational clinical study to 
learn about the utility of OCT in a high volume urgent care setting.
Methods: Ophthalmology residents at The New York Eye & Ear 
Infirmary of Mt. Sinai were trained to operate an automated OCT 
(Optovue) capable of scanning the macula, optic nerve and anterior 
segment. The OCT was made available in the after-hours eye-
only urgent care. Residents were not required to use the OCT, and 
performed imaging when they believed the information would aid 
in diagnosis and treatment. After a period of four months, images 
obtained were reviewed alongside patient charts in the electronic 
medical record. Chief complaint, image type, image findings, and 
diagnosis were analyzed. Additionally, residents and fellows staffing 
the urgent care were surveyed regarding their experience with the 
OCT.
Results: 102 eyes of 54 patients were examined between August and 
November 2016. 47 (87%) and 7 (13%) patients underwent OCT 
imaging of the macula and optic nerve, respectively. Complaints 

that prompted imaging included flashes/floaters (11, 20%), 
metamorphopsia (3, 6%), decreased vision (29, 54%), and spot(s) 
(5, 9%). Imaging was also performed in asymptomatic patients 
with incidental findings, such as optic nerve head edema (6, 11%). 
In 13 patients, OCT was used to differentiate macula-on (5, 9%) 
vs. macula-off (8, 15%) retinal detachment. Additional diagnoses 
included macular hole (3, 6%), cystoid macular edema (4, 7%), 
central serous retinopathy (3, 6%), and subretinal fluid with or 
without choroidal neovascularization (7, 13%). In several cases (12, 
22%), the OCT was used to rule out retinal or optic nerve pathology. 
All residents (14) and fellows (6) found the OCT to be helpful; 11 
residents (79%) and 4 fellows (67%) felt that it changed management.
Conclusions: Residents performed OCT scans of the macula more 
frequently than the optic nerve; no scans were performed of the 
anterior segment. OCT often assisted care, even when results were 
normal. More widespread use of OCT in the urgent care setting is 
likely to improve diagnosis and patient outcomes.
Commercial Relationships: Richard Kaplan, None; 
Richard B. Rosen, Opticology (C), Clarity (C), Ocata Medical 
(C), Nano Retina (C), Regeneron (C), Optovue (C), Allergan (C); 
Meenakashi Gupta, None
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Detection of Nondiabetic Retinal Findings Using Remote Imaging 
in Telemedicine
Hang Pham, Sweta Kavali, Levent Akduman. Department of 
Ophthalmology, Saint Louis University, St. Louis, MO.
Purpose: Remote photography with telemedicine has the potential to 
deliver cost-effective and accessible screening for retina pathology. 
Telemedicine has been widely used to screen for diabetic retinopathy 
(DR)1,2. The technology has also been used to screen and classify 
age-related macular degeneration (AMD) and retinopathy of 
prematurity3,4. A previous study has estimated that nondiabetic retinal 
findings can be identified in approximately 26-40% of patients with 
diabetes5. The goal of the study is to examine the detection of DR and 
nondiabetic ocular pathology using telemedicine to determine which 
patients should be referred to an ophthalmologist.
Methods: Fundus images of patients with diabetes mellitus (DM) 
were taken with a nonmydriatic, noncontact fundus camera in 
primary care offices during their comprehensive visits. Eyes were 
dilated only if image quality was suboptimal. Images then were sent 
to qualified graders (retina specialists) for screening of DR, other 
retinal diseases, or suspected ocular pathology through telemedicine.
Results: 4830 eyes of 2443 patients were imaged over 6 months 
from offices of 134 primary care physicians. Images of 207 eyes 
were excluded due to poor quality. A total of 4623 eyes were graded 
out of 4830 eyes (95.7%). These images were graded by two retina 
specialists. 400 patients (16.3%) were found to have various degrees 
of DR. Among patients with DR, 267 patients were graded as mild 
non-proliferative diabetic retinopathy (NPDR), 94 patients with 
moderate NPDR, 13 patients with severe NPDR, and 26 patients 
with proliferative DR. Besides DR, 498 patients (20.4%) were 
found to have or suspected to have nondiabetic ocular pathology 
to justify referral to an ophthalmologist. The nondiabetic ocular 
pathology included hypertensive retinopathy (30 patients), epiretinal 
membrane (55 patients), macular hole (4 patients), cataract (35 
patients), glaucoma (91 patients), dry AMD (139 patients), wet AMD 
(12 patients), retinal vein occlusion (12 patients), and other ocular 
diseases (193 patients). Other ocular disease included optic atrophy, 
branch retinal artery occlusion, ischemic optic neuropathy, choroidal 
nevus, and ocular histoplasmosis.
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Conclusions: Telemedicine screening of patients with DM may 
identify various degrees of diabetic retinopathy but also other 
significant ocular or systemic conditions that may have serious 
impact on patients’ ocular health and systemic health and life.
Commercial Relationships: Hang Pham, None; Sweta Kavali, 
None; Levent Akduman, AbbVie (R), Allergan (R)
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Quantified elasticity mapping of retinal tissue using acoustic 
radiation force optical coherence elastography
Yueqiao (Rachel) Qu2, 1, Youmin He2, 1, Yi Zhang3, Teng Ma3, 4, 
Jiang Zhu2, Yusi Miao2, 1, Cuixia Dai2, Ronald H. Silverman5, 
Mark S. Humayun3, Qifa Zhou3, 4, Zhongping Chen2, 1. 1Biomedical 
Engineering, University of California, Irvine, Irvine, CA; 2Beckman 
Laser Institute, University of California, Irvine, Irvine, CA; 3USC 
Roski Eye Institute & Institute for Biomedical Therapeutics, 
University of Southern California, Los Angeles, CA; 4NIH Ultrasonic 
Transducer Resource Center, Department of Biomedical Engineering, 
University of Southern California, Los Angeles, CA; 5Department 
of Ophthalmology, Columbia University Medical Center, New York, 
NY.
Purpose: Early diagnosis of age-related macular degeneration 
(AMD) remains a challenge due to limitations in functional imaging 
modalities in clinics today. It has been shown that the elasticity of the 
retina is altered during the onset of AMD due to drusen formation and 
neovascularization. This study shows the feasibility of using acoustic 
radiation force optical coherence elastography (ARF-OCE) to probe 
the elasticity of retinal layers to aid in the diagnosis of AMD.
Methods: We report on a minimally invasive ARF-OCE system that 
uses ARF excitation, and optically detects the displacement of the 
tissue spatially and in response to different frequencies. First, silicone 
phantoms are tested to validate the Voigt model relationship between 
the frequency response and the elastic modulus. Next, fresh ex vivo 
pig eyes were enucleated, and the displacement was recorded in 12 
porcine retinas, in a 3 mm by 1 mm region on the temporal side, 2 
mm from the optic disc. Segmentation is performed on the optical 
coherence tomography (OCT), such as in Figure 1A, and projected 
on to the displacement map, at 64 locations. Finally, the elastogram 
is generated using the frequency response, and a weighted average of 
the thickness and displacement for each layer across all areas.
Results: The OCE in Figure 1B shows the variation in displacement 
between the photoreceptor and ganglion sides of the retina. The 
elasticities of the layers are calculated and averaged across 64 scans 
(regions i. 1.33±0.37 kPa, ii. 2.73±0.82 kPa, iii. 7.7±2.26 kPa, iv. 
25.9±7.36 kPa) and elastograms are generated for the corresponding 
location, shown in Figure 1C. The standard deviation is large for high 
strain regions due to small displacement. The OCT layers correlate to 
the H&E staining of the retina, where five distinct layers are matched 
in Figure 1D.
Conclusions: Our results validate the capability of ARF-OCE to 
quantify the elastic modulus of the retina. Only 2 samples were 
analyzed due to retinal detachment and other postmortem changes, so 
further confirmation in an in vivo model is required. This study is a 
potential stepping stone to clinical studies, where the elastogram can 
perhaps aid in the diagnosis of retinal diseases.

