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Optical coherence tomography (OCT) is an optical signal
acquisition and processing method that captures microm-
eter-resolution three-dimensional images from within bio-
logical tissues. In recent years, OCT has become an impor-
tant imaging technology used in diagnosing and follow-
ing macular pathologies. It has complemented fluorescein
angiography in many cases, especially in the diagnosis and
management of various retinal disorders, including macular
edema and age-related macular degeneration. In addition,
further development enabled application of optical coher-
ence tomography in evaluation of the integrity of the nerve
fiber layer, optic nerve cupping, anterior chamber angle, or
corneal topography.

In this special issue, a number of researchers and phy-
sicians prepared twelve papers to discuss developments on
the application of OCT for ocular diseases diagnosis. It com-
prises three review articles, six original articles, and three
case reports. One of the review articles is an overview on
the usefulness of OCT for the anterior segment entities by
our work group. The other two review papers deal with the
use of OCT in ophthalmic tumors and on the simultaneous
confocal scanning laser ophthalmoscopy combined with
high-resolution spectral domain. Three case reports show
unique features of OCT in patients with fundus abnor-
malities as diffuse unilateral subacute neuroretinitis, central
serous chorioretinopathy, and punctate inner choroidopathy.
Original papers on various subjects such as glaucoma di-
agnostics, retinal detachment, or retinitis pigmentosa offer
novel insights into ophthalmology research.

We expect this special issue to be a contribution to the
progress in imaging in ophthalmology. The diversity of pa-
pers illustrates the wide utility of OCT in ophthalmology.
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Optical coherence tomography (OCT) is an optical acquisition method to examine biological tissues. In recent years, OCT has
become an important imaging technology used in diagnosing and following macular pathologies. Further development enabled
application of optical coherence tomography in evaluation of the integrity of the nerve fiber layer, optic nerve cupping, anterior
chamber angle, or corneal topography. In this manuscript we overview the use of OCT in the clinical practice to enable corneal,
iris, ciliary body, and angle evaluation and diagnostics.

1. Introduction

Optical coherence tomography (OCT) systems use low-
coherence, near-infrared light to provide detailed images
of anterior segment structures at resolutions exceeding
other systems like ultrasound biomicroscopy or conventional
ultrasound [1, 2]. The first use of OCT for anterior segment
imaging has been reported by Izatt and coworkers, who
developed a slit-lamp-mounted, 830 nm time-domain device
[3]. The initial equipment allowed direct in vivo measure-
ments of corneal thickness and surface profile, anterior
chamber depth and angle, and iris thickness and surface
profile. Since then, significant technology progress has been
made which ultimately enabled establishment of the current
time-domain Visante OCT as well as the spectral-domain
OCT device. The Cirrus spectral-domain equipment (Carl
Zeiss Meditec, Dublin, CA, USA) is an around 5 micra high-
definition (HD) 840 nm spectral-domain OCT instrument
primarily designed for retinal imaging.

The purpose of this paper is to present the various
applications of the HD-OCT Cirrus device in the clinical
practice to enable corneal, iris, ciliary body, and angle
evaluation, for instance, examination of even fine structures
like Descemet’s membrane, the trabecular meshwork, and
Schwalbe’s line.

2. Acquiring Anterior Segment
Scans with the Cirrus

The Anterior Segment Cube 512 × 128 mode generates
a volume of data through a 4-millimeter square grid by
acquiring a series of 128 horizontal scan lines each composed
of 512 A-scans. The mode acquires a pair of high-definition
scans through the center of the cube in the vertical and
horizontal directions that are composed of 1024 A-scans
each. The Anterior Segment Cube 512 × 128 can be used
for measuring the central corneal thickness and create a 3-D
image of the data.

The Anterior Segment 5-Line Raster scans through 5
parallel lines of equal length that can be used to view high-
resolution images of the anterior chamber angle and cornea.
The line length is fixed at 3 mm, while the rotation and
spacing are adjustable. Each line is composed of 4096 A-
scans, and by default, the lines are horizontal and separated
by 250 μm, so that the 5 lines together cover 1 mm width.

3. Corneal Evaluation

3.1. Indications and Limitations. The HD-OCT device has
been recently used as a noninvasive corneal imaging modality
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that was capable of in vivo differentiation of both corneal
layers and demonstration of pathologic abnormalities in
the cornea (Figure 1). Corneal indications for the Cirrus
OCT can be divided into pachymetry analysis, keratectomy,
refractive surgery, structural, and contact lens abnormalities.
For pachymetry, the Anterior Segment Cube 512× 128
enables identification of the central corneal section, which
facilitates positioning for central corneal thickness measure-
ments. Images are framed in blue and pink in order to
demonstrate the vertical and horizontal line (Figure 2). No
specific pachymetry map on the Cirrus is yet provided.
Further studies should be performed to compare the validity
of the Cirrus pachymetry with other devices, for example,
Pentacam.

For refractive surgery corneal Cirrus OCT enables
identification of the postoperative flap and unexpected
changes as epithelial ingrowth. The thickness of eventual
epithelial hyperplasia can be viewed by the Cirrus OCT.
Postoperatively, OCT enables visualization of corneal flaps,
as well as the integrity of the corneal layers.

For keratectomy the HD-OCT also allows various
changes such as attachment of the implanted posterior
Descemet in DMEK procedure or even wrinkle or fold
within the DSEK. The OCT images also enable better clinical
decision to conduct more accurate planning of treatments for
corneal opacities.

Structural anatomies of the cornea like keratin precipi-
tates secondary to uveitis can be monitored with the Cirrus
OCT. Cases of intrastromal corneal foreign body can be
viewed by the Cirrus. OCT accurately maps corneal thickness
in clear and opacified corneas, allowing the examiner to
precisely map the depth of corneal opacities, the degree of
epithelial hyperplasia, and the thickness of the cornea, as
well as corneal edema and thickening, scleral melts, corneal
degenerations, and scars as well as corneal dystrophies [4]
(Figure 3). Cirrus OCT provides clear delineation of corneal
anatomic features and pathologic corneal deposits in most
cases. The characteristics and depth of these deposits are
illustrated and can be localized to specific layers of the
cornea. When available, there has been significant correlation
between OCT images and histopathologic features, provid-
ing a noninvasive confirmation of the clinical diagnosis.

Contact lens distance to the corneal epithelial can be
measured with the Cirrus OCT. It enables to distinguish
cases of thinner tear film thickness, which may be a sign of
tight contact lens adaptation. Some of the limitations of the
Cirrus in corneal analysis include not enough resolution for
endothelial cell distinction, less precise pachymetry in com-
parison to the Pentacam, and little amount of publications
on the topic in the medical literature.

3.2. Selected Clinical Cases

Case 1. An 86-year-old female underwent phacoemulsifica-
tion surgery for therapy of cataracta rubra, advanced nuclear
sclerosis. The surgery lasted 28 minutes while ultrasound
time 3.02 minutes. Figure 4 shows microbullous keratopathy
after phacoemulsification with dense corneal edema and
interruption of endothelium-Descemet’s membrane layer.
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Figure 1: High-definition OCT of the cornea enables localization of
the interface between the corneal stroma and epithelial/Bowman’s
layer.
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Figure 2: Anterior Segment Cube 512× 128 imaging of the cornea
enables pachymetry measurements.
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Figure 3: Cirrus OCT of a 79-year-old patient who underwent
cataract surgery. She developed postoperative corneal edema
detected and monitored by the Cirrus OCT, characterized by diffuse
hyperreflectivity interspacing lacunae of hyporeflectivity on corneal
OCT scan. In addition, interruption of the endothelial layer can be
documented.

Case 2. A 77-year-old patient presents with nuclear lens
cataract. Preoperative evaluation included specular corneal
microscopy, fundus evaluation, and pachymetry. Figure 2
demonstrates the utility of the CIRRUS for measurement
of the total central corneal thickness of 533 micra. Recent
research demonstrated accordance of these outcomes with
the pachymetry data [5].
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Figure 4: Corneal imaging with the Cirrus OCT of an 86-year-
old female patient who underwent lens phacoemulsification for
therapy of dense nigra cataract. She developed focal microbullous
keratopathy. OCT shows both the remarkable corneal edema, as
well as interruption of endothelium layer. The patient was treated
with topical steroids and experience improvement 4 weeks later.

Table 1: Some properties and differences among Visante, Penta-
cam, and Cirrus OCT are described in detail. Courtesy of Zeiss.

(I) Visante anterior segment OCT

(a) Anterior segment

(i) 6 mm depth by 16 mm width 256 A-Scan per B-Scan

(ii) 3 mm depth by 10 mm width 512 A-Scan per B-Scan

(b) Wavelength 1310 nm (infrared, nonvisible light)

(II) Cirrus HD-OCT

(a) Anterior segment

(i) Cube: 4× 4 mm, 512 A-Scan

(ii) 5-Line Raster: 3 mm, 4096 A-Scans

(b) Posterior segment

(i) Cube: 6× 6 mm, 512 A-Scan

(ii) 5-Line Raster: 9 mm, 4096 A-Scans

(c) Wavelength 840 nm

(III) Pentacam

(a) Rotating Scheimpflug Imaging System

(b) Wavelength 475 nm, blue LED (Info: Ziemer Galilei wave-
length 470 nm)

4. Anterior Chamber Angle Evaluation

4.1. Indications, Limitations, and Comparison with the Visante
OCT. The Visante anterior segment OCT system (Carl Zeiss
Meditec, Dublin, CA, USA) is a time-domain 1310 nm
operating device that supports several modes, including
high-resolution cornea, corneal pachymetry, and anterior
segment at resolution of 18 μm axially by 60 μm laterally. The
Visante anterior segment OCT (AS-OCT) has been proposed
as a diagnostic tool to evaluate gonioscopic angle closure
in patients; however, it may overestimate the frequency of
closed angles compared to gonioscopy [6]. This discrepancy
in findings may occur because on AS-OCT images, it is
not possible to determine the location of the trabecular
meshwork, and the presence of any contact between the iris

Iris
∗

Figure 5: The Cirrus HD-OCT may enable identification of
Schwalbe’s line (yellow arrow), scleral spur (green asterisk), and
trabecular meshwork (red arrow).

Figure 6: A 45-year-old female underwent vitrectomy plus silicone
oil for retinal detachment repair. She presented with postoperative
corneal edema that impaired angle examination. Cirrus OCT
disclosed open anterior chamber angle.

and the angle wall anterior to the scleral spur is graded as
angle closure. However, if this apposition did not reach the
level of the posterior trabecular meshwork, the quadrant
would be considered open on gonioscopy. The inability to
detect the scleral spur may limit the accuracy and usefulness
of angle imaging, methods as AS-OCT. Table 1 describes
some instrument properties and differences among Visante,
Pentacam, and Cirrus OCT.

HD-OCT applies a scanning rate 50 to 60 times faster
than time-domain OCT devices and with an axial resolution
of 3 to 5 μm. Cirrus HD-OCT makes images of the anterior
chamber angle with higher resolution than does AS-OCT
devices. With the Cirrus OCT, details of the anterior chamber
angle such as the scleral spur can be viewed. The Cirrus
OCT may enable identification of Schwalbe’s line, scleral
spur, and trabecular meshwork (Figure 5). It also assists
in the diagnosis of narrow angle or anterior iris synechia
(Figure 6). When analyzing the usefulness of HD-OCT in
angle examination, the rate of angle closure diagnosis was
lower using HD-OCT, with some eyes graded as open on
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Figure 7: A 49-year-old female presents with a 1-week history of pain and visual loss OS. Ophthalmic examination was unremarkable, except
for angle alterations and intraocular pressure of 57 mmHg OS. There were OS areas alternating very narrow and close anterior chamber angle;
OD the angle was narrow. (a) OCT examination confirmed the anterior chamber angle morphology (b) The patient underwent topical and
systemic antihypertensive ocular therapy. Two days later, the intraocular pressure was 16 mmHg OS, the angle was open, confirmed by OCT
exam.

HD-OCT but closed on gonioscopy. Wong et al. assessed the
ability of HD-OCT with a 60-diopter aspheric lens mounted
over the imaging aperture to image the anterior chamber
angle [7]. Cross-sectional HD-OCT enabled visualization
of the scleral spur in 71 of 90 quadrants (78.9%) and the
termination of the Descemet membrane (Schwalbe’s line) in
84 of 90 quadrants (93.3%). The authors concluded that the
adapted HD-OCT allowed magnified views of the anterior
chamber angle and provided visualization of Schwalbe’s
line and trabecular meshwork in most eyes. The newest
version of the Cirrus software 4.0 presents improvements
that appropriate anterior segment examination without the
need of any lens. One recent study claimed spectral domain
OCTs as the better means to identify Schwalbe’s line in
comparison with other devices [8]. Future studies should
promote improvements in the application of HD-OCT in
angle imaging for instance analysis with the 3-dimensional
image of the angle.

4.2. Selected Clinical Case

Case 1. A 45-year-old female underwent vitrectomy plus
silicone oil for retinal detachment repair. She presented with
postoperative corneal edema and increase in intraocular
pressure. The corneal edema impaired angle examination.
OCT disclosed open anterior chamber angle (Figure 6).

Case 2. A 49-year-old female presents with a 1-week history
of pain and visual loss OS. Her corrected visual acuity
was 20/80 OS and 20/20 OD. Ophthalmic examination was
unremarkable, except for angle alterations and intraocular
pressure of 57 mmHg OS. There were OS areas alternating
very narrow and close anterior chamber angle; OD the angle
was narrow. OCT examination confirmed the anterior cham-
ber angle morphology (Figure 7(a)). The patient underwent
topical and systemic antihypertensive ocular therapy. Two

days later, the intraocular pressure was 16 mmHg OS, the
angle was open, confirmed by OCT exam (Figure 7(b)).

5. Final Remarks

Cirrus OCT provides relevant clinical data in regard to
anterior chamber and corneal diagnosis. It enables detailed
high-resolution corneal morphology analysis. It also allows
anterior-chamber angle examination. OCT is a novel device
to perform in vivo optical biopsies and a promising research
and clinical tool for the evaluation of corneal pathologic
features in a noninvasive manner. The future use of this novel
technology should develop and increasingly is becoming
important equipment in the clinical and surgical manage-
ment of corneal, anterior chamber angle, and iridociliary
diseases.
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Purpose. To compare the macular thicknesses in diabetic macular edema (DME) measured with spectral-domain optical coherence
tomography (SD-OCT) and time-domain (TD) OCT. Patients and Methods. The average macular thicknesses of 50 eyes of 29
patients with DME were measured using SD-OCT and TD-OCT. Results. The mean macular thicknesses measured with TD-OCT
and SD-OCT were 401.5± 117.8μm (mean ± SD) and 446.2± 123.5μm, respectively. The macular thicknesses measured with the
two devices were well correlated (Pearson’s product moment correlation, r = 0.977, P < 0.001). A significant correlation was found
between the best-corrected visual acuity and the retinal thickness measured by TD-OCT and SD-OCT (Pearson’s product moment
correlation, TD-OCT, r = 0.34; P < 0.05; SD-OCT, r = 0.32; P < 0.05). Discussion. The mean macular thickness measured with
SD-OCT was about 45 μm thicker than that measured with TD-OCT. Attention should be paid when comparing data obtained
using different OCT machines.

1. Introduction

Optical coherence tomography (OCT), which provides B-
mode retinal images, has become essential for diagnosing
retinal disease and glaucoma [1–9] since the technology was
first reported by Huang et al. in 1991 [10]. OCT also provides
quantitative retinal thickness data, which are useful to moni-
tor retinal changes in clinical and research settings [3].

Time-domain OCT (TD-OCT) includes an interferome-
ter that measures the echo delay time of light that is reflected
and backscattered from various retinal microstructures. The
echo time delays of light beam reflected from the retinal mi-
crostructure are compared with the echo time delays of the
same light beam reflected from a reference mirror at known
distances. The TD method samples only one point at a time.
Therefore, it takes a relatively long time to obtain A-scan and
B-mode retinal images, and it is almost impossible to obtain
a three-dimensional retinal image.

In spectral-domain OCT (SD-OCT), light beams return-
ing from the sample and reference paths are combined at the

detector, a spectrometer that resolves the interference signals
throughout the depth of each A-scan without varying the
length of the reference path. This is possible because the spec-
trometer resolves the relative amplitudes and phases of the
spectral components backscattered from all depths of each A-
scan simultaneously using the Fourier transformation. This
allows SD-OCT to acquire retinal images about 50 times fast-
er compared with TD-OCT [11]. The substantial increase in
scan speed allows acquisition of three-dimensional data sets.

A few studies have compared the macular thicknesses of
patients with diabetic macular edema (DME) obtained with
TD-OCT and SD-OCT [12, 13]. We compared the retinal
thickness measurements obtained with the two OCT devices
in subjects with DME to understand the differences in
measurements between the two OCTs. We already reported
the difference in mean retinal thickness between TD-OCT
and SD-OCT in normal eyes [14]. To the best of our
knowledge, the current study is the first to compare the
macular thickness measurements from the two OCT devices
between normal subjects and patients with DME.
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Figure 1: (Top) Fast macular thickness scan pattern with TD-OCT. (Bottom) The mean retinal thickness at the central 1 mm circle is 516 μm
in a 74-year-old man.

2. Patients and Methods

The macular thickness was measured in 50 eyes of 29 patients
with DME using TD-OCT (Stratus OCT, Carl Zeiss Meditec,
Dublin, CA, USA) and SD-OCT (Cirrus HD-OCT, Carl Zeiss
Meditec, Dublin, CA, USA) to determine a correlation be-
tween the devices. The mean patient age was 68.0± 9.0 years
(range, 45–85 years). Of the 29 subjects with DME, 18 were
men and 11 were women.

With TD-OCT, the macular thickness data were obtained
using the fast macular thickness scan pattern (Figure 1). This
scan pattern acquires six linear B-scans in a continuous,
automated sequence. The scans are centered at the fovea in
a radial pattern and separated by 30-degree increments. Each
B-scan consists of 128 A-scans. The axial resolution of TD-
OCT is less than 10 μm according to the manufacturer’s data.

The Macular Cube 200 × 200 scan pattern in SD-OCT
generates a data cube through a 6 mm square grid by acquir-
ing a series of 200 horizontal scan lines, each comprised of
200 A-scans (Figure 2) with an axial resolution of 5 μm.

The average retinal thickness at the central 1 mm area was
analyzed with both OCT machines. About 128 points were
measured within a 1 mm circle with TD-OCT and about 872
points with SD-OCT.

Three operators measured the macular thickness of each
subject using the two OCT instruments on the same day. Ap-
parent segmentation failures in TD-OCT and SD-OCT were
excluded from this study.

The best-corrected visual acuities (BCVAs) were obtained
in decimal VA and converted to logarithm of the minimum
angle of resolution (log MAR) for statistical analysis.

3. Results

The mean macular thicknesses in patients with DME mea-
sured with TD-OCT was 401.5 ± 117.8μm (mean + SD;
range, 203–712 μm) and with SD-OCT 446.2 ± 123.5μm;
range, 245–775 μm). The mean macular thickness with SD-
OCT was 44.7 μm thicker than that with TD-OCT, which
was a significant difference (P < 0.001, paired t-test). The
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the same 74-year-old man.

macular thickness measured with TD-OCT correlated well
with that measured with SD-OCT (Pearson’s product mo-
ment correlation, r = 0.977, P < 0.001) (Figure 3).

A representative case was that of a 75-year-old man with
DME. TD-OCT traced the ILM and IS/OS line automatically,
and the central retinal thickness was 543 μm (Figure 4(a)).
SD-OCT traced the ILM and RPE automatically, and the
central retinal thickness was 567 μm (Figure 4(b)), which was
24 μm thicker than the TD-OCT measurement. Compared
with the five-line mode of the SD-OCT (Figure 4(c)), the
true IS/OS line of the TD-OCT may be the pale line that
is defined by the arrowheads (Figure 4(a)). If TD-OCT
automatically traced the true IS/OS line, the central retinal
thickness would be thinner than 543 μm. We assumed that
the retinal thickness using TD-OCT was thicker than the
actual retinal thickness, and as a result, the difference in the
retinal thicknesses between the two machines was small. This
is one reason that the macular thickness in normal subjects
is about 15 μm thicker than in patients with DME.

The relationship between the BCVA and the retinal thick-
ness also was evaluated, and a significant correlation was
found between the two devices (Pearson’s product moment
correlation, TD-OCT, r = 0.34; P < 0.05; SD-OCT, r = 0.32;
P < 0.05) (Figure 5).

4. Discussion

In the current study, the average retinal thickness measured
with TD-OCT was 401.5 ± 117.8μm and with SD-OCT
446.2±123.5μm, a difference of about 45 μm. The difference
in the average retinal thicknesses between the devices appears
to have resulted from the different definitions of the retinal
thicknesses. TD-OCT defines retinal thickness as the distance
from the surface of the inner limiting membrane (ILM) to
the boundary between the inner and outer segments of the
photoreceptors (IS/OS). SD-OCT defines the retinal thick-
ness as the distance from the surface of the ILM to the surface
of the retinal pigment epithelium (RPE). The different algo-
risms explain the different results. Lammer et al. compared
the retinal thickness of DME between TD-OCT and SD-OCT
and reported mean difference was 58.5 μm [12]. Forooghian
et al. also reported that the mean difference of the two ma-
chines was 53.0 μm [15]. These results were almost same
as our result, and they suggested that different algorisms
make the different results. Attention should be paid to the
retinal thickness when data from different machines are com-
pared, although the retinal thickness in patients with DME
measured by SD-OCT correlated strongly with that mea-
sured by TD-OCT.
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Figure 3: The difference between TD-OCT and SD-OCT average
retinal thicknesses in patients with DME in a central 1 mm area is
about 45 μm. These two data sets are well correlated (correlation
coefficient, 0.977, P < 0.001, Pearson’s product moment correla-
tion).

