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Abstract
Recent years have seen an explosion in the development of novel ophthalmic imaging devices,
delivering non-invasive views of the living retina. Adaptive optics (AO) imaging systems enable
resolution of individual cells in the living retina. Analysis of these images has been limited to
measures of cone density and regularity. Here we introduce a small case series where the
information in the high-resolution image extends beyond these standard metrics. These images
should serve as the basis for evolving discussion as to how best to interpret AO retinal images.

XX.1 Introduction
The use of AO imaging systems to image the living human retina is becoming increasingly
widespread. A number of groups are utilizing AO technology to examine photoreceptors in
the normal (Roorda and Williams 2002; Putnam et al. 2005; Jonnal et al. 2010) and diseased
(Choi et al. 2006; Wolfing et al. 2006; Duncan et al. 2007; Carroll et al. 2008; Chen et al.
2010) retina. Owing to their high contrast, identifying cones in AO images has proved
relatively easy – semi-automated techniques to identify cone photoreceptors are now widely
used (Li and Roorda 2007; Rossi and Roorda 2010). Thus a major focus in the analysis and
interpretation of AO images has been density, spacing, or regularity of the cone mosaic.
However, we believe that there may exist other important features in these images that may
not get captured by these metrics. It is important to establish what other features should be
captured from these images and begin to discuss what they might mean, specifically with
regard to photoreceptor health.

Here, we describe three cases with unusual AO retinal images. This descriptive case series
demonstrates that while AO imaging has shed enormous light on the cellular basis of visual
abnormalities in retinal degenerations, several questions remain. While the underlying
disease etiology is uncertain in these examples, the presence or absence of the cones is
secondary to potentially more meaningful features involving the photoreceptor mosaic. A
similar logic applies to optical coherence tomography images - there is more data to be
gained from these images than just retinal or sub-layer thickness (i.e., inner segment/outer
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segment (IS/OS) reflectivity). Continued development of new image analysis metrics should
increase the clinical utility of both imaging modalities.

XX.2 Materials and Methods
Three patients who presented with different retinal conditions were evaluated. All patients
underwent a comprehensive clinical examination, fundus photography, and slit lamp
biomicroscopy. SD-OCT line scans were obtained with the Bioptigen SD-OCT (Bioptigen,
Inc., Durham, NC USA) as previously described (Tanna et al. 2010). Images of the cone
photoreceptor mosaic were obtained and processed using a flood-illuminated AO
ophthalmoscope as previously described (Rha et al. 2009). Participants provided written
informed consent, and research was approved by the local Institutional Review Board.

XX.3 Results
XX.3.1 Case 1

Patient 1 was a 15-year-old boy referred for evaluation of macular drusen. He was
asymptomatic and reported no particular visual complaints at that time. Visual acuity was
20/20 OU. Clinical examination was significant for bilateral scattered, well-defined, fine,
hard drusen in the central macula and extending radially into the temporal midperiphery
(Fig. XX.1). Family history was noteworthy for the patient’s father was diagnosed with
similar findings at age 30, macular degenerative changes in the paternal grandfather, and an
aunt and uncle having severe macular degeneration findings. A diagnosis of dominant
drusen also known as Doyne’s honeycomb dystrophy was made. The high-resolution SD-
OCT images from the patient’s right eye revealed retinal pigment epithelium (RPE)
excrescences with underlying moderately reflective material consistent with drusen, though
not all druse could be seen on the SD-OCT images (Fig. XX.1). AO imaging revealed a
regular photoreceptor mosaic with areas of hyper-reflectivity coinciding with the location of
the drusen. Though the photoreceptor mosaic is regular and undisrupted, the areas of hyper-
reflectivity are different from what is seen in normal retina. In normal retinas the RPE
absorbs light that is not captured by cones resulting in the high contrast between reflective
cones and the non-reflective RPE. In the data from patients with albinism published by our
group (McAllister et al. 2010), we observed similar heterogeneous patterns of reflectivity
due to melanin clumping (where the absence of melanin caused an increase in reflectivity
and a reduction in the local cone contrast). Thus in the current patient, we believe that the
increased reflectivity associated with the drusen can be attributed to increased scatter from
the RPE (not likely due to decreased melanin, but rather accumulation of some other
material). It may be that local cone contrast could be used in conjunction with OCT-based
measures of drusen anatomy (Khanifar et al. 2008; Jain et al. 2010) to monitor drusen
progression – even though the density and regularity of the overlying cone photoreceptors
may remain unchanged. AO flood-illuminated systems may differ with AOSLO systems in
capturing this altered reflectivity.