Commercial Relationships: Yueqiao (Rachel) Qu, None; 
Youmin He, None; Yi Zhang, None; Teng Ma, None; Jiang Zhu, 
None; Yusi Miao, None; Cuixia Dai, None; Ronald H. Silverman, 
None; Mark S. Humayun, None; Qifa Zhou, None; 
Zhongping Chen, OCT Medical Imaging (P), OCT Medical Imaging 
(I), OCT Medical Imaging (C)
Support: R01HL-125084, R01HL-127271, R01EY-026091, 
R01EY-021529, and P41EB-015890), and the Air Force Office of 
Scientific Research (FA9550-14-1-0034)
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iExaminer: a clinically proven fundus imaging system with 
medical education potential
Steven G. Stockslager1, Matthew Pihlblad2, Constance Mei3. 
1Ophthalmology, SUNY Buffalo, Amherst, NY; 2Ophthalmology, 
University of Pittsburgh, Pittsburgh, PA; 3SUNY Buffalo, Jacobs 
School of Medicine, Buffalo, NY.
Purpose: Smartphone-based, fundus imaging platforms like 
iExaminer (Welch Allyn, Skaneateles Falls, NY) are clinically useful 
due to portability and low cost but their utility in medical education 
remains unknown. Direct ophthalmoscopy is a fundamental but 
challenging skill ubiquitously taught but rarely retained in medical 
school. We surveyed medical students to determine if smartphone 
imaging improved the educational efficacy of direct ophthalmoscopy 
clinical skills sessions beyond the traditional Panoptic (Welch Allyn, 
Skaneateles Falls, NY) and direct ophthalmoscope.
Methods: We anonymously surveyed the second-year class (n=130) 
at SUNY Buffalo, Jacobs School of Medicine during clinical skills 
small-group sessions after using a direct ophthalmoscope, Panoptic 
and iExaminer. Each group received a standardized presentation 
including a brief overview of ophthalmoscopy and introduction to all 
three devices. Four of each device were then distributed among the 
students and they were provided unlimited time to experiment with 
each. The subsequent voluntary survey assessed student’s impressions 
of the devices.
Results: 84.4% of students found the Panoptic ophthalmoscope easy 
to use versus iExaminer (55.0%) and the direct ophthalmoscope 
(44.6%). 85.5% of students were able to view the optic nerve with 
the Panoptic versus iExaminer (72.4%) and direct ophthalmoscope 
(66.7%). 53.3% of students reported being able to image the nerve 
using iExaminer. The majority (57.7%) found the device useful for 
learning ophthalmoscopy and 63.1% of students thought it should be 
used in future teaching sessions.
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Conclusions: Students reported the greatest success and ease of use 
with the Panoptic ophthalmoscope, however, the majority also found 
iExaminer, despite its steeper learning curve, to be valuable. Over 
half the students were able document their findings with a photo. 
An additional strength of iExaminer is that it allowed instructors to 
objectively assess the student’s ability to view, assess and image the 
nerve. There is clearly a potential niche for portable imaging systems 
in education. To our knowledge, this is the first evaluation of a cell-
phone imaging system for medical training. As camera phone optics, 
portability, ergonomics, and user interface continue to evolve, we 
believe that the role of portable imaging systems in education as well 
as clinical practice will continue to grow exponentially.
Commercial Relationships: Steven G. Stockslager, None; 
Matthew Pihlblad, None; Constance Mei, None
Support: Supported in part by an unrestricted grant from Research to 
Prevent Blindness
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Initial clinical experience with a novel high-speed ultra-compact 
handheld swept source optical coherence tomography imaging 
system to evaluate retinal microanatomy in adults, children and 
infants
Du Tran-Viet1, Shwetha Mangalesh1, Francesco LaRocca2, 
Derek Nankivil2, 3, Christian Viehland2, Brenton Keller2, 
Alexandria Dandridge1, Sharon F. Freedman1, Joseph A. Izatt2, 
Cynthia A. Toth1, 2. 1Duke University Eye Center, Durham, NC; 
2Biomedical Engineering, Duke University, Durham, NC; 3Johnson & 
Johnson Vision Care Inc., Jacksonville, FL.
Purpose: To evaluate application of high-speed, handheld, ultra-
compact, swept-source optical coherence tomography (SSOCT) 
imaging system on adults, children and infants in the intensive care 
nursery (ICN). We hypothesize that SSOCT imaging and processing 
will reveal distinct patterns of abnormalities in retinal structures 
responsible for sensory input along the visual pathway in preterm 
infants.
Methods: Under the Duke Institutional review board approved 
protocol, we obtained images using an investigational research 
SSOCT device developed by Duke Biomedical Engineers. This 
device utilized a 1050 nm swept-frequency laser, custom optics 
and mechanics, and a 2D microelectromechanical systems scanner, 
with a weight of 211g. Healthy adult volunteers (non-dilated pupils) 
and children undergoing examination under anesthesia (EUA) were 
imaged prior to bedside imaging in preterm infants. We attempted 
to capture fovea, optic nerve and temporal periphery at all imaging 
sessions.
Results: Four (8 eyes) healthy adult volunteers, 4 (8 eyes) children 
(15 months-8 years) undergoing EUA and 3 (6 eyes) preterm infants 
(28-31 weeks gestational age) were enrolled. We obtained multiple 
OCT volumes with an image acquisition time of one volume per 
second. We acquired good quality fovea and optic nerve scans from 
all participants. Microanatomy of retinoschisis and optic nerve 
hypoplasia, were identified on OCT during EUA. In the ICN, bedside 
imaging was conducted during multiple visits at the time of preterm 
infant’s examination for retinopathy of prematurity (ROP). We were 
able to follow and monitor the temporal periphery weekly as the 
ROP progressed from Stage 2 to 3. SSOCT imaging revealed vessel 
elevation, worsening severity of neovascular buds and complex at the 
vascular-avascular junction. With montage overlay, temporal retinal 
vascular development could be tracked.
Conclusions: A novel SSOCT device allows for faster image 
acquisition in infants and adults with and without pupil dilation. This 
innovation can simplify bedside imaging in infants and provide useful 

clinical correlation in preterm infants with ROP and revolutionize the 
management and prediction of future visual outcome in these infants.

