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235 Applications of adaptive optics for retinal imaging and visual 
function testing - Minisymposium
Monday, May 08, 2017 11:00 AM–12:45 PM
Room 316  Minisymposium
Program #/Board # Range: 1629–1634
Organizing Section: Visual Psychophysics/Physiological Optics
Contributing Section(s): Clinical/Epidemiologic Research, 
Glaucoma, Low Vision, Multidisciplinary Ophthalmic Imaging, 
Retina, Retinal Cell Biology, Visual Neuroscience

Program Number: 1629
Presentation Time: 11:03 AM–11:25 AM
Principles of adaptive optics and imaging two-photon excited 
fluorescence in living retinas
Jennifer J. Hunter1, 2. 1Flaum Eye Institute, University of Rochester, 
Rochester, NY; 2Center for Visual Science, University of Rochester, 
Rochester, NY.
Presentation Description: In vivo cellular-scale imaging of 
retinal structure and function in health and disease provides many 
advantages for both basic and clinical science. With the aid of 
adaptive optics, we can visualize the photoreceptor mosaic, retinal 
vasculature and the retinal nerve fiber layer and with single-photon 
fluorescence techniques the retinal pigment epithelium cell mosaic. 
Using two-photon excited fluorescence (TPEF) imaging in monkey 
eyes, we have imaged Müller cells, ganglion cells, vessel walls and 
photoreceptors, which provide the strongest signal. In response to 
visual stimulation, the time course of emitted TPEF intensity from 
photoreceptors indicates the rate of formation and clearance of  
retinol and is related to available photopigment.
Commercial Relationships: Jennifer J. Hunter, Polgenix, Inc.  
(F), University of Rochester (P)
Support: NIH grants R44 AG043645, R01 EY022371, and  
P30 EY001319. Research to Prevent Blindness.

Program Number: 1630
Presentation Time: 11:25 AM–11:41 AM
AO-OCT quantification of structure and physiology of the outer 
retina
Donald T. Miller. School of Optometry, Indiana University, 
Bloomington, IN.
Presentation Description: Much of what we know about the cellular 
structure and physiology of the outer retina comes from histology 
and animal models. Today, advanced high-resolution imaging 
technology makes it possible to extract noninvasively some of the 
same fundamental cellular properties in the living human eye. Here 
I will present our latest results obtained with adaptive optics optical 
coherence tomography to quantify the 3D reflectance profile of 
photoreceptors, retinal pigment epithelium cells, and choriocapillaris. 
I will also present several results demonstrating physiological 
changes at the level of individual cells, namely photoreceptor disc 
shedding and RPE organelle motility.
Commercial Relationships: Donald T. Miller, #7,364,296 (P)
Support: NIH EY018339

Program Number: 1631
Presentation Time: 11:41 AM–11:57 AM
Cone-targeted psychophysics in the trichromatic cone mosaic 
using adaptive optics
William S. Tuten. Psychology/Ophthalmology, University of 
Pennsylvania, Narberth, PA.
Presentation Description: 
One of the earliest applications of adaptive optics ophthalmoscopy 
was to characterize the cellular topography of the trichromatic cone 

mosaic in the living human eye. The precise arrangement of the 
long (L), middle (M), and short (S) wavelength-sensitive cones is 
important because it places a constraint on the post-receptoral circuits 
that mediate spatial and color vision. To understand how  
local configurations of L, M, and S cones might influence perception, 
we used an adaptive optics scanning laser ophthalmoscope with  
high-speed retinal tracking to deliver tiny flashes of light to cones 
situated in a patch of parafoveal retina that had been spectrally 
classified with adaptive optics densitometry. In one experiment, 
subjects were asked to report hue sensations elicited by a 550 
nm cone-sized probe delivered against neutral and chromatic 
backgrounds. Surprisingly, a majority of cones produced primarily 
achromatic sensations regardless of the background, while a subset 
of L and M cones yielded chromatic percepts that were highly 
repeatable, specific to cone type, and dependent on background 
chromaticity. The distribution of chromatic and achromatic signals 
in the outer retina has implications for the circuits subserving color 
vision. In a second experiment, detection thresholds were assessed 
in individual parafoveal cones after a period of prolonged chromatic 
adaptation. Under these conditions, we found sensitivity was reliably 
modulated by the spectral composition of neighboring cones. The 
cellular pattern and spatial scale of this modulation was consistent 
with inhibitory feedback onto cones mediated by retinal horizontal 
cells. Together, these results demonstrate that fundamental properties 
of first-order circuits supporting human spatial and color vision can 
be revealed by probing sensation on a neuron-by-neuron basis.
Commercial Relationships: William S. Tuten, None
Support: NIH Grant K23EY022412

