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Swept-source OCT

Wide-field simultaneous choroid, retina, and vitreous visualization.

BY ZOFIA MICHALEWSKA, MD, PuD; JANUSZ MICHALEWSKI, MD, PHD;
AND JERZY NAWROCKI, MD, PuD

uring the past decade we have witnessed tre-

mendous development in visualization tech-

niques for the posterior segment of the eye.

Time-domain optical coherence tomography
(TD-OCT) impressed retina specialists but was soon left
in the shade by spectral-domain OCT (SD-OCT), which
offered higher resolution (1 um to 3 pm axial resolution
with SD-OCT vs 10 um with TD-OCT) and 3-D imaging
possibilities. Retinal imaging in vivo could be correlated
with histopathologic findings. It was not long, however,
before retina specialists wanted to see deeper into the
eye to visualize the choroid.

Retina function depends on nourishment and oxygen
derived from the choroidal vasculature. Many diseases
affecting the macula, such as age-related macular
degeneration (AMD), polypoidal choroidal vasculopa-
thy (PCV), and central serous chorioretinopathy (CSC)
have been reported to be secondary to or correlated
with choroidal dysfunction."? Dilatation of choroidal
vessels may lead to increased choroidal thickness,
which further results in a rise in hydrostatic pressure
and increased vessel permeability. On the other hand,
choroidal thinning leads to insufficient nourishment of
the retina, resulting in retinal pigment epithelium (RPE)
degeneration and in photoreceptor layer loss. Until
recently, the function of the choroid could be visualized
only en face, by indocyanine angiography.

Knowing that the resolution of OCT is sharpest near
to the zero-delay line, Spaide? discovered that by invert-
ing the SD-OCT image, thus approximating the choroid
to the zero-delay line, choroidal visualization was pos-
sible (Figure 1).

Swept-source OCT (SS-OCT; DRI-OCT, Topcon Japan)
is the latest milestone in retinal and choroidal imag-
ing. To overcome scattering by the RPE, which disabled
visualization of deeper lying structures, a longer wave-
length was adopted for this machine (1050 nm vs 840
nm in SD-OCT), and photodetectors instead of CCD
cameras led to a further increase in resolution (1 um).
The scan speed in swept-source instruments is twice

SEPTEMBER 2013

Figure 1. SD-OCT of active central serous chorioretinopathy
(A). EDI-OCT of the same eye (B) showing increased choroidal
thickness. The image is inverted to demonstrate the manner
in which the choroid is visualized with SD-OCT. Knowing that
best resolution is obtained with this device near the zero-
delay line, choroidal images are obtained by approximating
the eye to this line, which results in an inverted image. The
software available on the Spectralis reinverts the image to
present it in standard fashion.

that of SD-OCT devices (100000 A-scans/sec compared
with 50000 A-scans/sec), enabling faster acquisition of
B-scans, thus allowing us to obtain widefield B-scans
(12 mm vs 6-9 mm with conventional SD-OCT) and
more accurate 3-D imaging of the vitreous, retina, and
choroid (Figure 2). Wide scans make it possible to
present the optic nerve and macula on the same scan.
Simultaneous high-quality visualization of the vitreous,
retina, and choroid is possible. Choroidal layers that are
hardly distinguishable in conventional SD-OCT become
visible. The new SS-OCT confirms earlier histologic data:
the structure of the choroid consists of multiple layers
going from the innermost Bruch membrane to the
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Figure 2. 3-D visualization of the vitreous, retina and choroid
in SS-OCT.

choriocapillaris, Sattler layer (layer of medium diameter
blood vessels), Haller layer (outermost layer of the cho-
roid consisting of larger diameter blood vessels), and
lamina suprachoroidea (Figure 3).# Usually behind the
lamina suprachoroidea—a hyperreflective line indicat-
ing the choroidoscleral boundary—sclera of diminish-
ing reflectivity can be seen. Arteries and vessels running
through the sclera may also be visualized. Additionally,
in some eyes, a hyperreflective linear structure between
the lamina suprachoroidea and sclera has been visual-
ized by our group and judged to be the suprachoroidal
space (Figure 4).> Although this hypothetical space had
not been visualized by conventional techniques previ-
ously, except in eyes with choroidal effusion, new surgi-
cal and pharmacologic techniques are currently being
developed to introduce drugs into this space. Thus
visualization would appear to be of great importance in
identifying the effects of these interventions.

Using a longer wavelength also overcomes cataractous
lens opacities and allows visualization of the macula in eyes
with disabled fundus view (Figure 5). This may enhance the
ability to identify patients who will need additional vitreo-
retinal service besides simple cataract surgery.

Swept-source OCT enables us to precisely visualize
choroidal structure, which may enhance our knowl-
edge of retinal diseases. It must be considered that,
unlike retinal thickness, choroidal thickness is not as
unchangeable. First, if choroidal thickness is to be com-
pared in the same patient, measurements should be
carried out at about the same time of day. The choroid
is thickest in the early morning hours and at night, and
is at its average thickness in the afternoon. Other fac-
tors responsible for changes of choroidal thickness are
age, refractive error, and axial length. Older individuals
and myopic eyes therefore have thinner choroids than

Figure 3. SS-OCT 12-mm scan using the DRI-OCT visualizes
the optic nerve head and macula in a healthy eye.

