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Ganglion Cell Analysis: A Yes Perspective
Justo Manuel A. Orros, Jr., MD

Since the introduction of spectral-domain optical
coherence tomography (OCT), we are now able to
obtain detailed cross-sections of the macula as well
as identify and measure the ganglion cell complex.
The ganglion cell is central to glaucoma as its gradual
loss or death defines the disease. Macular ganglion
cell complex scanners analyze a specified area of the
macula ranging from 5 to 12 mm in size with the fovea
at its center. Unfortunately, these scan only about half
of all the total ganglion cell complexes in the eye.
Yet, developers justified the adequacy of macular
scans because majority of ganglion cell complexes
are located in the macula, where the earliest glaucoma
damage occurs.1-3 Also, peripheral ganglion cell
complexes are too thin to reliably scan.1
Glaucomatous eyes have thinner ganglion cell
complexes than normal eyes. Various manufacturers
developed different programs and algorithms in
analyzing these data. The ganglion cell complex can
be analyzed using either the whole macular thickness
or only the inner plexiform layer thickness, or a
combination of both and other parameters.
Analysis of the retinal nerve fiber layer (RNFL),

examination of the optic disc, and evaluation of the
visual fields provide structure-function correlation.
Will ganglion cell complex analysis offer additional
information and advantages in clinical practice?
Ganglion cell complex (GCC) analysis does offer
several advantages over circumpapillary RNFL analy
sis. It may aid in earlier detection of glaucoma and
disease progression. It also has a role in differential
diagnosis and in special cases of abnormal optic
nerve head appearance such as tilted disc, optic
nerve coloboma, and in the presence of posterior
staphylomas.2,3
It is important to determine the temporal
association of how a ganglion cell is injured to
understand the progression of glaucoma as a disease,
especially in its early stages. It is still uncertain
whether axonal pathology precedes or follows retinal
ganglion cell body loss in glaucoma. Several authors
have suggested that individual ganglion cells are
first injured at the level of the lamina cribrosa and
damage proceeds in a retrograde fashion towards
the cell bodies.4 Others suggest an antegrade course
with ganglion cell bodies and dendrites showing signs
of injury first followed by the axons.5,6 Because of
this, assessing changes in the cell bodies of ganglion
cells, along with RNFL changes, has now become
important.3
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In theory, current circumpapillary RNFL
scanners are able to detect RNFL changes before
visual field changes occur. Is it also now possible to
detect ganglion cell death or loss? According to the
glaucoma disease continuum, this event occurs before
RNFL thinning.
There are a number of studies that show GCC
analysis to be superior over RNFL analysis in determining early glaucoma.7-9 In addition, significantly
thinner macular ganglion cell complexes in the perimetrically normal hemifield have been demonstrated
in glaucomatous eyes.10,11 This may be evidence of
preperimetric glaucoma detected by GCC analysis
alone.
Among eyes with advanced glaucoma, GCC
analysis may be a better alternative over RNFL analysis
in monitoring progression.4,12-14
Another possible advantage of GCC scans over
RNFL OCT is ease of data acquisition. RNFL OCT
requires the subject to maintain fixation medially (offcenter) which may cause motion artifacts. On the
other hand, scanning the macula places the eye in the
primary position, the most relaxed position of the
eye. This may be easier for children and patients with
poor central fixation.1,2 Patients with axial myopia may
benefit from macula scans as well since there are less
distortion artifacts than circumpaillary RNFL scans
due to the neutral position of the eyes during data
acquisition. Myopic eyes have thinner maculas, but
since the ganglion cell layer is several cells thick in the
macula, it may be better to measure this than a very
thin circumpapillary RNFL in determining disease
and progression.2,3
So yes, ganglion cell analysis is useful in clinical
practice as it has its advantages over RNFL analysis.
Disadvantages and limitations include scanning only
about half of the ganglion cells and limited reliability in
the presence of macular conditions such as age-related
macular degeneration and epiretinal membrane. With
these in mind, it is still advisable to use all available
data including visual field tests and RNFL OCT in the
diagnosis and monitoring of glaucoma. Technology is
still improving. Better scanning protocols, databases,
and algorithms may be available in the near future.