Swept Source Optical Coherence Tomography imaging on adult 
volunteer and images of the retina on a 40 week old infant.
Commercial Relationships: Du Tran-Viet, None; 
Shwetha Mangalesh, None; Francesco LaRocca, None; 
Derek Nankivil, None; Christian Viehland, None; Brenton Keller, 
None; Alexandria Dandridge, None; Sharon F. Freedman, None; 
Joseph A. Izatt, Leica Microsystems (P), Leica Microsystems (R); 
Cynthia A. Toth, Alcon Laboratories (P), Genentech (F)
Support: NIH Grant RO1EY025009-01A1
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Subretinal Therapy Delivery Technique Guided by 
Intraoperative 4-Dimensional Microscope-Integrated Optical 
Coherence Tomography
Lejla Vajzovic1, Karim Sleiman1, Alexandria Dandridge1, 
Oscar Carrasco-Zevallos2, Christian Viehland2, 
Arvydas Maminishkis3, Juan Amaral3, Kapil Bharti3, 
Cynthia A. Toth1, 2, Joseph A. Izatt2. 1Ophthalmology, Duke University 
Eye Center, Durham, NC; 2Department of Biomedical Engineering, 
Duke University, Durham, NC; 3National Eye Institute, Bethesda, 
MD.
Purpose: Atrophic age-related macular degeneration is common, 
untreatable cause of vision loss; investigational treatments include 
stem cell-based therapies delivered into subretinal (SR) space 
with various surgical techniques. Treatment success is dependent 
on accurate SR therapy delivery and intraoperative tissue depth 
assessment is challenging. To address this challenge, we propose 
the use of a prototype, swept-source, 4-dimensional microscope-
integrated optical coherence tomography (4D-MIOCT) device with 
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near-real time OCT volumetric images for guidance of SR therapy 
delivery.
Methods: A prototype 4D-MIOCT device was used to monitor and 
direct SR delivery of biodegradable retinal pigment epithelium cell 
scaffold in ex-vivo, porcine eyes with a novel delivery instrument 
(designed by AM, JA, KB). The 4D-MIOCT scanner allowed live 
OCT imaging of surgical maneuvers, and the surgeon controlled the 
en face images, B-scans, and near real-time volumes displayed within 
surgical oculars and on a high-resolution monitor with a joystick foot 
pedal.
Results: High-quality 4D-MIOCT en face images, B-scans, and 
volumes were successfully acquired live during all steps of SR 
therapy delivery. Advantages of the 4D-MIOCT guided delivery 
were: enhancement of all surgical steps, exact SR bleb and 
retinotomy creation and precise and careful delivery of scaffold 
without damage to it or damage to surrounding tissues such as 
Bruch’s membrane or choroid (Figure 1 & 2). With traditional 
microscope visualization, it is challenging to assess the depth of 
delivery instrument and scaffold location in the SR space.
Conclusions: 4D-MIOCT provided high-resolution, cross-
sectional visualization and volumetric data to guide SR therapy 
delivery technique and to monitor and confirm appropriate scaffold 
positioning in the SR space. Such near real-time visualization may 
enhance various SR delivery techniques for stem-cell therapies by 
guiding the precise delivery location and implant positioning and 
by decreasing the chances of known complications such as Bruch’s 
membrane rupture.