ILM
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Figure 4: The ILM and IS/OS are traced by a white line using TD-
OCT, although the true IS/OS line is thought to be that indicated by
the arrowheads in the retinal thickness mode (a). The ILM and RPE
are traced by a white and black line by the macular thickness mode
of SD-OCT (b). The IS/OS line is indicated by a vague line in the
five-line mode (arrowheads) (c).
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Figure 5: There is a significant correlation between TD-OCT (b)
and SD-OCT (a) relationship for the BCVA and the retinal thickness
(Pearson’s product moment correlation, TD-OCT, r = 0.34, P <
0.05; SD-OCT, r = 0.32, P < 0.05).

We reported previously that when using SD-OCT in nor-
mal subjects, the macula was 60 μm thicker than when meas-
ured with TD-OCT [14]. In the current study, when using
SD-OCT in subjects with DME, the macula was 45 μm
thicker than when measured with TD-OCT. The difference
in the macular thickness between TD-OCT and SD-OCT in
normal subjects was about 15 μm thicker than that in patients
with DME. With TD-OCT, the fast macular thickness scan
pattern acquires six linear B-scans in a continuous auto-
mated sequence. The scans are centered at the fovea in a
radial pattern and separated by 30-degree increments. With
SD-OCT, the Macular Cube 200×200 scan pattern generates
a data cube through a 6 mm square grid by acquiring a
series of 200 horizontal scan lines, each comprised of 200 A-
scans. The average retinal thickness at the central 1 mm circle
was about 128 points with TD-OCT and about 872 points
with SD-OCT. Compared with TD-OCT, the higher reli-
ability of SD-OCT is based on the uniformity and the larger
number of scan points. The scan pattern and the scan ac-
curacy may explain the difference in the macular thickness
between normal subjects and DME.
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Using TD-OCT, the IS/OS line disappeared in some areas
or was not clearly detected in some cases. The measurement
line was not traced on IS/OS and traced on the RPE line. This
may result in a thicker measurement than the actual thick-
ness on TD-OCT.

As in previous studies, we also found a correlation be-
tween the macular thickness and BCVA in subjects with DME
[16, 17]. The Diabetic Retinopathy Clinical Research Net-
work reported that the relationship between the VA and cen-
tral retinal thickness measured by OCT was linear [16]. How-
ever, Koleva-Georgieva and Sivkova reported no correla-
tion between the BCVA and retinal thickness [18], which may
have resulted from the small number of subjects and that six
of nine eyes had macular ischemia. The low VA could be due
to the serous macular detachment with large cystoid spaces
and the presence of macular ischemia.

In conclusion, the mean retinal thickness in patients with
DME measured with SD-OCT was about 45 μm thicker than
that with TD-OCT. Care should be taken when comparing
retinal thicknesses between the two OCT machines.
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Purpose. To describe topographical changes in choroidal thickness as measured by optical coherence tomography following
photodynamic therapy (PDT) for central serous chorioretinopathy (CSC). Methods. Case report. Results. By 1 month following
PDT, mean (SD) choroidal thickness decreased from 562 microns (24) to 424 microns (27) (P < 0.01) at 3 mm temporal to fovea,
483 microns (9) to 341 microns (21) (P < 0.01) at 1.5 mm temporal to fovea, 576 microns (52) to 370 microns (81) (P < 0.01)
under the fovea, 442 microns (30) to 331 microns (54) (P < 0.04) at 1.5 mm nasal to fovea, and 274 microns (39) to 171 microns
(17) (P < 0.01) at 3 mm nasal to fovea. The Location of greatest choroidal thickness (648 microns) prior to treatment was at point
of leakage on fluorescein angiogram (FA). This region decreased to 504 microns following treatment. Conclusion. A decrease in
choroidal thickness can be seen following PDT for CSC as far as 3 mm temporal and 3 mm nasal to fovea. The Location of greatest
choroidal thickness may be at point of leakage on FA.

1. Introduction

Central serous chorioretinopathy (CSC) is characterized by
a neurosensory retinal detachment in the posterior fundus
associated with one or more leaks at the level of the retinal
pigment epithelium (RPE) [1]. Etiology of leakage is unclear
but thought to be related to hyperpermeability of the cho-
roidal vasculature. Although many cases of CSC resolve
spontaneously with improvement of vision, treatment may
be considered for eyes with persistent or progressive vision
loss from serous retinal detachment. Current treatment op-
tions include thermal laser photocoagulation or photody-
namic therapy (PDT) with verteporfin (QLT Ophthalmics,
Inc. Menlo Park, CA, USA) [1, 2].

Optical coherence tomography (OCT) is an imaging
modality capable of depicting the retinochoroidal layers and
the presence of a neurosensory retinal detachment in eyes
with CSC [3]. In a recent OCT study, subfoveal choroidal
thickness was shown to decrease following PDT for CSC [4].
However, the topographical location and extent of choroidal

thickness changes following PDT for CSC were not de-
scribed. In this paper, we describe a case report of topograph-
ic choroidal changes as measured by raster lines on spectral
domain OCT following PDT for CSC. Findings are also
described in relation to fluorescein angiography (FA) find-
ings.

2. Material and Methods

A retrospective case study of a patient receiving PDT with
Visudyne for CSC was performed. Medical records were
reviewed for clinical findings, FA results, OCT findings, and
PDT treatment parameters. Outcome parameters included
visual acuity, clinical findings, and choroidal thickness as
measured by OCT images. Choroidal thickness measure-
ments were obtained by exporting all OCT images into
Image J (http://rsb.info.nih.gov/ij/) where number of pixels
in choroidal layer was counted and converted into microns
using micron/pixel ratio. All measurements were performed
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by one grader (RNN). The authors are not aware of any
automated method to measure topographical choroidal
thickness. Statistical analysis using the Mann-Whitney test
was used to compare choroidal thickness before and after
treatment at 3 mm temporal to the fovea, 1.5 mm temporal
to the fovea, under the fovea, 1.5 mm nasal to the fovea, and
3 mm nasal to the fovea. Data set for each of these five loca-
tions was obtained from 5 horizontal raster scans (Figure 3).

3. Results

A 52-year-old woman presented for decreased vision in her
right eye of 1-month duration. Visual acuity was 20/60 OD
and 20/20 OS. Fundus exam of OD revealed a neurosensory
detachment of the fovea with abnormalities of the retinal
pigment epithelium (RPE) just superonasal to the fovea.
Fluorescein angiography depicted leakage superonasal to the
fovea at the level of the RPE with pooling into the neuro-
sensory space (Figure 1). Spectral domain OCT using Cirrus
HD-OCT (Carl Zeiss Meditec, Inc., Dublin, CA, JUSA)
demonstrated a neurosensory detachment of the fovea
(Figure 2). Five 6 mm long horizontal raster lines centered
on the fovea and spaced 0.25 mm apart were obtained to
topographically map the choroidal thickness. Mean (SD)
choroidal thickness was 562 microns (24) at 3 mm temporal
to fovea, 483 microns (9) at 1.5 mm temporal to fovea, 576
microns (52) under the fovea, 442 microns (30) at 1.5 mm
nasal to fovea, and 274 microns (39) at 3 mm nasal to fovea.
Thickest area of choroid (648 microns) was under area of
leakage as seen on FA (Figure 3). Diagnosis of CSC was
established, and treatment with PDT was recommended.
After discussing the off-label nature of PDT for CSC, patient
chose to proceed with treatment. Photodynamic therapy
with verteporfin using 1.5 mm laser spot size, standard
treatment parameters, and 83 seconds of duration was
applied to juxtafoveal area of leakage as guided by FA [5].
Care was taken to avoid directly treating the fovea (Figure 1).

At 1 month following treatment, visual acuity improved
to 20/20. Optical coherence tomography demonstrated
resolution of subretinal fluid. Mean (SD) posttreatment cho-
roidal thickness measurements were 424 microns (27) at
3 mm temporal to fovea, 341 microns (21) at 1.5 mm tempo-
ral to fovea, 370 microns (81) under the fovea, 331 microns
(54) at 1.5 mm nasal to fovea, and 171 microns (17) at 3 mm
nasal to fovea (Figure 3). This reduction was statistically
significant (P < 0.01, P < 0.01, P < 0.01, P < 0.04, P < 0.01)
at each location, respectively, using the Mann-Whitney test
(Figure 4). Point of prior greatest choroidal thickness (648
microns) decreased to 504 microns, but was still the point of
greatest choroidal thickness (Figure 3).

4. Discussion

This study describes topographical thickness changes in the
choroidal layer using OCT for an eye with CSC undergoing
PDT with verteporfin. Thickness changes are described with
regard to FA findings and treatment location. The authors
are not aware that this has been previously described. Prior

Figure 1: Fluorescein angiography of right eye demonstrating hy-
perfluorescence and leakage at level of RPE. White circle depicts the
area of fundus treated with PDT (1.5 mm laser spot).
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Figure 2: OCT image of retina and choroid prior to treatment de-
monstrating neurosensory retinal detachment. Arrowheads mark
outer boundary of choroid used to measure choroidal thickness.

reports on choroidal thickness in CSC have only described
subfoveal thickness findings with no reference to location of
FA leakage or PDT laser spot. Understanding the topographic
changes of the choroid following PDT for CSC may be
important, both for advancing our understanding of CSC
and also improving our ability to restore vision.

Our findings of decreased choroidal thickness following
PDT concur with prior reports [4]. In 2010, Maruko et al.
found subfoveal choroidal thickness decreased from 389 ±
106 micron at baseline to 330 ± 103 microns at one month
[4]. Our patient’s mean (SD) subfoveal choroidal thickness
decreased from 576 microns (52) to 370 microns (81) (P <
0.01 Mann-Whitney test). Interestingly, our report suggests
that the reduction in choroidal thickness is diffuse and
extends further than just under the fovea as previously
reported. We measured a statistically significant reduction in
choroidal thickness from up to 3 mm temporal of the fovea to
3 mm nasal of the fovea following a 1.5 mm juxtafoveal PDT
laser spot applied to an area of juxtafoveal leakage as seen on
FA (Figure 4). It remains unclear whether a similar diffuse
effect or as significant of an effect would occur if the PDT
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Figure 3: Fundus photograph of OD demonstrating thickness of choroid in microns at each specific measured point both before and after
treatment.

laser spot was not applied over the leakage as seen on FA.
Distinguishing these effects may be important for some
cases, especially when FA leakage is subfoveal and the treat-
ing physician wishes to avoid exposing the fovea to PDT
laser.

It is interesting to observe that the single thickest mea-
surement of the choroid (648 microns) before treatment was
in the area of leakage as seen on FA. Following treatment,
this single location decreased to 504 microns but was still
the point of greatest choroidal thickness (Figure 3). Unfortu-
nately, the authors cannot comment on how abnormal either
of these measurements is since complete normative data on

choroidal thickness correcting for age, race, refractive area,
and fundus location is not available [6].

Limitations of our study include the single sample size,
the retrospective nature, short duration of follow-up, and
limited sampling of choroid. Additionally, indocyanine green
angiography which can provide information on choroidal
hyperpermeability was not obtained on this patient. Non-
etheless, the authors feel publishing this case is valuable since
its unique combination of small focal juxtafoveal leakage on
FA and small PDT laser spot allows us to make some inter-
esting observations. Certainly, further studies are needed to
corroborate our findings.
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Figure 4: Chart comparing thickness of choroid at 3 mm temporal
to fovea, 1.5 mm temporal to fovea, under the fovea, 1.5 mm nasal to
fovea, and 3 mm nasal to fovea before and after treatment with PDT.
Error bars represent one standard deviation. At all points, there was
a significant reduction in choroidal thickness (the Mann-Whitney
test): ∗∗∗P < 0.01, ∗∗P < 0.04.

5. Conclusion

This study documents the topographical changes in the
choroidal layer as measured with OCT in an eye undergoing
treatment with PDT and verteporfin for CSC. A reduction in
choroidal thickness was observed as far away as 3 mm tem-
poral and nasal to the area of leakage as seen on FA following
treatment. Point of greatest choroidal thickness before and
after treatment was in the area of leakage on FA.
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Regmatogenous retinal detachments need prompt intervention particularly when macula is on. Unfortunately this is not always
easy to ascertain clinically and the chronicity of the event is often muddled in patient’s histories. Developments in optical coherence
tomography (OCT) have allowed high-resolution axial scans which have enabled the characterisation of retinal changes in retinal
detachments. In this paper, we show the changes in retinal morphology observed by spectral domain OCT and how this can be
used to plan appropriate surgical intervention.

1. Introduction

Rhegmatogenous retinal detachments referred in an acute
nature require prompt surgical repair. However, studies have
shown that surgery is best done during normal working
hours [1]. Given the pressures on theatre use it is important
to be able to assess the retinal detachment and to ascertain
the urgency of planning surgical intervention. One of the
most important features is the involvement of the macula
and fovea that is macula on or macula off. In cases of macula-
off retinal detachments, visual outcome is less dependent on
prompt surgery and surgical correction can be delayed [1].
Macula-on retinal detachments, however, should have their
surgery expedited, the main concern being the conversion
to a macula-off situation which has a much poorer visual
prognosis [1].

The assessment of rhegmatogenous retinal detachments
is multifactorial; in an otherwise normal eye visual acuity is
an easy measure of macula involvement with the 6/60 patient
being macula off and 6/6 macula on [1]. Similarly the onset
of symptoms and the age of the retinal detachment is impor-
tant, as chronic detachments can be more stable and surgery
can be safely delayed [1]. Also the extent of detachment and
position of the retinal break can also help predict the progres-
sion of an acute macula on retinal detachment [1]. However,

in certain situations the macula-on or macula-off question
is not easily answered; visual acuities may be misleading;
examination of the detachment may be difficult due to poor
views often due to vitreous hemorrhage and chronicity may
be difficult to ascertain in patients with vague histories.

High-speed spectral domain optical coherence tomog-
raphy (OCT) offers a noninvasive tool to evaluate retinal
microstructural changes in a number of eye pathologies.
Newer systems using spectral domain calculations have
improved data acquisition speeds compared with conven-
tional time-domain OCT equipment allowing much greater
axial resolution [2]. Given the greater resolution a number of
characteristic changes seen in retinal detachment have been
observed. In this paper, we discuss two cases where spectral
domain OCT and an understanding of the histological
changes have enabled a clearer diagnosis and planning of
treatment.

2. Case 1

Our first case is a seventy-five-year-old gentleman who
presented with a vague history of blurred vision for six weeks.
Visual acuity was 6/24 and examination revealed a pseu-
dophakic inferotemporal macula-off retinal detachment. The
reduction in visual acuity was thought to be secondary to
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vitreous haemorrhage as biomicroscopy assessment showed
the detachment stopping inferior to the macula (Figure 1).

To confirm the macula status, a microstructural imaging
analysis was performed using the Heidelberg Spectralis
OCT scanner. Contrary to the biomicroscopy examination
(Figure 1), this revealed a macula-off retinal detachment
(Figure 2). Changes seen in the OCT scan were characteristic
of an old retinal detachment with the presence of intraretinal
cysts, undulation of outer retinal layers, and the hyper-
reflectivity in the photoreceptor layer (Figure 2). Secondary
to these OCT findings, the surgical session was deprioritised
and performed five days later. The surgical repair consisted
of a three-port pars plana vitrectomy with perfluoropropane
tamponade and cryotherapy. Postoperative visual outcome
was good being 6/9 two months after surgery. Subsequent
spectralis OCT one year following the retinal detachment
shows restoration of normal retinal morphology with reso-
lution of the intraretinal cysts, flattening of the retinal layers,
and no hyperreflectivity seen (Figure 3).

3. Case 2

Our next case was a fifty-year-old myopic female who pre-
sented on a Friday with a several-month history of floaters
and visual distortion described as “looking through Vase-
line.” Visual acuity was reduced to 6/12. Biomicroscopic
examination showed an inferior macula-off retinal detach-
ment. Microstructural analysis of the macula was performed
using a Heidelberg Spectralis OCT scan which confirmed
a macula-off retinal detachment; however, the OCT scan
revealed that the fovea was bisected by this detachment
(Figure 4). Moreover, the macula microstructure seen in
the OCT scan showed no retinal folds or hyperreflectivity
present near the fovea. Indeed, the only morphological
retinal detachment changes observed which indicated any
chronicity were small intraretinal cysts present peripherally
away from the fovea (Figure 4).

Given the OCT findings, she was treated as a macula-
on retinal detachment patient, and surgery was expedited
such that an emergency theatre session was organised within
24 hours on a Saturday morning. The surgical repair
was a three-port pars plana vitrectomy using a sulphur
hexaflouride tamponade and cryotherapy. After subsequent
cataract surgery, vision had returned to 6/6 with normal
OCT findings (scan not shown).

4. Discussion

The morphological changes seen in retinal detachment have
previously been evaluated by OCT and are becoming clearer
with newer systems using spectral domain calculations,
which have improved data acquisition speeds to ∼40 000
A-scans per second allowing much greater axial resolution
to approximately 3.5 μm tissue resolution [2]. The transfor-
mations seen in retinal detachment include intraretinal cyst
formation, intraretinal separation, and undulation of outer
retinal layers [3, 4]. The disruption of the photoreceptor

Figure 1: Colour fundus photograph of retinal detachment sec-
ondary to an inferior temporal retinal tear. Black arrows indicate
the initially suspected margin of the retinal detachment. Dotted line
depicts the direction of the OCT scan shown in Figure 2.

200μm

Figure 2: Horizontal spectralis OCT of the retinal detachment
shown in Figure 1, scan direction is indicated by the white dotted
line in Figure 1. Characteristic changes seen on OCT in retinal
detachments are observed including retinal folds, intraretinal cysts
(white arrows), and hyperreflectivity of the photoreceptor layer
(black arrows). Fovea is denoted by a grey arrow.

200μm

Extent of retinal detachment prior to surgery

Figure 3: Postsurgical vertical OCT of the retinal detachment
shown in Figures 1 and 2. The area of retinal detachment prior
to surgery is represented by the bar below the OCT. Restoration
of normal morphology has occurred one year following retinal
detachment repair.



Journal of Ophthalmology 3

200μm

Figure 4: Acute retinal detachment that transects the fovea (white
arrow), cystic changes are present peripherally (black arrow) but the
fovea remains morphologically intact although shallowly detached
from the pigmented epithelium.

inner and outer segment junction in macula-off rhegmatoge-
nous retinal detachments is also seen both preoperatively
[5] and postoperatively [6, 7]. Murine models comparing
histology and OCT confirm these findings and also highlight
the hyperreflectivity in the photoreceptor layer which may
represent a cellular immune infiltration or misalignment of
the photoreceptor layer [8]. These changes were all seen in
our first case (Figure 2) proving that the retinal detachment
had been present for a period of time prior to arrival in our
unit and enabling appropriate de-prioritisation within a busy
vitreoretinal service.

In our second case, in which the fovea was bisected by
a retinal detachment, time of onset was in some doubt.
Retinal thickness of the detached retina has been shown to
be time dependent initially thickening then thinning with
time [8, 9]; however the subfovea thickness was normal when
scanned suggesting a recent event along with the absence
of any intraretinal cysts, retinal undulations, and hyper
reflectivity of the photoreceptor layer (Figure 4). Onset of
retinal detachment is of importance, as experimental retinal
detachments in cats have shown that although alterations
in the outer nuclear layer occur after 1 hour, progressive
loss of photoreceptors continues up to 13–30 days [10],
with limited atrophy in cat retinas detached 3 to 7 days
[11]. Macular involvement in retinal detachment has a bad
prognosis for visual outcome [1]. However, patients that have
no tomographic structural changes presumably due to recent
foveal involvement have better clinical prognosis [4]. This
is most likely secondary to less atrophy and death of the
photoreceptors which has histopathologically been shown
to be present in prolonged detachment of the retina [10–
14]. Finally, the height of retinal detachment, which appears
to affect the formation of multiple cystic cavities in the
detached inner and outer neuronal layers, correlates with
poor visual outcome [15, 16]. All of these features when
taken into account suggested a good prognostic outcome for
our second patient and hence prompt surgery resulting in an
excellent visual recovery; an outcome that could have been
considerably poorer if surgery had been delayed and fovea
atrophy had occurred.

The ability to predict the outcome of operations obvi-
ously helps plan surgery. The morphological changes in
retinal detachment seen in OCT scans give prognostic
factors pertaining to visual outcome and thus help anticipate
surgical outcomes. This paper has shown the two scenarios
where surgical prioritisation is reversed, that is, from macula
on to macula off and secondly, from macula off to macula
on. In our first case, a chronic detachment was identified
by OCT and allowed planning within the department for
higher priority operations to take place. Conversely, the lack
of subfoveal morphological changes in our second case led to
the conclusion that the detachment was recent and prognosis
good, thus surgery was expedited. Both cases highlight
the superiority of OCT imaging against biomicroscopy. We
suggest that if any doubt regarding the status of the macula
exists, a routine noninvasive OCT should be performed to
help clarify the situation prior to surgery.
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We aimed to evaluate technical aspects and the clinical relevance of a simultaneous confocal scanning laser ophthalmoscope and a
high-speed, high-resolution, spectral-domain optical coherence tomography (SDOCT) device for retinal imaging. The principle of
confocal scanning laser imaging provides a high resolution of retinal and choroidal vasculature with low light exposure. Enhanced
contrast, details, and image sharpness are generated using confocality. The real-time SDOCT provides a new level of accuracy
for assessment of the angiographic and morphological correlation. The combined system allows for simultaneous recordings
of topographic and tomographic images with accurate correlation between them. Also it can provide simultaneous multimodal
imaging of retinal pathologies, such as fluorescein and indocyanine green angiographies, infrared and blue reflectance (red-free)
images, fundus autofluorescence images, and OCT scans (Spectralis HRA + OCT; Heidelberg Engineering, Heidelberg, Germany).
The combination of various macular diagnostic tools can lead to a better understanding and improved knowledge of macular
diseases.