(PH: posterior hyaloid; 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: ellipsoid inner segments of
photoreceptors, VM: Voerhoff membrane; RPE: retinal pig-
ment epithelium; Ch: choriocapillaries; SL: Sattler layer; HL:
Haller layer; LS: lamina suprachoroidea)
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Figure 4. SS-OCT of an eye with drusen.White arrows indicate
suprachoroidal space.

younger and emmetropic patients. This must be taken
into consideration when analyzing the role of the cho-
roid in macular and retinal diseases.

It has been suggested that the choroid thins in cases
of neovascular AMD and thickens in CSC. However,
there are many diseases in which the role of the cho-
roid is more elusive.

ARE VITREORETINAL INTERFACE
DISEASES ASSOCIATED WITH THE
VITREORETINAL INTERFACE?

Traditionally, macular holes, epiretinal membranes
(ERMs), and vitreomacular traction (VMT) syndrome
have all been described as vitreoretinal interface dis-
eases. It is generally accepted that vitreoretinal trac-
tion on the macula may lead to full-thickness macular
hole (FTMH) formation, and it has been reported
that the force may be exerted though cortical vitre-
ous onto Mliller cell cones and that elevation of the
photoreceptor layer may precede FTMH formation.
This theory, however, does not explain the rare event
of FTMH formation in previously vitrectomized eyes or
reopenings of previously closed macular holes. Recent
enhanced-depth imaging OCT (EDI-OCT; Spectralis,
Heidelberg Engineering) studies suggest an additional
role of the choroid in the etiopathogenesis of these dis-
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Figure 5. Right and left eye of a patient with cataract imaged
with SS-OCT (A and B). Despite the poor fundus view on indi-
rect ophthalmoscopy, SS-OCT enables exact visualization of
the posterior pole. Right and left eyes of the same patient
imaged with SD-OCT (C and D). Poor scan quality is due to
cataract, which also impairs fundus view in ophthalmoscopy.

eases. Several authors have described reduced choroidal
thickness in eyes with FTMHs, as well as in unaffected
fellow eyes, when compared with healthy controls.5”
These authors suggested that reduced choroidal thick-
ness may be primary to FTMH formation. In the fovea,
retina vessels are lacking, and it is fully supplied with
oxygen and blood by the underlying choroid. Thus,

a theoretically reduced blood flow in the area of the
fovea may be a cause of macular hole formation. Other
authors argue with this data, demonstrating that cho-
roidal thickness is not affected by the presence of mac-
ular holes.® These differing opinions may be due to the
fact that EDI-OCT does not enable automated segmen-
tation of the choroid and that only manual measure-
ments at certain points are possible. Additionally, the
choroidoscleral boundary may be difficult to estimate
in some cases. SS-OCT performed in our patients did
not demonstrate any difference in choroidal thickness
between affected, fellow, and healthy eyes in a group
of 89 eyes. The differences in data may also be due to
possible different etiopathogenesis of the disease that
we are used to referring to as idiopathic macular hole.
It cannot be excluded that, even if in most cases VMT
is the cause of FTMH formation, in some it may be
associated with thinning of the choroid. Perhaps in the
future idiopathic macular holes might be reclassified as
macular holes associated with VMT and macular holes
associated with thinner choroid; maybe both theories
are probable. Further studies to elucidate this, however,
are needed.

We performed a study on choroidal thickness in
idiopathic ERM. It is generally believed that tangential
traction provoked by ERM and internal limiting mem-
brane is the cause of the progression of the disease. In
16 patients we observed on SS-OCT a general trend
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Figure 6. Optic disc pit associated maculopathy viewed with
SS-OCT (A). Enlarged fragment of the upper image (B). Grey
arrow: vitreous traction on the optic nerve. White arrow:
possible intraretinal fluid flow from the optic nerve to the
subretinal space.

SS-OCT performed in our patients
did not demonstrate any difference
in choroidal thickness between
affected, fellow, and healthy eyes
in a group of 89 eyes.

that choroidal thickness is increased when compared
with normal age- and refractive—error-matched sub-
jects. Here we might also ask whether the choroid is
thickened because in most ERM cases foveal thickness
is increased and thus perhaps a greater blood and oxy-
gen supply is needed, or whether the thickening of the
fovea is somehow a result of thickening of the choroid.

DEEP INTO THE OPTIC NERVE

It has been suspected that glaucomatous neuropa-
thy of the optic nerve may be somehow associated
with microstructural changes of the optic nerve. The
lamina cribrosa is a mesh-like part of the optic nerve
head through which the retinal ganglion cell axons and
retinal blood vessels pass. Axonal damage, resulting
in glaucomatous visual field loss, takes place primarily
at the level of the lamina cribrosa. EDI-OCT demon-
strated that the lamina cribrosa is visibly thinner in
eyes with normal-tension glaucoma when compared
with normal subjects.’ SS-OCT has presented evidence
that those defects are associated with longer axial
length and coexisting hemorrhages at the optic nerve.™
Additionally, SS-OCT enabled visualization of acquired

(Continued on page 56)
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(Continued from page 52)

optic disc pits in about 16% of highly myopic patients.”
With SD-OCT and other techniques, it was very difficult
to estimate the fine details of optic disc structure, par-
ticuarly when deeply excavated as in high myopia or in
optic disc pit associated maculopathy.

SS-OCT has enabled the identification of those
details. It may also add some knowledge in regard to
the way fluid passes through the optic nerve into the
sub- and intraretinal space in maculopathy associated
with optic disc pits (Figure 6). ®
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