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PURPOSE. We surveyed inner retinal microscopic features in retinal and neurologic disease
using a reflectance confocal adaptive optics scanning light ophthalmoscope (AOSLO).

METHODS. Inner retinal images from 101 subjects affected by one of 38 retinal or neurologic
conditions and 11 subjects with no known eye disease were examined for the presence of
hyper-reflective features other than vasculature, retinal nerve fiber layer, and foveal pit reflex.
The hyper-reflective features in the AOSLO images were grouped based on size, location, and
subjective texture. Clinical imaging, including optical coherence tomography (OCT),
scanning laser ophthalmoscopy, and fundus photography was analyzed for comparison.

RESULTS. Seven categories of hyper-reflective inner retinal structures were identified, namely
punctate reflectivity, nummular (disc-shaped) reflectivity, granular membrane, waxy
membrane, vessel-associated membrane, microcysts, and striate reflectivity. Punctate and
nummular reflectivity also was found commonly in normal volunteers, but the features in
the remaining five categories were found only in subjects with retinal or neurologic disease.
Some of the features were found to change substantially between follow up imaging months
apart.

CONCLUSIONS. Confocal reflectance AOSLO imaging revealed a diverse spectrum of normal and
pathologic hyper-reflective inner and epiretinal features, some of which were previously
unreported. Notably, these features were not disease-specific, suggesting that they might
correspond to common mechanisms of degeneration or repair in pathologic states. Although
prospective studies with larger and better characterized populations, along with imaging of
more extensive retinal areas are needed, the hyper-reflective structures reported here could
be used as disease biomarkers, provided their specificity is studied further.
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Since the first demonstration of adaptive optics (AO) for
retinal imaging,1 its main application has been the study of

the cone photoreceptors by taking advantage of their strongly
directional reflectivity (waveguiding).2 Defects in a structural
protein,3 membrane channel,4–6 physical disruption of the
photoreceptor,7 or otherwise,8,9 can show as abnormal
reflectivity patterns and often result in decreased or complete
absence of reflectivity (dark cone). Although each independent
study has improved the understanding of a particular disease,
when the collective findings are considered together it
becomes clear that impaired cone photoreceptor waveguiding
is an important, yet nonspecific biomarker for photoreceptor
integrity.10

Adaptive optics imaging also is being used to study retinal
microvasculature structure and perfusion in normal and
diseased eyes,11–23 with a recent focus on microaneurysms.21,22

Studies on diabetic retinopathy and other conditions13,20,21

have found that microscopic vascular changes and, in
particular, microaneurysm morphology, also are not specific
to any one disease.22 As with the dark cone phenotype,
microscopic vascular pathology, therefore, may be more
suggestive of common response mechanisms, rather than
disease-specific insults.

With the exception of recent work,24–28 inner retinal
pathology remains largely unexplored with AO ophthalmosco-
py. However, previous imaging by us (Scoles DH, et al. IOVS

2012;53:ARVO E-Abstract 6957; Scoles DH, et al. IOVS

2013;54:ARVO E-Abstract 1434) and others (Gast TJ, et al. IOVS

2013;54:ARVO E-Abstract 1507) performed in a small number
of subjects seem to suggest that abnormal epiretinal highly-
reflective structures also are not disease-specific.
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In the present study, we sought to expand upon previous
work by reexamining inner retinal (anterior to the outer
plexiform layer) and epiretinal (anterior to the inner limiting
membrane) findings in AO scanning light ophthalmoscopic
(AOSLO) imaging across a broad cohort of retinal and
neurologic diseases. The superior transverse image resolution
of the AOSLO relative to non-AO ophthalmoscopes revealed
previously unreported hyper-reflective structures (relative to
their surroundings). The results of this study also indicated
that, similar to the biomarkers of photoreceptor and vascular
diseases, microscopic and macroscopic hyper-reflective inner
retinal features are not unique to a single condition. Although
the findings described here may not be disease-specific, their
potential for aiding diagnosing, monitoring disease progres-
sion, and adjusting management remains to be determined. In
what follows, the appearance of similar inner retinal features
across varied conditions is shown, followed by specific
examples highlighting each feature and placing the AOSLO
findings in the context of fundus photography, scanning laser
ophthalmoscopy, and en face OCT sections.