Figure 1 & 2: 4D-MIOCT guided scaffold (PLGA membrane; blue 
arrowhead) insertion with novel instrument (green arrow) into 
SR space. Conventional microscope views (A) with simultaneous 
4D-MIOCT volumes (B) and B-scans (C) displayed within surgical 
oculars. (red asterisk): retinal surface; (red arrow): retinotomy.
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Intraoperative microscope integrated optical coherence 
tomography angiography
Christian Viehland1, Lejla Vajzovic2, Xi Chen2,  
Oscar Carrasco-Zevallos1, Brenton Keller1, Cynthia A. Toth2, 1, 
Joseph A. Izatt1, 2. 1Biomedical Engineering, Duke University, 
Durham, NC; 2Opthamology, Duke Univeristy, Durham, NC.
Purpose: We have previously reported on a custom 4D microscope 
integrated OCT (MIOCT) system capable of intraoperative imaging. 
OCT angiography (OCTA) is an emerging functional extension of 
OCT that has allowed for insights into the clinical evaluation of 
retinal diseases. The combination of these two technologies has not 
been used in the operating suite. MIOCT angiography (MIOCTA) 
could provide insight into changes to retinal vasculature that occur 
during surgery and allow for imaging of traditionally non-compliant 
patients such as young children.
Methods: Microscope integrated OCTA was performed using a 
custom microscope attachment and a 100 kHz 1060nm swept source 
OCT engine. OCTA images were acquired during exams under 
anesthesia using a BIOM lens. OCTA images were taken at 300 
A-scans/B-scan with 150 lateral locations sampled. OCTA images 
were generated using speckle variance and segmentation was used 
to create en face projections of the retinal vasculature. Fluorescein 
angiography (FA) was performed as clinically indicated during exam 
under anesthesia. All human subject research was performed under 
a research protocol approved by the Duke University Health System 
institutional research board.
Results: A comparison of fluorescein angiograms and MIOCTA 
images from a 7 month-old infant girl with familial exudative 
vitreoretinopathy (FEVR) and an 8 year-old boy with Coats’ 
disease is shown in figure 1. In the FEVR case MIOCTA showed 
abnormalities in the fine perifoveal vasculature that is not visible on 
FA. In the Coats’ case MIOCTA provides superior visualization of 
the mid-peripheral retinal vasculature. MIOCTA also appears to show 
deeper vascular malformation that was not evident on FA. However, 
it is unclear if the MIOCTA signal comes from some vascular flow 
in this region or is an artifact caused by the structural abnormalities 
visible on the B-scan. In both cases MIOCTA provided superior 
vascular visualization when compared to FA.
Conclusions: We have demonstrated 4D MIOCTA imaging in young 
children. MIOCTA provides improved visualization of the retinal 
vasculature and to the best of our knowledge these are the first OCTA 
images taken of an infant.
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Figure 1: Top: FA (left), magnified FA (center), and MIOCTA (right) 
from an infant with FEVR. The red square denotes the location of the 
magnified images. Bottom: FA (left), MIOCTA (center), and B-scans 
with and without flow (right) from a child with Coats’ disease.
Commercial Relationships: Christian Viehland, None; 
Lejla Vajzovic, Knights Templar Eye Foundation (R), PDC's 
ENABLE Award (R), Janssen Pharmaceutical (R), Alcon (F), Second 
Sight (F), Roche (F); Xi Chen, None; Oscar Carrasco-Zevallos, 
None; Brenton Keller, None; Cynthia A. Toth, Alcon Laboratories 
(P), Genentech (F); Joseph A. Izatt, Leica Microsystems, Inc. (R), 
Leica Microsystems, Inc. (P)
Support: NIH R01EY023039
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Incremental Enhancement of Live Intraoperative OCT Scans by 
Temporal Analysis
Abouzar Eslami1, Stefan Duca1, Hessam Roodaki2, M. Ali Nasseri3, 
Sabrina Bohnacker3, Daniel M. Zapp3, Mathias M. Maier3, 
Jochen Straub4. 1Carl Zeiss Meditec, Munich, Germany; 2Technical 
University of Munich, Munich, Germany; 3Klinikum rechts der Isar, 
TUMuenchen, Munich, Germany; 4Carl Zeiss Meditec, Inc, Munich, 
CA.
Purpose: Microscope-integrated optical coherence tomography 
provides live cross-sectional view of tissues during surgery. During 
porcine wet lab and recorded scans, we studied the feasibility of 
incremental enhancement of the live intraoperative OCT scans by 
analyzing their temporal consistency without interrupting the surgery.
Methods: The suggested concept is the detection of temporal 
consistency of the live OCT scans and incrementally enhancing it 
through spatiotemporal analysis. This concept is specialized to live 
intraoperative OCT scans in contrast to the conventional diagnostic 
OCT in which the captured signal is enhanced after acquisition. Two 
groups of surgeons (6 in total) tested the suggested concept during 
wet lab using two modified Lumera 700 Microscopes with Rescan 
700 (Zeiss, Oberkochen). The common question to all surgeons was:
Q1- Are the live OCT scans enhanced?
Additionally, the second group of surgeons answered to the following 
questions:
Q2- Is there interference with surgical routine?
Q3- Is the temporal consistency of the OCT signal successfully 
detected?
Q4- Is the processing adequately fast for live OCT scan?
In addition to the subjective tests, 27 recorded OCT scans were 
analyzed to quantify the achieved improvement based on their 

contrast to noise ratios (CNR). The CNR value is computed as the 
difference between the average signals over the foreground and 
background divided by the standard deviation of the background 
signal.
Results: Figure 1 shows examples of the performance of the 
proposed concept at anterior and posterior sides of the eye as well 
as the iris-cornea corner. The quantitative analysis showed 11.62 
db increase in the contrast to noise ratio of the live OCT by the 
suggested concept. The YES(Y) or NO(N) answers of the participant 
surgeons are:
Q1 (6Y 0N)
Q2 (0Y 2N)
Q3 (2Y 0N)
Q4 (2Y 0N)
Conclusions: The surgeons participating in this study approved the 
proposed concept. The quantitative and qualitative assessments of 
the results proved the improvement in the live iOCT scans quality 
encouraging future research and development to provide better live 
iOCT images to the surgeons.

Examples of the original (left) and enhanced (right) recorded scans.
Commercial Relationships: Abouzar Eslami, Carl Zeiss Meditec 
(E); Stefan Duca, Carl Zeiss Meditec (E); Hessam Roodaki, None; 
M. Ali Nasseri, None; Sabrina Bohnacker, None; Daniel M. Zapp, 
None; Mathias M. Maier, None; Jochen Straub, Carl Zeiss 
Meditec, Inc (E)
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Handheld and mobile oximeter in a healthy adult population
Wouter Vehmeijer1, Sveinn H. Hardarson3, Kelly Jonkman2, 
Albert Dahan2, Leon Aarts2, Einar Stefansson3,  
Nicoline Schalij-Delfos1. 1Ophthalmology, Leiden University Medical 
Center, Leiden, Netherlands; 2Anesthesiology, Leiden University 
Medical Center, Leiden, Netherlands; 3Ophthalmology, University of 
Iceland, Reykjavik, Iceland.
Purpose: The purpose of this study is to introduce a prototype 
handheld and mobile retinal oximeter (Corimap) for clinical research. 
Dual wavelength retinal oximetry is a method to measure the relative 
oxygen saturation in the retinal vessels, utilizing the difference in 
light absorption of hemoglobin bound and unbound to oxygen. The 
novel feature of handheld oximeter is that images can be captured in 
sitting and supine patients. The objective of this study is to measure 
the Optical Density Ratio (ODR) of the Corimap oximeter in both 
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upright and supine position. For comparison, the ODR was also 
measured with an Oxymap T1 oximeter.
Methods: For this study, healthy volunteers (age 18-35) were 
recruited at the Leiden University Medical Center. After mydriasis, 
retina images were acquired with both Corimap Camera and Oxymap 
T1. The Oxymap T1 is a fundus camera based oximeter and the 
newly developed mobile Corimap camera is a handheld oximeter. 
Both dual wavelength oximeters acquire images in 570nm and 
600nm. For the Corimap camera, images were captured in sitting 
and supine position. Images were processed by Oxymap Analyzer 
software for the calculation of ODR. The ODR has an approximately 
linear inverse relationship to oxygen saturation. A paired t–test was 
used for statistically analysis.
Results: In this study, healthy subjects (n = 11, mean age 25±1.9 
years) were included for the measurement of ODR. For the Corimap 
camera, the ODR of arterioles was upright 0.217±0.044 and for 
the venules 0.533±0.100. In supine position the ODR for arterioles 
was 0.244±0.107 and for the venules 0.486±0.130. For the Oxymap 
T1, the ODR was 0.204±0.033 for arterioles and 0.499±0.064 for 
venules. In all cases, a paired t-test showed a statistical significant 
difference in the ODR of arterioles and venules (p<0.005). The ODR 
values of the Corimap camera did not differ statistically in sitting or 
supine position (p>0.05) neither did the ODR measurements between 
the Corimap oximeter and the Oxymap T1 oximeter (p>0.05).
Conclusions: With the introduction of this novel mobile and 
handheld oximeter, retinal oximetry will be applicable in a broader 
variety of diseases and patient populations. The Corimap measures 
the ODR and the retinal vessel oxygen saturation in sitting and supine 
patients.