1. Introduction

With the advent of novel technologies, both optical coher-
ence tomography (OCT) and confocal scanning laser oph-
thalmoscopy (cSLO) have been introduced successfully into
the routine clinical imaging for a wide spectrum of macular
diseases. The combination of these two techniques in one
instrument, which offers various subsequent advantages,
including exact correlation of tomographic and topographic
findings, has the potential to enhance further our under-
standing of disease pathogenesis, diagnosis, and patient
management.

In this paper, we aimed to review the history, some
of the technical aspects, and important clinical applica-
tions of a high-speed, high-resolution spectral-domain OCT
(SDOCT) device which also is able to combine cSLO-based
fluorescein and indocyanine green angiograms, infrared,

blue reflectance (“red-free”), and fundus autofluorescence
(FAF) images.

2. History

Based on the pioneering work of Webb et al. [1, 2],
confocal scanning laser ophthalmoscopes (cSLOs) have been
developed for clinical use. Although limited by the optical
properties of the human eye, they are able to achieve
high-contrast images of the posterior segment. Today most
scanning laser systems record their images in real time with a
fast frame rate.

Optical coherence tomography was initially reported by
Huang and coworkers in 1991 [3] and has had a tremendous
subsequent impact on in vivo imaging of retinal diseases.
It has evolved as a noninvasive technique and allows for
visualization of microstructural alterations of the retinal
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Figure 1: Example of a normal eye imaged with the Spectralis SDOCT. The infrared reflectance cSLO image (lower left) shows a normal
fundus which corresponds to the normal SDOCT B-scan. The green lines represent the location, and the green arrow shows the exact
orientation of the B-scan. All the retinal layers are indicated on the SDOCT scan (ILM: internal limiting membrane; NFL: nerve fiber layer;
GCL: ganglion cell layer; IPL: inner plexiform layer; INL: inner nuclear layer; OPL: outer plexiform layer; ONL: outer nuclear layer; ELM:
external limiting membrane; IS/OS: photoreceptor inner/outer segment junction; RPE: retinal pigment epithelium).

tomographic architecture. This imaging modality is now
used widely by ophthalmologists for a range of indications
and has become a standard diagnostic technique [4–16]. It
provides images analogous to ultrasonography, but, instead
of sound, it uses light waves to obtain a reflectivity profile
of the tissue under investigation, measuring the time delay
and magnitude of backscattered or reflected light by low-
coherence interferometry.

The OCT technique available most widely in clinical
practice is referred to as time-domain OCT, because the
depth information of the retina is acquired as a sequence
of samples over time. This can be performed either in
longitudinal cross-sections perpendicular to or in the coro-
nal plane parallel to the retinal surface. Recently, major
advances have been made regarding the image resolution—
notably the development of a high-resolution OCT—and
in imaging speed, signal-to-noise ratio, and sensitivity with
the introduction of an ultrahigh-resolution SDOCT [17–
24]. In time-domain OCT and earlier ultrahigh-resolution
OCT, reference mirrors move mechanically, limiting imaging
speed. In SDOCT, the reference mirror is stationary and
the OCT signal is acquired either by using a spectrometer
as a detector or by varying the narrowband wavelength of
the light source in time (swept source). Echo time delays of
light are measured by acquiring the interference spectrum
of the light signal and taking its Fourier transform [25,
26]. Increasing imaging speed allows for the acquisition of
images within a fraction of second, thus minimizing motion
artifacts [27]. It has also become possible to acquire three-
dimensional volume OCT scans that achieve comprehensive
retinal coverage [28].

The combination of OCT and cSLO in one instru-
ment offers a number of subsequent advantages, including
an accurate correlation of tomographic with topographic
architecture of the retina, which opens new insights in
the pathogenesis and morphological alterations of retinal
diseases [29, 30]. Additionally a multimodality imaging

system provides a complete view of the vitreous, retina
and choroid, enabling clinicians to combine information
from six different modes to assess the eye: fluorescein and
indocyanine green angiographies, FAF, infra-red, red-free,
and SD-OCT. Simultaneous high-resolution fundus imaging
and SD-OCT with the Spectralis (Heidelberg Engineering,
Heidelberg, Germany) offer high-quality images with the
certainty of knowing the location, leading to a significantly
better diagnosis and monitoring of the patient (Figure 1).

3. Technical Aspects

The imaging system cSLO/OCT (Spectralis HRA+OCT)
combines high speed, high-resolution SDOCT images with
simultaneous recording of fluorescein and indocyanine-
green angiographies, digital infrared and blue reflectance, or
FAF images. On the other hand, the Spectralis OCT has only
two modes—SDOCT and infrared. Both SDOCT devices use
a new proprietary eye-tracking technology, which locks onto
a specific location on the retina and relocates the site at
later exams to enhance the monitoring of disease progression
and treatment decisions. For image clarity, the proprietary
Heidelberg Noise Reduction feature takes the axial reso-
lution from 7 microns to 3.5 microns. And the device
dual-beam imaging captures a reference scan and cross-
section simultaneously for reliably accurate registration.

Regarding the technical parameters of the SDOCT, 40 000
A-scans are acquired per second using an optical resolution
of approximately 7 mm in depth (axial resolution) and
14 mm transversally (lateral optical resolution). The centre
wavelength of the OCT light source is typically between 870
and 880 nm. OCT scans can be recorded simultaneously with
fluorescein angiography, indocyanine-green angiography,
FAF, infrared, and blue reflectance images. For the A-scans
the scan depth is 1.8 mm/512 pixels, providing a digital axial
resolution of 3.5 μm/pixel. Spectralis scans 100 times faster
than time-domain OCT and 40% faster than most other
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Figure 2: A 71-year-old man with a pigment epithelial detachment in the presence of neovascular AMD in the right eye. In the SDOCT scan
the pigment epithelial detachment is readily visualized underneath the fovea associated with intraretinal cysts and subretinal fluid. It is also
possible to identify the subretinal neovascular membrane and the vitreoretinal interface.

SDOCT instruments. B-scans cover a transversal range of
15, 20, or 30◦ field of view. In the high-speed mode scan
widths are 384, 512, and 768 A-scans per B-scan with a
lateral digital resolution of 11 μm/pixel and a scan rate of
89, 69 and 48 B-scans/second, respectively. In the high-
speed mode, the vertical presentation of the OCT scan
is magnified twice; therefore morphological alterations are
presented disproportionately high in the vertical dimension.
The accelerated imaging speed allows the acquisition of an
image within a fraction of second, thus minimizing motion
artefacts. Vertical and horizontal OCT scans are placed in the
area of interest.

The high-resolution modes encompass a scan width of
768, 1024, and 1.536 A-scans per B-scan with a lateral digital
resolution of 5 μm/pixel at a scan rate of 48, 37, and 25
B-scans/second, respectively. High-resolution fundus images
provide clear cross-sectional scans of the retinal anatomical
structure, including the retinal surface, intraretinal alter-
ations, as well as subretinal morphologic pathologies.

Sequences of B-scans can be acquired to image a full
volume. These volume scans can be obtained at 15, 20 and
30◦ field of view. The number of B-scans per volume can
be adjusted from 12 to 96 B-scans per 10◦. In addition, it
is also possible to acquire 3D volumetric OCT scans for
comprehensive analysis of the entire retina and, therefore,
for 3D mapping of pathologic alterations within the retinal
layers including the RPE.

4. Clinical Applications

The new technology of the SDOCT has improved the
visualization of intraretinal morphologic features allowing
the evaluation of the integrity of each retinal layer and in
vivo visualization of microstructural morphology of the
retina. The high-speed, high-resolution SDOCT (Spectralis)
has been applied over the last few years to investigate
morphological substrates for alterations in eyes with various
macular disorders.

One of the most important clinical applications of this
device is to help guiding diagnosis and treatment of patients
with age-related macular degeneration (AMD). In early
stages of AMD, drusen can be detected at their specific
location [29]. Small drusen appears as localized detachments

of the retinal pigment epithelium (RPE) with intact layered
architecture of the photoreceptor segments. In large drusen,
RPE elevation and derangement can be seen in association
with a disrupted photoreceptor band. Additionally in cases
of reticular drusen, another example of early AMD, the
SDOCT scan shows alterations in the outer retinal and RPE
layers. These ultrastructural characteristics may allow dis-
tinguishing subclasses of drusen and may allow identifying
biomarkers for disease severity or risk of progression [31]. In
cases of dry AMD with geographic atrophy, SDOCT scans
also can confirm loss of the RPE monolayer along with
atrophy of the outer neurosensory retinal layers. In most
eyes with geographic atrophy the inner retinal layers are
unchanged, whereas the outer retinal layers show alterations
in all eyes. SDOCT provides adequate resolution for quanti-
fying photoreceptor loss and allows visualization of reactive
changes in the RPE cells in the junctional zone of geographic
atrophy [30, 32, 33]. Finally SDOCT scans can be useful to
delimitate and better visualize areas of pigment epithelium
detachments (PEDs) and choroidal neovascular membranes
in cases of wet or exudative AMD (Figure 2). The combi-
nation of the FA and the SDOCT with high-resolution and
real-time mean image elaboration may enhance the detailed
visualization of activity in new choroidal neovascularization,
such as presence of subretinal, intraretinal, or sub-RPE fluid,
intraretinal cysts, or a combination of them [34, 35]. The
high sensitivity on neovascular activity expressed by the
SDOCT features may be helpful in clinical practice, reducing
the need of angiographies for treatment decisions [36].

It is well known that OCT imaging in patients with
diabetic macular edema is able to reveal several structural
changes in the retina, such as epiretinal membranes,
intraretinal and subretinal fluid, and cystoid macular edema
[37, 38]. It is a very useful tool for diagnosis, especially in
challenging cases, and treatment followup. Only a limited
number of studies using different SDOCT devices for
assessing diabetic macular edema and diabetic retinopathy
have been published [39–42]. In cases of diabetic macular
edema, SDOCT has enabled us to analyze with more details
the integrity of the outer retinal layers, which includes the
external limiting membrane, the photoreceptors junction,
the RPE, and Bruch’s membrane. One first report using the
Spectralis SDOCT showed the importance of the integrity
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of the external limiting membrane and the photoreceptors
junction as a prognostic feature of visual improvement after
treatment for diabetic macular edema [42].

Spectral-domain OCT has dramatically improved the
visualization of the vitreomacular interface and posterior
hyaloid membrane and has become a very important tool for
the diagnosis and followup of patients with alterations of the
vitreoretinal interface. In cases of epiretinal membranes and
macular pucker, vitreoretinal adhesions at the peak elevation
and retinal wrinkling can be seen in the cSLO image. In the
correspondent SDOCT cross-sectional image the wrinkling
of the inner retinal surface and thickening of the neurosen-
sory retina, particularly pronounced in the outer nuclear
layer and the innermost neurosensory layers, can be observed
[29]. Also, in cases of macular hole, besides other features
that have been well described, SDOCT can demonstrate
disruption of photoreceptors junction and imaging this
structure is a method of assessing structural integrity of the
photoreceptors before and after macular hole surgery [43].

The Spectralis SDOCT is a very useful tool for other mac-
ular pathologies, such as retinal vascular occlusive diseases
with macular involvement, central serous chorioretinopathy,
macular dystrophies, idiopathic perifoveal telangiectasia, and
chloroquine retinopathy. There are few studies published in
the literature showing its clinical applications. Important
advantages with clinical significance of this new technology
compared to the time-domain technology are the ability
to better visualize the vitreoretinal interface and outer
retinal layers, especially the photoreceptors junction, and the
possibility to obtain 3-dimensional scans allowing to image
structural changes of the vitreoretinal interface and the retina
in large areas.

One advantage of the Spectralis OCT is the improved
visualization of the choroid. Margolis and Spaide [44]
described the measurement of the choroidal thickness using
the enhanced depth imaging technique. It is described by
positioning the device close enough to the eye to acquire
an inverted image within a 5 × 30-degree area centered at
the fovea and then performing manual measurements from
the outer border of the RPE to the inner scleral border. In
the normal studied eyes, the subfoveal choroid was thickest
and grew thinner at more peripheral measurement points.
Also choroidal thickness demonstrated a negative correlation
with age. In different reports using the same technique,
the author reported enhanced depth imaging of choroidal
changes underneath a pigmented epithelial detachment in
patients with exudative AMD, thus describing a novel disease
entity termed age-related chorioretinal atrophy [45, 46].
The ability to visualize and quantify choroidal thickness is
a very interesting area of research and may be limited to
a few SDOCT devices which can overcome the technical
limitations of imaging deeper structures such as analog-
to-digital conversion, wavelength-dependent light scattering,
and signal loss in the image path before Fourier transforma-
tion.

In conclusion, the combined cSLO/OCT system allows
simultaneous recording and interpolation of topographic
and tomographic images. Different cSLO imaging modes
including infrared and blue reflectance, FAF and fluorescein

or ICG angiography can be combined with simultaneous
acquisition of OCT. This multimodality combination allows
for a better understanding of the pathogenesis of several
macular pathologies and improvement of diagnosis and
management of patients with macular diseases.
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Purpose. To present a series of retinal disease cases that were imaged by spectral domain optical coherence tomography (SD-
OCT) in order to illustrate the potential and limitations of this new imaging modality. Methods. The series comprised four
selected cases (one case each) of age-related macular degeneration (ARMD), diabetic retinopathy (DR), central retinal artery
occlusion (CRAO), and branch retinal vein occlusion (BRVO). Patients were imaged using the Heidelberg Spectralis (Heidelberg
Engineering, Germany) in SD-OCT mode. Patients also underwent digital fundus photography and clinical assessment. Results.
SD-OCT imaging of a case of age-related macular degeneration revealed a subfoveal choroidal neovascular membrane with
detachment of the retinal pigment epithelium (RPE) and neurosensory retina. Using SD-OCT, the cases of DR and BRVO
both exhibited macular edema with cystoid spaces visible in the outer retina. Conclusions. The ability of SD-OCT to clearly and
objectively elucidate subtle morphological changes within the retinal layers provides information that can be used to formulate
diagnoses with greater confidence.

1. Introduction

Over the past decade, the development of high-speed, wide-
bandwidth tuneable light sources in conjunction with high-
speed photodetectors has resulted in major gains in the
horizontal and depth resolution of optical coherence tomog-
raphy (OCT) based instrumentation, thereby dramatically
improving visualization capabilities during retinal and optic
nerve examination [1, 2]. As a result, OCT has found its
place as a widely accepted imaging technique, especially in
ophthalmology.

The principle of OCT is based on interferometry [3, 4].
In a typical early generation OCT system, visible light (i.e., to
visualise the beam) and broadband, short-coherence length,
near-IR light are coupled into one branch of a Michelson
interferometer. The light is then split into two paths, one
leading to a reference mirror and the second is focused
onto the retina. Light is reflected and backscattered from
refractive index interfaces within the retina according to the

optical properties of each interface. The reflected light from
the retina (i.e., the sample arm) and from the reference
mirror is recoupled into the interferometer, to ultimately
be detected after interference in the spectrometer. Using
“time domain” OCT, reflection sites at various depths in
the tissue can be sampled by changing the path length
of the reference arm. However, this mechanism limits the
acquisition speed (approx. 400 A-scans/s), is prone to motion
artifacts because of the slow scan speed, and makes real-
time imaging impossible. The reference-arm mirror is also
scanned at a constant velocity, allowing depth scans to be
made pixel by pixel across the retina.

SD-OCT has dramatically improved image resolution.
Using SD-OCT, broadband interference is measured with
spectrally distinct detectors using Fourier analysis (i.e., light
signal frequency is modulated as a function of depth),
thereby avoiding path length adjustment of the reference
arm. The avoidance of depth scanning results in dramatic
gains in imaging speed (i.e., 20,000 to 40,000 A-scans/s) and
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improved signal-to-noise ratio [5], with an axial resolution
of approximately 7 μm, thereby permitting the acquisition
of high-resolution, histological detail of the retina captured
from the living human eye over a wide field of view. The
much improved scan speed of SD-OCT also permits 3D
scanning, with minimal impact of eye movements. The SD-
OCT scans can also be referenced to simultaneously acquired
2D en-face images, thereby ensuring the accurate spatial
location of each OCT A-scan within the 3D image. An
example of SD-OCT imaging of a healthy retina is shown in
Figure 1.

In this study, we report on the clinical application of SD-
OCT using a series of case reports of patients with clinically
defined common and/or classic eye diseases in order to
highlight some of the potential, the limitations, and the
clinical utility of this technology.

2. Methods

Patients were imaged using the Heidelberg Spectralis HRA +
OCT (Heidelberg Engineering, Heidelberg, Germany) in SD-
OCT mode, using a scan field of 30 degrees horizontally and
15 degrees vertically and 19 to 25 OCT horizontal sections
(one section at least every 240 μm). Patients also underwent
pupil dilation, digital fundus photography, and clinical
assessment. Digital fundus photography was undertaken
using a Canon digital fundus camera (Canon CR-DGi,
Canon Inc., Japan) with a resolution of 12.8 mega pixels.
Clinical assessment comprised visual acuity, stereo fundus
biomicroscopy, and binocular indirect ophthalmoscopy, as
appropriate.

2.1. The Heidelberg Spectralis HRA and OCT. The Hei-
delberg Spectralis HRA and OCT (Heidelberg Engineer-
ing, Heidelberg, Germany; Software version-1.6.1.0) can be
used in any one of six imaging modes, that is, SD-OCT,
fluorescein angiography, indocyanine green angiography,
autofluorescence, and red-free and infrared imaging. This
paper details use of the instrument in SD-OCT mode
only. The Heidelberg Spectralis utilizes a broadband light
source centered at 870 nm (i.e., no visible light “beacon”) to
simultaneously measure multiple wavelengths, a prerequisite
of SD-OCT imaging (Heidelberg Retina Angiograph 2
Operating Instructions). Simultaneous confocal scanning
laser ophthalmoscopy is used to generate high-resolution
images of the retinal surface, thereby providing precise
location information of each A-scan within a cross-sectional
SD-OCT image. SD-OCT scanning generates 40,000 A-
scans/second with an axial resolution of 3.5 microns/pixel
digital (7 microns optical) and a transverse resolution of 14
microns [6]. Alignment software continuously tracks any
eye movement during image acquisition and then adjusts
the position of the A-scan on the retinal surface to ensure
accurate registration of cross-sectional OCT images. Using
eye tracking and registration technology, multiple images are
obtained from a precise location to then be averaged and
filtered to remove random noise from the final image. The

same eye tracking/registration technology is used to ensure
that the instrument automatically rescans images that are
influenced by blink artifacts. Similarly, follow-up images are
derived from the same area of retina, thereby eliminating
subjective placement of the scan by the operator.

3. Case Reports

This series comprised four selected cases (one case each)
of age-related macular degeneration (ARMD), diabetic
retinopathy (DR), central retinal artery occlusion (CRAO),
and branch retinal vein occlusion (BRVO).

3.1. Case 1: Exudative Age-Related Macular Degeneration
(ARMD) (Figure 2). A 81-year-old female patient had a
20-year history of hypertension and a one-year history of
type 2 diabetes. At first presentation, her best corrected
visual acuity (VA) in the right (OD) and left (OS) eyes was
20/50 and 20/70, respectively. Intraocular pressures (IOPs)
were 18 mmHg OD and 20 mmHg OS. Retinal examination
revealed a large choroidal neovascular membrane (CNVM)
and a probable serous pigment epithelium detachment
(PED) OD and soft macular drusen OS (not shown).

3.2. Case 2: Treated Proliferative Diabetic Retinopathy with
Clinically Significant Diabetic Macular Edema (Figure 3). A
51-year-old male patient presented with a 15 year history of
type 2 diabetes, having taken oral medications for the first 11
years and having used insulin for the past 4 years. Past ocular
history included laser photocoagulation in both eyes. At the
initial visit, the best corrected visual acuity was 20/30 (OD)
and 20/70 (OS) with IOPs of 20 mmHg OD and OS.

3.3. Case 3: Central Retinal Artery Occlusion (Figure 4). A 69-
year-old male patient had a medical history of stroke and
type 2 diabetes for fifteen years. He presented in the clinic
with sudden and absolute vision loss OD. Visual acuity was
Counting Fingers at 0.3 meters OD and 20/40 OS.

3.4. Case 4: Branch Retinal Vein Occlusion (Figure 5). A 78-
year-old male patient had a 10 year history of hypertension.
His past ocular history included cataract surgery to both eyes.
The patient complained of blurry vision OS for the past 4
months. At the initial visit, the visual acuity was Counting
Fingers at 0.07 meters OD and 20/200 OS with an intraocular
pressure of 24 mmHg and 18 mmHg.