METHODS

Subjects

Research procedures followed the tenets of the Declaration of
Helsinki, and informed written consent was obtained from all
subjects after explanation of the nature and possible conse-
quences of the study. The study protocol was approved by the

institutional review board at the Medical College of Wisconsin
and the University of Rochester. Subjects were either referred
by their physicians, or self-referred in response to advertised
studies.

Axial length measurements were obtained on all subjects
(Zeiss IOL Master; Carl Zeiss Meditec, Dublin, CA, USA). Using

the Gullstrand 2 schematic eye, the predicted 291 lm per
degree of visual angle29 was scaled linearly by the subject’s
axial length to determine the scale of AOSLO images. Before all
retinal imaging, the eyes to be imaged were dilated and
cycloplegia was induced through topical application of

phenylephrine hydrochloride (2.5%) and tropicamide (1%).

TABLE. Retinal Diseases and Phenotypes Observed in this Study

Pathology, n A B C D E F G

Achromatopsia, 5 X X X

Acquired optic disc pit, 1 X X X

Acute macular neuroretinopathy, 1 X

AMD, 2 X X

Astrocytic hamartoma, 1 X X X

Autoimmune retinopathy, 1 X

Best disease, 2 X X X

Birdshot choroidoretinopathy, 4 X X X

Bornholm eye disease, 1 X

BRAO & BRVO, 3 X X X

Central retinal artery occlusion, 1 X X

Central serous retinopathy, 3 X X X X X X

Choroideremia, 8 X X X X

Color blindness, 1 X X

Commotio retinae, 5 X X X X

Cone dystrophy, 4 X X X X

Cotton-wool spot, 1 X

Diabetic retinopathy, 2 X X X

Epiretinal membrane, 2 X X

Free of disease, 11 X X X

Glaucoma, 11 X X X X

Leber’s congenital amaurosis, 2 X X X

Leber’s hereditary optic neuropathy, 1 X X

Macular hole, 4 X X X X X X

Macular telangiectasia, 7 X X X X

Microscotoma, 3 X X X

Multiple sclerosis, 1 X X

Optic atrophy, 5 X X X X X X

Optic nerve drusen, 2 X

Optic neuritis, 3 X

Parkinson’s disease, 3 X X X X X X

Pathologic myopia, 1 X

Premature birth, 1 X

Retinitis pigmentosa, 4 X X X X X

Retinoschisis, 1 X X X

Rubella retinopathy, 1 X X X

Stargardt, 1 X

Traumatic brain injury, 1 X

Unknown retinopathy, 1 X X

The columns represent each of the seven findings described here; an ‘‘X’’ indicates that it was observed in our cohort. The absence of a feature
(no ‘‘X’’) should not be interpreted as an absolute absence, rather not yet observed. A, punctate reflectivity; B, nummular (disc-shaped) reflectivity;
C, granular membrane; D, waxy membrane; E, vessel associated membrane; F, microcysts; G, striate reflectivity.
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Optical Coherence Tomography

In all subjects, spectral domain-optical coherence tomography
(SD-OCT) line scans and cube scans were performed in the
area of AOSLO imaging (Carl Zeiss Meditec; Bioptigen,
Research Triangle Park, NC, USA; Heidelberg Engineering,
Heidelberg, Germany). Dense SD-OCT volumes also were
obtained (Bioptigen), nominally covering 3 3 3 (400 A-scans/B-
scans; 400 B-scans) or 7 3 7 (1000 A-scans/B-scans; 250 B-
scans) mm, and used to create en face OCT sections
approximately 50 lm thick at the retinal layer(s) of interest
with custom software (Java; Oracle, Redwood City, CA, USA).
The OCT B-scans through features of interest shown below

were generated by registering and averaging 3 adjacent B-scans
to increase signal-to-noise ratio.30 All OCT images are displayed
in logarithmic scale. The fundus image provided by the line
scan ophthalmoscope (LSO; Carl Zeiss Meditec) was recorded
for comparison and registration of AOSLO images.