Figure 1. A retinal image of a supine subject processed by the 
Oxymap Analyzer software for the calculation of the hemoglobin 
oxygen saturation of the retinal arterioles and venules.
Commercial Relationships: Wouter Vehmeijer, None; 
Sveinn H. Hardarson, Oxymap ehf (P), Oxymap ehf (C), Oxymap 
ehf (I); Kelly Jonkman, None; Albert Dahan, None; Leon Aarts, 
None; Einar Stefansson, Oxymap ehf (P), Oxymap ehf (S), Oxymap 
ehf (I); Nicoline Schalij-Delfos, None
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High-speed holographic imaging of the retina
Michael Atlan1, Serge Meimon2, Leo Puyo1, mathias fink1, 
Jose A. Sahel3, Michel Paques3. 1Langevin Institute, CNRS, Paris, 
France; 2ONERA, Paris, France; 3UPMC, Paris, France.
Purpose: Retinal blood flow plays a central role in the 
pathophysiology of many eye diseases, either through capillary 
occlusion, hypoperfusion or altered flow distribution. Quantitative 
monitoring of hemodynamic signals down to capillaries without 
contrast agent remains a challenging task. Here we present a 
promising technique for the analysis of human retinal blood flow, 
based on holographic interferometry on a high throughput camera.
Methods: We have developed off-axis holographic interferometry 
instruments for retinal imaging with near-infrared laser light, which 
enable coherent wide-field optical detection at extremely low 
irradiance levels, and permit recordings of light from the retina with 
high-speed cameras. Detection of blood flow contrasts in superficial 
retinal vessels was performed with a single-mode laser, and en-face 
depth-sectioning was investigated by time-domain and swept-
source tomography, with a femtosecond laser and a tunable laser, 
respectively.
Results: Blood flow contrasts in the vascular tree surrounding the 
optic nerve head in the retina of a pigmented rat were measured 
by recording 768*768 pixels interferograms at a sampling rate of 
39 kHz (23 Gigapixels/s); retinal tissue exposure over 3 mm x 3 
mm was limited to 1.6 mW of continuous wave, near-infrared laser 
radiation. The three first moments of the envelope of the short-time 
Fourier transform of the holograms enabled robust, high spatial and 
temporal resolution detection of Doppler contrasts. Color-coded 
dynamic bidimensional maps of pulsatile retinal blood flow contrasts 
signals over 400 x 400 pixels (~20° field) with a spatial resolution 
of ~8 microns and a temporal resolution of ~6.5 ms were obtained, 
and enabled to distinguish arteries from veins. The peak flow in 
veins occurred on average (±SD) 20 ms (±10) after the peak flow of 
arteries. In addition, proofs of concepts of time-domain and swept-
source coherence tomography are also reported.
Conclusions: Holographic interferometry with laser light permits 
wide-field coherent imaging of the retina with high-speed cameras. 
Retinal blood flow contrasts were measured over a large field of view. 
Although the spatial resolution of the reported results cannot compare 
yet with state-of-the-art scanning optical coherence tomography 
methods, the reported imaging throughput of 23 Giga pixels per 
second paves the way towards the design of high-speed coherent 
imaging instruments for Doppler and tomographic imaging.
Commercial Relationships: Michael Atlan, None; Serge Meimon, 
None; Leo Puyo, None; mathias fink, None; Jose A. Sahel, None; 
Michel Paques, None
Support: ERC SYNERGY HELMHOLTZ grant
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Intracoronary optical coherence tomography catheter for fiber-
optic endoscopic trans-vitreal optical coherence tomography of 
the retina to diagnose peripheral retinal tears
Chrishan D. Gunasekera1, Jignesh Patel1, Peter Thomas2, 
Philip Alexander3. 1Ophthalmology, Colchester University Hospital 
NHS Foundation Trust, London, United Kingdom; 2Ophthalmology, 
Hinchingbrooke Health Care NHS Trust, UK, Huntingdon, United 
Kingdom; 3Ophthalmology, Cambridge University Hospitals NHS 
Foundation Trust, Cambridge, United Kingdom.
Purpose: Intraoperative Optical Coherence Tomography (OCT) is 
currently limited to use in the posterior pole of the retina.
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Imaging the peripheral retina may aid retinal surgeons identifying 
retinal tears during vitrectomy or retinal detachment surgery. In a 
proportion of patients, a retinal tear is not identifiable. This may be 
due to the limited resolving power of the surgeon. OCT can provide 
high-resolution images.
Endoscopic fiber-optic intracoronary OCT is an evolving technology 
in Cardiology. An OCT catheter is passed into the coronary arteries 
to obtain high-resolution in vivo images of coronary arteries and 
deployed stents.
We present pilot images from an ex vivo feasibility study using 
an intracoronary OCT catheter for ocular use in order to visualize 
peripheral retina, retinal tears and detachments.
Methods: A swept source handheld 2.7 french (20 gauge) frequency 
domain Dragonfly™ OPTIS™ OCT catheter from St. Jude Medical 
was used on enucleated porcine eyes. Images were obtained with the 
ILUMIEN™ OPTIS™ PCI Optimization™ System.
Retinal tears and detachment were created using a 30 gauge needle 
in enucleated porcine eyes and scanned under direct observation. The 
OCT catheter was placed 2-4mm away from retina to obtain real-time 
images.
Results: Enucleated porcine peripheral retina was successfully 
imaged with real time endoscopic trans-vitreal OCT. Peripheral 
retina, retinal tears (Figure 1) and detachments (Figure 2) were 
successfully imaged. Scleral indentation aided in identifying retinal 
tears. The axial resolution was between 15-20 µm scanning 20-
40mm sections at 180 frames per second. 560 lines per frame were 
generated with 2.0 mm of tissue penetration.
Conclusions: We determined that it is possible to use existing 
intracoronary OCT technology for ocular use in enucleated porcine 
eyes to identify retinal tears and detachments.
Given that real time imaging may take place, dynamic examination 
with scleral indentation is also possible to identify further tears. 
Imaging the peripheral retina with OCT may aid retinal surgeons 
identifying retinal tears.
Further studies would be required to determine if the catheter could 
be used intra-operatively to identify undiagnosed peripheral retinal 
tears in humans.

Figure 1: Retinal tear (arrow) with subretinal fluid.