4. Discussion

SD-OCT imaging technology was used to acquire images of
patients with various retinal diseases in order to evaluate the
clinical utility, potential, and limitations of the technique.
Both SD-OCT and conventional clinical techniques showed
choroidal neovascular membrane and pigment epithelial
detachment (case of ARMD); neovascularisation at the disc
and elsewhere, fibrosis, epiretinal membrane, and laser scars
(case of DR); retinal edema and haemorrhages (case of
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Figure 1: Spectral-domain (SD-OCT) optical coherence tomography of a healthy retina (OS): Scan parameters: infrared scan angle 30◦;
OCT scan angle 20◦; pattern size 20◦×15◦, 19 sections (244 μm between B-scans). (a) Conventional fundus camera image. (b) SD-OCT en-
face image showing overlaid OCT scan lines (green) and scan area. The green arrow shows the position of the scan line used to generate the
cross-sectional retinal OCT image (i.e., (c)). (c) Cross-sectional image of the retina depicts the vitreous cavity (upper, optically clear area),
the internal limiting membrane (segmented by the upper red line marked ILM, the intervening retinal layers, Bruch’s membrane which is
segmented by the lower red line marked BM, and the underlying choroid (lower). The vertical green line defines the position of the retinal
thickness measure along the cross-sectional retinal thickness profile. (d) Cross-sectional retinal thickness profile corrected for tilt.
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Figure 2: SD-OCT retinal scan of a patient with exudative age-related macular degeneration (OD). Scan parameters: infrared scan angle
30◦; OCT scan angle 30◦; pattern size 30◦×15◦, 19 sections (244 μm between B-scans). (a) The conventional fundus camera image showed
a large choroidal neovascular membrane (CNVM) situated beneath the macula with a probable serous pigment epithelium detachment
(PED). (b) SD-OCT en-face image centered on the fovea. The green highlighted line shows the position of the scan line used to generate the
cross-sectional retinal OCT image (i.e., (c)). (c) The cross-sectional retinal image revealed a subfoveal CNVM (arrow “1”) with a pigment
epithelial detachment (PED) (arrow “2”) and possible neurosensory retinal detachment (arrow “3”) with apparent thickening and wrinkling
of the Bruch’s membrane/RPE complex. (d) Cross-sectional retinal thickness profile revealed increased thickness of the retina due to the
CNVM. The lower red segment line (shown in (c)) fails to fit the true position of Bruch’s membrane (arrow “4”) in the area of the CNVM.
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Figure 3: SD-OCT of a patient with proliferative diabetic retinopathy and clinically significant diabetic macular edema (DME) (OS). Scan
parameters: infrared scan angle 30◦; OCT scan angle 30◦; pattern size 30◦×15◦, 19 sections (240 μm between B-scans). (a) The conventional
fundus camera image showed clinically significant DME, fibrous tissue/epiretinal membrane temporal to the optic nerve head (ONH)
extending towards the fovea and inferior to the fovea, neovascularisation at the ONH and also at the inferior macula and laser scars in the
macula area and outside of the major retinal arcades. (b) SD-OCT en-face image centered on the fovea. The green arrow shows the position
of the scan line used to generate the cross-sectional retinal OCT image (i.e., (c)). (c) The cross-sectional retinal image revealed cystoid spaces
temporal to the ONH and extending close to the fovea in the outer retina (arrow “1”). The fibrous tissue/epiretinalmembrane can also be
seen, located between the ONH and fovea ( arrow “2”). (d) The cross-sectional retinal thickness profile revealed increased retinal thickness
especially nasally to the fovea.
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Figure 4: SD-OCT of a patient with central retinal artery occlusion (OD). Scan parameters: infrared scan angle 30◦; OCT scan angle
30◦; pattern size 30◦×10◦, 13 sections (243 μm between B-scans). (a) The conventional fundus camera image revealed a classic “cherry red
spot” and white infarctions (ischemic areas) along the major vessel arcades and around the macula. (b) SD-OCT en-face image centered
approximately 2◦ below the fovea. The green arrow shows the position of the scan line used to generate the cross-sectional retinal OCT
image (i.e., (c)). (c) The cross-sectional retinal image showed a thickening and increased reflectance (arrow “1”) of the inner retinal layers.
(d) The cross-sectional retinal thickness profile revealed increased retinal thickness that was especially apparent as an exaggerated foveal pit
(indicating swelling of the parafoveal retina).
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Figure 5: SD-OCT of a patient with branch retinal vein occlusion (OS). Scan parameters: infrared scan angle 30◦; OCT scan angle 30◦;
pattern size 30◦×20◦, 25 sections (243 μm between B-scans). (a) The conventional fundus camera imaging revealed numerous hemorrhages
and edema in the superior temporal retina with macular involvement. The macula was yellow and edematous. (b) SD-OCT en-face image
of the fundus (note that the cross-sectional image is located approximately 5◦ superior to the superior ONH margin). The green arrow
shows the position of the scan line used to generate the cross-sectional retinal OCT image (i.e., (c)). (c) The cross-sectional retinal image
showed retinal edema with fluid cysts in the outer retina (arrow “1”) and an apparently thickened inner retina with superficial hemorrhages
(arrow “2”) which “shadow” the underlying retinal details. (d) The lower red segment line (shown in (c)) fails to fit the true position of
Bruch’s membrane; the line was positioned based on visible parts of Bruch’s membrane. The cross-sectional retinal thickness profile revealed
a markedly thickened retina in the center of the BRVO (retinal thickness is close to 600 μm).

BRVO). In some circumstances, SD-OCT provided visu-
alization of morphological changes associated with retinal
diseases that were either not immediately visible or not
at all visible, using conventional clinical techniques. For
example, SD-OCT revealed neurosensory retinal detachment
and Bruch’s/retinal pigment epithelium wrinkling (case of
ARMD); cystoid spaces localised in the outer retina (case
of DR); thickening and increased reflectance of inner retina
(case of CRAO); localisation of depth of macular edema
and of haemorrhages (case of BRVO). Thus, SD-OCT
revealed structural retinal changes that are not visible by
2-dimensional limited fundus photography. Conversely, the
presence of colour information within the digital fundus
photography images may be advantageous, while SD-OCT
uses a narrow spectrum of wavelengths and therefore has
limited colour information. For example, in the case of the
CRAO, conventional digital fundus photography showed the
presence of infarction more prominently than the cSLO and
SD-OCT imaging.

Previous studies have shown that SD-OCT reveals retinal
pathology that was not visible using TD-OCT, such as
intra-retinal cysts and subretinal fluid [7]. SD-OCT also
adds information to complete the clinical picture providing
more detailed resolution of retinal changes, such as full-
thickness folds of the RPE and intraretinal edema in case
of RPE detachment, BRVO, toxoplasma chorioretinitis, and
polypoidal choroidal vasculopathy [8]. A feature of the
Heidelberg Spectralis instrument is the ability to undertake
multiple mode imaging in addition to SD-OCT, including
fluorescein angiography, indocyanine green angiography and
autofluorescence, and red-free and infrared imaging. These

additional imaging modes also provide further information
about retinal pathology that can aid diagnosis and man-
agement. A description of these imaging modes is provided
elsewhere [9, 10].

The ability of SD-OCT to clearly and objectively eluci-
date subtle morphological changes within the retinal layers
provides information that could potentially be useful in the
treatment of retinal diseases. This feature provides SD-OCT
with a clear superiority over other clinical techniques that do
not possess the same resolution. First, high-resolution cross-
sectional images allow better visualization of the vitreoretinal
interface, the vitreous, retinal structures, and the choroid.
Furthermore, 3D images depict volumetric topographic
retinal morphology that can be registered relative to images
acquired at a different time point and, therefore, change in
retinal morphology can be calculated. Second, while taking
a follow-up image of a particular patient, the software is
capable of automatically and accurately registering images so
that the identical retinal area is used to calculate change. This
added functionality eliminates the possibility of human error
and makes it easier to analyze the data with greater validity.
However, automated segmentation of the internal limiting
membrane and Bruch’s membrane sometimes requires man-
ual adjustment prior to analysis in patients with retinal
diseases.

Nevertheless, SD-OCT has its limitations. This paper
clearly demonstrates that hyperreflective lesions such as
exudates and haemorrhages, as well as major retinal vessels,
resulted in shadowing of the underlying retinal structures,
and thereby details of the underlying morphology are lost.
In the case exhibiting choroidal neovascular membrane
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(i.e., Case 1), and diabetic retinopathy/macular edema where
the retinal thickness was over 400 μm, it was hard to discern
the underlying pathology and choroid.

5. Conclusion

SD-OCT imaging technology offers a previously unattain-
able resolution of retinal morphology. The ability of SD-
OCT to clearly and objectively elucidate subtle morpholog-
ical changes within the retinal layers provides information
that can be used to potentially formulate diagnoses earlier
and with greater confidence. The current generation of SD-
OCT instruments will not replace clinical retinal evaluation
but do offer further information that can be valuable from a
clinical perspective.

Statement Summary

This study illustrates the potential and limitations of SD-
OCT imaging technology. It demonstrated the ability of SD-
OCT to clearly and objectively elucidate subtle morphologi-
cal changes within the retinal layers that are not visible using
conventional clinical techniques. Such information may be
useful for the earlier diagnosis and treatment of retinal
diseases.
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SD-OCT has become an essential tool for evaluating macular pathology; however several aspects of data collection and analysis
affect the accuracy of retinal thickness measurements. Here we evaluated sampling density, scan centering, and axial length
compensation as factors affecting the accuracy of macular thickness maps. Forty-three patients with various retinal pathologies
and 113 normal subjects were imaged using Cirrus HD-OCT. Reduced B-scan density was associated with increased interpolation
error in ETDRS macular thickness plots. Correcting for individual differences in axial length revealed modest errors in retinal
thickness maps, while more pronounced errors were observed when the ETDRS plot was not positioned at the center of the fovea
(which can occur as a result of errant fixation). Cumulative error can exceed hundreds of microns, even under “ideal observer”
conditions. This preventable error is particularly relevant when attempting to compare macular thickness maps to normative
databases or measuring the area or volume of retinal features.

1. Introduction

Optical coherence tomography (OCT) provides high-
resolution, cross-sectional tomographic images of the
human retina and permits direct evaluation of retinal
thickness [1]. In recent years the development of spectral-
domain OCT (SD-OCT) technology has greatly increased
imaging speed and resolution relative to earlier time-domain
technology. SD-OCT has become invaluable in the manage-
ment of a variety of retinal diseases including neovascular
age-related macular degeneration (AMD) [2–5] and diabetic
macular edema [6, 7]. This utility is due primarily to the
ability to extract estimates of retinal thickness across the
macula (to aid in clinical diagnosis and treatment decisions).

Previous studies on the application of SD-OCT to retinal
pathology have uncovered multiple sources of error that
dramatically decrease the accuracy of these macular thickness
measurements [8, 9]. Perhaps the most obvious source of
error is imprecise retinal layer segmentation, which can

result from poor signal quality of the SD-OCT image or
the outright failure in the segmentation algorithm itself
in otherwise high-quality images [8, 10, 11]. Additional
errors inherent to the system can be elucidated by evaluating
the reproducibility of SD-OCT systems [9, 12–17]. These
reproducibility studies capture all errors inherent to the basic
operation of the SD-OCT system and represent a baseline
level of error that could reasonably be expected even under
the best circumstances.

However, there are additional sources of inaccuracy
that have received considerably less attention and are inde-
pendent of segmentation and operator errors. Rather they
pertain to instrument sampling and processing protocols.
For example, Sadda et al. compared central subfield thickness
values from volumes containing 128 B-scans to less densely
sampled volumes [18]. As B-scan density is reduced, less
retinal area is sampled, leading to less data being included
in the retinal thickness calculation. The reduction in data led
to differences, or errors, in retinal thickness measurements,
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the magnitude of which increased as sampling density was
decreased [18]. Here, we further examined B-scan density
as well as factors that are related to assumptions about the
patient being imaged, such as errant fixation and variation in
axial length among patients. Taken together, these variables
compromise the accuracy of macular thickness maps. While
the degree of inaccuracy depends on the patient, the
significance of the inaccuracy depends on the application of
the retinal thickness data.

2. Materials and Methods

2.1. Subjects. One hundred thirteen normal subjects (55
male, 58 female) age 18 years and older were recruited for
SD-OCT imaging (mean ± standard deviation = 27.3 ± 8.3
years). Normal subjects had normal color vision assessed
with the Neitz Test of Color Vision [19] and no history of
refractive surgery or any vision-limiting ocular pathology.
Forty-three patients (18 male, 25 female) with various retinal
pathologies were also recruited (mean ± standard deviation
= 40.7 ± 20.1 years). Pathology included macular dystrophy
(n = 9), blue cone monochromacy (n = 3), X-linked high
myopia (n = 4), basal laminar drusen (n = 5), retinitis
pigmentosa (n = 2), AMD (n = 3), plaquenil toxicity (n =
3), diabetic macular edema (n = 3), macular telangectasia
(n = 2), central artery occlusion (n = 2), and one each
of oligocone trichromacy, posterior epithelial detachment,
oculocutaneous albinism, punctate inner choroidopathy,
achromatopsia, cystoid macular edema, and acute zonal
occult outer retinopathy. Informed consent was obtained
from all subjects after explanation of the nature and possible
consequences of the study. All research on human subjects
followed the tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board at Children’s
Hospital of Wisconsin.

2.2. SD-OCT Retinal Imaging. Volumetric SD-OCT images
of the macula were obtained using the Cirrus HD-OCT (Carl
Zeiss Meditec, Dublin, Calif, USA). Volumes were nominally
6 mm × 6 mm and consisted of 128 B-scans (512 A-scans/B-
scan). The internal fixation target of the system was used,
which consists of a large green asterisk on a red background,
and focus of the LSO fundus image was optimized using
built-in focus correction. In addition, the polarization setting
was optimized using the built-in function for each eye.
Retinal thickness was calculated using the built-in Macular
Analysis software on the Cirrus (software version 5.0), which
is automatically determined by taking the difference between
the ILM and RPE boundaries [20]. The positions of the foveal
center and retinal thickness data from each volume scan were
exported for offline analysis using the Zeiss Cirrus Research
Browser (version 5.0). All volumes were manually examined
for accuracy of the ILM and RPE segmentation and relative
accuracy of the Autofovea function.

2.3. Manipulation of Macular Thickness Maps. In order to
evaluate the acquisition and analysis parameters of interest,
we needed to be able to manipulate these macular thickness

maps off line. Custom Matlab (Mathworks, Natick, Mass,
USA) software was used to generate early treatment diabetic
retinopathy study (ETDRS) thickness maps from the .dat
files exported from the Zeiss Cirrus Research Browser. As
shown in Figure 1, there is good agreement between ETDRS
segment thicknesses derived from the on-board Cirrus soft-
ware and our offline Matlab program, thus demonstrating
the fidelity of the data export and validating our use of these
Matlab-derived ETDRS maps for subsequent analysis.

To assess the interpolation error in volumetric retinal
thickness maps due to decreased B-scan sampling, we created
undersampled versions of the retinal thickness volumes
exported from the Cirrus system. These maps used thickness
values from 8 (every 16th B-scan), 16 (every 8th B-scan), 32
(every 4th B-scan), or 64 (every other B-scan) of the 128
B-scans initially collected. Complete thickness maps were
then created by interpolating between these evenly spaced
B-scans (using a Matlab spline interpolation function).
This enabled point-by-point comparison between the native
macular thickness map and the undersampled ones, as well as
comparison between the corresponding ETDRS plots. In all
ETDRS comparisons, mean differences were computed using
absolute differences.

Most SD-OCT systems assume foveal fixation; however
there is frequently significant discrepancy between the
location of the fovea and the preferred retinal locus of
fixation. Even among individuals with no retinal pathology,
there is modest variation in fixation and there is evidence
that suggests that the foveal center is not always used for
fixation [21–24]. We used the Autofovea function of the
Cirrus HD-OCT to identify the location of the foveal pit
and generated an ETDRS plot centered at this location and a
second plot centered at the middle of the volume (the default
setting on most other SD-OCT systems). Manual inspection
of each volume confirmed that the fovea was identified by
the Autofovea function (though in more severe macular
pathology we have seen the algorithm fail). Comparing these
two ETDRS plots provides an estimate of the potential
error due to improper anchoring of the plot to the scan
center. Moreover, as we had access to the (x, y) coordinate
of the fovea within each nominal 6 mm × 6 mm volume,
we examined error as a function of the displacement of each
subject’s fixation from the center of his or her foveal pit.

The scan length reported by SD-OCT systems (when
reported in mm) is relative, not absolute. This is because
the scanning mirrors are calibrated to a model eye, which
assumes a fixed axial length (typically around 24 mm).
However there exist significant individual differences in
retinal magnification (primarily caused by differences in
axial length); thus the actual scan length will vary from
person to person. In fact, using normative axial length data
[25] to correct for ocular magnification [26], we estimate
that approximately one-third of individuals would have
a scan length that deviates by more than 0.3 mm from
the expected length (with a maximum deviation of nearly
1 mm). We obtained axial length measurements using the
Zeiss IOL Master (Carl Zeiss Meditec, Dublin, Calif, USA)
and subsequently calibrated the lateral scale of each subject’s
SD-OCT scans in order to generate revised ETDRS plots.
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Figure 1: A custom MatLab program was designed to generate ETDRS thickness plots from the raw thickness data exported using the Cirrus
Research Browser. (a) Central subfield thickness values taken directly from the Cirrus correlate highly with those obtained from our Matlab-
based algorithm. (b) Bland-Altman plot further reveals excellent agreement between the two measurements. Gray line represents the mean
difference between the measurements (0.42 μm), and the dashed lines represent 95% confidence limits (1.09 μm and −0.25 μm). These data
indicate virtually no loss in accuracy when using the MatLab derived thickness maps for subsequent analysis. Open circles: normals; crosses:
pathology subjects; CSF = central subfield.

These plots were then compared to those derived assuming
a 24.46 mm axial length (that of the Cirrus model eye).

3. Results

3.1. Effect of B-Scan Sampling Density on Accuracy of Retinal
Thickness Measurements. Despite the macular volume scan
nominally subtending a 6 mm× 6 mm area, the entire retinal
area within that volume is not actually scanned. As shown in
Figure 2, even a scan using 512 A-scans/B-scan and 128 B-
scans only samples 29% of the retinal area within the volume.
Using 37 high-resolution B-scans results in less than 10% of
the retinal area within the volume actually being scanned.
As only retina that gets scanned can actually contribute to
plots of retinal thickness measurements, this undersampling
can significantly affect the integrity of the resultant macular
thickness maps.

At first glance, assessment of the effect of B-scan density
on macular thickness maps suggests that despite reducing
the number of B-scans, the general contour of the map
remains qualitatively similar (Figure 3(a)). However in
reality, interpolation between B-scans causes overrepresen-
tation and underrepresentation of different features within
a given retinal volume (Figure 3(b)). As shown in the
normal example, since sampling is being reduced in the
vertical direction, the superior and inferior aspects of the
fovea show equal magnitude of underrepresentation and
overrepresentation of retinal thickness, respectively. This
effect is greatly enhanced in a subject with dominant drusen,
wherein error is generated not only in the central fovea but
also broadly across the retinal volume.

We found that in the normal individuals for the central
1 mm subfield, the mean (± standard deviation) absolute
error was 0.19 ± 0.15 μm with 64 B-scans, 1.17 ± 0.69 μm
with 32 B-scans, 7.15 ± 2.35 μm with 16 B-scans, and 22.98
± 7.54 μm with 8 B-scans. When expressed as a percentage of
subfield thickness we find that the mean percentage error was
0.07± 0.06% with 64 B-scans, 0.47± 0.29% with 32 B-scans,
2.85 ± 1.08% with 16 B-scans, and 9.19 ± 3.52% with 8 B-
scans. We found similar differences in the individuals with
retinal pathology. For the central 1 mm subfield, the mean (±
standard deviation) absolute error was 0.31 ± 0.36 μm with
64 B-scans, 1.36 ± 1.17 μm with 32 B-scans, 6.35 ± 3.64 μm
with 16 B-scans, and 19.56± 11.08 μm with 8 B-scans. When
expressed as a percentage of subfield thickness we find that
the mean percentage error was 0.13 ± 0.15% with 64 B-
scans, 0.63 ± 0.56% with 32 B-scans, 3.03 ± 2.14% with
16 B-scans, and 9.56 ± 6.92% with 8 B-scans. Previous data
reveal that the coefficient of repeatability for central subfield
measurements on the Cirrus is about 4.96 μm, indicating that
32 B-scans is sufficient sampling to generate accurate ETDRS
thickness plots.

However, as shown in the difference plots in Figure 3,
at neighboring retinal locations where the retinal contour
is changing, retinal thickness measurements are in error
in opposing directions. Thus, reporting retinal thickness
for a subregion that averages spatially (i.e., ETDRS plots)
will not reveal the true extent of the error imparted by
undersampling. In order to quantify the effect of B-scan
density on the accuracy of retinal thickness at any given
point within the 6 mm × 6 mm volume, we examined the
error per pixel (“A scan”) within the volume. In this case, the
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Figure 2: Reduction in B-scan sampling results in less retinal area being scanned. (a) Eight simulated B-scans spaced 750 μm apart over
a 6 mm × 6 mm volume. At this sampling, assuming a 15 μm spot size and 512 A scans/B-scan, only 1.8% of the volume is scanned. (b)
Sixty-four simulated B-scans spaced 94 μm apart over a 6 mm × 6 mm volume. At this sampling, only 15% of the volume is scanned. (c)
Percentage of OCT volume scanned as a function of B-scan density. Complete sampling of the retinal volume at 512 A scans/B-scan would
require nearly 600 B-scans.

retinal thickness measurements utilizing all 128 B-scans were
considered to be absolutely accurate for comparison to the
undersampled volumes. At 32 B-scans, our analysis revealed
that these interpolation errors could be as high as 5.5 μm
per pixel and 7.5 μm per pixel in the normal and pathology
groups, respectively. There are 65,536 pixels in each of our
thickness maps, native or undersampled. In both groups, on
average, the error per pixel increases as the number of B-
scans used to construct the retinal thickness map decreases
(Figure 4).