Confocal Reflectance Adaptive Optics Retinal
Imaging

Inner retinal AOSLO images from 101 subjects representing 38
different retinal conditions (see Table for full list included in
this study), acquired between August 2010 and February 2014
were identified. All images were collected using 680 or 790 nm

FIGURE 1. Representative images of the first four features: punctate reflectivity (A1–4), nummular reflectivity (B1–4), granular membrane (C1–4),
waxy reflectivity (D1–4). Diseases in each group include, rubella retinopathy (A1), achromatopsia (A2), optic disk pit (A3), normal (A4), normal
(B1), glaucoma (B2), normal (B3), multiple sclerosis (B4), diabetic retinopathy (C1), Parkinson’s (C2), branch retinal vein occlusion (C3), optic
atrophy (C4), cone dystrophy (D1), central serous retinopathy (D2), birdshot choroidoretinopathy (D3), age-related macular degeneration (AMD,
[D4]). (B4) is a contiguous vertical montage split into two halves, top is on the left and bottom is on the right. The first column of each row is
highlighted below in Figures 3, 5, 7, 9. Scale bars: 100 lm.
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superluminescent diodes (Superlum, Cork, Ireland), on one of
three similar custom built AOSLO instruments at the University

of Rochester and the Medical College of Wisconsin.31 Incident

powers measured at the cornea were 15 to 30 lW for a 850-nm

wavefront sensing light source, 120 lW for the 680-nm source

and 80 to 150 lW for the 790-nm source. All exposures were

kept 5 times below the maximum permissible exposure as per
ANSI Z136.1.32,33 Inner retinal images from 11 subjects with no

history of vision-limiting eye disease also were analyzed for

comparison. Where possible, images from subjects imaged on

multiple occasions were compared to display longitudinal

changes of inner retinal features. The AOSLOs were focused on
the retinal features of interest by changing the curvature of the

deformable mirror (Hi-Speed DM97-15; Alpao, Giéres, France).

A 1 to 2 Airy disk confocal pinhole was used to provide axial

sectioning and increase the contrast of structures of interest.34

After the features were located and in focus, image sequences

of 150 frames were captured at 17 frames per second. The
images within each sequence were registered, and the 20 to 50

images with highest normalized cross-correlation relative to a

user-selected reference frame were averaged to create a high

signal-to-noise ratio result with minimal distortion due to eye

motion.35 Where possible, multiple registered images were

tiled manually using Adobe Photoshop (Adobe Systems, Inc.,
Mountain View, CA, USA) to increase retinal coverage and/or to

locate the feature with the context of fundus or OCT images.
All AOSLO images are displayed in linear scale.

RESULTS

Classification of Inner Retinal Phenotypes

The review of the hyper-reflective structures with consider-
ation of previous work, as well as feature size, location and
subjective perceived texture in the AOSLO images suggested
seven classifications. We propose the following names for
these findings: punctate reflectivity, nummular (disc-shaped)
reflectivity, granular membrane, waxy membrane, vessel-
associated membrane, microcysts, and striate reflectivity (Figs.
1, 2). For each disease included in this study, all images were
examined for the presence of characteristics of any of the
seven feature groups, with the results summarized in the Table.
Given the limited retinal coverage in the AOSLO imaging
protocols used, it is important to note that the absence of
observation on this study does not mean the absence of a
structure. In fact, it is very likely that future high-resolution
retinal imaging studies on the conditions reported here will
find features of more types than those encountered in this
study. For this reason, it would be unreasonable to report
prevalence of features within each condition without a larger
population and more systematic study.

FIGURE 2. Representative images of the final three features: vessel-associated membrane (E1-4), microcysts (F1–4), striate reflectivity (G1–4).
Diseases in each group include Leber’s congenital amaurosis (E1), Stargardt’s (E2), macular hole (E3), diabetic retinopathy (E4), macular
telangiectasia (F1), glaucoma (F2), optic neuritis (F3), optic atrophy (focused on photoreceptors) (F4), Best’s disease (G1), choroideremia (G2),
commotio retinae (G3), unknown retinopathy (G4). The first column of each row is highlighted below in Figures 12, 13, 15. Scale bars: 100 lm.
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Punctate Reflectivity

In many diseases, as well as subjects free-of-disease who were
imaged, sparse punctate reflective structures measuring
approximately 3 to 5 lm in diameter (size can vary with
image saturation) sometimes are visible on the inner surface of
the retina. In normal volunteers, especially those aged 30 years
old or more, these punctate reflective structures appear to line
the inner surface of the foveal pit (Figs. 1A3, 1A4). Nearly
identical features are observed in and around lesions on the
inner surface of the retina or just deep in the ganglion cell layer
(Figs. 1A1, 1A2) in subjects with rubella retinopathy and
achromatopsia. It is unlikely that these features are cell somas
(bodies), given their small size. It is possible, however, that

