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Preface

Optical coherence tomography (OCT) was ‘discovered’ in an optics lab at the Massachu-
setts Institute of Technology in the late 1980s by James Fujimoto and his collaborators:
Carmen Puliafito, Joel Schuman, David Huang, Eric Swanson and Mike Hee. It began as
an effort to experimentally measure excimer laser corneal ablation in real time. While it
failed in that regard, the founders quickly identified the possibility that OCT could be
employed to measure static ocular tissue thickness in real time. The first publication on
OCT was in Science in 1991 and by 1996 the technology was transferred to a commercial
company and soon thereafter commercial devices began to be sold.

In 2013, it is safe to say that OCT is one of the most important ancillary tests in oph-
thalmology and it is indisputably THE most important ancillary test in the subspecialty of
the retina. We set out to produce an easy-to-read, brief but complete handbook of OCT
images that was disease-based. Given the importance of OCT in our practices, we con-
cluded that the OCT images should be the major focus of the book. Consistency of chapter
layout, excellent images, and well-documented pathologic features were all goals. This
book has minimal clinical description of the pathologic entities. There are plenty of excellent
textbooks that cover these entities in more depth. We hope you find this handbook useful
in your clinical practice on a daily basis.
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AMD age-related macular degeneration
ARN acute retinal necrosis

BM Bruch’s membrane
BRAO branch retinal artery occlusion
BRVO branch retinal vein occlusion

CiRAO cilioretinal artery occlusion
CME cystoid macular edema

CNV choroidal neovascularization
CRAO central retinal artery occlusion
CRVO central retinal vein occlusion
CSCR central serous chorioretinopathy
CWS cotton wool spots

DME diabetic macular edema
DR diabetic retinopathy

EDI enhanced depth imaging

ELM external limiting membrane

ERM epiretinal membrane

ETDRS Early Treatment of Diabetic
Retinopathy Study

FA fluorescein angiography

FAF fundus autofluorescence

FD Fourier domain

FTMH full-thickness macular hole

GA geographic atrophy
GCC ganglion cell complex

HE hard exudates
HRVO hemiretinal vein occlusion

ICGA indocyanine green angiography
ICP intracranial pressure

ILM internal limiting membrane

INL inner nuclear layer

IPL inner plexiform layer

IRF intraretinal fluid

Glossary

IRMA intraretinal microvascular
abnormalities

IS inner segment of photoreceptors

IS-OS inner segment — outer segment
(of photoreceptors)

LE left eye
LMH lamellar macular hole

MacTel macular telangiectasia
MCP multifocal choroiditis with panuveitis

NFL nerve fiber layer

NPDR non-proliferative diabetic
retinopathy

NVD neovascularization of the disc

NVE neovascularization elsewhere (retinal
neovascularization)

NVI neovascularization of the iris

OCT optical coherence tomography
ONH optic nerve head

ONL outer nuclear layer

OPL outer plexiform layer

OS outer segment of photoreceptors

PCME postoperative cystoid macular
edema

PCV polypoidal choroidal vasculopathy

PDR proliferative diabetic retinopathy

PED pigment epithelial detachment

PFC perfluorocarbon

PVD posterior vitreous detachment

RAP retinal angiomatous proliferation
RCH retinal capillary hemangioma
RD retinal detachment

RE right eye

RNFL retinal nerve fiber layer

RP retinitis pigmentosa

RPE retinal pigment epithelium
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RRD rhegmatogenous retinal detachment ~ TRD tractional retinal detachment

RS retinoschisis TSINT temporal, superior, inferior,
nasal temporal scan pattern

SD spectral domain

SD-OCT spectral domain optical VEGF vascular endothelial growth
coherence tomography factor

SRF subretinal fluid VKH Vogt-Koyanagi-Harada

SS swept source VMA vitreomacular adhesion

SVP summed voxel projection VMT vitreomacular traction

VRL vitreoretinal lymphoma

TD time domain
TD-OCT time domain optical coherence XLRS X-linked juvenile retinoschisis

tomography
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Scanning Principles

Optical coherence tomography (OCT) is a medical diagnostic imaging technology that
captures micron resolution three-dimensional images. It is based on the principle of optical
reflectometry, which involves the measurement of light back-scattering through transparent
or semi-transparent media such as biological tissues. It achieves this by measuring
the intensity and the echo time delay of light that is scattered from the tissues of interest.
Light from a broadband light source is broken into two arms, a reference arm and a sample
arm that is reflected back from structures at various depths within the posterior pole of
the eye.

There are two main ways in which the backscattered light can be detected:
» Time domain (TD) detection
» Fourier domain (FD) detection — which is further broken down into:

e Spectral domain (SD)

e Swept source (SS)

In time domain OCT scanning, light from the reference arm and light reflected
back from the sample undergo interference, and the interference over time is used
to generate an ‘A-scan’ depth resolved image of the retina at a single point. Moving
the sample and the light source with respect to each other generates multiple A-scans
that are combined into a cross-sectional linear image called the B-scan or ‘line scan’.
Scanning speeds of TD-OCTs are typically around 400 A-scans/second. The primary
commercially available TD-OCT device is the Stratus OCT™ made by Carl Zeiss
Meditech.