Program Number: 1632
Presentation Time: 11:57 AM–12:13 PM
Multiply scattered light imaging of the human retinal vasculature 
and blood flow in health and disease
Stephen A. Burns. School of Optometry, Indiana University, 
Bloomington, IN.
Presentation Description: Multiply scattered light imaging with 
an Adaptive Optics Scanning Laser Ophthalmoscopes (AOSLO) is 
revolutionizing our ability to image transparent retinal tissues in the 
living human eye. In this talk we will present data using this approach 
for imaging both normal and abnormal retinal vasculature, as well as 
for quantifying the motion of red blood cells moving through retinal 
capillaries.
We used AOSLO imaging at two wavelengths (785 nm and 810 nm) 
simultaneously. The two imaging wavelengths are presented with 
a slight spatial offset. In the typical configuration one wavelength 
provides a multiply scattered light image, the other provides confocal 
and multiply scattered light images. The system allows rapid 
selection of any retinal region within the central 25 degrees of the 
retina, and we typically measure a region of 6x6 degrees around the 
fovea and then 7x3 degrees in the temporal retina, as well as variable 
regions of interest. The vascular imaging portion of our standard 
AOSLO protocol requires approximately 15 minutes.
This approach has shown that there are numerous structural changes 
to the mircovasculature even very early in the course of diabetic 
retinopathy. These include capillary dropout, capillary remodeling, 
including loops and microaneurysms, as well as an increased wall 
to lumen ratio (WLR) in arterioles and variability in the structure of 
the capillaries. The increased WLR varies across the retina, being 
larger in areas with more damage, even within the same eye. Thus, 
these changes reflect local conditions and seem to be a biomarker 
for the amount of retinal stress. We also find that diabetes alters 
some of the structural relations between vascular branches. For 
functional measurements we use a technique that allows us to 
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measure the velocity of red blood cells in all the capillaries within 
the field of view (1.5 deg) at up to 30 Hz. This allows us to measure 
the pulsatility of flow within the capillaries. This techniques uses 
the temporal encoding of the SLO raster scan, together with a small 
spatial offset to obtain pairs of images separated in time from less 
than 1 msec to more than 10 msec. 
Authors: Burns, S, deCastro A, Elsner AE, Luo T, Gast TJ, Othman 
H, Sapoznik K, Sawides L, and Walker B.
Supported by NEI R01 EY024315.
Commercial Relationships: Stephen A. Burns, AEON Imaging (I)
Support: NEI R01 EY024315

Program Number: 1633
Presentation Time: 12:13 PM–12:29 PM
Imaging individual retinal ganglion cell layer neurons in the 
living eye
Ethan A. Rossi. Department of Ophthalmology, University of 
Pittsburgh School of Medicine, Pittsburgh, PA.
Presentation Description: Although imaging of the living 
retina with adaptive optics scanning light ophthalmoscopy 
(AOSLO) provides microscopic access to individual cells such as 
photoreceptors, retinal pigment epithelial cells, and blood cells in 
the retinal vasculature, other important cell classes, such as retinal 
ganglion cells, have proven much more challenging to image. The 
near transparency of inner retinal cells is advantageous for vision, 
as light must pass through them to reach the photoreceptors, but this 
has made them difficult to image directly in vivo. In my presentation 
I will discuss the recent work that has allowed the individual somas 
of neurons within the retinal ganglion cell (RGC) layer to be imaged 
through modification of the detection scheme of a conventional 
confocal AOSLO, in both monkeys and humans. I will also show how 
the same technique applied at the photoreceptor layer can resolve 
ambiguity about cone survival in age-related macular degeneration. 
The capability to noninvasively image RGC layer neurons in the 
living eye may allow for a better understanding of diseases such as 
glaucoma and accelerate the development of therapeutic strategies 
that aim to protect these cells. These methods may also prove useful 
for imaging other structures, such as neurons in the brain. Though 
the capability to image individual neurons through the full thickness 
of the retina could be transformative for the study of human retinal 
diseases, more work is needed to develop the technique as a robust 
clinical tool. I will provide a brief overview of how such methods 
can potentially be optimized for future deployment to study human 
diseases and an overview of the engineering challenges that need to 
be addressed to accelerate this goal.
Commercial Relationships: Ethan A. Rossi, University of 
Rochester (P), Canon, Inc. (F)

Support: This research was supported by the National Eye Institute 
of the National Institutes of Health under Awards R01 EY021786, 
F32 EY021669, P30 EY001319, BRP EY014375, R01 EY004367, 
R01 EY022371, R44 AG043645, EY007125 and U01EY025497, 
a research grant from Canon, Inc., a grant from the Edward N. & 
Della L. Thome Memorial Foundation to Mina M. Chung, and an 
unrestricted grant to the University of Rochester Department of 
Ophthalmology from Research to Prevent Blindness, New York,  
New York.

Program Number: 1634
Presentation Time: 12:29 PM–12:45 PM
The relationship between cone structure and function in inherited 
retinal diseases
Jacque L. Duncan. Ophthalmology, University of California, San 
Francisco, San Francisco, CA.
Presentation Description: Title: The relationship between cone 
structure and function in inherited retinal diseases
Confocal adaptive optics scanning laser ophthalmoscopy (AOSLO) 
imaging provides high-resolution images of cone photoreceptor 
structure. However, adaptive optics can also be used to compensate 
for optical aberrations that prevent the delivery of visual stimuli 
to individual cone photoreceptors with high resolution, and when 
combined with high-speed fundus tracking, AOSLO can be used 
to measure visual function in discrete retinal locations. Adaptive 
optics microperimetry can be used to characterize visual function 
in regions where cones are not visible in confocal AOSLO images. 
Visual function of cones that have abnormal reflective properties 
may be evaluated by delivering stimuli directly to regions without 
apprent cones in confocal AOSLO images. These “dysflective 
cones” with measurable, but abnormal, visual function appear to 
have intact inner segments but abnormal outer segments. Adaptive 
optics microperimetry provides a new, high resolution method to 
identify, characterize and monitor cone photoreceptors during disease 
progression and recovery in patients with retinal diseases that affect 
cone outer segments in which inner segments are preserved.
Commercial Relationships: Jacque L. Duncan, None
Support: NIH Grants R01EY023591, EY002162, T32EY007043, 
K23 EY022412, K12EY017269, The Foundation Fighting Blindness, 
Research to Prevent Blindness (to the Departments of Ophthalmology 
at UCLA and UCSF), The Giannini Foundation, The Lawrence L. 
Hillblom Foundation, The Beckman Initiative for Macular Research, 
The Macular Vision Research Foundation, The American Optometric 
Foundation, Hope for Vision, That Man May See, Inc., and the 
Harold and Pauline Price Foundation.