FIGURE 3. Multimodal imaging of punctate retinopathy example (A1), rubella retinopathy JC_0830. (A) Fundus photo with outline of AOSLO
imaging. (B) The AOSLO image showing many small punctate reflective structures approximately 5 lm across. These structures appear to coalesce
at the vessel creating what appears to be a membrane in (C, D). Scale bar: 100 lm. Of interest here are the small structures themselves, as they are
found in a variety of other diseases and normal (Figs. 1A2–A4). (C) Fundus image from scanning laser ophthalmoscope (SLO) of the Cirrus OCT.
Scale bar: 200 lm. (D) En face OCT segmented at the level of the vasculature (horizontal arrows). Square shows AOSLO imaging region of interest,
horizontal line indicates location of OCT B-scan in (E). Scale bar: 200 lm. (E) OCT B-scan showing hyper-reflectivity surrounding a retinal vessel.
Scale bar: 100 lm.

FIGURE 4. Follow-up of punctate hyper-reflectivity, an enlarged
portion of the lesion shown in Figure 3. In the 18 months between
the first imaging session (A), and the second imaging session there are
few, if any, punctate structures that have not changed position. The
lesion appears to be enlarging along the vessels, and contracting, such
that the vessel no longer follows its original course, as illustrated by the
dashed lines in (B). Scale bar: 50 lm.
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they represent debris, or portions of cells. Due to the small size
of these features, it is not possible to make any distinctions
between those found in normal versus those found in
pathology with current reflectance confocal AOSLO.

In the case highlighted (Fig. 3), the punctate features are
thought to be collections of intra- or extracellular melanin
granules.36 This lesion appears dark brown or black in color
fundus photography, suggesting that it may have been formed
by pigment migration. Melanin granules are normally 1 to 1.2
lm in diameter,37 which is below the theoretical Rayleigh
resolution limit of 2.2 lm for 790-nm light and a 7.75-mm
AOSLO pupil. This means that any structure 2.2 lm or smaller,
such as melanin granules, will appear in the AOSLO images as
2.2 lm or larger, depending on object size, focus, and image
saturation. The average diameter of each punctate feature was
3.5 6 0.3 lm (mean 6 SD, n¼ 51, Fig. 3), which is consistent
with the expected theoretical size of a melanin granule as seen
in our AOSLO (calculated as the convolution of the granule
image with the object point spread function). The aggregation
of punctate hyper-reflective features can span areas greater
than 0.1 mm2, in close association with a retinal vessel, with
sparse individual or small clusters of hyper-reflective puncta
observed in the surrounding region. Figure 3 highlights the
discrepancy between imaging modalities potentially due to the

detection methods, imaging wavelength and magnification,
while the pigmented lesion appears dark in fundus photogra-
phy and LSO, in en face OCT and AOSLO it appears hyper-
reflective. Although the punctate structures in the foveal pit do

FIGURE 5. Multimodal imaging of nummular reflectivity example (B1), normal subject JC_0007. (A) Fundus photo with outline of AOSLO imaging.
(B) The AOSLO image showing many reflective structures 10 to 30 lm across glistening on the surface of the NFL. Scale bar: 100 lm. In this image
the largest dot is approximately 24 lm in diameter (arrow), and the smallest is only 13 lm (arrowhead). (C) The LSO fundus image does not resolve
the dots. Scale bar: 200 lm. (D) En face OCT segmented at the level of the ILM (horizontal arrows) also cannot resolve dots. Scale bar: 200 lm. (E)
The OCT B-scan does not clearly resolve the small dots. Scale bar: 100 lm.

FIGURE 6. AOSLO follow-up imaging of nummular reflectivity in (B1),
normal subject JC_0007. (A) Initial imaging. (B) A 2.5 month imaging
reveals that nearly all of the dots have not moved or changed in
appearance. Arrows depict a dot that was identified initially but not in
follow-up. Scale bar: 100 lm.
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not appear to change noticeably over the duration of this study,

the lesion in Figure 3 changed substantially over the 18 months

between imaging sessions, with apparent reorganization of the

punctate features inside and outside of the lesion (Fig. 4).

