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A B S T R A C T

Purpose: To determine the axial location of Gunn's dots in the retina.
Methods: Adaptive optics scanning laser ophthalmoscopy (AOSLO) images and adaptive optics – optical co-
herence tomography (AO-OCT) volumes were collected from a region where Gunn's dots were found inferior to
the optic disc from a subject determined by clinical examination to be a glaucoma suspect. AO-OCT volumes
were also collected along the horizontal and vertical meridians from six healthy subjects and one glaucoma
subject to identify and document other occurrences of Gunn's dots. AO-OCT volumes were registered in three-
dimensions and averaged. Gunn's dots were segmented, and their volume, area, and diameter were measured.
Results: All Gunn's dots imaged in this study from all subjects were confined to the inner limiting membrane,
neither extending into the vitreous nor into the nerve fiber layer. The size of the dots was highly variable. The
measured volume, area, and diameter (mean ± standard deviation) were 1119.9 ± 590.9 μm3,
220.2 ± 105.5 μm2, and 14.3 ± 3.1 μm, the latter within the range as previously published reports.
Conclusions: Based upon evidence from this study and others, Gunn's dots are not thought to be Müller cell end-
feet or hyalocytes. We hypothesize that they are related to microglia, either as the by-product of their phago-
cytosis function, or are actual dead ameboid-shaped microglia who have fulfilled their scavenger role in retinal
pathology. Further studies are needed in diseased eyes to determine if they have predictive value.

1. Introduction

Gunn's dots are hyperreflective retinal structures whose origin,
function, and relationship to pathology are yet to be unambiguously
determined.1 Two recent studies using color and red-free fundus pho-
tography and high-resolution adaptive optics (AO) fundus imaging have
shed new light on their characteristics.2,3 They are highly prevalent in
adolescent eyes and, though stable over months to years, their density
apparently decreases with age. In adolescents, they are preferentially
distributed in regions of thickened nerve fiber layer (NFL) superior and
inferior to the optic disc,3 though in adults they may be found more
uniformly distributed in the macula.2 Their occurrence is more likely in
adolescents with dark irises compared to blue irises.3 The reflectance of
Gunn's dots is highly sensitive to illumination angle of incidence.2 It has
been hypothesized that Gunn's dots are either Müller cell end-feet or
hyalocytes.2–4 Müller cells are glial cells that extend from the inner
limiting membrane (ILM) to the outer limiting membrane (OLM) pro-
viding several functions related to metabolism, homeostasis, neural
protection, and waste phagocytosis.5 Hyalocytes are macrophages in

the vitreous cavity that are responsible for extracellular matrix synth-
esis and modulation of vitreous immune response and inflammation.6

While these recent studies have improved our understanding of
Gunn's dots, fundamental questions remain regarding their origin,
function, and relation to pathology. The purpose of this study was to
use the precise depth-sectioning capabilities of AO-OCT to determine
the axial location of Gunn's dots. High resolution depth sectioning of
Gunn's dots is also expected to shed light on their relationship to retinal
glial cells, which in turn may provide further clues as to their origin and
function.

2. Materials and methods

2.1. Patients and AO imaging

A single patient, determined by clinical examination by a trained
glaucoma specialist to be a glaucoma suspect, was imaged on the
Medical College of Wisconsin AOSLO instrument7,8 and the FDA mul-
timodal AO imager9 as part of glaucoma studies at both sites. The
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subject was known from previous retinal examination to have Gunn's
dots in a region below the optic nerve head (Fig. 1(a)).10 Additional
subjects (n = 7, six healthy subjects and one glaucoma patient) were
imaged at the FDA to identify occurrences of Gunn's dots along the
horizontal and vertical meridians. All subjects were consented ac-
cording to human subject protocols approved by the Medical College of
Wisconsin and FDA Institutional Review Boards in accordance with the
principles of the Declaration of Helsinki.

Confocal and dark field AOSLO images (1.5° × 1.5° field-of-view),
spanning ~4-5° and located ~5° inferior and ~12° nasal to the fovea,
were collected, registered, averaged, and montaged as shown in
Fig. 1(b) and (c). AO-OCT volumes (n = 300) sized 1.5° × 1.5° were
collected from a single location in the same region and were registered
in three dimensions and averaged. The AOSLO and AO-OCT system
focus was pulled to the inner retina at approximately the level of the

NFL during image acquisition. In order to document the presence of
Gunn's dots in the macula, AO-OCT volumes (n = 30) sized 1.5° × 1.5°
and spaced 1.5° were collected across the horizontal and vertical mer-
idians. The data were used in this report to compare Gunn's dots from
the primary nasal location in the glaucoma suspect patient to those
observed at other retinal locations in other healthy control subjects.