Figure 2: Retinal detachment with subretinal fluid (arrow).
Commercial Relationships: Chrishan D. Gunasekera, None; 
Jignesh Patel, None; Peter Thomas, None; Philip Alexander, None
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Use of a novel ocular contact lens to aid fundal optical coherence 
tomography (OCT) imaging in severe keratoconus
Elena Y. Zhu2, 1, Alexandros Ioannidis2, Peter Harrington4, 
Robert Symons3, 2. 1Medical School, University of Melbourne, 
Docklands, VIC, Australia; 2Ophthalmology, Royal Melbourne 
Hospital, Parkville, VIC, Australia; 3Surgery, University of 
Melbourne, Parkville, VIC, Australia; 4Ocular Instrument Inc, 
Bellevue, WA.
Purpose: OCT images of the ocular fundus can be degraded by 
uncorrected refractive errors. This can be a problem in severe 
keratoconus. We sought to improve the OCT quality in such a patient 
using a specially designed contact lens.
Methods: A single element quartz (n=1.46) ocular contact lens 
(Symons Image Enhancing Lens, Ocular Instruments, Bellevue, 
WA) was used to minimize the optic aberrations of the keratoconic 
cornea. This lens has a central thickness of 1.0mm and a net dioptric 
power of zero. The lens’ anterior surface has a high-performance 
anti-reflection coating with minimal reflection intensity at 830nm. 
The patient’s eyes were anesthetized with topical oxybuprocaine and 
hypromellose 0.3% was used as an optical medium. Spectral domain 
OCT was performed using Spectralis (Heidelberg Engineering, 
Heidelberg, Germany).
A 38 year old woman with keratoconus was imaged. The extent of 
keratoconus was documented (Figure 1) by Placido disc analysis 
(Orbscan, Bausch & Lomb, NY). OCT images were captured with 
and without the use of the novel contact lens.
Results: Without the lens the OCT image quality was severely 
compromised. With the application of the lens, high-quality OCT 
images of the maculae and retinal nerve fibre layers of both eyes were 
captured (Figure 2).
Conclusions: Our fundal contact lens significantly increased the 
quality of the OCT images. It is anticipated that the lens will improve 
imaging in severe keratoconus and other tectonic corneal disorders.
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Keratometric mapping of the right (A) and left (C) corneas 
demonstrating bilateral paracentral cones (maximum powers at apices 
64.8D and 66.1D in the right and left eyes respectively; Pachymetric 
mapping of the right (B) and left (D) corneas showing bilateral 
central thinning (thicknesses of 386 microns and 368 microns in the 
right and left corneal apices).

OCT images of the left macula (A) and the peripapillary retinal 
nerve fibre layer (PRNFL) of the right (B) and left (C) eyes captured 
without the use of the contact lens. It was impossible to image the 
right macula. OCT image using the contact lens described here for the 
macula of the left eye (D) and the PRNFL of the right (E) and left (F) 
eyes. The resolution and clarity of all the images were significantly 
improved compared with the images obtained without use of the lens. 
Right macular images were obtained.
Commercial Relationships: Elena Y. Zhu, None; 
Alexandros Ioannidis, None; Peter Harrington, Ocular instrument 
inc (E); Robert Symons, None
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eyeFusion: Mobile, Objective Quantification of Critical Flicker 
Fusion Thresholds
Kasra Zarei1, 2, Pieter Poolman3, 2, Mona K. Garvin3, 2, 
Randy Kardon2, 3. 1Biomedical Engineering, University of Iowa, 
Coralville, IA; 2Ophthalmology and Visual Sciences, University of 
Iowa, Iowa City, IA; 3Center for the Prevention and Treatment of 
Visual Loss, Veterans Affairs (VA) Health Care System, University of 
Iowa, Iowa City, IA.
Purpose: To present a novel, mobile-phone application (eyeFusion) 
that can objectively quantify critical flicker fusion (CFF) thresholds, 
within the confines of smartphone hardware limitations. CFF has long 
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been established as a sensitive measure of a visual conduction time, 
which becomes abnormal in retinal and optic nerve disorders.
Methods: The testing paradigm implemented (Fig. 1) consists of a 
ring of twelve circular stimuli (0.3 inches in diameter, which subtends 
1.56 degrees visual angle for the diameter of each circular stimulus) 
at different grayscale contrasts, randomized in location, each centered 
on a median grayscale intensity background. Nine stimuli oscillate 
at specified temporal frequencies, while the remaining three do not 
flicker and are presented at zero percent contrast. The objective of 
the user is to tap each of the stimuli that appear to flicker, which then 
eliminates them from the screen. A photodiode was used to measure 
the true temporal frequency presented at programmed temporal 
frequencies of 1, 7.5, 15, and 30 Hz on the iPhone 5c, iTouch 5, 
and iPad Air. The discrete Fourier transform was computed to 
characterize the frequency response of each measured signal. Each 
signal was fitted for a square wave, with the correlation coefficients 
measured.
Results: For the 1, 7.5, 15, and 30 Hertz signals respectively, the 
dominant peak frequencies computed were 0.98, 7.49, 15, and 30.01 
Hz on the iPhone, 0.98, 7.50, 14.99, and 29.98 Hz on the iTouch, 
and 0.99, 7.50, 15, and 30 Hz on the iPad. Correlations of the 1 Hz 
signals with fitted square wave were r2 = 0.98 for all three devices. 
For the iPhone, iTouch, and iPad respectively, r2 for the 7.5 Hz 
signals were 0.87, 0.84, and 0.85; 0.72, 0.65, and 0.64 for the 15 Hz 
signals, and 0.46, 0.35, and 0.42 for the 30 Hz signals. Furthermore, 
30 Hz flicker stimuli on average only reached 90.6% of the value of 
the intended contrast.
Conclusions: These results demonstrate the technical feasibility of 
flicker fusion testing with smartphone and tablet devices. Hardware 
limitations restrict the temporal frequencies that can be presented. 30 
Hz oscillations have reduced accuracy in the temporal and intensity 
domain of pixel presentation. With confirmation that a robust signal 
can be presented at 7.5 Hz, eyeFusion provides a useful approach to 
efficiently quantify flicker fusion thresholds on large populations.