Nummular Reflectivity

In addition to the small punctate hyper-reflective features,

there also are substantially larger (approximately 10–30 lm in

diameter), round hyper-reflective features sometimes visible on

the internal limiting membrane (ILM). Each spot has a granular

texture nearly identical to that of the nerve fiber layer (NFL)

below, and some have a circular clearing near their center.

FIGURE 7. Multimodal imaging of granular membrane example (C1), diabetic retinopathy RS_1007. (A) Fundus photo with outline of AOSLO
imaging does not reveal any membrane. (B) The AOSLO image shows a meshwork of small reflective granules, although highly reflective, the retinal
vessel is clearly visible underneath. Scale bar: 100 lm. (C) The SLO fundus image shows a glistening membrane (arrow). Scale bar: 200 lm. (D) En
face OCT segmented at the level of the ILM (horizontal arrows) also resolves the thin membrane (arrow). Scale bar: 200 lm. (E) The OCT B-scan
shows a small glistening reflection on the surface of the NFL (arrow). Scale bar: 100 lm.

FIGURE 8. Illustration of how the specular reflectivity of waxy
membranes can lead to dramatic image intensity changes relative to
the surrounding structures with eye motion. (A, B) are single frames
taken from the same image sequence in subject KS_0625 with cone rod
dystrophy (Fig. 1D4). The relative brightness of the membrane (lower

right) changes substantially due to an 80-lm retinal movement. An
example from subject DLAB_0029 with glaucoma shows a similar
phenomenon caused by a 52-lm retinal movement (C, D). Each panel
is 100 lm across.
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These features are believed by us and others (Burns SA, et
al. IOVS 2008;49:ARVO E-Abstract 4512) to be the Gunn’s dots,
described in direct ophthalmoscopy and sometimes visible in
fundus photography.38,39 Unfortunately, the true identity of
Gunn’s dots remains to be elucidated. It has been suggested
that Gunn’s dots are found most easily in younger volunteers,
above and below the optic nerve head (ONH) in areas of the
thickest NFL. Our limited data set supports this statement (Fig.
1), and also shows these larger round reflective structures in
areas of NFL disease or loss. Figures 1B2 and 1B4 show these
structures in glaucoma and multiple sclerosis, both more than
128 temporal to the ONH. It is uncertain whether the Gunn’s
dots relocated, or were revealed by the pathologic NFL
thinning. No detectable changes were observed in the
appearance, location, and number of Gunn’s dots in normal
subjects over 2.5 months between imaging sessions, as
illustrated by the images in Figure 6.

The size and distribution of Gunn’s dots are inconsistent
with glial cell endfeet as has been hypothesized (Burns SA, et
al. IOVS 2008;49:ARVO E-Abstract 4512), which should be
found across the entire retina in a contiguous mosaic. It is
unlikely that the reflection is due to a retinal cell, since to our
knowledge no glial cell or neuron has been described anterior
to the ILM in the absence of disease. The size of the structures

and scattered distribution around the ONH anterior to the ILM
is most consistent with hyalocytes.40 These resident macro-
phages of the vitreous normally are dormant, but have been
implicated in the formation of epiretinal membranes.41,42 It is
hypothesized that they collect at the ONH, as well as the ciliary
body, due to firm attachment of the vitreous fibers at these
locations.40

Granular Membrane

Previous AOSLO imaging of inner retinal membranes, (Scoles
DH, et al. IOVS 2012;53:ARVO E-Abstract 6957; Gast TJ, et al.
IOVS 2013;54:ARVO E-Abstract 1507) found that they are
common with advancing age and partial or full posterior
vitreous detachment. In agreement with our findings, Gast et
al. noted that these membranes are not always visualized with
fundus photography and OCT. Here, we divide these hyper-
reflective membranes into granular and waxy, based on
appearance.