3.2. Position of SD-OCT Volume with Respect to the Fovea
and ETDRS Plot Accuracy. We compared ETDRS thickness
plots derived by placing the center of the ETDRS grid on the
foveal center to those plots centered on the subject’s actual
fixation point. We found these plots to differ by over 100 μm
in some normal individuals (sum of the error in all nine
ETDRS segments), with the mean error being 14.4± 19.3 μm
(Figure 5(a)). In the 43 pathology cases, the mean error was
30.4 ± 40.9 μm, with some individuals exceeding 200 μm of
total error in their ETDRS plots (Figure 5(b)). Of course if
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Figure 3: Two examples of how interpolation between B-scans
results in inaccurate macular thickness maps. (a) Undersampled
thickness maps from a single normal subject and one with
dominant drusen retain relatively similar qualitative appearance
to that of their respective 128 B-scan maps. (b) The thickness
differences between the standard of 128 scans and each sequential
level of B-scan density show the areas of the macula most effected
by undersampling in a normal subject and a subject with dominant
drusen. Even with 32 B-scans significant error is generated through
the central fovea (where the contour is changing most rapidly) in a
normal subject. This effect is greatly enhanced in the subject with
drusen wherein error is generated not only in the central fovea but
also broadly across the entire scanning area.

eccentric fixation is identified by the OCT operator, the scan
location can be repositioned prior to image acquisition to
help reduce this error. For two pathology cases, we acquired
one scan at their normal eccentric fixation location and a
second after moving the scan to be visually centered on
the fovea. At their normal fixation position, these subjects
had ETDRS plots that deviated by 74.5 μm and 101.9 μm
from an ETDRS plot precisely positioned at the foveal
center (using our offline MatLab program). Even after the
operator acquired a second scan intentionally centered on
the fovea to the best of their ability, ETDRS errors persisted
of 16.3 μm and 17.8 μm. Regardless, for both normal subjects
and subjects with retinal pathology, the greater the distance
between the fovea and the center of the SD-OCT volume, the
less accurate the ETDRS thickness map. In just the central
subfield thickness, not correcting for scan position results in
a mean error of 3.18 ± 6.09 μm in the normal subjects (with
a maximum error of 32 μm) and 10.50 ± 19.43 μm in the
patients with retinal pathology (with a maximum error of
104 μm). On average, the central subfield error accounts for
14% and 22% of the total ETDRS error in the normal and
pathology patients, respectively.
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Figure 4: The impact of undersampling for retinal thickness
measurements. As fewer B-scans are used, the average error per pixel
(A scan) increases. This value was obtained by first subtracting each
undersampled macular thickness map from the native 128 B-scan
thickness map and then dividing the difference by the number of
pixels (A scans).

3.3. The Effect of Ocular Magnification on ETDRS Plot
Accuracy. Axial length varied in our normal subjects from
21.56 to 28.36 mm and in pathology patients from 21.87
to 30.13 mm. Using each subject axial length to correct
the lateral scale of the nominal 6 mm SD-OCT scan, we
determined that actual scan sizes range from about 5.29 to
6.96 mm for our normal population and 5.36 to 7.4 mm
for our pathological population. We used these corrected
scan dimensions to derive corrected ETDRS plots, where the
rings were actually 1 mm, 3 mm, and 6 mm in diameter. In
comparing these plots to the uncorrected ones, we found that
the summed error for the nine ETDRS segments was as much
as 44.9 μm, with 37 out of 113 (32%) subjects having more
than 20 μm of total error. For subjects with retinal pathology
the summed error for the nine ETDRS segments was as
much as 77.3 μm, and 13 out of 43 (30%) showed more than
20 μm of total error (Figure 6). In just the central subfield
alone, the error was as much as 7.86 μm (with an average of
2.56 ± 1.85 μm) for the normals and as much as 12.33 μm
(with an average of 2.84 ± 2.46 μm) in the individuals with
retinal pathology. In both groups, the error increased with
increasing difference in axial length from that of the model
eye (24.46 mm).

3.4. The Combined Error due to Ocular Magnification and
Scan Positioning. As illustrated above, not correcting for
axial length and not positioning the scan at the center of
the fovea introduces significant error in the corresponding
ETDRS thickness plots. Taken together, these artifacts tend
to have a cumulative negative effect on the accuracy of the
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Figure 5: Measuring the effect of scan position on accuracy of ETDRS thickness plots. For each subject, we estimated this error by comparing
the raw ETDRS thickness plot to one that has been repositioned to be centered on their fovea. In the normal individuals (a), the summed
error across the nine ETDRS segments could be as much as 100 μm, while in individuals with pathology (b) the error could exceed 200 μm.
For some pathology cases, nonfoveal fixation can be compensated for by moving the location of the OCT scan. For 2 individuals, we acquired
scans at their eccentric fixation location (filled triangle and diamond) and a second scan after the operator manually moved the scan to be
centered on the fovea (open triangle and diamond, connected by thin gray lines). Even when using the repositioned scan, residual error
remains, though it is on the order of that observed for the other patients.

ETDRS plots. For example, in considering just the central
subfield thickness, not correcting for axial length or scan
position results in a mean error of 4.53 ± 5.77 μm in the
normal subjects (with a maximum combined error of 33 μm)
and 11.29 ± 19.18 μm in the patients with retinal pathology
(with a maximum combined error of 105 μm).

4. Discussion

This study examined the effects of preventable operational
and analytic aspects of the SD-OCT on the overall accuracy
of ETDRS retinal thickness plots. Scan density, position of
the scan with respect to the foveal center, and magnitude of
subject axial length differential all contribute to significant
error in computing retinal thickness from SD-OCT volumes.
An important point to consider is the cumulative nature
of the errors reported here; these parameters should all
be accounted for when developing normative databases or
analyzing specific retinal features within individual patient
data. While the errors were estimated using a single SD-
OCT device (Cirrus HD-OCT), they are generic to SD-
OCT imaging in general. The issue of scan positioning is
typically something that can be addressed by the operator by
repositioning the ETDRS grid (either manually or using an
automatic function like Autofovea). Currently, correcting the
lateral scale of OCT data/images requires offline correction
by the user.

In comparing our results to previously published data,
we find similarities and differences. In an examination of
B-scan density, Sadda et al. concluded that 32 B-scans
result in only a minimal change in retinal thickness [18].
Our data also show that when examining maps of retinal
thickness that are based on spatially integrating individual
thickness values (i.e., ETDRS), reduced B-scan sampling has
minimal impact. However, if interested in deriving absolute
measures of retinal thickness at any given point, reduction
to 32 B-scans (a value suggested to provide accurate retinal
thickness maps), results in an average error of around 3 μm
per pixel. While this average error is within the system
resolution on commercial SD-OCT systems, it is worth
keeping in mind that the error at any one pixel can be
much larger, since not all pixels will contribute equally to
the total error (which is implicit in computing an average
error). We feel this more accurately reflects the “real” cost
of undersampling, and this would significantly limit the
ability to make precise measurements of retinal features (e.g.,
drusen). This highlights the importance of considering how
the SD-OCT data is going to be used when deciding how
densely to sample the retina.

It is well documented that differences in axial length
result in different ocular magnification of retinal images
and thus can affect the accuracy of measurements of retinal
features [27]. With respect to OCT, axial length has been
shown to influence measurements of retinal nerve fiber
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Figure 6: The effect of axial length on the accuracy of ETDRS
thickness plots. For each subject, we compared the raw ETDRS
thickness plot assuming a 6 mm scan size to an ETDRS thickness
plot using a scan length corrected for their axial length. As the
deviation in axial length increases, the error in ETDRS thickness
plots (sum of all nine ETDRS segments) becomes greater, both
for the normal subjects (open circles) and the pathology subjects
(crosses).

layer (RNFL) thickness [28–31]. This of course is based
on the fact that RNFL measures are presumed to be taken
at a fixed distance from the optic nerve; thus individual
differences in ocular magnificent would result in the RNFL
being measured at the wrong location. Here we demonstrate
that individual differences in ocular magnification also affect
the accuracy of macular thickness maps. If the distribution
of axial lengths in a normative database does not match that
of the subject population being studied, misinterpretation
can occur. Perhaps more important than retinal thickness
maps is the fact that not correcting the nominal scan length
for differences in axial length will obviate making reliable
measurements in the lateral dimension within a given OCT
dataset. This could include measuring the area of geographic
atrophy, the size of a macular hole, or the size of a druse.
Despite this, some SD-OCT systems still output lateral
scale bars on their images that are given in μm or provide
calipers with which to make lateral measurements in μm,
despite no correction for axial length having been made. One
should avoid using such scale bars to report absolute length
measurements, as they are simply not accurate without first
taking into account ocular magnification.

There have also been previous examinations of the effect
of fixation on the accuracy of OCT thickness measurements.
In glaucoma, it has been shown that if the circular scan is not
centered on the ONH, the RNFL thickness measurements
are inaccurate [32]. Campbell et al. [33] examined how
intentionally shifting the center of macular volume OCT

scans (Stratus time-domain) affected central subfield thick-
ness measurements for 10 normal subjects. They found that
scan decentration of 0.50 mm resulted in foveal thickness
measurements that were in error by about 45%. For our
normal subjects, the average decentration of the SD-OCT
volume with respect to the foveal center was 0.09 mm and
the average error of foveal thickness measurements was about
35%. While this is roughly consistent with the finding of
Campbell et al. [33], some discrepancy would be expected
given our use of SD-OCT (instead of time domain) and
our ability to precisely determine the exact misalignment
between the two scans being compared (whereas the previous
study would have be confounded by errors due to normal
fixational instability). Currently, the Cirrus HD-OCT will
automatically position the ETDRS grid over the center of
the fovea (after the scan is taken). While this results in a
more accurate ETDRS map, it may not be valid to compare
these maps to a database in which the ETDRS maps were
not centered on the fovea, though in the case of the Cirrus
database, good centration of the volume on the fovea was an
inclusion criterion. It is generally important to ensure that
the scan parameters used to develop the normative database
match that of the on-board scan protocol. Moreover, the
subject composition (race and gender) may also need to be
considered when comparing a specific patient to a particular
normative database [12].

There are several limitations to the present study. First,
in our examination of B-scan sampling, we used 128 B-
scans as the “truth”. This was simply due to a limitation
of the specific SD-OCT device being used. However, as we
showed in Figure 2, 128 B-scans (at 512 A scans/B-scan) only
sample 29% of the nominal 6 m × 6 mm volume. Thus these
volumes are likely already in error compared to an isotropic
volume of 512 B-scans. With the expected availability of even
faster OCT systems, it will be important to quantify the level
of inaccuracy systematically across more densely sampled
volumes. In addition, we likely underestimate the real effect
of undersampling, as we used simulated thickness maps. If
one were to really only acquire 32 B-scans, this could affect
the accuracy of segmentation as many OCT devices use 3D
approaches to make correct assignment of layers. A second
limitation is that we corrected for ocular magnification
using a linear scaling based on axial length. There are other
methods to correct for ocular magnification [26], and the
exact method used for the correction would influence the
measured differences in retinal image magnification. Finally,
we did not subanalyze different pathologies. It seems likely
that different retinal pathology would suffer more (or less)
than others. Intuitively, one can conclude that the more
uniform the retinal thickness contoured (as might occur in
retinitis pigmentosa, where the retina is uniformly thin),
the less impact the B-scan sampling, axial length, and
scan position would have. Likewise, retinal pathology that
results in significant peaks and troughs in retinal thickness
(macular holes, AMD, diabetic macular edema) might be
more significantly influenced by these parameters. A more
detailed, disease-specific analysis is required to clarify this
issue.
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It is important to keep in mind that the relevance of these
errors of course ultimately depends on the clinical applica-
tion. For monitoring patients over time, relative differences
in retinal thickness would be generally unaffected by axial
length, though comparing populations of patients (such as
in a clinical trial) where there may be differences in axial
length between the groups could result in significant error.
If one uses the same sampling density, then the accuracy of
these longitudinal measurements of retinal thickness will be
on the order of that reported for previous repeatability and
reproducibility studies. However, in instances where one is
interested in correlating a measure of retinal thickness over
a specific retinal area (e.g., central subfield thickness) with
some other measure of vision (such as treatment response)
these errors could reveal correlations that do not exist or
hide ones that do exist. Moreover, where one is interested
in making absolute measurements in the lateral dimension,
such as foveal pit morphology [12, 34] or drusen volume
[35], it is critical that these sources of error be removed.
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2 Departamento de Oftalmoloǵıa, Universidade Federal de São Paulo, 04021-001 São Paulo, SP, Brazil
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Purpose. To describe the SD-OCT findings in patients with diffuse unilateral subacute neuroretinitis (DUSN) and evaluate CRT and
RNFL thickness. Methods. Patients with clinical diagnosis of DUSN who were submitted to SD-OCT were included in the study.
Complete ophthalmologic examination and SD-OCT were performed. Cirrus scan strategy protocols used were 200×200 macular
cube, optic nerve head cube, and HD-5 line raster. Results. Eight patients with DUSN were included. Mean RNFL thickness was
80.25 μm and 104.75 μm for affected and normal eyes, respectively. Late stage had mean RNFL thickness of 74.83 μm compared
to 96.5 μm in early stage. Mean CMT was 205.5 μm for affected eyes and 255.13 μm for normal fellow eyes. Conclusion. RNFL
and CMT were thinner in DUSN eyes compared to normal eyes. Late-stage disease had more pronounced thinning compared to
early-stage patients. This thinning in RNFL and CMT may reflect the low visual acuity in patients with DUSN.

1. Introduction

Diffuse unilateral subacute neuroretinitis (DUSN) is an
inflammatory and infectious disease characterized by insid-
ious and usually severe loss of peripheral and central
vision [1]. Clinical features are manifested in early and late
stages [1]. The acute phase is characterized by swelling of
the optic disc, vitritis, and recurrent crops of evanescent,
multifocal, white-yellowish lesions at the outer retina and
choroid [2]. The chronic phase presents with optic nerve
atrophy, narrowing of retinal vessels and focal or diffuse
pigmentary changes [3]. Parasites of different sizes and
several species of nematodes have been reported as the
etiology of DUSN, including Toxocara canis, Baylisascaris
procyonis, and Ancylostoma caninum, but most of these
reports do not present conclusive evidence [4, 5].

Optical coherence tomography (OCT) is a noncontact,
noninvasive diagnostic technique that allows measurement
of central retinal thickness (CRT) retinal nerve fiber layer

(RNFL) thickness and provides important information
about the anatomy of the retina and choroid. The devel-
opment of spectral domain OCT (SD OCT) considerably
improved retinal imaging.

The purpose of this study is to describe SD-OCT findings
in patients with DUSN and evaluate CRT and RNFL thick-
ness with this image device.

2. Patients and Methods

This is a retrospective study in which a medical record
review was performed at the Department of Ophthalmology,
Federal University of Rio Grande do Norte, Brazil between
January 2010 and January 2011. The study was approved
by the institutional Review Board, and informed consent
was obtained from all patients. Subjects with a diagnosis
of DUSN were identified. Eyes included in the study had a
minimum of 3 months followup. Patients had clinical diag-
nosis of DUSN based on Gass and Scelfo criteria, and both
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Table 1: Clinical data of patients with DUSN and SD-OCT findings.

Stage of
disease

Age Gender Eye
RNFL

thickness
RNFL

fellow eye
CMT CMT fellow eye

Foveal
aspect

Initial
VA

Final
VA

Worm

Case 1 Early 14 Male OS 87 μ 105 μ 201 μ 246 μ
No foveal

depression
CF 20/60 Present

Case 2 Early 15 Male OD 106 μ 112 μ 214 μ 249 μ
Normal
foveal

depression
20/200 20/25 Present

Case 3 Late 10 Female OS 88 μ 113 μ 184 μ 259 μ
No foveal

depression
CF CF Absent

Case 4 Late 25 Male OD 67 μ 92 μ 217 μ 247 μ
No foveal

depression
CF CF Absent

Case 5 Late 19 Male OD 82 μ 102 μ 228 μ 253 μ
No foveal

depression
20/200 20/60 Absent

Case 6 Late 17 Male OS 87 μ 114 μ 256 μ 285 μ
Normal
foveal

depression
HM HM Absent

Case 7 Late 23 Male OS 49 μ 100 μ 163 μ 253 μ
No foveal

depression
CF CF Present

Case 8 Late 13 Male OD 76 μ 100 μ 181 μ 249 μ
No foveal

depression
CF CF Absent

Mean NA 17 NA NA 80.250 μ 104.75 μ 205.5 μ 255.13 μ NA NA NA NA

RNFL: retinal nerve fiber layer.
CMT: central macular thickness.
CF: counting fingers.
HM: hand motion.
NA: not applicable.

early-stage and late-disease patients who underwent SD-
OCT (Carl Zeiss Meditec, Dublin, Calif) were included. Any
other ocular disease was considered exclusion criteria.

All patients were submitted to complete ophthalmologic
examination, including best corrected visual acuity (BCVA),
slit lamp examination, tonometry, fundoscopy, and optical
coherence tomography with cirrus. Strategy protocols used
to obtain images were macular cube 200×200 for the central
retinal thickness map, optic nerve head cube for retinal nerve
fiber layer (RNFL) analysis, and HD-5 line raster to observe
macular and foveal aspects.

The following data were collected and recorded: age, sex,
initial and final best correct visual acuity (BCVA), affected
eye, disease stage, and presence of the worm. Statistical
analysis was performed using Paired Student’s t-test.

3. Results

A total of 8 patients with clinical diagnosis of DUSN were
included in the study. Mean age of affected patients was 17
years (13–25 yr). Out of 8 patients, 7 were male. Late-stage
disease was found in 6 patients. The subretinal worm was
identified in only 3 patients, 2 were in early-stage disease and
1 in the chronic stage. All patients in whom the worm was
identified were treated with photocoagulation to destroy it.

Table 1 summarizes clinical and OCT findings for all
patients included in the study.

Mean RNFL thickness of the affected eyes was 80.25 μm
compared to 104.75 μm in the normal contralateral eyes

(P = 0.0005). There was a difference in RNFL thickness
measurements when the early-stage disease (mean RNFL
thickness = 96.5 μm) was compared to late-stage disease
(mean RNFL thickness = 74.83 μm).

Central macular thickness was assessed using macular
cube strategy. Mean central macular thickness of affected
eyes was 205.5 μm compared to 255.13 μm in the normal
contralateral eyes (P = 0.0004). Macular thickness was sim-
ilar in early- and late-stage disease (207.5 μm and 204.8 μm,
resp.).

With respect to foveal anatomy, 6 out of 8 patients had
alterations in foveal contour with a loss of foveal depression,
despite diminished central retinal thickness. Neither the
early- or late-stage disease patients presented focal or diffuse
defects at the junction of the inner and outer segments of
photoreceptors (IS/OS junction).

3.1. Cases Report. Case 1 is a 14-year-old male patient in
early-stage disease with a 15-day history of low visual acuity
in his left eye. Visual acuity was 20/20 in the right eye and
counting fingers in the left eye. Biomicroscopy revealed mild
vitritis. Fundus examination revealed multifocal, evanescent,
white-yellowish lesions near the superior temporal arcade
and the presence of a subretinal worm adjacent to the lesions.
The worm was destroyed using photocoagulation and visual
acuity improved to 20/60. Figure 1 illustrates SD-OCT
findings for this patient. Figure 1(a) shows abnormal foveal
architecture with a thinning in central macular thickness
(201 μ compared to 246 μ in the fellow eye). Figure 1(b)
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(a)

(b) (c)

Figure 1: (a) Abnormal foveal architecture in a patient with early-stage DUSN. (b) B-scan in the area the worm was located showing an
increased intraretinal reflectivity corresponding to the worm and the surrounded inflammatory reaction. (c) RNFL map with a diffuse
thinning.

(a)

(b) (c)

Figure 2: (a) B-scan in the foveal area in a patient with late-stage DUSN presenting a reduced macular thickness and loss of normal foveal
contour. RNFL thickness map in the normal eye (b) and a diffuse and pronounced RNFL thinning in the affected eye (c).
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shows increased intraretinal hyperreflectivity in the area in
which the subretinal worm was located. Figure 1(c) shows
the RNFL map with a diffuse thinning. Average thickness is
87 μ compared to 105 μ in the normal fellow eye.

Case 7 is a 23-year-old male patient in late-stage DUSN
who presented with a 6-month history of low visual acuity.
Initial visual acuity was 20/20 in the right eye and count-
ing finger in the left. Fundus examination revealed optic
nerve pallor, narrowing of vessels, and diffuse pigmentary
changes. The subretinal worm was identified in the nasal
retina, and prompt laser photocoagulation was performed.
Despite treatment, visual acuity remained counting fingers
90 days after treatment. SD-OCT features for this patient
are presented in Figure 2. Figure 2(a) shows the B-scan in
the foveal area, with reduced macular thickness and loss of
normal foveal contour. Figures 2(b) and 2(c) illustrates the
RNFL map in the normal eye and a diffuse and pronounced
RNFL thinning in the affected eye.

4. Discussion

DUSN is an infectious disease caused by a subretinal
nematode leading to inflammation and degeneration of the
retina and retinal pigment epithelium. The pathogenesis of
DUSN appears to involve a local toxic tissue effect on the
outer retina caused by products released by the worm and a
diffuse toxic reaction involving inner and outer retinal layers
[1].

This toxic reaction resulting in inflammation may lead
to retinal, RNFL, and optic nerve damage. Previous studies
reported a reduction in RNFL thickness in patients with late-
stage DUSN using the GDx nerve fiber analyzer [6] and
Stratus OCT [7, 8]. In a study with 38 patients diagnosed
with late-stage DUSN, Gomes et al. reported a significant
decrease in RNFL thickness and a correlation with the low
visual acuity presented by these patients [7]. Casella et al.
reported the presence of RNFL atrophy even in patients with
good visual acuity [8]. Cunha et al. reported an intraretinal
worm using a Stratus OCT [9].

The ability of SD-OCT to acquire high-speed (at least
20,000 A-scans per second, compared to 400 A-scans per
second for the tome domain OCT), high-resolution (axial
resolution of 5 μ, compared to 10 μ in the Stratus OCT), and
high-density three-dimensional images of the macula allows
the capture of real retinal geometry that is less affected by eye
movements. The high-density, averaged B-scans can be used
to evaluate subtle changes in the retinal anatomy [10].

