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Evaluation of the retinal nerve fiber layer (RNFL) and
optic nerve head (ONH) are key components for establish-
ing the diagnosis of glaucoma. Changes in RNFL and ONH
have been found to precede the onset of visual field loss,
thereby providing early evidence of glaucomatous damage.’
Morphological examinations of RNFL and ONH are also
important for monitoring the course of the disease and the
assessment of prognosis. However, accurate descriptions of
these structural changes are not easy.

With the advent of modern imaging technology, reproducible
and reliable RNFL and ONH measurements have been made
possible. Three diagnostic imaging devices are commercially
available for these measurements: optical coherence tomo-
graphy (OCT), confocal scanning laser ophthalmoscopy and
scanning laser polarimetry. Increasing attention has been
focused on OCT for its unique capability of measuring both
the RNFL and ONH.
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From prototype to ultrahigh-resolution
optical coherence tomograph

The principle of OCT is based on an optical measurement
technique — low coherence interferometry and OCT imag-
ing of the retina was first demonstrated in vitro by Huang et
al in 1991.% In vivo OCT imaging of the retina with a proto-
type OCT built upon a modified slit-lamp biomicroscope
was subsequently reported.’ The OCT images were displayed
on a gray-scale or false—color-scale based on the back-
scattered signal intensity. Structures with high reflectivity
signals were coded with bright colors (red and white),
whereas those with low reflectivity were coded with dark
colors (blue and black). Those with intermediate reflectivity
were coded in green. In the retina, the RNFL, and the retinal
pigment epithelium are highly reflectile (highly backscattering)
structures and therefore they appear in red (Figure 1). The
first commercially available OCT unit was developed by Carl
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Figure 1. The peripapillary retinal nerve fiber layer profile in (a) a healthy eye; and (b) a glaucomatous eye. Normal retinal nerve fiber
layer profile is characterized by the ‘double hump’ pattern with peaks at the superior and inferior sectors of the optic disc, and troughs
at the nasal and temporal sectors. In a glaucomatous eye, there is diffuse or localized thinning of the retinal nerve fiber layer.

Zeiss Meditec Inc — OCT 1. This unit provides an axial
resolution of 12 to 15 pm and a transverse resolution of
20 1o 25 pm with 100 scan points. The latest commercially
available version — Stratus OCT is the third generation
of the commercially available models. This unit received
USA Food and Drug Administration approval in May 2002.
The axial resolution of an OCT image is dependent on the
wavelength and bandwidth of the light source whereas the
transverse resolution is determined by the focused spot size
of the light beam. Stratus OCT uses a low coherence super
luminescent diode source with a wavelength of 820 nm
giving an axial resolution of 8 to 10 pm. On the other hand,
the maximum transverse resolution is limited at approxi-
mately 10 i because it is subjected to the constraints of
the pupillary aperture and the optical aberrations of the eye.

Using a femtosecond titanium:sapphire laser with an ultra-
broad spectral bandwidth centered at 800 nm as the imaging
light source, a prototype of ultrahigh-resolution OCT that can
provide an axial resolution of up to 3 wm is currently being
investigated.® OCT images with enhanced resolution allow better
visualization and delineation of intraretinal layers that may
improve the capabilities to detect early glaucomatous change.’

Assessment of glaucoma with optical
coherence tomography — strengths and
limitations

The major strengths of OCT are that it provides objective
and quantitative measures of the RNFL and ONH, which
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may improve the sensitivity and specificity for detection of
glaucoma, and allows longitudinal monitoring for progres-
sion. The merits of OCT are recognized as being totally
non-invasive and non-contact. In contrast to functional
assessment with the automated visual field analyzer, which
usually requires at least 10 minutes, OCT takes less than
2 minutes for a scan of the RNFL or ONH. RNFL and ONH
measurements with different generations of OCT (OCT 1/
OCT 2000 and Stratus OCT) have been demonstrated to
be reproducible in healthy and glaucomatous eyes.®” How-
ever, measurements obtained from different models may be
different and it has been shown that the Stratus OCT is more
sensitive to detecting glaucomatous change compared with
the earlier models.”” OCT is not capable of detecting some
important clinical signs, for example, optic disc hemorrhage
and peripapillary atrophy, which have been found to be
associated with glaucomatous change or progression. A clear
OCT image is difficult to obtain in the presence of media
opacity such as moderate cataract or vitreous opacity.
Patient cooperation with steady fixation is required to
avoid motion artefacts.

In addition, OCT is expensive and a learning curve exists
for the operator to acquire high-quality scans. While OCT
promises to provide a fast and objective approach to moni-
toring glaucoma progression, defining the normal reference
range of change in longitudinal RNFL measurements and
drawing the distinction between pathological change and
physiological degeneration and measurement variability of
RNFL over time remain major challenges.
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