The granular membranes (Figs. 1C1–C4) appear to be
composed of many small bright granules that are connected by
a thin dimmer mesh-like structure, which does not obscure the
underlying nerve fiber layer, or vasculature from view. The
appearance is somewhat similar to the punctate features

FIGURE 9. Multimodal imaging of waxy membrane example (D1), cone dystrophy KS_1154. (A) Fundus photo shows a yellowish membrane in the
region within the region of AOSLO imaging. (B) The AOSLO image shows a clumpy, highly reflective membrane on the surface of the retina,
obscuring the NFL underneath. Scale bar: 100 lm. (C) A SLO fundus image shows a highly reflective membrane covering a large portion of the
superior portion of the image field. Scale bar: 200 lm. (D) En face OCT segmented at the level of the ILM (horizontal arrows) also resolves the
extensive hyper-reflective membrane. Scale bar: 200 lm. (E) The OCT B-scan shows a thick hyper-reflective membrane on the surface of the NFL.
Scale bar: 100 lm.
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described above, but in these membranes no isolated puncta
can be observed. These structures often are formed by two or
more disconnected areas with smooth or irregular (jagged)
boundaries. These membranes often contain hyporeflective
areas through which the NFL and vessels are visualized. They
show no obvious spatial correlation with NFL bundles, but
might be somewhat related to vasculature.

We have not yet observed this type of membrane in the
presence of retinal traction. In the case highlighted in Figure 7,
the membrane is visualized in every modality albeit faintly.
Although the membrane appears colocalized with a vessel, the
OCT B-scan confirms that the hyper-reflectivity is epiretinal as
opposed to adherent to the vessel itself, which is posterior to
the NFL.

Waxy Membrane

In contrast to the granular hyper-reflectivity, the second
category of large epiretinal finding (>50 lm across) is
substantially more reflective than the other structures reported
in this work, and has a smoother texture. We have termed this

FIGURE 10. Example of waxy membrane with notable contraction in normal subject JC_10146 OD. (A) En face OCT segmented at the level of the
ILM shows a hyper-reflective membrane and contraction lines superonasal to the foveal pit. (B) The OCT B-scan through the membrane shows a
hyper-reflective layer at the ILM spanning over the NFL. Arrowheads indicate extent of AOSLO imaging shown in (D). (C) An OCT B-scan outside of
the membrane shows an abnormal peaked appearance to the NFL. (D) The AOSLO imaging on and below the membrane shows the clumped waxy
appearance of the membrane, as well as the linear radial shadowing in the NFL caused by the contraction of the membrane. Scale bars: 200 lm.

FIGURE 11. Two month follow up of a waxy membrane in a glaucoma
patient (DLAB_0029). Despite the absence of contractile membrane
(see Fig. 10), the membrane has changed in appearance significantly
over a short period. Scale bar: 100 lm.
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category waxy reflectivity, to evoke the appearance of candle
wax dripped on a flat surface, not to imply that the
composition of the structure itself is substantially different
than the granular membrane. These structures obscure the
underlying tissue, yet often exhibit several abrupt circular
clearings within their area (Figs. 1D2, 1D3). In contrast to all
other structures described here, waxy membranes appear to
generate a strong specular reflection in addition to scattering
incident light. An example of a normal specular reflection in
the retina is the foveal reflex, visible with ophthalmoscopy,
fundus photography, SLO, and OCT. This bright scintillating
reflex is caused by the near perpendicular orientation of the
foveal pit to the incident beam, which acts like a mirror. Waxy
membranes behave similarly, and show dramatic brightness
changes with retinal movements as small as 52 lm (Fig. 8),
which is consistent with a specular reflection.

Some very large membranes on the surface of the NFL are
visualized clearly with all imaging modalities used in this study
(Fig. 9). We have found these membranes only anterior to the
NFL and often in subjects with what would likely be clinically
diagnosed as epiretinal membrane. Membrane traction has
been noted in some eyes with these lesions, but not all. An
example of a contractile waxy membrane in an asymptomatic
subject is shown in Figure 10. The AO image shows the

transition from a brightly reflective membrane that obscures
the underlying tissue at the top to clear NFL bundles at the
bottom that appear to undulate in reflectivity due to the
topography of the contracted retina.