2.2. Segmentation and sizing

A 3-D registration algorithm with sub-cellular accuracy was used to
register and average AO-OCT volumes that were collected at each ret-
inal location. Gunn's dots in the averaged AO-OCT volumes were then
segmented and sized with a custom three-dimensional segmentation
algorithm as follows. First, the average volume was aligned axially (i.e.,
flattened) to the ILM. The volume was then manually cropped to a

Fig. 1. AOSLO images of Gunn's dots in the inferior nasal region of a 43-year-old glaucoma suspect subject. (a) Clinical OCT scan with overlay showing regions of NFL
thinning (in pink) inferior to the disc where the AOSLO data were acquired (blue box). (b–c) Two AOSLO montages taken at timepoints separated by ~16 months.
Yellow box indicates region shown in (d–i). Red box indicates region where AO-OCT volumes were collected in Apr. 2019. (d–g) Confocal and (h–i) split detection
AOSLO images at four imaging sessions separated by ~6 years showing stability of Gunn's dots. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)
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region 30-pixels (20.6-μm) deep encompassing the ILM. Next, each
cropped B-scan from the volume was thresholded and passed through a
particle filter (retaining dots sized> 10 depth pixels) to segment the
Gunn's dots in depth. Gunn's dots identified from adjacent B-scans were
grouped within a lateral position tolerance (center-of-mass within 5
pixels) and further filtered laterally (retaining dots sized>3 lateral
pixels). Finally, the Gunn's dot volume was quantified by summing all
pixels corresponding to each dot. A summed depth projection (max-
imum intensity projection) of the thresholded volume was also created
to compare to previously published area and diameter measurements
from traditional retinal imaging. Owing to the interaction between
threshold level and particle filter size, the algorithm gave more rigorous
segmentation of Gunn's dots in the cross-sectional plane compared to
en-face plane within the OCT volume.

3. Results

Figure 1 shows AOSLO confocal images from the glaucoma suspect
patient over the course of four sessions separated by six years. The
pattern of the Gunn's dots in Fig. 1(d–g) indicate they were stable over
six years in this subject, consistent with previous reports.2 The split
detection AOSLO images in Fig. 1(h–i) show signal from the Gunn's
dots, but their appearance suggests strong light directionality. The
slight difference in appearance of individual Gunn's dots between
images is probably due to slight differences in light directionality (pupil
position) or system focus between sessions. While AOSLO can provide
much higher resolution images of the Gunn's dots than traditional
clinical images or previous non-confocal AO fundus imaging, the axial
location and extent is still ambiguous.2,11

Figure 2 shows AO-OCT images of Gunn's dots taken from the same
location shown in Fig. 1(c) (red box). En-face slices through the ILM,
just below the ILM (8.2 μm below ILM), at the middle of the NFL
(25.3 μm below ILM) and at the base of the NFL (49.3 μm below ILM)
are shown in Fig. 2(a–d). Vertical and horizontal cross-sections through
two Gunn's dots are shown in Fig. 2(e–f). Results of the three-dimen-
sional segmentation algorithm are shown in the cross-sectional and en-
face slides in Fig. 2(g–i). The mean volume, area (flattened in depth),
and maximum Ferret diameter of the Gunn's dots in Fig. 2 were mea-
sured to be 1119.9 μm3 (±590.9 stdev, range: 252.3–2681.3),
220.2 μm2 (±105.5 stdev, range: 67.7–497.5), and 14.3 μm (±3.1
stdev, range: 8.9–20.6). The latter is very similar to the 13.3 ± 3.5
reported previously.2 The density is 89.2 mm−2, which is also in line
with the density distribution with age shown in that paper. The en-face
section through the ILM (Fig. 2(a)) also shows evidence of additional

hyperreflective structures and possibly the presence of microglia
(arrow) at the ILM.

For the AO-OCT volumes collected along the horizontal and vertical
meridians, Gunn's dots were found at relatively low density (a single
dot observed in both meridians) in 4 of 6 healthy subjects. Gunn's dots
were found at significantly higher density in the macula of the glau-
coma suspect subject than the healthy subjects (20 total dots observed
in both meridians for all subjects). Figure 3 shows AO-OCT images of
Gunn's dots found in four healthy subjects at various locations along the
meridians. The Gunn's dots in the macula were typically smaller than
those found in other retinal locations.