Figure 1: User Interface of the eyeFusion application
Commercial Relationships: Kasra Zarei, None; Pieter Poolman, 
None; Mona K. Garvin, None; Randy Kardon, None
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Erythrocyte Mediated Angiography: Use of a Novel Method to 
Determine Erythrocyte Dynamics in the Glaucomatous Optic 
Nerve
Osamah Saeedi1, Michael Ou1, Sachin Kalarn1, Anja Jones2, 
Luis Toledo1, Lily Im1, Harry A. Quigley3. 1Ophthalmology, 
University of Maryland - Baltimore, Baltimore, MD; 2Neurology, 
University of Maryland, Baltimore, Baltimore, MD; 3Wilmer Eye 
Institute, Baltimore, MD.
Purpose: Impaired optic nerve blood flow may play a significant 
role in the development and progression of open angle glaucoma. 
Prior work has focused on the relationship between glaucoma and 
bulk blood flow or blood velocity, which has certain limitations 
in determining the metabolic activity and oxygenation of a given 
capillary bed. Erythrocyte Mediated Angiography (EMA) is a novel 
technique that permits direct visualization of ICG-labelled ghost 
erythrocytes in vivo, to study ocular blood flow. Prior work shows 
that Non-Human Primates with experimentally induced glaucoma 
show impaired vasomotion which manifests as proportionally fewer 
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paused erythrocytes. EMA may prove to be a more sensitive marker 
of ocular blood flow than prior methodologies, and could potentially 
become a biomarker for development and progression of glaucoma. 
We present data on the safety and efficacy of this technique for 
assessment of erythrocyte pausing in the optic nerve head of 
glaucoma patients and healthy controls.
Methods: Glaucoma patients were recruited from glaucoma clinic 
and healthy controls from optometry clinic. EMA was performed 
using a Heidelberg HRA 2 Scanning Laser Ophthalmoscope 
(Heidelberg Engineering, Heidelberg Germany). Twelve to fifteen 
second angiograms of the optic disc of each individual were then 
graded to assess the presence and degree of erythrocyte pausing in 
the optic disc.
Results: Twenty-five eyes of fourteen patients underwent Erythrocyte 
Mediated Angiography, 6 with diagnoses of glaucoma or glaucoma 
suspect and 8 normal controls. This was followed by conventional 
ICG Angiography. One patient had a syncopal event associated with 
the conventional ICG angiography, but otherwise tolerated EMA 
without complication. Image quality was too poor in two eyes to 
determine if there was erythrocyte pausing in the optic nerve head. 
18 of the remaining 23 eyes showed evidence of erythrocyte pausing 
in the optic nerve head (Figure 1, Figure 2). All 25 eyes showed 
evidence of erythrocyte pausing in the peripapillary retina.
Conclusions: Vasomotion is the periodic pausing of erythrocytes in 
capillaries. Impairment of vasomotion is thought to play a role in the 
pathogenesis of diabetic macular edema and other retinal vascular 
diseases. This work is the first to our knowledge to describe this 
physiologic phenomenon in the human optic nerve head in both 
patients with glaucoma and controls.

Commercial Relationships: Osamah Saeedi, None; Michael Ou, 
None; Sachin Kalarn, None; Anja Jones, None; Luis Toledo, None; 
Lily Im, None; Harry A. Quigley, None
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Dynamic retinal vessel analysis using a spatial light modulator 
for stimulation
Dietmar Link, Daniel Baumgarten, Sascha Klee. Biomedical 
Engineering & Informatics, Technische Universitaet Ilmenau, 
Ilmenau, Germany.
Purpose: Dynamic vessel analysis (DVA) with the Retinal Vessel 
Analyzer (Imedos Systems UG) is the Gold standard to measure 
alterations in retinal vessel diameter in health and disease. The DVA 
guidelines provide flicker stimulation of 12.5 Hz in a 30° field of 
view [1] (fixed full-field). However, to investigate local effects in the 
regulation of retinal perfusion, e.g. neuro vascular coupling, spatially 
varying stimuli are required. We introduce and validate a spatial light 
modulator (SLM) based setup for DVA providing arbitrary stimuli in 
location and size.



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.

Methods: We studied 15 volunteers (8m, 7f, 24.7±1.1 yr) to 
investigate the repeatability of the novel setup and to compare the 
new setup with the Gold standard. The relative vaso-dilatation value 
was determined for both. We measured four primary vessels: one 
superior temporal artery and vein (STa/STv), one inferior temporal 
artery and vein (ITa/ITv). All subjects were free of ocular and 
systemic diseases. A high-power LED (515 nm) and a transmissive 
liquid crystal SLM were connected to a mydriatic fundus camera. The 
field of view was set to 30°. The SLM was controlled via standard 
graphics card and a customized software (60 Hz refresh rate / 15 Hz 
flicker frequency). Each volunteer was measured three times. One 
measurement with the Gold standard and two with the new setup, in 
a random order (10 min pause time). Repeatability and comparison of 
the two setups were analyzed using the Bland-Altmann method. To 
value the differences among the group means we performed the t-test. 
For groups that did not meet the normality assumption we employed 
the Mann-Whitney U test.
Results: The repeatability analysis showed the following mean 
differences (MD), Limits of Agreement (LoA), both in %, and 
p-values. STa: MD=-0.78, LoA=-4.35/+2.79, p=0.134. ITa: MD=-
0.67, LoA=-3.82/+2.48, p=0.131. STv: MD=-0.69, LoA=-4.30/+2.92, 
p=0.186. ITv: MD=-0.03, LoA=-3.00/+2.94, p=0.947. Comparing the 
two different setups the p-values were 0.545 (STa), 0.405 (ITa), 0.05 
(STv), and 0.137 (ITv).
Conclusions: We realized a working experimental setup and applied 
a new approach of Dynamic Vessel Analysis using a spatial light 
modulator. Validation was realized in comparison to the Gold 
standard. The agreement between the two different setups was 
predominantly good. Neither the repeatability analysis nor the 
comparison of the two setups showed significant differences.
Commercial Relationships: Dietmar Link, None; 
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Dual wavelength Scanning Light Ophthalmoscope with 
concentric circle scanning
Mathi Damodaran2, Kari V. Vienola2, Koenraad A. Vermeer1, 
Johannes F. De Boer2. 1Rotterdam Ophthalmic Institute, Rotterdam, 
Netherlands; 2Physics and Astronomy, LaserLaB, Vrije Universiteit 
Amsterdam, Amsterdam, Netherlands.
Purpose: Multispectral imaging helps in gathering important 
physiological parameters about the retina. We present a novel and 
compact scanning light ophthalmoscope (SLO) using a digital 
micromirror device (DMD) capable of imaging the retina at 7 Hz at 
two different wavelengths with a maximum 20° × 20° field of view 
(FOV).
Methods: The dual-wavelength SLO (Fig.1) used DMD to create 
concentric circle scanning on the retina. The concentric circles were 
centred around the fovea and provided fixation. By shifting the centre 
of the circles to different locations on the DMD, we imaged different 
regions of the retina. An annulus was placed in conjugate to the 
pupil plane in the illumination arm to create an annular illumination 
on the cornea. In the detection arm, a circular aperture was used to 
block corneal reflections and pass only the signal reflected from the 
retina onto the camera. Blocking the corneal reflections reduced the 
background and increased the signal to noise ratio. Polarisation optics 
were used to discard the stray reflections within the system. Virtual 
pinholes were implemented in the digital to create confocal images 
(Heintzmann et al, 2006). To demonstrate the capabilities of our 
system, we imaged the right eye of a healthy volunteer with a DMD 

pattern projection speed of 140 Hz and a fill-factor of 1/20. We used 
660 nm and 810 nm illuminations to record confocal images.
Results: Fig. 2A shows the fundus photograph of the subject. Fig. 
2B & 2C shows the images of the macular region with the fovea 
in the centre imaged using 810 nm and 660 nm. Since we used 
polarisation optics, the macular bowtie structure is visible in Figs. 
2B & 2C. The optic nerve head region is shown in Figs. 2D & 2E 
for both wavelengths. Blood vessels in the perifoveal inferior region 
were also imaged (Fig.2F & 2G). These images show high contrast 
details of the retina with big and small blood vessels at two different 
wavelengths.
Conclusions: We have demonstrated multispectral retinal imaging 
using a DMD to create high contrast retinal images. The DMD 
enables fixating the eye to different locations allowing us to image 
different parts of peri- and parafoveal regions.