The dramatic reflectivity of these structures suggests a
potential connective tissue component.43 In agreement with
previous work (Gast TJ, et al. IOVS 2013;54:ARVO E-Abstract
1507) we found that these membranes can remodel signifi-
cantly over only 2 months (Fig. 11). Despite our categorization
of these membrane-like lesions into two groups based on
texture, we do not believe that we have enough evidence to
perform a comparison of the granular and waxy membranes
against the classical clinically described cellophane macular
reflex (CMR) and preretinal macular fibrosis (PMF).44

Vessel-Associated Membrane

In some retinal diseases, striking hyper-reflective membranes
are present in close association with retinal blood vessels. The
width of these membranes in the AOSLO image varies
substantially even within a small retinal area and can be as
wide as four times the vessel diameter. The composition of the
membranes appears to be granular structures close to or below
the AOSLO diffraction limit at the wavelengths used for

FIGURE 12. Multimodal imaging of vessel-associated membrane example (E1), Leber’s congenital amaurosis JC_0579. (A) Fundus photo appears
normal. (B) An AOSLO image shows capillary loops entirely coated with a hyper-reflective membrane. Scale bar: 100 lm. (C) The SLO fundus image
shows no obvious pathologic changes. Scale bar: 200 lm. (D) En face OCT segmented at the level of the GCL (horizontal arrows) shows hyper-
reflective and disorganized vasculature. Scale bar: 200 lm. (E) The OCT B-scan shows many hyper-reflective spots (arrows), corresponding to
hyper-reflective vessels. Scale bar: 100 lm.
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imaging. In contrast to the membranes described earlier, these
vessel coatings reside just posterior to the NFL as shown by
OCT B-scans. In Leber’s congenital amaurosis, it has been
shown that some genotypes have inflammatory and glial
proliferations surrounding the vessels,45 consistent with the
findings in Figure 12.

Microcysts

Retinal diseases with profound inner retina cell loss, such as
glaucoma and optic atrophy, sometimes can lead to microcystic
spaces in the inner nuclear layer (INL).46-48 AOSLO imaging
reveals these INL microcysts with sharp distinct edges,24

allowing for quantification and monitoring of numbers and size
(Roorda A, et al. IOVS 2013;54:ARVO E-Abstract 3606). The
shape of the microcysts ranges from round to ovoid and from
10 to 140 lm across the longest dimension. Interestingly, these
cysts can act as lenses or obstructions that affect the imaging of
the photoreceptors in their geometrical shadow49 (Fig. 2F4),
by altering the image magnification, brightness, or focus.

Numerous microcysts were seen in a subject with macular
telangiectasia (Fig. 13). The large cysts are easily visualized
with en face OCT and AOSLO, but are not resolved by LSO and

fundus photography due to poor spatial sampling and the
optical blur introduced by the monochromatic aberrations of
the eye. Microcysts in a subject with dominant optic atrophy
were found to remain relatively unchanged over 13 months
(Fig. 14), in contrast to the dynamic structures highlighted
above.

Striate Reflectivity

The final feature shown here in inner-retinal AOSLO imaging
presents as fine hyper-reflective striae that run near perpen-
dicular to the course of NFL axon bundles (Figs. 2G1–G4). The
striations in our limited sample population extend longer than
400 lm, with average separation of 13, 11, 6, and 14 lm
respectively for the examples shown in Figures 2G1 to 2G4.
This feature has been noted only within the central 108 around
fixation, in very limited regions. Diseases that alter the normal
laminar arrangement of the retinal layers can enhance the back-
scattering of the Henle fiber layer,50 a possible source of the
striate hyper-reflectivity reported here. In fact, there is spatial
registration between the Henle fiber reflectance in OCT and
AOSLO (Fig. 15). Although not an inner retinal layer, it is
possible that the Henle fiber layer is visualized with AOSLO at

FIGURE 13. Multimodal imaging of microcysts example (F1), macular telangiectasia subject JC_10075. (A) Fundus photo does not resolve
microcysts. (B) The AOSLO image shows a scattered distribution of very small (arrowheads) to very large microcysts (arrows). Scale bar: 100 lm.
The borders of the cysts appear darker than the surrounding structure, and nearly all have a bright reflex on their apex. (C) The SLO fundus image
shows disordered reflectivity, but no microcysts. Scale bar: 200 lm. (D) En face OCT segmented at the level of the INL (horizontal arrows) resolves
only the largest microcysts (arrows). Scale bar: 200 lm. (E) The OCT B-scan shows the same two very large microcysts (arrows) seen in AOSLO
imaging. Scale bar: 100 lm.
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the NFL focus in the parafovea due to the decreased separation
of the layers. In addition to the striations consistent with Henle
fibers (Figs. 2G1, 2G2, 2G4), we have observed striate hyper-
reflectivity that does not seem related to Henle fibers (Fig.
2G3). Although these two phenomena are unlikely to be
caused by the same cellular processes, their phenotypic
appearance is similar and could be confused.