To study the potential relationship between Gunn's dots and mi-
croglia, as well as other structures near the ILM, we also reviewed data
from our healthy and glaucoma subjects that may reveal clues of the
origin and function of Gunn's dots. Figure 4 shows imaged regions from
a healthy subject with relatively dense ILM microglia (Fig. 4(a)), from a
healthy subject with several microglia in various activation stages
(Fig. 4(b)), from a healthy older subject with moderate hyperreflective
regions of unknown cellular origin (Fig. 4(c)), and from an advanced
glaucoma subject with substantial hyperreflective regions at the ILM
(Fig. 4(d)). The cellular debris-like structures may be part of the for-
mation of epiretinal membranes (or activated retinal astrocytes and
Muller cells – ARAM) in glaucoma and healthy subjects.

4. Discussion

The high AO-OCT axial resolution (~4 μm) provides unambiguous
determination of the depth location of Gunn's dots within the ILM layer.
They neither reside in the vitreous above the ILM nor does the hy-
perreflective portion extend into the NFL or inner plexiform layer (IPL,
Figs. 2 and 3). Quantification of the diameter and area matches pre-
vious measurements and AO-OCT imaging allows measurement of their
volume. Their size, shape, and density are highly variable, also in
agreement with recent imaging studies.2

While their diameter may match that of Müller cell end-feet at the
ILM (~5–15 μm),12 several characteristics probably rule out Gunn's
dots as the manifestation of Müller cell end-feet. First, the posterior
portion of Gunn's dots do not exhibit the funnel or conical shape noted
in histological sections of Müller cells.12 At their widest point, all of the
Gunn's dots examined in this study are disc-shaped in depth, with the
anterior and posterior segment perimeters roughly equivalent. Second,
there is no evidence that the Gunn's dots connect to a stalk in the IPL,
which in turn projects to a soma in the INL. It is possible that the
diameter of a Müller cells stalk (~3 μm) and its refractive index are

Fig. 2. AO-OCT imaging of Gunn's dots in
inferior nasal region of a glaucoma suspect
patient. (a) En-face slice at ILM. Dashed lines
show location of cross-sectional scans shown
in (e–f). Arrow indicates location of a hy-
perreflective structure that has similar ap-
pearance as microglia (central soma and
radiating processing). En-face slices: (b)
8.2 μm below the ILM, (c) at the approx-
imate mid-point of the NFL (25.3 μm below
the ILM), and (d) at the base of the NFL
(49.3 μm below the ILM). Cross-sectional
views: (e) vertical and (f) horizontal through
the OCT volume corresponding to the da-
shed lines shown in (a). Dashed lines in-
dicate the en-face planes shown in (a–d).
Inset in (e) shows 2 × zoomed region of
single Gunn's dot. Segmentation results are
shown in (g) cross-sectional, (h) en-face, and
(i) en-face binary views. Scalebars = 50 μm.
Accompanying videos (media) captures en-
tire volume.
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Fig. 3. En-face (top row) and cross-sectional (bottom row, lateral location of dashed line) AO-OCT views of single Gunn's dots (arrows) in four different healthy
subjects (aged 28–72 years) at the retinal eccentricity indicated. En-face sections were maximum projections over 10 pixels (6.85 μm) centered on the ILM.
Scalebars = 50 μm.

Fig. 4. En-face (top row) and cross-sectional (bottom row) AO-OCT views of: (a) Relatively dense region of ILM microglia in a 28-year old healthy subject, (b) ILM
microglia in various stages of activation in a 58-year old healthy subject, (c) cellular hyperreflective structures in a 72-year old healthy subject and (d) cellular
hyperreflective structures in a 54-year old subject with glaucoma. AO-OCT en-face projections are at a depth just above the ILM. Inset of cross-sectional view in (a)
shows 3 × zoomed view of activated microglia. Scalebars = 50 μm.
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such that it is unresolved and extremely low contrast, even for highly
averaged AO-OCT cross-sections. However, there is no evidence in any
of the AO-OCT cross-sections or en-face views examined in this study
that the Gunn's dots are structurally connected to other cellular com-
ponents within the retinal layers. Third, a recent study on the optical
properties and waveguiding capabilities of Müller cells indicates that
they are low reflection structures that waveguide light from the inner
retina to the photoreceptors.12 This is incompatible with all observa-
tions of Gunn's dots to date, including this study, where they appear as
highly back-reflective and have been described to ‘behave optically as
small mirrors … ‘.2 Finally, there is the question as to the relative
density of Müller cells and Gunn's dots and why Gunn's dots appear
preferentially in certain areas where Müller cells may be more uni-
formly and densely distributed across the retina.5 If Gunn's dots are
Müller cell end-feet, why are they not uniformly resolved across the
entire retina at the same density as Müller cells? It may be possible that
Gunn's dots are a pathological manifestation or sub-class of Müller cell
end-feet, though this is unlikely for the other reasons listed above.