Figure1: Optical layout of the system
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Figure 2: Imaging in the right eye of a healthy volunteer (A) : Fundus 
photo. (B-G) : Confocal images of different peri- and para-foveal 
regions imaged by 810 nm and 660 nm denoted by coloured dotted 
circles. Scale bar is 5 degrees.
Commercial Relationships: Mathi Damodaran, None; 
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Cell labeling using hybrid lipid coated gold nanorods
Trevor J. McGill1, 2, David Huang1, Jonathan Stoddard2, 
Marilyn Mackiwicz3. 1Ophthalmology, Casey Eye Institute-OHSU, 
Beaverton, OR; 2Neuroscience, Oregon National Primate Research 
Center, Beaverton, OR; 3Portland State University, Portland, OR.
Purpose: Cell transplantation is a promising prospective therapy 
for retinal degenerative diseases and is currently being evaluated 
in clinical trials for the treatment of advanced Age-related Macular 
Degeneration (AMD). However, there remains no objecive method 
to conclusively identify and track cells following implantation. Gold 
nanorods (GNR) have previously been demonstrated to provide 
sufficient contrast for detection using optical coherent tomography 
(OCT) imaging inferring their potential as a label for therapeutic 
cells. The purpose of this study was to test whether, and under what 
conditions, lipid-coated GNR could be internalized into cells and 
potentially used as a cell labeling technique.
Methods: GNR with an aspect ratio of 69x12nm were purchased 
from a commercial vendor (Nanopartz). The surface architecture 
of the gold nanorods was modified to improve their stability and 
enhance cellular internalization into cells through the addition of 
a hybrid lipid-coating. Lipid-coated GNR were then labeled with 
rhodamine to allow fluorescence identification of internalized GNR 
within cells. Lipid coated GNR were incubated with baby-hampster 
kidney (BHK) and human retinal pigmented epithelial cells (RPE) 
at 37C at concentrations ranging from none to ~3x1011 GNR/ml for 
between 4 and 24 hours.
Results: Incubation of GNR with BHK and RPE cells resulted in a 
dose and time-dependent internalization of the GNR. Internalized 

GNR could readily be visualized under fluorescent microscopic 
conditions at concentrations ranging between ~1x109 to 1x1010 GNR/
ml. GNR could not be visualized in cells at concentrations lower 
than 1x109 even when applied for up to 24 hours. Toxicity was 
observed as loss of cell adhesion to the culture dish and cell lysing 
was only occasionally evident and only at the highest concentrations. 
A significant number of GNR had been internalized by 4 hours 
incubation, with only slight increase in internalization up to 24 hours.
Conclusions: Lipid-coated GNR readily internalize into BHK and 
RPE cells. Use of fluorescence as a detection method for internalized 
GNR lacked sensitivity to visualize internalized GNR at the lower 
concentrations. Future use of quantitative methods such as ICP-MS 
will provide higher accuracy detection of intracellular GNR. These 
studies suggest that with further refinement, lipid–coated GNR could 
be used as a cell labeling technique for use with high-resolution in 
vivo retinal imaging.
Commercial Relationships: Trevor J. McGill, Healios K.K. (F), 
Cell Cure Neurosciences (F); David Huang, Optovue (I), Optovue 
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Use of Focus-Tunable Lenses for Flexible Focusing in OCT 
Systems
Katja Schlichting, Muzammil A. Arain, Tilman Schmoll, 
Jochen Straub. R&D, Carl Zeiss Meditec, Inc., Dublin, CA.
Purpose: To compensate for a patient’s refractive error or to switch 
between posterior and anterior segment imaging modes, a change in 
focus of the OCT sample beam is required. Tunable lenses make it 
possible to change the focus quickly, precisely, and without moving 
any mechanical parts. We demonstrate the use of such focus-tunable 
lenses in ophthalmic OCT systems.
Methods: A swept-source OCT prototype setup (ZEISS, Dublin, 
CA) is used to show the focusing accuracy of a focus-tunable lens 
prototype developed by Optotune (Optotune Switzerland AG, 
Switzerland). Optotune’s focus-tunable lenses are shape-changing 
lenses based on a combination of optical fluids and a polymer 
membrane. The system uses a 100 kHz swept source at 1050 nm 
central wavelength. The tunable lens is inserted in the sample arm 
of the interferometer after the collimator. We defocus the sample 
beam by placing various trial lenses in front of the sample to simulate 
refractive errors from -15 D to +15 D. The variable power of the 
focus-tunable lens is used to re-focus the beam. As samples, we used 
a model eye simulating different retinal layers as well as a lateral 
resolution test target. In order to prove the accuracy of the tunable 
lens, we evaluate the image quality and signal strength of the OCT 
B-scans and enface scans.
Results: The focus-tunable lens was able to correct refractive 
errors of ±15 D. Images of a model eye and a resolution test target 
were obtained before and after defocus correction. Comparing the 
refocused images to images of the same sample acquired in focus, 
showed that the same signal strength and lateral resolution could 
be achieved after refocusing. Fig. 1 shows example images where 
the focus-tunable lens was used to correct a defocus of +10 D. We 
further demonstrated that the same tunable lens can be used to switch 
between an anterior segment and posterior segment imaging mode 
within 2 ms.
Conclusions: Tunable lenses allow quick and precise focus change 
in an OCT system. This lens technology enables fast and accurate 
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correction of large refractive errors as well as switching the sample 
beam focus between anterior and posterior segments.

Figure 1: Image showing B-scans for various configurations. Left: 
B-Scan with a focused OCT System without the tunable-lens. Center: 
defocused B-scan via trial lens of +10 D. Right: refocused B-Scan 
using the tunable lens.
Commercial Relationships: Katja Schlichting, Carl Zeiss Meditec, 
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