
SEPTEMBER/OCTOBER 2015  GLAUCOMA TODAY  45 

COVER STORY

O
ptical coherence tomography (OCT) has 
become an indispensible tool in the arma-
mentarium of eye care practitioners for the 
diagnosis and monitoring of glaucomatous 

optic neuropathy. Earlier time-domain OCT platforms 
allowed clinicians to reliably distinguish glaucomatous 
from nonglaucomatous eyes.1 Limited reproducibility 
precluded the use of this technology for detecting glau-
comatous progression. The advent of spectral-domain 
OCT (SD-OCT) markedly improved scan reproducibility 
and the ability to detect glaucomatous progression on 
the basis of retinal nerve fiber layer (RNFL) thinning and 
optic nerve head (ONH) deterioration over time.2

MACULAR THICKNESS PROTOCOLS
Novel OCT-derived macular thickness protocols are 

now used to complement RNFL and ONH measure-
ments in the diagnosis of glaucoma.3 These macular 
protocols are commercially available as the Ganglion 
Cell Complex Analysis (RTVue FD-OCT; Optovue), the 
Posterior Pole Asymmetry Analysis (Spectralis SD-OCT 
System; Heidelberg Engineering), and the Ganglion Cell 
Analysis (Cirrus HD-OCT; Carl Zeiss Meditec). 

Current evidence supports the potential role of 
SD-OCT–derived macular thickness protocols in the 
assessment of glaucomatous progression. In a study 
investigating variation in the thickness of the ganglion 
cell-inner plexiform layer (GC-IPL) over time in clinically 
stable glaucoma patients, Kim and colleagues found that 
excellent intervisit reproducibility could be achieved.4 

Reproducibility was highest and lowest for the average 
and minimum GC-IPL thickness measurements, respec-
tively. Naghizadeh et al recently performed a study inves-
tigating the use of various RNFL, ONH, and ganglion cell 
complex (GCC) parameters to detect structural change 
in patients with early glaucomatous progression diag-
nosed on the basis of visual field change.5 The research-
ers found that the pattern-based GCC parameters (GCC 
focal loss volume and GCC global loss volume) were 
better able to detect progressive change when compared 
with RNFL, ONH, and average GCC measurements.

MONITORING ADVANCED DISEASE
An especially important role for SD-OCT–derived 

macular thickness protocols may be in the determina-
tion of progression in cases of advanced glaucoma. In 
these cases, determination of progression on the basis of 
automated visual field testing is often limited by fluctua-
tions that are likely unrelated to the underlying disease.6 
Furthermore, OCT-derived peripapillary RNFL measure-
ments are often no longer useful in cases of advanced 
disease, because significant loss of this layer leaves behind 
a residual “floor” that no longer changes with ongoing 
glaucomatous progression.7 On the other hand, post-
mortem studies suggest that viable cells remain in the 
retinal ganglion cell layer in patients who have suffered 
advanced glaucomatous damage.8 

In a study of 98 eyes of 98 patients with advanced 
glaucoma, Sung and colleagues found that peripapillary 
RNFL measurements obtained with SD-OCT did not 
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differ between patient groups deemed to have stable 
versus progressive disease as determined by three expert 
glaucoma specialists.9 Macular thickness measured with 
SD-OCT, however, showed significantly higher rates of 
loss in patients with progressive versus stable disease. 
The investigators postulated that the papillomacular 
bundle is more resistant to glaucomatous damage than 
the peripapillary RNFL and therefore may continue to 
show change in late stages of the disease.

LIMITATIONS
It is imperative for clinicians to be aware of the potential 

limitations of using OCT-measured macular thickness to 
detect glaucomatous progression. Most importantly, mac-
ular thickness is known to demonstrate continual thinning 

with increasing age in nonglaucomatous individu-
als.10 Clinicians must take into account the degree 
of expected physiologic macular thinning when 
using macular thickness change to determine the 
presence or absence of glaucomatous progression. 
In a study of 150 eyes of 90 patients with glaucoma 
and 72 eyes of 40 nonglaucomatous individuals, 
Leung et al estimated the mean rate of change of 
GC-IPL thickness to be -0.318 µm/year.10 The group 
observed a notable reduction in the proportion of 
eyes with progressive disease on the basis of macu-
lar parameters after accounting for this age-related 
change. The change in the proportion of progress-
ing eyes was much less when using peripapillary 
RNFL measurements. The investigators concluded 
that age-related changes affect macular thickness 
measurements much more than peripapillary RNFL 
measurements.

CONCLUSION
Progressive changes in macular thickness, as 

measured by SD-OCT, may indicate the presence 
of glaucomatous progression (Figure). This param-
eter may be most useful in cases of advanced 
glaucoma, when visual field tests and peripapillary 
RNFL measurements are often of limited utility. 
Physicians must take into account physiologic age-
related changes when using this parameter in clini-
cal decision making.  n
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Figure.  Serial SD-OCT scans of the macula demonstrating 

progressive thinning of the GC-IPL of each eye.