In our study, we assessed RNFL thickness in both early-
and late-stage DUSN with SD-OCT. All patients in late
stage disease presented with a significant decrease in RNFL
thickness, and this correlates with the low visual acuity
found in these patients (Table 1). All patients in early stage
improved visual acuity after treatment. Case 1 improved
from counting fingers to 20/60, while patient 2 achieved
final visual acuity of 20/25. RNFL was reduced in patient
1 and normal in patient 2. SD-OCT retinal nerve fiber
layer map also correlates with retinal thinning (Figures 2(b)
and 2(c)). There seems to be a difference between RNFL

thickness values between early- and late-stage disease, but as
the number of patients in early-stage disease was small, it was
not possible to perform statistical analysis.

Central macular thickness was also assessed in this
case series. All patients, including early- and late-stage
disease, presented with thinning in the central macular area
measurement compared to the normal fellow eye. Early-
and late-stage disease had similar values in CMT. Foveal
appearance was abnormal in 6 patients. There was thinning
in CMT, and the foveal depression was absent.

The worm was identified in only 3 patients (2 in early
stage and 1 in late stage), but we were able to perform scans
over the area in which the worm was located in only 1 patient.
The precise location of the worm could not be identified, but
intraretinal hyperreflectivity can be seen in Figure 1(b). This
may correspond to the worm and surrounded inflammation
caused by its presence.

Despite the small number of cases, the study showed
clear changes in RNFL and macular thickness caused by the
releases of worm toxins.

Although SD-OCT may help in identifying RNFL and
CMT thinning in patients with DUSN and that these
findings correlate with disease stage and visual acuity in these
patients, the diagnosis of this condition is still based on the
clinical features.
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Background. To describe the standard autofluorescence (FAF), the near infrared autofluorescence (NIA) and optical coherence
tomography (OCT) patterns in central serous chorioretinopathy, correlating them with fluorescein angiography. Methods. Cross-
sectional observational study, in which patients with at least seven months of CSC underwent ophthalmologic examination, fundus
photography, FAF, NIA, fluorescein angiography (FA), and spectral-domain OCT. Results. Seventeen eyes of thirteen patients were
included. The presentation features were a mottled hyperFAF in the detached area and areas with pigment mottling. NIA images
showed areas of hyperNIA similar to FAF and localized areas of hypoNIA, which correlated with the points of leakage in the FA.
OCT showed pigment epithelium detachment at the location of these hypoNIA spots. Discussion. FAF showed increased presence
of fluorophores in the area of retinal detachment, which is believed to appear secondary to lipofuscin accumulation in the RPE or
the presence of debris in the subretinal fluid. NIA has been related to the choroidal melanin content and there were areas of both
increased and decreased NIA, which could be explained by damage ahead the retina, basically RPE and choroid. These findings,
along with the PEDs found in the areas of hypoNIA, support the notion of a primary choroidal disease in CSC.

1. Introduction

Central serous chorioretinopathy (CSC) is an idiopathic syn-
drome of young to middle-aged adults, characterized by se-
rous detachment of the neurosensory retina with focal and
multifocal areas of leakage at the level of the retinal pigment
epithelium (RPE), predominantly affecting the macular
area [1]. Patients often complain of blurred central vision,
micropsia, and metamorphopsia [2]. This idiopathic syn-
drome has been associated with systemic corticosteroid ther-
apy [3] and emotional distress [4]. In most cases, CSC re-
solves spontaneously within six months, with good visual
prognosis [5]. Prolonged and recurrent macular detachment
in some cases, however, may cause degenerative changes in
the subfoveal RPE and neurosensory retina with poor visual
outcome [6].

The understanding of the physiopathology of CSC re-
mains limited due to the lack of significant histopathologic
studies. Investigational and diagnostic tools such as fluo-
rescein and indocyanine green angiography have provided

some insight into the mechanism of this disease [7]. Optical
coherence tomography (OCT) has provided additional data
about central macular detachments [8], development of reti-
nal atrophy, and the correlation with visual acuity in resolved
central serous chorioretinopathy [9]. Fundus autofluores-
cence (FAF) photography (488 nm) provides functional
images of the fundus by employing the stimulated emission
of light from endogenous fluorophores, the most significant
being lipofuscin. In the case of RPE cells, the buildup of lipo-
fuscin is related in large part to the phagocytosis of damaged
photoreceptor outer segments and altered molecules retained
within lysosomes, which eventually become lipofuscin [10–
12]. Moreover, near infrared fundus autofluorescence (NIA)
imaging (787 nm) is able to study the RPE, the choriocapil-
laris, and choroid, by determining melanin fluorescence [13].

The purpose of this study was to describe NIA and SD-
OCT findings in CSC, correlating them with fluorescein
angiography (FA). To our knowledge, this is the first study
that investigates the correlation between the clinical findings
and different imaging modalities, specially with NIA.
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Table 1

FAF (%) NIA(%)

hypoFAF mixedFAF hyperFAF hypoNIA mixedNIA hyperNIA

Detached area (N = 10) 10 20 70 30 20 50

Leakage spot (N = 13) 23.1 × 76.9 92.3 × 7.7

Window defect area (N = 8) 12.5 12.5 75 62.5 32.5 0

Overall image (N = 17) 17.6 11.8 70.6 58.8 17.6 23.5

PED (N = 22) 63.6 × 36.4

2. Materials and Methods

This is a retrospective, cross-sectional study were patients
with CSC were included from September 2008 to May 2009 at
the Federal University of Sao Paulo. This study was conduct-
ed in accordance with the Declaration of Helsinki and was
approved by the ethics committee of the Federal University
of Sao Paulo. All patients had experienced symptoms for at
least 7 months and none of them had previous treatment.

Each patient underwent ophthalmologic examination,
color fundus photography, FAF and NIA imaging, fluores-
cein angiography (FA), and HRA Spectralis spectral-domain
OCT (SD-OCT) (Heidelberg Engineering, Heidelberg, Ger-
many). The OCT protocol used was volume in the SD-OCT.
The volume size was individualized for each patient. FAF,
NIA, and FA imaging were performed with the Heidelberg
Retina Angiograph 2 system (HRA2, Heidelberg, Germany).
FAF and NIA images were recorded at 488 nm, using a
barrier filter for detection of emitted light above 500 nm, and
787 nm, respectively. At least 5 single AF images of 512× 512
pixels were acquired with each method. Several images were
aligned and a mean image was calculated after detection and
correction of eye movements using image analysis software.

Abnormal AF was defined as either increased or de-
creased fundus AF in comparison with background fundus
AF [13], and classified as either hyperautofluorescence,
hypo-autofluorescence, or mixed autofluorescence (no clear
predominance).

3. Results

We included 17 eyes of 13 patients, eight males, and five
females, presenting CSC with a mean time of complaint of
12.7 months, ranging from 7 months to 2 years, with age
ranging from 26 to 53 years (mean age of 39.3 years). Two
individuals had history of using steroids, but had stopped
the use for at least 6 months. Fifteen patients had a relapsing
desease and two were in the first episode.

Fluorescein angiography showed in 8 (47%) eyes focal
leakage, in 1 (5.9%) multifocal leakage, in 4 (23.5%) multiple
window defect with diffuse leakage, and in 4 (23.5%) no
leakage.

Ten eyes exhibited serous retinal detachment. Of those,
1 presented with multifocal leakage, 7 with focal leakage,
and 2 with RPE changes and multiple windows defects. The
detached area revealed hyperFAF in 7 (70%), mixedFAF in 2
(20%), and hypoFAF in 1 (10%). HypoNIA could be seen in
5 (50%), mixedNIA in 2 (20%), and hyperNIA in 3 (30%).

The areas of window defects seen at FA in 8 eyes showed
hyperFAF in 6 (75%), mixedFAF and hypoFAF in 1 eye
each (12.5%). Concerning NIA of the window defects areas,
we could find 5 eyes indicating hypoNIA (62.5%) and 3
mixedNIA (37.5%).

The overall FAF images revealed hyperFAF in 12 (70.6%)
eyes, hypoFAF in 3 (17.6%) eyes, and mixed FAF in 2 (11.8%)
eyes. The overall NIA images presented hyperNIA in 4
(23.5%) eyes, hypoNIA in 10 (58.8%), and mixed NIA in 3
(17.6%) eyes. Twelve of thirteen eyes with leakage showed a
hypoNIA exactly at the leaking spot. A hypoFAF was found
in 3 eyes in the leakage site. The location of autofluorescence
alterations were perimacular, following the leakage and the
RPE damage sites (Table 1).

The Spectralis OCT images revealed 10 (58.8%) foveal
neurosensory retinal detachment. The mean foveal retinal
thickness was 332.6 μm, ranging from 220 to 533 μm. Pig-
ment epithelium detachment (PED) in foveal and/or ex-
trafoveal spots was identified in 11 of the 13 patients, in
a total of 22 PEDs in 15 of 17 eyes. Twelve (54.5%) were
foveals and ten extra foveals (45.4%). We could observe in
5 eyes a substantial RPE irregularity, characterized by RPE
undulations, 2 of them without PED.

A hyperNIA spot in the NIA images could be seen in 8
(36.4%) of the PEDs and in 14 (63.6%) corresponding to
hypoNIA sites. In 7 (31.8% of all PEDs) of the 14 PEDs
that corresponded to hypoNIA images, we could identify
a hyperNIA “ring.” In 14 (63.6%) of the PEDs, we found
that the PED corresponded exactly with the leakage spot
detected in FA, and 7 (31.8%) PEDs corresponded to window
defect areas in FA, while 1 (4.5%) PED did not correlate with
FA alterations. The 14 PEDs that correlated with the point
of leakage showed a hyperNIA point in 5 (35.7%) PEDs,
hypoNIA with hyperNIA “ring” in 4 (28.6%), and hypoNIA
without ring in 5 (35.7%) of the leakage PEDs (Figures 1, 2
and 3).

4. Discussion

NIA is not a common used modality of the HRA2, but its
importance when studying the choroid and outer retina had
been described before [13]. Recently, Kellner et al. suggests
that NIA is a reliable method for RPE evaluation in AMD
[14]. It can be very helpful for conditions such as CSC, in
which the choroid appears to be primarily involved. In the
present study, it was shown that the mostly hypofluorescent
spots on NIA images corresponded to pigment epithelium
detachments on OCT and to leakage points on fluorescein
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(a) (b) (c)

(d)

Figure 1: Patient with 12 months of history of CSC in the right eye.
(a) Two dots spots of leakage in the angiography; (b) standard FAF,
presenting with diffuse hyperFAF; (c) NIA, showing suprafoveal
hypofluorescent point surrounded by a ring of hyperAF, corre-
sponding exactly with the PEDs in (d); (d) SD-OCT exhibiting the
PED and neurosensorial retinal detachment.

(a) (b) (c)

(d)

Figure 2: Patient with 9 months of history of CSC in the right eye.
(a) Standard FAF, showing mottled hyperFAF spots; (b) NIA, pre-
senting macular and supratemporal to the optic disk hypofluores-
cent points—the macular spot surrounded by a ring of hyperAF,
corresponding exactly with the PED in (d); (c) spots of leakage in
the angiography; (d) SD-OCT exhibiting the PED.

angiography. The hypoNIRAF spot could identify the leakage
points in 12 (70.6%) of the eyes and the ring of hyperNIA
around these hypofluorescent spots found in 31.8% of all
PEDs could represent “pooling” of RPE cells because of the
PEDs or local RPE folding, but further studies are needed to
confirm this hypothesis.

The FAF images showed hyperFAF in the great majority
of the cases, probably due to accumulation of lipofuscin and
other fluorophores, as described by Spaide and Klancnik [7].
We found a much weaker correlation between a hypoFAF
spot at the leakage site, as reported by Framme et al. [15],

(a) (b) (c)

(d)

(e)

Figure 3: Patient with 18 months of history of CSC in the right
eye. (a) dots spots of leakage in the angiography; (b) standard
FAF, showing diffuse superior hyperFAF; (c) NIA, showing three
hypofluorescent spots around the macula, some of them corre-
sponding exactly with the PEDs in (d) and (e); (d) and (e) SD-OCT
exhibiting the PEDs and neurosensorial retinal detachment.

detected only in 3 eyes, comparing to 12 eyes with a hypoNIA
spot in the same situation.

Ayata et al. [16] had similar findings in acute CSC, also
presenting hypoNIA corresponding to the area of the serous
retinal detachment and to the leakage point. Interestingly,
he also found hypoNIA spots that were not leaking on
angiogram, hypothesizing that the pathological site of the
chorioretinal disturbance could be more extensive than
expected. We had the opportunity to correlate the NIA
images to OCT, and the hipoNIA spots, corresponding or not
to leaking points, presented a PED or RPE focal irregularity,
sustaining a choroidal etiology for CSC.

Almost 60% of NIA examinations showed diffuse
hypoNIA, although almost 25% displayed hyperNIA. These
results may represent different stages of the disease. We did
not observe the minute defect described by Fujimoto et al.
[17] in any of the cases, although we confirmed the relation
between the PED and the leakage site, seen in more than 63%
of PEDs. The presence of leakage in the PEDs spots could
help explain the CSC recurrence, the persistence of retinal
detachment and symptoms in some cases, as the PEDs are
active, in terms of leakage and lower RPE absorption.

One of the most interesting findings of this study, was
the correlation of the PED in the SD-OCT with the hypoNIA
spot and the point of leakage in the fluorescein angiography
(FA). Almost 60% of PEDs corresponded to leaking sites
that corresponded to hypoNIA areas, and twelve of thirteen
eyes that showed leakage had a hypoNIA spot exactly at the
leaking spot. Although FA is still an important exam for
the management of CSC, these findings may be useful in
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guiding the treatment, since OCT and NIA may provide the
location of leakage points by means of a noninvasive, dye-free
examination, providing safety and precision for the patient
and the doctor, matching with the treatment safety pursuit,
as we can expect from the subthreshold diode micropulse
photocoagulation [18]. This is a retrospective, not controlled
or randomized study, evaluating chronic CSC eyes. A larger
sampled study, including acute cases, are warranted to
confirm these preliminary results.
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Optical coherence tomography (OCT) has revolutionized the field of ophthalmology since its introduction 20 years ago. Originally
intended primarily for retina specialists to image the macula, it has found its role in other subspecialties that include glaucoma,
cornea, and ocular oncology. In ocular oncology, OCT provides axial resolution to approximately 7 microns with cross-sectional
images of the retina, delivering valuable information on the effects of intraocular tumors on the retinal architecture. Some
effects include retinal edema, subretinal fluid, retinal atrophy, photoreceptor loss, outer retinal thinning, and retinal pigment
epithelial detachment. With more advanced technology, OCT now provides imaging deeper into the choroid using a technique
called enhanced depth imaging. This allows characterization of the thickness and reflective quality of small (<3 mm thick)
choroidal lesions including choroidal nevus and melanoma. Future improvements in image resolution and depth will allow better
understanding of the mechanisms of visual loss, tumor growth, and tumor management.

1. Introduction

Since its inception in 1991, optical coherence tomography
(OCT) has found wide applications in medicine including
gastroenterology, dermatology, cardiology, and ophthalmol-
ogy [1–4]. Traditional time domain OCT, sold commer-
cially in 1995 and used primarily by retina and glaucoma
specialists, has been largely replaced by Spectral or Fourier
domain OCT that provides higher resolution images (4–
7 um) and faster scanning speeds (up to 40,000 scans
per second) that could translate to broader application of
OCT for other ophthalmic subspecialties including pediatric
ophthalmology, oculoplastics, and ocular oncology [5–8].

OCT is a valuable diagnostic tool for evaluation of
tissue architecture of the postequatorial fundus (inner
retina, outer retina, retinal pigment epithelium (RPE), and
choroid). In ocular oncology, OCT allows for diagnosis,
treatment planning, and monitoring response. Traditionally,
OCT was primarily used to image the neurosensory retina
and the retinal pigment epithelium (RPE) with outstanding
resolution, but the choroid and sclera have been poorly
imaged. Today, software upgrades and new imaging tech-
niques allow longer scan lengths, enhanced depth imaging

(EDI), and three-dimensional reconstruction. These newer
features allow demonstration of more peripheral tumors,
higher resolution images of anatomy deep to the retina,
and improved characterization of intraocular tumors [8–
10]. Herein we review clinical features of posterior segment
intraocular tumors on OCT and its applications in the
management of these lesions.

2. Choroidal Nevus

Choroidal nevi are the most common intraocular tumor.
Population studies show higher prevalence of these tumors
in Caucasians (6.5%) compared to Asians (1.4%) [11].
Nevi are typically pigmented, with smooth margins and
with overlying drusen, measuring less than 5 mm in basal
diameter and 3 mm in thickness. They often do not cause
visual symptoms and more importantly are generally benign.
It has been estimated, however, that 1 in 8845 choroidal nevi
undergoes malignant transformation into melanoma [12].
Although the odds appear minimal, careful evaluation and
followup of all choroidal nevi is advised. Factors predictive
of nevus transformation into melanoma include thickness
greater than 2 mm, the presence of subretinal fluid, orange
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Figure 1: Choroidal nevus. (a) Amelanotic choroidal nevus with
overlying RPE alterations and areas of RPE atrophy. (b) EDI
OCT image shows both anterior and posterior margins of the
lesion. There is gradual transition between the hyperreflective
inner choroid and hyporeflective outer choroid. There is loss of
choriocapillaris over the main lesion. Multifocal excrescences of the
RPE are also present, suggestive of drusen.

pigment, juxtapapillary location, and symptoms of blurred
vision or photopsia [13]. The presence of any one factor gives
a relative risk of 1.9, three factors 7.4, and the presence of all
five will give a relative risk of 27.1 [14].

OCT features of choroidal nevus have been extensively
documented but are limited mostly to its effects on the
overlying retina and the anterior choroidal surface [8].
Shields and associates compared the frequency of retinal
findings by clinical examination to OCT [15]. They found
that OCT has a higher sensitivity than clinical examination in
detection of overlying retinal edema (15% by OCT versus 3%
by clinical examination), subretinal fluid (26% versus 16%),
retinal thinning (22% versus 0%), and RPE detachment
(12% versus 2%) [15]. OCT also enabled the examiners
to characterize retinal edema (cystoid versus noncystoid)
and determine the status of overlying photoreceptors [15].
These features are significant, since foveal edema and RPE
detachment were found to be predictive of 3 or more lines
of vision loss (RR = 22.16 and 9.02, resp.) and a final
visual outcome worse than 20/200 (RR = 12.80 and 18.72,
resp.) [16]. Overlying photoreceptor loss can also explain
associated visual field defects in some patients. Findings
localized to the RPE are also visualized readily by OCT.
OCT evidence of overlying drusen manifests as small dome-
shaped elevations at the level of the RPE/Bruch’s membrane
[15] (Figure 1). Nevus-related drusen are found in 41% of
choroidal nevi imaged by OCT and are also visualized by
ophthalmoscopy [15].

On OCT, the choroidal findings in nevi are limited to
the anterior surface and include hyporeflectivity in 62%,
isoreflectivity in 29%, and hyperreflectivity in 9% [15].
Anterior choroidal reflectivity is affected by overlying RPE
alterations and the amount of pigmentation [15]. The
OCT findings reflect pigment within the mass and do not
correlate to internal reflectivity and acoustic quality by
ultrasonography, which imply density of cellularity [15].

3. Choroidal Melanoma

Uveal melanoma is the most common primary intraocular
malignancy, and 90% develop in the choroid [17]. They
often present as a pigmented, elevated, choroidal mass
with associated orange pigment and subretinal fluid. Most
choroidal melanomas can be differentiated from benign
nevi because melanoma is much larger in size. However,
approximately 30% of choroidal melanomas are small
(≤3 mm thickness) and difficult to differentiate from nevi
by clinical examination alone [17]. In these cases, OCT can
be helpful in the detection of melanoma-related features in
the overlying retina such as subretinal fluid [15]. Subretinal
fluid associated with melanoma shift with positioning and
may cause intermittent blurred vision or flashes. Overall,
15% and 25% of uveal melanomas metastasize in 5 and 10
years [17]. Shields and associates found subretinal fluid to
be a significant risk for metastasis in 8033 cases of uveal
melanoma, so detection of even subtle subretinal fluid by
OCT could be vital to patient prognosis [17].

Subretinal fluid is an important characteristic related
to underlying choroidal melanoma. Muscat and coworkers
studied 20 untreated choroidal melanoma and detected
subretinal fluid using time domain OCT in all cases [18].
Espinoza and colleagues also used time domain OCT to
describe an active OCT pattern, wherein a localized serous
retinal detachment was associated with an overlying retina
of normal thickness, a feature that was highly associated
with documented tumor growth (P = 0.033) and future
treatment (P = 0.014) [19]. In contrast, a chronic OCT
pattern, wherein the overlying retina was thinned, contains
intraretinal cysts and with RPE thickening was associated
with a long-standing lesion more likely to remain dormant
[19]. Sayanagi and coworkers used 3D spectral domain OCT
and found a significantly higher prevalence of subretinal
fluid (91% versus 14%), retinal edema (61% versus 14%),
and subretinal deposits (61% versus 11%) in choroidal
melanoma compared with nevi [10]. Singh and associates
used spectral domain OCT to describe dispersed accumula-
tion of subretinal deposits corresponding to orange pigment
over a small choroidal melanoma that had not been found
with time domain OCT [20]. Spectral domain OCT was also
capable of detecting early vitreous seeding as highly reflective
20–30 micron spheroidal bodies in the vitreous [21]. The
limitation of OCT for choroidal melanoma lies in the
difficulty of imaging the overlying retina for large melanomas
and the inability to image past the anterior choroidal surface
[19]. Reflectivity of the anterior choroid in melanoma is
variable even with spectral domain OCT [20] (Figure 2).
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Figure 2: Choroidal melanoma. (a) Small choroidal melanoma
with overlying RPE hyperplasia and diffuse orange pigment accu-
mulation. (b) Spectral domain OCT clearly demonstrates subretinal
fluid that could have been missed by clinical examination alone.
Overlying the dome-shaped elevation of the choroid is a thickened
irregular RPE and thickening of the outer retinal layers.