The localization of Gunn's dots within the ILM also makes it less
likely that they are hyalocytes or associated with hyalocyte function.
Hyalocytes typically reside in the vitreous humor at an average distance
of 50 μm above the ILM.6 Hyalocytes are typically 3–5 μm in diameter,
smaller than measurements of Gunn's dots made here and else-
where.6,13 Also, the turnover rate of vitreous macrophages and hyalo-
cytes is on the order of a week to several months6,13,14 whereas
previous measurements of Gunn's dots showed stable patterns of
months to years, as indicated in Figs. 1 and 2 and previously.2

If the evidence from cross-sectional examination of Gunn's dots in-
dicates that they are not likely to be Müller cell end-feet or hyalocytes,
is there other evidence from the AO-OCT images that point to their
origin and function? The results from our patients give some clues.
Generally, the approximate co-localization near the ILM with microglia
indicate that they may be associated with those particular glial cells.
Along with Müller cells and astrocytes, microglia are the third basic
type of retinal glial cells.15–18 Whereas Müller cells extend across the
inner retina in depth and astrocytes are predominantly confined to the
NFL, microglia reside in the inner and outer plexiform layers (IPL and
OPL), as well as smaller samples of cells at the ILM.15 Microglia are
known to migrate both laterally within their layers but also axially
between layers.18 Recently, glia cells have been resolved at the ILM in
human subjects with high contrast and without exogenous dyes using
AO-OCT,9,19,20 probably owing to the large refractive index differential
between vitreous humor and cellular structures. Microglia haven't been
resolved in the IPL or OPL in humans, known to be their primary site of
residence from animal studies.16 One of the main roles of retinal mi-
croglia is phagocytosis of metabolic waste and pathological debris. We
hypothesize that Gunn's dots are associated with glial function (e.g.,
corpora amylacea21), either the end-product of phagocytosis, or dead
glia cells, formerly in their reactive, ameboid shape, that have fulfilled
their function. One piece of counter-evidence is that microglia in their
resting (ramified) state typically sit above the ILM and astrocytes in the
NFL, whereas we have shown Gunn's dots to be confined to the ILM.
However, microglia axial location changes with migration and activa-
tion state. Interestingly, microglia have recently been shown to play a
role in NFL astrocyte phagocytosis,22 which would explain the location
of Gunn's dots in areas with a thick nerve fiber layer. ILM ramified
microglia in one healthy subject are shown in Fig. 4(a). In another
healthy subject, we have apparently captured a region that contains
several microglia in various states of activation (Fig. 4(b)), from resting
(central soma and radiating processes), to partially activated (retracted
processes), to more fully activated (ameboid shape). The cross-sectional
image in Fig. 4(b) through the center of the most activated microglia
shows hyperreflectivity in the ILM near the portion or processes of the
microglia in contact with the ILM. Other evidence that microglia may
be related to Gunn's dots includes the presence of large quantities of
debris-like structures at the ILM in older eyes (Fig. 4(c)) and eyes with

glaucoma (Fig. 4(d)). Interestingly, in older and glaucoma subjects,
there is a lack of OCT signal arising from the ILM compared to healthy
subjects ((Fig. 4(c) and (d)). However, this hypothesized association
runs counter to evidence that Gunn's dots are prevalent in adolescent
eyes and that their density decreases with age. Further studies are re-
quired to test this hypothesis of the etiological origins of Gunn's dots.

The final questions regarding Gunn's dots relate to their correlation
with pathological changes in the retina and potential use as a diagnostic
or predictive biomarker for retinal disease. The high density of dots in
adolescence, their ubiquitous presence in adult macula, as well as their
chronic stability have pointed to a benign nature. However, their pre-
sence in areas of thicker NFL indicate a more complex function. Our
patient is a glaucoma suspect with some retinal thinning in the same
areas where the Gunn's dots are found (Fig. 1). Microglia are also re-
latively benign in the resting state but predictive of pathology as first
responders to CNS injury. Studies of Gunn's dots in diseased eye, both
early and late stage, is clearly needed to determine if they can serve as a
biomarker of retinal disease.

5. Conclusions

AO-OCT imaging identified the axial location of Gunn's dots to be
within the inner limiting membrane of the retina. Gunn's dots are
mostly likely not Müller cell end-feet or hyalocytes. They may be as-
sociated with microglia or astrocyte activity since a portion of retinal
microglia are found near the ILM and retinal astrocytes reside in the
NFL. Further studies are required to determine if they are benign or a
by-product of cellular activity that can be used as a biomarker for
disease pathogenesis.
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