DISCUSSION

A diverse set of inner and epiretinal structures that appear
hyper-reflective in reflectance confocal AOSLO in various
ocular and neurological conditions were observed and we
propose here a classification based on qualitative appearance.
We envisage that this tentative and nonexhaustive classification
scheme will be expanded and refined as more eyes with
disease and normal volunteers are imaged. Longitudinal
confocal AOSLO studies and additional imaging modalities that
provide complementary structural or functional information
might provide information on the etiology of these hyper-
reflective structures.

FIGURE 15. Multimodal imaging of striate reflectivity example (G1), Best’s disease KS_0601. (A) Fundus photo shows the large vitelliform lesion
just temporal to the macula. (B) The AOSLO image shows the NFL coursing horizontally, while a striped reflective structure runs from vertically.
Scale bar: 100 lm. (C) The SLO fundus image also resolves the vitelliform lesion, but not the vertically oriented fibers. Scale bar: 200 lm. (D) En
face OCT segmented along the contour of the Henle fiber layer (horizontal arrows) shows a rim of bright Henle fiber reflectivity surrounding the
vitelliform lesion. Scale bar: 200 lm. (E) The OCT B-scan shows regions of increased Henle fiber reflection on either side of the vitelliform lesion
(arrows). Scale bar: 100 lm.

FIGURE 14. A 13-month follow-up of microcysts found in subject
KS_1100 with dominant optic atrophy, showing no obvious changes in
numbers or appearance. Scale bar: 50 lm.

Inner Retinal Hyper-Reflective Phenotypes IOVS j July 2014 j Vol. 55 j No. 7 j 4026



Arguably, the most important finding of this study is the
nonspecificity of all the reported structures when looked at
only with reflectance confocal AOSLO. This strongly indicates
that thorough characterization is needed before drawing
conclusions and assigning causation to any given pathology.
Similar to AOSLO studies reporting dark cones10 and microan-
eurysms,22 the same microscopic changes in the retina can
arise due to quite different insults. The similarity of the hyper-
reflective features on a cellular scale across such extremely
varied conditions as found in this study suggests that they are
more likely caused by common downstream response path-
ways, rather than representing distinct disease entities. While
the low specificity of any given hyper-reflective structure to a
disease potentially limits the clinical applicability of confocal
AOSLO imaging as a diagnostic tool, the potentially high
sensitivity may provide insight on disease progression and aid
management.

Although wide-reaching across conditions, this study is
limited to only a few subjects per conditions. For this reason, it
is not possible to report on a complete correlation of inner
retinal pathology and disease. It is quite possible that each
condition might have a specific retinal locus where these
features first appear, or that the feature size may correlate with
severity, but these questions cannot be addressed with the
limited data here. Another limitation of this study is the
difficulty of panretinal imaging with current AOSLO technol-
ogy. Current hardware limitations prevent covering large
retinal areas at multiple retinal depths in time scales
comparable to current clinical tests, such as visual fields,
although recent work has begun to address this limitation.25,51

Finally, due to the retrospective nature of the analysis, we
could not target any specific lesion for extensive hyper-
reflective structure coverage.

As new AOSLO imaging modalities are developed, it is
important to re-evaluate inner and outer retinal findings, to
refine this classification. For example, nonconfocal techniques
implemented in commercial SLO have been shown to enhance
the appearance of structures that disrupt the laminar
arrangement of the retina.52,53 Our group and others have
applied these and other nonconfocal imaging to the study of
the retinal pigment epithelium,54 and retinal vascula-
ture,19,21,23,55 but only in a small number of subjects. Another
possibility would be to exploit optical differences of each
feature by adopting techniques, such as polarization sensitive
imaging,56,57 or multiple illumination wavelengths.58,59 Re-
gardless of imaging method advancement, analysis of micro-
scopic changes should include a variety of patients to gain a
greater appreciation for the specificity of findings. The data
presented here serve as a useful starting point for future
studies examining the inner retina with AOSLO.
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