XX.3.2 Case 2
Patient 2 was a 17-year-old girl who presented for evaluation of decreased vision with a
family history significant for retinal dystrophy. Visual acuity without correction was 20/40
+2 OD 20/30 -1 OS, and color vision was decreased. Fundus exam showed subtle bull’s eye
pigmentation in the macular region, left eye greater than right. The high-resolution SD-OCT
images from the patient’s right eye revealed preserved retinal layers in the central fovea with
loss of the IS/OS layer and the external limiting membrane (ELM) in the perifoveal region
in a ring like fashion corresponding to the bull’s eye lesion. Figure XX.2 shows images from
the area where the IS/OS was absent, yet significant structure remains. The low frequency
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hypo-reflective structures are probably RPE cells, as the average spacing of these structures
(13.1 μm) is similar to previous reports (Roorda et al. 2007). However, the smaller hyper-
reflective structures may or may not represent cone structure; the SD-OCT image would
suggest an absence of cones. As such, algorithms which simply detect bright spots (Xue et
al. 2007) will lead to misinterpretation of the images. That said, it is difficult to reconcile
what (if not cones) these structures could be. Correlating microperimetry with high-
resolution images certainly appears to be the way forward in interpreting difficult images
like these (Yoon et al. 2009).

XX.3.3 Case 3
Patient 3 was a 35-year-old woman referred for abnormal pigmentary changes in her retina
and complaints of difficulty with night vision. Past ocular history was significant for being
told she had a “weird” appearance of her retina 11 years prior to this examination. Family
history was significant for her father having macular dystrophy with degenerative changes at
45 years of age. Her visual acuity without correction was 20/25 - 1 OD and 20/25 OS.
Fundus exam revealed a mottled appearance of the retina bilaterally. In the posterior pole of
the right eye there are focal areas of atrophy seen both superior and inferior to the fovea. AO
images of the retina had a varied appearance (Fig. XX.3). Near the foveal center, some
cones appeared with inverted contrast, yet they remained regularly integrated with the
surrounding normally-reflective cones. The cone spacing here is near normal values (3.99
μm vs. 4.49 μm). However at 2.0 deg from the fovea, cone spacing is increased in the patient
(7.42 μm vs. 5.58 μm), indicating lower cone density. In addition, the cones take on a
“bubble-wrap” type appearance, which has been described before (Duncan et al. 2007;
Godara et al. 2010). The raised appearance results from a non-uniform reflectance across the
cone aperture. Measures of cone density or cone spacing do not capture the abnormal
appearance of these cells, which may be a transient indicator of cone health and should be
investigated further.

XX.4 Discussion
AO retinal imaging has rapidly advanced as a clinical imaging tool in the last decade. Now
we have the ability not only to image photoreceptors consistently at the same location but
also to follow up the changes longitudinally over time. The above clinical examples
highlight the need to have a better understanding of the information present in these AO
images (beyond cone density or regularity), as this information is likely to increase the
clinical utility of AO imaging.
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Fig. XX.1.
Multimodal imaging of a patient with dominant drusen. Color fundus photograph (A, B) and
autofluorescence (C) images showing numerous scattered drusen in central fundus. The
white box in (B) represents the area of the AO image (D). (E) High-resolution SD-OCT
image taken at the location of the horizontal line (B). Thin vertical arrows represent the
boundary of the retinal area imaged with AO.
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Fig. XX.2.
Image from patient with a bulls’s eye maculopathy. (A) SD-OCT scan shows that retinal
layers are preserved in a small island in the central macula with loss of the IS/OS layer and
the ELM in the perifoveal region. The white lines indicate the area imaged with AO in (B).
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Fig. XX.3.
Images from a patient with focal areas of retinal atrophy and visual loss (A, C) and a normal
control (B, D). At 0.5 deg. eccentricity (A, B), a small patch of cones in the patient (A-white
box) appear with inverted contrast compared to normal. At 2.0 deg. eccentricity (C, D), the
cones in the patient (C) appear raised, owing to non-uniform reflectivity across the cone
aperture. (E) SD-OCT image through the fovea, showing diffuse disruption of the IS/OS
layer at the locations imaged with AO.
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