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Fig. 1. A, Color photograph of the right eye. A well demarcated circular lesion is present in the fovea (yellow arrow). B, Horizontal standard
lO-pm-resolution (Snatus OCT [optical coherence tomography]) OCT image of the right eye. The foveal thickness (central 1-mm-diameter ring) is
143 p,m. C, Horizontal high-speed ultrahigh-resolution (UHR) OCT image of the right eye with 3.5-pm axial resoiution and 8,192 axial scans. Early
posterior hyaloid separation is visible (white anow). The outer nuclear layer is significantly thinned and is almost entirely absent centrally. ONL, outer
nuclear layer; IS/OS, photoreceptor inner segment/outer segment junction; ELM, external limiting membrane; RPE, retinal pigment epithelium. D,
Two times magnification of the high-speed UHR OCT image. Verlical hyporeflective bands disrupting the IS/OS junction and photoreceptor outer
segments (PR OS) are clearly visible, interspersed with areas of normal reflectivity.

laterally. OCT (Stratus OCT; Carl Zeiss Meditec, Inc., Dublin, CA)
demonstrated central foveal thinning bilaterally (central l-mm-
diameter ring thickness: right eye, 743 p,m; left eye, 131 pm).
There was evidence of early posterior hyaloid separation in both
eyes, but the v-itreoretinal interface was otherwise nomal bilater-
ally.

We pedormed high-definition and three-dimensional retinal im-
aging using a high-speed UHR OCT clinical prototype capable of
3.5-p,m axial resolution.2 Although the inner retina appeared nor-
mal, the outer nuclear layer was almost entirely absent in the fovea,

contributing to the thin foveal measurements quantified on Stratus
OCT. In the fovea, there were distinct hyporeflective disruptions in
the photoreceptor inner segment/outer segment junction and pho-
toreceptor outer segments, which were more pronounced in the
right eye than in the left eye (Fig. 1D, white brackets). Notably, the
external limiting membrane, retinal pigment epithelium (RPE), and
Bruch membrane/choriocapillaris complex appeared normal (Fig.
1, C and D). Dense raster scan three-dimensional OCT data were
acquired and used to generate en face OCT fundus images. By
sectioning and displaying only the reflections from the outer retina

Fig. 2. En face images of the
reflectivity of the outer retina
show a similar pattem of hy-
poreflectivity in both eyes
where the photoreceptors are
disrupted (yellow outline).
The area of involvement is
greater in the right eye.
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HIGHSPEED UHR OCT OF SOIA,R RETINOPATHY

between the external limiting membrane and the RPE (Fig. 2),
photoreceptor features could be selectively viewed. Hyporeflective
areas (outlined in yellow) indicated areas of photoreceptor disrup-
tion, where the total reflectivity of the outer retina was reduced.
The dark, hyporeflective area was slightly larger and more contin-
uous in the right eye than in the left eye (Fig. 2).

Discussion

Three histopathologic reports in the literature dem-
onstrated that ocular injury resulting from solar reti-
nopathy is predominantly limited to the outer reti-
na.1'3.4 Our observations using high-speed UHR OCT
correlated well with these histopathologic reports. A1-
though the inner retina appeared normal, the outer
nuclear layer in the foveal region was almost entirely
absent bilaterally, and vertical bands ofhyporeflectiv-
ity through the photoreceptor inner segment/outer seg-
ment junction and outer segments demonstrated focal
areas of photoreceptor cell death.

One histopathologic report by Tso and'La Pianal
described findings of widespread RPE changes after
sun gazing, while another report by Hope-Ross et al3
found the outer segments of the photoreceptors to be
most susceptible to solar radiation damage with rela-
tively less RPE involvement. Both of these studies
examined eyes that had been enucleated within 1 week
of solar gazing. This was in contrast to our patient,
who was several years removed from his last expo-
sure. In the high-speed UHR OCT image, the hyper-
reflective line representing the RPE did not appear to
be affected: this finding suggests either that the RPE
was not significantly damaged or that the RPE had
recovered after the acute injury phase. In agreement
with the report by Hope-Ross et al,3 the most promi-
nent changes in our patient were found in the photo-
receptor outer segments.

Two previous standard-resolution OCT reports de-
scribed areas of hyporeflectivity in the outer retina of
patients with chronic solar retinopathy.s'0 Although
our results were similar to these reports, high-speed
UHR OCT revealed some areas of normal reflectivity
between and immediately adjacent to the hyporeflec-
tive bands of atrophy. This finding likely demonstrates
varying degrees of photoreceptor survival as a result
of minor movements of the sun's image on the retina
during sun gazing. The report by Garg et als suggested
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involvement of the RPE based on OCT images, but on
closer inspection of the standard OCT images as well
as our high-speed UHR OCT images, it appears that
the RPE was spared.

It is interesting that the hyporeflective areas in the
en face images were similar in shape for both eyes,
with slightly greater involvement in the right eye than
in the left eye. This finding suggests two points. First,
because the patient gazed at the sun with both eyes
open, he had a similar distribution of photoreceptor
atrophy in both eyes, and second, as mentioned in a
previous report on acute solar retinopathy, the right
(and dominant) eye had a greater area of involvement
than the left eye.7

In conclusion, our results agree with histopatho-
logic and previous OCT reports that chronic damage
from sun gazing is primarily confined to the outer
retina. The increased axial resolution of our prototype
instrument demonstrated focal bands of atrophy that
could not be visualized by standard-resolution OCT.
More patients with different stages of solar retinopa-
thy should be studied with high-speed UHR OCT to
determine both short- and lone-term effects of solar
radiation damage.

Key words: optical coherence tomography, solar
retinopathy, ultrahigh-resolution optical coherence
tomography.

References

1. Tso MO, La Piana FG. The human fovea after sungazing.
Trans Am Acad Ophthalmol Otolaryngol 1975;79:788-795.

2. Wojtkowski M, Srinivasan VJ, Fujimoto JG, et al. Three-
dimensional retinal imaging with high-speed, ultrahigh-reso-
lution optical coherence tomography. Ophthalmology 2005;
112:1734-1746.

3. Hope-Ross MW, Mahon GJ, Gardiner TA, et a1. Ultrastruc-
tural findings in solar retinopathy. Eye 1993;7:29-33.
Gass JDM. Stereoscopic Atlas of Macular Diseases: Diagnosis
and Treatment. 4th ed. St. Louis: Mosby; 1997:760-763.
Garg SJ, Martidis A, Nelson ML, Sivalingam A. Optical
coherence tomography of chronic solar retinopathy. Am J
Ophthalmol 2004;137 :3 51-354.
Jorge R, Costa RA, Quirino LS, et al. Optical coherence
tomography flndings in patients with late solar retinopathy.
Am J Ophthalmol 2004;137 :1139-1143.
Yanntzzi LA, Fisher YL, Krueger A, Slakter J. Solar retinop-
athy: a photobiological and geophysical analysis. Trans Am
Ophthalmol Soc 1987;85: 120-158.

4.