In addition to examination of the overlying retina and
RPE, OCT has been used to monitor treatment response
and complications following radiotherapy for choroidal
melanoma. Horgan and associates performed pre- and
postplaque radiotherapy OCT and found that the mean time
to onset of radiation maculopathy was 12 months [22]. The
authors also reported that 17% had macular edema by OCT
at 6 months, 40% at 12 months, and 61% at 24 months
[22]. In comparison, radiation maculopathy was detected
by clinical examination alone 1% by 6 months, 12% at 12
months, and 29% at 24 months [22]. Further, OCT enabled
the authors to classify macular edema into extrafoveolar
noncystoid (grade 1), extrafoveolar cystoid (grade 2), fove-
olar noncystoid (grade 3), mild-moderate foveolar cystoid
(grade 4), and severe foveolar cystoid (grade 5) [22]. This
qualitative classification correlated with quantification of
central foveolar thickness. In such cases, both OCT and
visual acuity can be used to monitor treatment response
following laser photocoagulation, intravitreal anti-VEGF,
and intravitreal triamcinolone for radiation macular edema.

4. Choroidal Metastasis

The choroid is the most common site of metastasis in the
eye because of its vascularity. Patients usually present with
painless blurring of vision, and 66% will have a prior history
of systemic cancer, most commonly the breast in women and
the lungs in men [23]. Among the 34% without a history of
systemic cancer, the lung is the most common primary site

(a)

(b)

Figure 3: Choroidal metastasis. (a) Amelanotic choroidal metas-
tasis in a patient with breast cancer. (b) EDI OCT reveals both
the anterior and posterior margins of the metastasis allowing
measurement of tumor thickness and characterization of its internal
structure. Multiple nodular elevations of the RPE can also be
seen with thickening of the RPE, overlying subretinal fluid,
and hyperreflective deposits within the neurosensory detachments
presumably from tumor cells or macrophages.

after workup [23]. Clinically, choroidal metastasis appears
as a solitary, nonpigmented choroidal mass with associated
shifting subretinal fluid [23]. They can occasionally be
associated with overlying RPE alterations and brown
pigment accumulation corresponding to lipofuscin.

OCT of choroidal metastasis demonstrates a dome-
shaped elevation of the neurosensory retina and RPE with
adjacent subretinal fluid (Figure 3). It can also be associated
with retinal edema, intraretinal cysts, and thickening and
detachment of the RPE. Natesh and associates found highly
reflective subretinal deposits corresponding to RPE clumping
overlying the tumor on clinical examination [24]. Arevalo
and colleagues also found highly reflective points within
neurosensory detachment in 14.2% of cases and concluded
that these points “may correspond to retinal compromise
by cancer cells or macrophages containing lipofuscin and
melanin granules” [25]. Choroidal features are also limited
to the anterior surface as with all choroidal tumors, and
they often have variable reflectivity [10]. In addition to
its diagnostic capabilities, OCT is valuable in monitoring
treatment response, since resolution of subretinal fluid and
return of normal retinal architecture has been documented
following therapy [25, 26].

5. Choroidal Hemangioma

Choroidal hemangiomas are benign vascular tumors that
are either circumscribed or diffuse based on the extent
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of choroidal involvement [27]. Circumscribed choroidal
hemangioma is usually orange colored, round, located in
the posterior pole, and exhibits overlying retinal edema,
subretinal fluid, and RPE alterations [28]. Choroidal heman-
gioma shows high internal reflectivity and acoustic solidity
on ultrasonography, while often demonstrating a bright early
filling and a characteristic late “wash out” on indocyanine
green angiography [28]. On MRI, it is hyperintense to
vitreous on T1, and isointense on T2, unlike most intraocular
tumors, which are hypointense on T2 [28]. The diffuse
variant usually extends to involve the entire choroid and
is often associated with an ipsilateral facial hemangioma
(nevus flammeus) that together comprise the Sturge-Weber
syndrome [27, 28].

Ramasubramanian and colleagues described OCT find-
ings in circumscribed choroidal hemangioma and found
subretinal fluid (19%), retinal edema (42%), retinal schisis
(12%), macular edema (24%), and localized photoreceptor
loss (35%) [29]. The same group also described OCT
findings in diffuse choroidal hemangioma and reported sub-
retinal fluid (28%), retinal edema (14%), and photoreceptor
loss (43%) [29]. Acute leakage from choroidal hemangioma
demonstrates subretinal fluid with preserved photoreceptor
layer and normal retinal thickness, whereas chronic leakage
displays loss of photoreceptors, retinoschisis, and intraretinal
edema associated with subretinal fluid [8] (Figure 4). By
OCT, the anterior tumor surface is hyporeflective [10].
Currently, OCT has been used to monitor response to
treatment by photodynamic therapy, transpupillary ther-
motherapy, plaque radiation, or laser photocoagulation.
Blasi and associates performed photodynamic therapy on 25
cases of circumscribed choroidal hemangioma and reported
a decrease in central foveal thickness and restoration of foveal
anatomy following treatment after 5 years [30].

6. Choroidal Osteoma

Choroidal osteoma is a rare, osseous tumor often found
in young females. This tumor appears as an orange-yellow
plaque in the juxtapapillary region or macula but can
demonstrate areas of whitening when decalcified. This tumor
is benign but has the capacity to grow. Long-term studies
have shown growth rates of 41–51%, choroidal neovascu-
larization in 31–47%, and final visual outcome worse than
20/200 in 56–58% after 10 years [31, 32]. The mechanisms
of visual loss include subretinal fluid, choroidal neovascu-
larization, and photoreceptor loss. Shields and colleagues
followed 74 eyes with choroidal osteoma to find subretinal
fluid and tumor decalcification as factors predictive of poor
visual outcome or loss of 3 or more lines of vision [32].

The internal structure of choroidal osteoma is difficult to
evaluate with OCT and is limited to its anterior surface [8].
The overlying inner retina is often preserved while changes
in the outer retinal layers, namely, the photoreceptors and
the RPE, are often observed [8]. The RPE can sometimes be
continuous with the inner surface of the underlying tumor,
and the degree of calcification affects the amount of light
transmission [8, 33, 34] (Figure 5). Shields and coworkers
reported on the OCT features of choroidal osteoma and

(a)

(b)

Figure 4: Choroidal hemangioma. (a) Choroidal hemangioma
along inferotemporal arcade with subtle exudation seen inferonasal
and inferotemporal to the foveola. (b) Time domain OCT shows
dome-shaped elevation of its posterior border with overlying
retinoschisis and retinal edema.

reported heterogeneity that largely depends on the amount
of calcification [35]. Calcified portions of the tumor reveal
mostly intact inner (100%) and outer (95%) retinal layers, a
distinct RPE (57%), and mild transmission of light (95%)
[35]. In contrast, decalcified portions of the tumor reveal
intact inner retinal layers (90%), thinned outer retinal
layers (100%), an indistinct RPE (90%), and marked light
transmission into the tumor (70%) [35]. They also described
focal areas of shadowing behind areas of RPE hyperplasia
[35]. The anterior tumor surface was hyperreflective in
48% and isoreflective in 52% if calcified but was mostly
hyperreflective (90%) when decalcified [35].

7. Lymphoid Tumors

Intraocular lymphoid tumors can occur in different parts
of the eye with varying prognostic implications. There are
two basic types, the vitreoretinal type and the uveal type.
Vitreoretinal lymphoma accounts for most cases and are
primarily diffuse large b-cell lymphomas [36]. They are
aggressive tumors, highly associated with central nervous
system lymphomas [36]. Patients are often elderly and
immunocompetent or young and immunocompromised.
Clinically, they present as bilateral multifocal yellowish
deposits in the retina, subretina, or sub-RPE with overlying
vitreous opacities. Pigment migration and RPE clumping can
sometimes be visible overlying the tumor as brown leopard
spots.
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(a)

(b)

Figure 5: Choroidal osteoma. (a) Decalcified circumpapillary
choroidal osteoma with associated pigment migration and RPE
atrophy. (b) EDI OCT demonstrates replacement of the normal
choriocapillaris with a dense hyperreflective mass with a scalloped
posterior border and an adjacent hyporeflective space anterior to
the sclera. The main lesion is almost continuous with the overlying
RPE. Overlying neurosensory retina is thinned with the loss of the
outer layers.

Uveal lymphoid tumors involve the choroid, ciliary
body, and iris, often with conjunctival and orbital compo-
nents. Most are extranodal marginal zone b-cell lymphoma
although a benign reactive lymphoid hyperplasia subtype
exists that presents similarly albeit less aggressive [36].
Choroidal lymphoid tumors are usually unilateral. They
present as multifocal orange-yellow choroidal infiltrates
resembling those from white dot syndromes [36]. In time,
they can involve the entire uveal tract causing a diffuse
thickening of the uvea on ultrasonography often with a small
round echolucency behind the sclera [37]. The overlying
retina and vitreous remain clear; however, the fornix or
conjunctiva can be involved as “salmon patches” [36].
Compared to vitreoretinal lymphoma, uveal lymphomas are
more indolent, but an association with systemic lymphoma
exists.

Diagnosis of all intraocular lymphoid tumors should be
done with a biopsy, either from an associated conjunctival or
forniceal involvement or through vitrectomy and fine needle
biopsy of the involved ocular tissue. Ancillary testing is not
absolutely necessary although it can provide insight on the
extent of involvement. OCT in vitreoretinal lymphomas may
show dome-shaped elevations of the RPE or small nodular
RPE irregularities from sub-RPE tumor deposits, retinal
elevation or thickening from tumor infiltration, and cystoid
macular edema from associated inflammatory reaction [38–
40] (Figure 6). Fardeau and associates examined 61 eyes with

vitreoretinal lymphoma confirmed through vitreous biopsies
and found that 41.7% had nodular elevations of the RPE
[40]. The authors also reported a significantly thinner central
foveal thickness compared to eyes with posterior uveitis
other than lymphoma [40]. OCT performed in choroidal
lymphoma shows regular intermittent placoid choroidal
thickening and loss of choriocapillaris [41]. The overlying
RPE and neurosensory retina is unaffected and retains its
regular, smooth contour [41].

8. Congenital Hypertrophy of the Retinal
Pigment Epithelium

Congenital hypertrophy of the retinal pigment epithelium
(CHRPE) is a benign, flat, and pigmented lesion rarely
associated with vision loss or visual field defects. This tumor
is often unilateral and solitary but can occasionally be
multifocal or grouped in a bear-track distribution. Familial
adenomatous polyposis and Gardner’s syndrome have been
associated with a variant, wherein lesions appear in a
haphazard multifocal distribution, and individual CHRPE
has irregular borders and an atrophic “tail.” Shields and
coworkers reported atrophic lacunae in 43% occupying a
median 5% of the total area [42]. In their series of 330
patients with 337 lesions, growth in basal dimensions was
documented by photographic comparison in 46%, while
5 (1.4%) lesions had a nodular elevation within CHRPE
[42].

OCT imaging of CHRPE can be difficult due to its
peripheral location but could potentially be better captured
using longer scan lengths by new-generation spectral domain
OCT. Shields and colleagues described overlying retinal thin-
ning and photoreceptor loss in all patients with CHRPE that
likely account for visual field defects [43]. The neurosensory
retina overlying CHRPE was only 68% the thickness of
adjacent normal retina [43]. Pigmented CHRPE has 52%
thicker RPE than adjacent normal retina that prevents light
transmission and shadows the underlying choroid [43].
Nonpigmented CHRPE, on the other hand, has large areas
of lacunae with thinner RPE that allow transmission of light
and partial visualization of the choroid [43] (Figure 7).

9. Combined Hamartoma of the Retina and
Retinal Pigment Epithelium

A typical appearance of combined hamartoma of the retina
and RPE is an elevated grey mass of the retina blending
imperceptibly with surrounding retina and RPE without
retinal detachment, or vitreous inflammation. There is often
an associated preretinal fibrosis with traction on the adjacent
retina. In a classic report by Schachat and associates from
the Macula Society, vascular tortuosity was present in 93%,
vitreoretinal surface abnormalities in 78%, pigmentation in
87%, and associated lipid exudation in 7% [44]. Shields
and coworkers analyzed 77 cases based on macular versus
extramacular location and reported more visual acuity loss
≥3 Snellen lines in the macular group (60% versus 13%)
[45].



6 Journal of Ophthalmology

(a) (b)

(c) (d)

Figure 6: Vitreoretinal lymphoma. (a, b) Bilateral vitreoretinal lymphoma with multifocal cream-colored subretinal infiltrates. (c) Time
domain OCT of the right eye reveals multiple nodular elevations of the RPE from deposits in the sub-RPE space. (d) Time domain OCT of
the left eye shows multiple dome-shaped elevations of the RPE from more extensive infiltrates and subretinal fluid.

(a)

(b)

Figure 7: Congenital hypertrophy of the retinal pigment epithelium
(CHRPE). (a) Large, peripheral CHRPE with centrally located
lacunae. (b) Time domain OCT shows thinning of the overlying
retina and loss of photoreceptors, posterior shadowing of the
choroid in pigmented regions and light transmission to the under-
lying choroid in scans along lacunae.

Shields and colleagues described time domain OCT
features in 11 cases of combined hamartoma of the retina
and RPE, reporting anatomic disorganization with loss of
identifiable retinal layers in all cases [46] (Figure 8). OCT

evidence of epiretinal membrane was found in 91%, and
mean retinal thickness was 766 um [46]. In their series,
OCT images showed intact RPE in cases without signifi-
cant posterior shadowing. Spectral domain OCT has been
reported recently but did not add significant information to
traditional time domain OCT [47].

10. Retinoblastoma

Retinoblastoma is the most common primary intraocular
tumor in children. What used to be a malignancy with
a dismal survival rate now has the highest cure rate in
developed countries with the introduction of chemoreduc-
tion [48]. Retinoblastoma appears as a yellow-white retinal
mass with feeding vessels when entirely intraretinal. When
exhibiting an endophytic growth pattern, it is characterized
by overlying vitreous seeds. Exophytic retinoblastoma, on the
other hand, is associated with serous retinal detachment and
occasional subretinal seeds. A rare diffuse pattern of growth
is characterized by horizontal rather than vertical growth and
can masquerade as uveitis [49].

Individual retinoblastoma tumors appear on OCT as
thickening and disorganization of the neurosensory retina
with posterior shadowing possibly from inherent calcifica-
tion [5] (Figure 9). Associated subretinal fluid or intraretinal
cysts are clearly visualized on OCT when present [5, 50]. The
role of OCT lies in its ability to image the macula, particularly
the fovea. This is important in children with retinoblastoma,
since restoration of normal foveal anatomy may be achieved
following treatment [51]. Further, differentiation from an
organic (i.e., macular edema and loss of photoreceptors)
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(a)
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Figure 8: Combined hamartoma of the retina and RPE. (a) Macular
combined hamartoma of the retina and RPE with dense preretinal
fibrosis at its nasal border. (b) EDI OCT demonstrates gradual
transition from the normal adjacent inner retinal layers to a
disorganized mass with an overlying tuft of preretinal fibrosis. The
outer plexiform layer, external limiting membrane, photoreceptor
inner segment-outer segment junction, the RPE, and underlying
choroid are intact.

versus a nonorganic (i.e., amblyopia) cause of vision loss
is essential to plan for long-term visual rehabilitation and
maximizing outcome in all patients.

OCT images of retinoblastoma are difficult to obtain
because traditional OCT imaging needs a certain degree
of cooperation that is difficult to expect from children.
This inherent limitation of OCT machines made reports
on OCT of retinoblastoma few and lacking. Today, the
development of handheld OCT has revolutionized intraop-
erative imaging capabilities that could have a tremendous
impact on managing childhood ocular diseases such as
retinopathy of prematurity and retinoblastoma [52]. These
can deliver high-resolution spectral domain OCT images
with 3D reconstruction capabilities [52].

11. Retinal Astrocytic Hamartoma

Retinal astrocytic hamartoma (astrocytoma) is a benign,
vascularized, and glial tumor of the retina that may be
acquired or congenital. Acquired astrocytic hamartomas
appear as yellow-white mass of the inner retina that may
be associated with adjacent retinal traction, cystoid macular
edema, exudation, and nondilated feeder vessels. They gen-
erally lack calcification compared with the congenital form
but are otherwise similar ophthalmoscopically. Congenital
astrocytic hamartomas present in younger patients, may
acquire intrinsic calcification through time, and are some-
times associated with central nervous system astrocytomas

(a)

(b)

Figure 9: Retinoblastoma. (a) Mostly calcified retinoblastoma
following chemoreduction and consolidation. (b) Time domain
OCT demonstrates disorganization and irregularity of the inner
retinal layers and posterior shadowing from calcification.

in the tuberous sclerosis complex. Both forms often do
not require treatment but may at times exhibit progressive
growth that leads to blindness and eye pain from neovascular
glaucoma that require enucleation [53].

Astrocytic hamartomas show inner retinal thickening
and disorganization with a gradual transition to the adja-
cent normal retina [5, 54] (Figure 10). Calcified tumors
have higher reflectivity and greater posterior shadowing,
while noncalcified tumors allow some light transmission to
demonstrate intact outer retinal layers [54, 55]. There may
be associated retinal traction in 27%, an intrinsic moth-eaten
appearance from intratumoral cysts in 67%, and adjacent
retinal or macular edema in 47% [54]. When treatment is
initiated for macular edema, OCT may be used to follow
resolution of subretinal fluid or release of macular traction
[56, 57]. High-resolution spectral domain OCT confirms
the intact outer retinal structures, as well as the underlying
choriocapillaris [58]. 3D reconstruction demonstrates tumor
architecture and its relationship to the adjacent retina in a
single image [58].

12. Retinal Cavernous Hemangioma

Cavernous hemangioma is a benign retinal vascular tumor
that appears as dark-red saccular aneurysms. This tumor
can be associated with overlying preretinal fibrosis, vitreous
hemorrhage, or vascular occlusion [28, 59]. Retinal exuda-
tion and edema are typically not associated [28]. There is a
familial tendency from mutation of the cerebral cavernous
malformation gene located in chromosome 7 in which
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(a)

(b)

Figure 10: Retinal astrocytic hamartoma. (a) Juxtapapillary retinal
astrocytic hamartoma with preretinal fibrosis and nasal dragging of
the macula. (b) Spectral domain OCT image exhibits disorganiza-
tion of the inner retinal layers and an intact RPE underlying the
tumor. There is posterior shadowing presumably from calcification
of the tumor apex. A dense epiretinal membrane causes the traction
of the adjacent normal retina.

cerebral or cutaneous cavernous hemangiomas may also be
present [8, 28].

Features of cavernous hemangioma on OCT include
lobulated, hyperreflective masses in the inner retina that
correspond to the aneurysms. Optically clear cystic spaces
may be present within the main hyperreflective mass [8, 60]
(Figure 11). A preretinal membrane with traction on the
adjacent retina may also be found; subretinal fluid is typically
absent.

13. Retinal Hemangioblastoma

Retinal hemangioblastoma (capillary hemangioma) is an
orange-red circumscribed vascular lesion with dilated feed-
ing artery and draining vein. When multifocal, bilateral, or
occurring in children less than 10 years, they are more often
associated with von Hippel-Lindau disease [61]. This tumor
can be associated with adjacent retinal exudation or remote
cystoid macular edema. Advanced cases may have extensive
serous retinal detachment, or neovascular glaucoma [28].

On OCT, retinal hemangioblastoma appears as an opti-
cally dense inner retinal mass with posterior shadowing
due to intrinsic diffuse capillary channels [5, 8] (Figure 12).
OCT is used mostly for the detection of macular edema,
epiretinal membrane, and subretinal fluid associated with
retinal hemangioblastoma [5, 8]. It is particularly useful for
monitoring response to treatment.

(a)

(b)

Figure 11: Retinal cavernous hemangioma. (a) Cavernous heman-
gioma along the superotemporal arcade with associated preretinal
fibrosis. Note similar lesions over the optic disc. (b) Time domain
OCT shows a lobulated inner retina with optically clear spaces
representing the saccular aneurysms. The underlying RPE is intact.

14. Retinal Vasoproliferative Tumor

The vasoproliferative tumor of the ocular fundus is usually
a unilateral, solitary, and yellow-red retinal lesion located
in the inferotemporal periphery with minimally dilated or
nondilated feeding artery and draining vein in contrast to
hemangioblastoma. Most cases are primary, but 26% are
secondary and associated with retinitis pigmentosa, pars
planitis, and posterior uveitis, among others [62]. They
may have associated macular edema, epiretinal membrane,
exudative retinal detachment, or vitreous hemorrhage.

Inner retinal layer disorganization and posterior shad-
owing are features of vasoproliferative tumors on OCT [63]
(Figure 13). They are difficult to image with OCT due to
their peripheral location, but newer machines with longer
scan lengths may be useful. OCT is beneficial for detecting
associated preretinal fibrosis, macular edema, and subretinal
fluid, as well as monitoring treatment [64].