I DNarmairm )
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In this technology, the spectral interference pattern between the reference beam and the
sample beam is dispersed by a spectrometer and collected simultaneously with an array
detector. This simultaneous collection allows for much faster scanning speeds than the
traditional time domain devices where a mechanically moving interferometer gathers
the data over time. An A-scan is then generated using an inverse Fourier transform on the
simultaneously gathered data. Commercially available SD-OCT devices have scanning
rates of 18,000-70,000 A-scans/second.

Higher scan speeds in the SD-OCT faster acquisition time, which minimizes the chance
of eye movements during acquisition, especially in patients with poor fixation. Both hard-
ware and software enhancements permit precise image registration which allows for more
reliable comparison between visits. Faster acquisition speeds also mean a higher sampling
density of the macula, minimizing the chances of missing pathology. The higher speeds
allow for the production of three-dimensional OCT scans. The broader light sources of
SD-OCT devices achieve a higher axial resolution than TD-OCT, allowing better visualiza-
tion of retinal anatomy. Commercially available SD-OCT devices include: the Cirrus OCT
made by Carl Zeiss Meditech, the Spectralis OCT made by Heidelberg Engineering,
3D-OCT 1000 (Topcon), Bioptigen SD OCT (Bioptogen) and the RT-Vue (Optovue).



Swept Source OCT

In swept source (or optical frequency domain) OCT scanning, the light source is rapidly
swept in wavelength and the spectral interference pattern is detected on a single or small
number of receivers as a function of time. The spectral interference patterns obtained as
a function of time then undergo a reverse Fourier transform to generate an A-scan image.
Higher scanning speeds allow for denser sampling and better registration. The swept
source OCT also has less sensitivity roll-off with depth, allowing better visualization of
structures deep to the retina. At present, swept source OCT is not widely available com-
mercially with the DRI-OCT 1 (Topcon) being the only commercially available device.
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1 . 2 Basic Scan Patterns and OCT Output

Each commercially available OCT device has unique scan patterns that are programmed
into the machine. There is considerable overlap between devices, however, with several
general scan patterns available across all devices. The scan patterns for the major com-
mercially available machines are summarized in Table 1.2.1. The two most commonly used
scans in evaluating retinal disease are:

» Macular cube scan

» Line scan(s)

Depending on the particular machine, scan patterns may be programmable with respect
to functions such as pixel density, B-scan density, speed, ability to oversample, and length
of scanned image.

Macular Cube Scan

Cube scans are ‘volume’ or ‘3D’ scans analogous to computed tomography or magnetic
resonance scans that acquire volumetric cubes of data. SD-OCT machines acquire a rapid
series of line scans (B-scans), generally in a 6 mm x 6 mm square area centered on the
fovea. The scans are generally at relatively lower resolution, in order to minimize the time
of scanning. As a result, when examining individual line scans from a cube scan, some
detail is lost. As a default the cube scan is centered at the fovea, but other areas of interest
can be captured by manually centering the scan elsewhere in the retina. Optic nerve topo-
graphic scans are cube scans centered on the nerve.

In the Zeiss Cirrus SD-OCT, there are two macular cube scans available, with no ability
to customize. Both scans capture a 6 mm x 6 mm area centered at the macula. There is
a faster 200 x 200 cube (200 B-scans each comprised of 200 A-scans) or the slightly slower
512 x 128 cube (128 B-scans each comprised of 512 A-scans) that has higher quality
horizontal scans. The ‘volume scan’ on the Heidelberg Spectralis uses a similar raster
scanning protocol with a ‘fast’ 25 B-scans each consisting of 512 sample points or
A-scans, or with a ‘dense’ 1024 x 49 default scanning protocol. The Topcon 3D OCT uses
a 256 x 256 or a 512 x 128 scanning protocol. The RT-Vue ‘3D macular scan’ consists of
a 4 mm x 4 mm macular cube scan with 101 B-scans consisting of 512 A-scans each, and
the MM5 protocol uses a mix of vertical and horizontal B-scans to create a grid-like (not
true raster) scanning pattern.

» Raster Scans: raster scanning is one method used to obtain cube scans of the macula.
This involves a systematic pattern of image capture over a rectangular area using closely
spaced parallel lines. It leads to a uniform sampling density over the entire area being
scanned with the OCT.

» Radial Scans: these consist of six to 12 high resolution line scans taken at radial ori-
entations, all passing through the fovea. The RT-Vue’s MM6 is a radial line scanning
pattern with 12 lines radially oriented to the fovea, each 6 mm long. The macular radial
scanning pattern of the Spectralis and the 6-line radial scan of the Topcon 3D OCT 100
are similar. A disadvantage of the radial line scans is that the machine interpolates
between the scans when generating macular thickness maps. This is reasonable for the
fovea where the lines are close to each other, but can miss lesions further out in the
macula where the lines are spaced further apart.



