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Advances in

Ophthalmologic

Imaging

The current state of optical coherence tomography in glaucoma and the technology’s future

applications.

BY SCOTT BUTIKOFER, MD; KEVIN PIKEY, DO; AND ROHIT KRISHNA, MD

he role of imaging in glaucoma started with

simple disc photography, which made it possi-

ble to record and compare qualitative changes

in the optic nerve over time. Photography
alone relies on subjective analysis, however, so clini-
cians can miss early changes in the optic nerve head
(ONH). Advances have been made in producing stereo-
scopic images using flicker photography, which, when
employed, improves interobserver agreement on neu-
roretinal rim width.!

Digital evaluation in the form of optical coherence
tomography (OCT) is now the most widely adopted
modality for the diagnosis and management of glau-
coma. Analysis of the retinal nerve fiber layer (RNFL)
by spectral domain OCT (SD-OCT) is an effective tool
for discriminating healthy from glaucomatous eyes.?
SD-OCT analyzes the ONH, RNFL, and ganglion cell
complex, and the technology objectively measures
the development and progression of glaucomatous
damage in combination with the traditional clinical
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Figure 1. An example of a Cirrus SD-OCT ONH and RNFL analysis with early inferior changes (A). The same patient 2 years later

demonstrates progressive inferior RNFL thinning (B).
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examination. SD-OCT has rapidly emerged as the imag-
ing modality of choice in ophthalmology for detecting
early changes in the anatomy of glaucomatous eyes.
Multiple studies have shown that structural changes
produced by glaucoma can be precursors to functional
change detected by visual field testing.>* In a recent
study, OCT evaluation of the RNFL detected damage in
approximately one-third of patients 5 years prior to the
appearance of visual changes on standard perimetry
testing.’

The importance of this diagnostic tool will continue
to grow.

ESTABLISHED USE OF OCT IN GLAUCOMA
The current generation of SD-OCT devices can iden-
tify the center of the optic disc and measure multiple
parameters, including the disc area, rim area, vertical
and horizontal rim thickness, and cup-to-disc ratios.
The ability of the algorithms to identify the termination
of Bruch membrane has greatly improved the accuracy,
automation, and usefulness of the results, even for
eyes with tilted or oblique discs. These data have been
shown to be as accurate as RNFL analysis for the detec-
tion of early glaucoma.
In addition to the ONH and RNFL, SD-OCT analy-
sis of the ganglion cell-inner plexiform layer (GC-IPL)
thickness has now been shown to have excellent repro-

(COVER STORY

In 2014, Shin et al demonstrated that the type of initial
optic disc damage determines which OCT parameter is
optimal for detecting early disease.®

NEW DIRECTIONS FOR OCT USE

Early time-delayed OCT was capable of 400 A-scans
per second with a resolution of 10 um. The SD-OCT
generation introduced in 2006 drastically increased the
capture speed to between 26,000 and 40,000 A-scans
per second and improved the resolution to between
3.9 and 5 um. New commercial OCT devices are able to
capture 70,000 A-scans per second and achieve a reso-
lution near 3 pm, enhancing discrimination of the vari-
ous layers of the retina. Current-generation instruments
are similar in their ability to detect glaucoma by analy-
sis of the RNFL. Fixing the specificity of glaucoma detec-
tion using global thickness of the RNFL to 95% obtains
sensitivities of 68.5% for the Spectralis (Heidelberg
Engineering), 65.6% for the Cirrus (Carl Zeiss Meditec),
and 62.1% for the RTVue (Optovue).’ In addition to
improving diagnostic capabilities, advances in SD-OCT
have permitted new study of the anatomical and physi-
ologic changes that occur in the glaucomatous eye.

Recently introduced, swept-source OCT uses a short
cavity swept laser with a tunable wavelength of opera-
tion and a scanning rate of up to 100,000 A-scans per
second. The faster acquisition allows for a wide-angle,

ducibility and reliability
in the detection of glau-
coma.® Ganglion cell
analysis maps are useful
in detecting early glau-
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Figure 2. Humphrey visual field test (Carl Zeiss Meditec) of the patient seen in Figure 1.
Correlating functional changes in a superior arcuate defect pattern are consistent with the
SD-OCT changes over the same 2-year period.
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“[OCT] is expanding clinicians’
understanding of the physiology
of glaucoma, and it constitutes a

promising area of active research.”

high-quality image of the posterior pole and capture
of the optic nerve and macula in a single scan. In early
studies, swept-source OCT has performed similarly

to SD-OCT for RNFL analysis and for discrimination
between healthy and glaucomatous eyes. It is unclear
if the wider field currently offers any advantages, but
swept-source OCT may be less susceptible to artifacts
and centering errors."

CLINICAL AND ANATOMICAL CORRELATES

The value of SD-OCT for investigating physiologic
changes in glaucoma is of growing interest. The lamina
cribrosa (LC) has long been considered a primary site
of axonal injury in glaucoma. Bowing of the LC may
damage the axons passing through the lamina pores or
lead to ischemic insult. SD-OCT permits in vivo analysis
of the LC, and multiple studies have shown displace-
ment and thinning in glaucomatous eyes.""'? There
is also evidence that LC displacement occurs prior to
any detectable damage to the optic nerve.' Recently,
OCT imaging of the LC has shown that a faster rate of
RNFL thinning is associated with a larger LC depth and
smaller LC thickness.™

OCT angiography was recently developed using high-
speed OCT systems. OCT angiography provides a quan-
titative measure of local circulation in the optic nerve
by split-spectrum amplitude-decorrelation angiography
(SSADA). By showing significant differences between
the disc flow index of healthy and glaucomatous eyes,
SSADA has demonstrated preliminary validation of its
diagnostic utility. In the past, fluorescein angiography
has been used to evaluate optic disc flow, but this
technique requires the invasive injection of dye and its
potential side effects. SSADA avoids many of the tech-
nical disadvantages of other noninvasive methods, and
its high reproducibility is promising.’™ If found reliable
in large studies and as high-speed OCT devices become
readily available, OCT angiography could represent
another modality for monitoring glaucoma and eluci-
dating the physiology leading to the disease.
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CONCLUSION

OCT has an important role in glaucoma manage-
ment, and development of this powerful diagnostic
tool will continue. At the same time, this technology
is expanding clinicians’ understanding of the physiol-
ogy of glaucoma, and it constitutes a promising area of
active research. W
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