15. Enhanced Depth Imaging Optical
Coherence Tomography

Choroidal visualization has been rendered easier and more
precise than before thanks to enhanced depth imaging (EDI)
spectral domain OCT. The difficulty faced with conventional
spectral domain OCT in imaging the choroid includes
decreasing resolution and sensitivity with increasing depth
beyond the retina, wavelength-dependent light scattering by
RPE and choroid, and the limited 40 decibel dynamic range
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Figure 12: Hemangioblastoma. (a) Optic disc hemangioblastoma
with a faint epiretinal membrane along the nasal edge of the fovea.
(b) EDI OCT demonstrates a dome-shaped elevation of the inner
retina with abrupt transition to the adjacent normal tissue and
complete shadowing of the posterior layers. The adjacent RPE and
choriocapillaris are intact.

inherent in Fourier domain systems. In EDI, the instrument
is displaced to image deeper layers, and an inverted image
is obtained with the superficial layers imaged at the bottom
and the deeper layers imaged at the top. This image when
flipped is comparable to the conventional spectral domain
OCT image but with the choroid and inner sclera visualized
at a higher resolution and sensitivity [65]. EDI OCT features
have been described in normal choroid, age-related macular
degeneration, and myopia [66–68]. This technique can be
valuable for studying the structure and extent of choroidal
tumors. A small pilot study suggested that small choroidal
tumors (<1.0 mm in thickness and <9.0 mm in diameter),
that are not detectable by ultrasonography, can be objectively
measured by this technique [69]. Notably, even with high-
quality choroidal images obtained, the retinal image quality
is not compromised. In this preliminary study, EDI OCT
showed promise in its ability to measure tumor thickness
and visualizing internal structure. Its role in ocular oncology
is hopeful, but further studies are still needed to better
understand its histopathologic correlation.

16. Swept Source Imaging Optical
Coherence Tomography

On the horizon is even higher-grade technology with “swept
source” imaging. This employs a long wavelength light source
that, at each point, a wavelength of light is rapidly swept
across a band of wavelengths with a resultant signal detected
by a sensitive photodiode. The photodiode is more sensitive

(a)

(b)

Figure 13: Vasoproliferative tumor. (a) Vasoproliferative tumor
located at inferior periphery with preretinal fibrosis at its superior
border and yellow subretinal fibrosis nasally. (b) Time domain
OCT reveals a hyperreflective and disorganized inner retina with
shadowing of the posterior layers including the RPE. An epiretinal
membrane is seen at its posterior border.

and quicker than the charge-coupled devices (CCDs) used in
spectral domain OCT. This extremely fast scan can produce
101,000 A scans per second. Imaging of both the retina and
choroid is excellent with good deep penetration into the
choroid due to the longer wavelength.

17. Conclusion

Conventional OCT is a valuable tool to visualize anatomic
alterations induced by retinal and choroidal tumors. Newer
OCT methods with EDI and swept source OCT can allow in
vivo cross-sectional imaging of choroidal tumors with details
on the tumor structure and measurement of tumor thickness
too thin for measurement by ultrasonography.
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Purpose. To describe the characteristics of idiopathic macular holes (MH) on optical coherence tomography (OCT) and correlate
OCT with clinical assessment. Design. Cross-sectional chart review and OCT assessment. Participants. Sixty-seven eyes with a
clinically diagnosed idiopathic MH with available OCT data. Methods. A retrospective chart review and OCT assessment. Results.
Based on OCT grading, 40 eyes had a full-thickness macular hole (FTMH) and 21 eyes had a lamellar macular hole (LMH). Clinical
exam and OCT assessment agreed in 53 (87%) eyes when assessing the extent of MH. Six eyes (14.6%) in the FTMH group, and
3 eyes in the LMH group (14.3%) had persistent vitreomacular traction. Thirty-seven eyes (92.5%) in the FTMH group and 11
eyes (52.4%) in the LMH group had associated intraretinal cysts. Two eyes (5.0%) in the FTMH group and zero eyes in the LMH
group had subretinal fluid. Intraretinal cysts were found to be more frequently associated with FTMH than with LMH (P < 0.001).
Conclusion. This paper described OCT findings in a group of patients with clinically diagnosed MH. A high level of correlation
between clinical assessment and OCT findings of LMH and FTMH was observed, and intraretinal cysts were often present in
FTMH.

1. Introduction

For decades, macular holes (MH) have been classified by
fundus biomicroscopy in four stages, as first described by
Donald Gass in 1988 [1, 2]. The Gass classification is based
on the fovea appearance, the estimated size of the hole, and
whether or not the posterior vitreous is separated (Table 1).
Confirmation of full-thickness macular holes (FTMH) can
be performed with further clinical investigations such as
Amsler grid assessment, the Watzke-Allen sign, or the laser
aiming beam test [3].

Optical coherence tomography (OCT) has enhanced
our understanding of MH by providing an objective and
reproducible way of visualizing the macula. It confirmed the
pathogenesis of idiopathic MH by introducing the concept of
stage 0 macular hole, or vitreomacular traction (VMT) [4].

OCT provides confirmation of clinical findings, further
anatomic characterization, means of educating patients, and
improved staging of MH. In a study of 61 eyes with all stages
of MH, OCT offered additional or different information in

92% of stage 1 MH [5]. Clinical assessment of late-staged
MH is enhanced with OCT by enabling measurement of the
diameter of the MH and visualizing the posterior hyaloid.

The purpose of this study was to describe OCT findings
of idiopathic MH in a series of consecutive patients seen at a
single tertiary care practice.

2. Methods

A retrospective chart review was performed at the Henkind
Eye Institute at the Montefiore Medical Center in Bronx, New
York. Institutional Review Board approval was obtained for
this study. All research was carried out in accordance with the
Health Insurance Portability and Accountability Act of 1996.

An initial search for the diagnosis of “macular hole”
(International Classification of Diseases Ninth Revision
362.54) was done among 15,600 patient visits in the clinic
database over a three-year time period. Charts were reviewed
to confirm the clinical diagnosis of MH, and only idiopathic
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Table 1: Modified Gass classification system of macular holes.

Stage Description

Stage 1a
Yellow spot with loss of foveal depression, no vitreous
separation

Stage 1b
Yellow ring with loss of foveal depression, no vitreous
separation

Stage 2 Small full-thickness macular hole < 400 microns

Stage 3
Full-thickness macular hole > 400 microns, no vitreous
separation

Stage 4
Full-thickness macular hole > 400 microns, complete
vitreous separation

MH were included. Macular holes associated with trauma,
retinal detachment, diabetic retinopathy, or myopia were
excluded. Macular pseudoholes (MPH) associated with
an epiretinal membrane by clinical diagnosis were also
excluded. Patients with the initial clinical diagnosis of MH
but no OCT were also excluded. Charts were reviewed for
demographical (age, sex) and clinical information (visual
acuity, clinical staging).

OCT was taken with time-domain OCT (Stratus OCT,
Carl Zeiss Meditec, Inc., Dublin, CA, USA) using 6-line
raster protocol or spectral-domain OCT (Cirrus OCT, Carl
Zeiss Meditec, Inc., Dublin, CA, USA) using 5-line raster
protocol. Assessment of OCT was based on both chart data
and, when available, realtime imaging on the scanner. OCT
review was done by two observers. OCT was evaluated for
the extent of MH formation, for example, lamellar macular
hole (LMH) versus FTMH. Additional OCT findings such as
the presence of VMT seen as foveal vitreomacular adhesion,
intraretinal cysts, and subretinal fluid (SRF) were evaluated.
The relationship between OCT findings and the extent of
MH and the agreement between clinical diagnosis and OCT
diagnosis (LMH versus FTMH) were assessed using Chi-
square tests.

3. Results

An initial search by ICD-9 code revealed 133 patients with
the diagnosis of MH. A total of 112 charts were available for
review. Eighty eyes met inclusion criteria for idiopathic MH
by clinical documentation. Among these eyes, 67 eyes had
available OCT data at presentation.

The mean age of patients was 71 years (range 35–97
years.) Forty-nine (69%) patients were female, accounting
for a female-to-male ratio of 2.2 : 1. Best corrected visual acu-
ity (BCVA) at presentation ranged from 20/25 to counting
fingers (CF.) Forty-eight (60%) eyes had BCVA ≤ 20/200.
Twenty eyes (25%) had BCVA ≥ 20/40. Twenty eyes were
clinically diagnosed as LMH and 43 eyes as FTMH. The
median BCVA was 20/70 in LMH group and 20/200 in
FTMH group.

3.1. OCT Findings. Among 67 eyes with OCT data, 32 (48%)
had TD-OCT, and 37 (55%) had SD-OCT. Four eyes were
found to have epiretinal membrane with MPH and 2 eyes
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Figure 1: Optical coherence tomography of full-thickness macular
holes (a) with separation of the posterior vitreous from the fovea
and (b) with vitreomacular traction. Note the difference in foveal
contour, as well as the presence of intraretinal cysts.

with resolved MH on OCT were excluded from the final
analysis. Based on OCT grading, 40 eyes (66%) had FTMH
and 21 eyes (35%) had LMH. Six (15%) of 40 eyes with
FTMH by OCT evaluation had VMT versus 3/21 (14%) eyes
with an LMH. Thirty-seven (93%) of 40 eyes with an FTMH
by OCT evaluation had associated intraretinal cysts versus
11/21 (52%) eyes with a LMH. Two of 40 (5%) eyes with
an FTMH by OCT evaluation had SRF versus zero eyes with
an LMH. Intraretinal cysts were found to be more frequently
associated with FTMH than in LMH (P < 0.001; Table 2).

3.2. Clinical Exam and OCT Agreement. Overall, clinical
exam and OCT data agreed in 53 (87%) eyes when assessing
the extent of IMH (LMH versus FTMH.) The rate of
agreement was higher in the OCT-confirmed FTMH group
(93%) than in the OCT-confirmed LMH group (76%)
(P < 0.1; Table 2).

4. Discussion

This paper was a descriptive OCT study of idiopathic MH
captured at a large tertiary care center. Besides distinguishing
LMH and FTMH, OCT data provided additional informa-
tion such as the presence of VMT, intraretinal cysts, and
SRF. VMT occurred at about the same rate (14-15%) in
both LMH and FTMH. An example of an FTMH with
and without VMT is shown in Figure 1. Intraretinal cysts
were found to be significantly more common in FTMH
than in LMH. Figures 1–3 demonstrate intraretinal cysts; the
presence of cysts on OCT in all stages of MH formation has
been previously reported [6, 7]. SRF was uncommon in both
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Table 2: Optical coherence tomography (OCT) summary (MH = macular hole; VMT = vitreomacular traction; IRC = intraretinal cysts;
SRF = subretinal fluid).

Additional OCT findings
Agreement with clinical exam (%)

OCT diagnosis VMT (%) IRC (%) SRF (%)

Total MH (n = 61) 9 (15) 48 (79) 2 (3) 53 (87)

Lamellar MH (n = 21) 3 (14) 11 (52) 0 (0) 16 (76)

Full-thickness MH (n = 40) 6 (15) 37 (93) 2 (5) 37 (93)

P value >0.1 <.001 >0.1 <0.1

(a)

(b)

Figure 2: Optical coherence tomography of (a) a lamellar macular
hole and (b) an epiretinal membrane with macular pseudohole.
Note the difference in foveal contour, as well as intraretinal cysts.

NT

Figure 3: Optical coherence tomography of a lamellar macular hole
with a smooth foveal contour. Notice intraretinal cysts.

LMH and FTMH among our patients. Fellow eyes should be
imaged as well to look for subclinical VMT and intraretinal
cysts, as these factors indicate increased risk of developing
MH [6].

LMH were classified as a partial-thickness MH which
showed an irregularity of the contour at the foveal center, and
MPH as partial-thickness retinal defects associated with an
epiretinal membrane and smooth configuration at the foveal
center (Figure 2.) These two entities are generally considered
different from each other [8, 9]. However, the distinction
between MPH and LMH was not always clear. For example,
one eye had a smooth contour at the foveal center without the
presence of an epiretinal membrane (Figure 3). Furthermore,
Michalewski et al. have reported a case of MPH that evolved
into a lamellar IMH [10].

In the present study overall agreement between clinical
examination and OCT was 87% and higher in the FTMH

group than in the LMH group. However, clinicians were not
blinded to the OCT results at time of clinical exam, thus
the true rate of agreement may be lower, highlighting the
utility of OCT in characterizing and staging MH. It would be
interesting to assess the sensitivity and specificity of clinical
examination for the diagnosis of MH, using OCT as the
gold standard. Given its low incidence, however, this would
require imaging a very large number of eyes.

OCT has greatly advanced innovations in the treatment
for MH by offering an objective means of assessing MH
closure. For example, the necessity of internal limiting
membrane (ILM) peeling, adjunctive ILM staining, and
postoperative positioning are controversial concepts, which
have recently been evaluated by OCT [11–13]. Clinical trials
with microplasmin for the nonsurgical closure of FTMH also
used OCT as a primary outcome [14].

A limitation of the present study is the retrospective
data collection and use of two different OCT machines.
Therefore, our OCT analysis was limited to subjective eval-
uation without quantitative comparisons. Although OCT
provides anatomical information about the fovea, other
imaging modalities, such as autofluorescence and fluorescein
angiography, can provide functional information of the
underlying retinal pigment epithelial cells [15, 16]. These
additional tests can be considered for prospective studies on
MH.

In summary this study described OCT findings in a
group of patients with clinically diagnosed MH. A high
level of correlation between clinical assessment and OCT
findings of LMH and FTMH was observed; intraretinal cysts
were often present in FTMH. Understanding of the etiology
and management of MH has evolved with the use of OCT
technology.
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de la Société belge d’ophtalmologie, vol. 275, pp. 81–84, 2000.

[7] P. T. Yeh, T. C. Chen, C. H. Yang et al., “Formation
of idiopathic macular hole-reappraisal,” Graefe’s Archive for
Clinical and Experimental Ophthalmology, vol. 248, no. 6, pp.
793–798, 2010.

[8] J. C. Chen and L. R. Lee, “Clinical spectrum of lamel-
lar macular defects including pseudoholes and pseudocysts
defined by optical coherence tomography,” British Journal of
Ophthalmology, vol. 92, no. 10, pp. 1342–1346, 2008.

[9] B. Haouchine, P. Massin, R. Tadayoni, A. Erginay, and A.
Gaudric, “Diagnosis of macular pseudoholes and lamellar
macular holes by optical coherence tomography,” American
Journal of Ophthalmology, vol. 138, no. 5, pp. 732–739, 2004.

[10] J. Michalewski, Z. Michalewska, K. Dziegielewski, and J.
Nawrocki, “Evolution from macular pseudohole to lamellar
macular hote-spectral domain OCT study,” Graefe’s Archive for
Clinical and Experimental Ophthalmology, vol. 249, no. 2, pp.
175–178, 2011.

[11] A. Kumar, V. Gogia, V. M. Shah, and T. C. Nag, “Comparative
evaluation of anatomical and functional outcomes using
brilliant blue G versus triamcinolone assisted ILM peeling in
macular hole surgery in Indian population,” Graefe’s Archive
for Clinical and Experimental Ophthalmology, vol. 249, no. 7,
pp. 987–995, 2011.

[12] M. M. Muqit, I. Akram, G. S. Turner, and P. E. Stanga,
“Fourier-domain optical coherence tomography imaging of
gass temponade following macular hole surgery,” Ophthalmic
Surgery, Lasers & Imaging, vol. 1, p. 41, 2010.
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Punctate inner choroidopathy (PIC) is a rare idiopathic inflammatory disorder of the retina and choroid usually affecting healthy,
young, myopic females and presenting with photopsia, paracentral scotomata, and blurred vision. It is characterized by yellow-
white chorioretinal lesions concentrated in the posterior pole, no vitritis, relapsing inflammatory activity of the retina and choroid,
and frequent development of choroidal neovascular membranes. Here we describe a case in which spectral-domain optical coher-
ence tomography (SD-OCT) imaging was used to monitor outer retinal structure changes associated with recurrent PIC over
time. SD-OCT, which is both quantative and objective, provides an efficient, non-invasive way to follow recurrent inflammatory
chorioretinal lesion activity, choroidal neovascular membrane development, and treatment response in patients with recurrent
PIC.

1. Report of a Case:

A 21-year-old white myopic female with a history of sym-
ptomatic punctate inner choroidopathy (PIC) presented with
new photopsias and scotoma in her left eye for several days.
She had been symptomatic in her right eye for one year with
documented new chorioretinal lesion formation and de-
velopment of a choroidal neovascular membrane (CNVM)
successfully treated with photodynamic therapy (PDT), in-
travitreal triamcinolone, and intravitreal bevacizumab (Av-
astin, Genentech, South San Francisco, Calif). Past ocular
history was significant for herpetic keratitis for which she was
taking acyclovir 400 mg daily.

On exam, visual acuity was 20/20 OU with myopic cor-
rection. Anterior chamber and vitreous were without inflam-
mation. Funduscopy showed multiple yellowish-white chori-
oretinal lesions and a pigmented scar from the CNVM lo-
calized within the posterior pole in the right eye, and a
focal chorioretinal lesion with fluid just nasal to the fovea in
her left eye (Figure 1). When compared to previous fundus

photos, the lesion in the left eye was new. No peripheral
lesions were present. Fluorescein Angiogram (FA) showed
focal leakage, left eye, consistent with CNVM. Indocyanine
green (ICG) showed hypofluorescent spots corresponding
to the chorioretinal lesions consistent with PIC [1] in both
eyes, and a focal area of hyperfluorescence at the edge of the
hypofluorescent spot in the left eye, suggesting a CNVM.

Spectralis spectral-domain optical coherence tomogra-
phy (SD-OCT) (Spectralis HRA; Heldelberg Engineering,
Heidelberg, Germany) of the left eye at the initial visit
showed retinal pigment epithelium (RPE) elevation with
surrounding intraretinal fluid (IRF) consistent with CNVM
(Figure 2(b)). Two weeks after treatment with intravitreal
bevacizumab, SD-OCT showed resolution of IRF (Figure
2(d)).

Over the next 2 months, the patient continued to have
symptomatic photopsias in both eyes. Clinical exam contin-
ued to show no anterior chamber inflammation or vitritis.
She was placed on an extended oral prednisone taper. While
still on 30 mg of oral prednisone, she experienced an acute
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Figure 1: Right and left fundus photos of patient with recurrent punctate inner choroidopathy. Right fundus shows multiple yellowish-
white chorioretinal lesions, some appear atrophic, localized to the posterior pole. Just inferior to the fovea is a pigmented scar from a
successfully treated choroidal neovascular membrane. The left fundus shows a new focal yellowish chorioretinal lesion with surrounding
fluid not documented on previous fundus photographs.
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Figure 2: Spectralis spectral-domain optical coherence tomography (SD-OCT) images taken at the same location of both eyes over a 5.5-
month period in a patient with recurrent punctate inner choroidopathy. (a) and (b) Initial visit. (b) Shows outer retinal irregularity and inner
retinal fluid (IRF) from choroidal neovascular membrane (CNVM). (c) and (d) Followup two weeks later. After intravitreal bevacizumab
treatment, left eye, shows resolution of IRF (d). (e) and (f) Two months later shortly after stopping chronic antiviral therapy. The patient
experienced new photopsias, right eye, and SD-OCT revealed homogenous outer retinal thickening over chorioretinal lesions consistent
with recurrent inflammatory activity (e). (g) and (h) Three months later after treatment. Symptoms subsided, and outer retinal thickening
has resolved (g). Left eye shows no reoccurrence of CNVM (h).

increase in photopsias in her right eye. Four days earlier,
she had run out of oral acyclovir. SD-OCT was suggestive
of recurrent inflammatory lesion activity with new homoge-
neous outer retinal thickening overlying chorioretinal lesions
but with no IRF (Figure 2(e)). The patient was treated with
a higher dose of oral prednisone, oral valacyclovir (Valtrex,
GlaxoSmithKline, Research Triangle Park, NC, USA), and
two intravitreal bevacizumab injections over the next 2
months. Her symptoms resolved, and SD-OCT showed
improvement in thickening over the chorioretinal lesions.
Vision is still 20/20 OU.

2. Discussion

First described by Watzke et al. in 1984, PIC is a rare idi-
opathic inflammatory disorder of the retina and choroid us-
ually affecting healthy, young, myopic females and presenting
with photopsia, paracentral scotomata, and blurred vision
[2]. Initial symptoms are usually unilateral although exam
shows bilateral disease [2, 4]. Clinically, yellow-white chori-
oretinal lesions ranging in size from 100 to 300 microns are
concentrated in the posterior pole and there is no vitreous
inflammation [3].
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Vision loss with PIC is usually secondary to development
of CNVMs which can occur in 40–76% of patients [2–5].
Recently, intravitreal anti vascular endothelial growth factor
(anti-VEGF) agents has been shown to be very effective in
the treatment of CNVM associated with PIC [6–8]. SD-
OCT imaging in our patient documented a great treatment
response after intravitreal bevacizumab injection with reso-
lution of IRF just 2 weeks after treatment.

PIC is characterized by relapsing inflammatory activity
of the retina and choroid [9]. Unlike with CNVM where IRF
was visualized, SD-OCT showed a homogenous thickening
over the chorioretinal lesions with recurrent inflammatory
activity. In this patient, her recurrent PIC may be associated
with a viral etiology, as symptoms increased and SD-
OCT documented outer retinal changes suggesting recurrent
inflammatory activity shortly after cessation of chronic anti-
viral therapy. After restarting both immunosuppressive and
antiviral therapy, both symptoms and SD-OCT findings
improved.

SD-OCT gives excellent detail of outer retinal structures
in patients with PIC. In this patient with recurrent PIC,
SD-OCT imaging provided a quantitative and objective way
to monitor outer retinal structure changes associated with
CNVM development, treatment response, and recurrent in-
flammatory chorioretinal lesion activity. Given it is noninva-
sive, SD-OCT may prove to be a very effective way to monitor
and better understand pathology in patients with PIC who
develop CNVM and/or recurrent inflammatory activity.
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