34

References
1. Ishikawa H. Where Does Ganglion Cell Analysis Fit?
Glaucoma Today. 2016;14:43-44.
2. Gupta DA, Asrani S. Macular Thickness Analysis for Glaucoma
Diagnosis and Management. Taiwan J Ophthalmology. 2016;
6:3-7.
3. Choi YJ, Jeoung, JW, Park KH, Kim DM. Glaucoma Detection
Ability of Ganglion Cell Inner Plexiform Layer Thickness by
Spectral Domain Optical Coherence Tomography in High
Myopia. Invest Ophthalmol Vis Sci. 2013; 54: 2296-2304.
4. Hou HW, Lin C, Leung CK. Integrating Macular Ganglion
Cell Inner Plexiform Layer and Parapapillary Retinal Nerve
Fiber Layer Measurements to Detect Glaucoma Progression.
Ophthalmology. 2018;125:822-831.
5. Feng L, Zhao Y, Yoshida M, et al. Sustained Ocular
Hypertension Induces Dendritic Degeneration of Mouse
retinal Ganglion Cell that Depends on Cell Type and Location.
Invest Ophthalmol Vis Sci. 2013;54:1106-1117.
6. Fortune B, Cull GA, Burgoyne CF. Relative course of retinal
nerve fiber layer (RNFL) birefringence, RNFL thickness and
retinal function changes after optic nerve transection. Invest
Ophthalmol Vis Sci. 2008; 49:4444-4452.
7. Bhagat PR, Deshpande KV, Natu B. Utility of Ganglion
Cell Complex Analysis in Early Diagnosis and Monitoring
of Glaucoma Using a Different Spectral Domain Optical
Coherence Tomography. J Curr Glaucoma Pract. 2014;8:101106.
8. Moreno PA, Konno B, Lima VC, et al. Spectral Domain
Optical Coherence Tomography for early Glaucoma
Assessment: Analysis of Macular ganglion Cell Complex
Versus Peripapillary Retinal Nerve Fiber Layer. Can J
Ophthalmol. 2011;46:543-547.
9. Rao HL, Zangwill LM, Weinreb RN, et al. Comparison of
Different Spectral Domain Optical Coherence Tomography
Scanning Areas for Glaucoma Diagnosis. Ophthalmology.
2010;117:1692-1699.
10. Takagi ST, Kita Y, Yagi F, et al. Macular retinal ganglion
cell complex damage in the apparently normal visual field
of glaucomatous eyes with hemifield defects. J Glaucoma.
2012;21:318-325.
11. Na JH, Kook MS, Lee Y, et al. Detection of Macular and
Circumpapillary Structural Loss in Normal Hemifield Areas
of Glaucomatous Eyes with Localized Visual Field Defects
Using Spectral Domain Optical Coherence Tomography.
Graefes Arch Clin Exp Ophthalmol. 2012;250:595-602.
12. Belghith A, Medeiros FA, Bowd C, et al. Structural Change
Can be Detected in Advanced-glaucoma Eyes. Invest
Ophthalmol Vis Sci. 2016;57:511-518.
13. Hammel N, Belghith A, Weinreb RN, et al. Comparing the
rates of Retinal Nerve Fiber Layer and Ganglion Cell-Inner
Plexiform Layer Loss in Healthy Eyes and in Glaucoma Eyes.
Am J Ophthalmol. 2017;178:38-50.
14. Lee WJ, Kim YK, Park KH, Jeoung JW. Trend-based Analysis
of Ganglion Cell-Inner Plexiform Layer Thickness Changes
on Optical Coherence Tomography in Glaucoma Progression.
Ophthalmology. 2017;124:1383-1391.

Philippine Academy of Ophthalmology

08 PJO jan - june 2019 PGS Orros34 34

05/31/2019 8:45:00 AM

Philippine Journal of

Ganglion Cell Analysis: A No Perspective
Carlo Josemaria Rubio, MD

When glaucomatous damage occurs in the eye,
the macula is commonly affected. This glaucomatous
damage can be measured as a loss of the ganglion cell
layer, the retinal nerve fiber layer of the macula, and
the inner plexiform layer. When the aforementioned
layers are measured using the optical coherence
tomography (OCT), they are usually analyzed together
since they are difficult to segment.
In glaucoma, structural loss theoretically
precedes functional loss of vision. OCT usually
detects structural losses in the layers of the eye before
functional loss is detected by perimetry. Ganglion cell
analysis (GCA) is done as part of OCT. Ganglion cell
loss is thought to occur early in glaucoma.
According to studies by Sung et al. and Kotowski
et al., GCA and retinal nerve fiber layer (RNFL) analysis
of the OCT are equally effective.1,2 A systematic review
by Hood et al. analyzed data from 36 studies which
compared GCA and RNFL parameters.3 According to
the authors, “RNFL parameters are still favorable to
macular parameters in diagnosing manifest glaucoma,
but the differences are small.”
There are many limitations to GCA. According
to Ishikawa et al., GCA analysis only covers 50%
of the RNFL, whereas RNFL analysis assesses all
RNFLs.4 GCA has been proposed as a means to
measure the presence of glaucoma in myopic eyes.
However, according to Takeyama et al., macular
thickness in myopic eyes with long axial length can
be relatively thin, resulting in a lot of false positives
when assessed via GCA.5 According to the World
Glaucoma Association Consensus statements,
performing the GCA will require a lot more work
compared to simply analyzing the nerve fiber layer.6
Analyzing the GCA requires measurements of many
different segmentations of the retina, whereas reliable
RNFL analysis requires only the measurement of two
segmentations. Another limitation of the GCA is
that while it can measure damage missed by RNFL
analysis, it can also miss damage that has occurred
outside of the region of the macula.7,8 GCA is also
difficult to interpret when there are pathologies in the
macular region.
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One caveat to the analysis of GCA versus RNFL
parameters is that most studies compared macular
thickness parameters to circumpapillary RNFL
(cpRNFL) profiles and not RNFL thickness maps.
Some cpRNFL analyses can miss damage that RNFL
thickness maps can detect.
In summary, most evidence show that GCA is
similar to RNFL parameters in diagnosing glaucoma.
A systematic review of studies comparing GCA to
RNFL parameters suggests that RNFL parameters
are favored over macular parameters in assessing
glaucoma.9 Performing the GCA involves more
effort for the diagnostic staff. There is a question
of whether performing GCA in addition to RNFL
analysis is worth the time and effort of the staff, since
both parameters are thought to be similar in their
ability to diagnose glaucoma. Data is equivocal at this
time, thus performing a GCA in addition to obtaining
measurements for the RNFL may not be worth the
time and effort of the staff involved.
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Consolidating the Evidence

Joseph Anthony Tumbocon, MD
Glaucomatous damage can cause thinning of the
macula due to loss of the ganglion cell layer (GCL),
inner plexiform layer (IPL) and macular retinal nerve
fiber layer, which can be measured in combination
or individually by optical coherence tomography
(OCT).1 It is common to measure the GCL and IPL
layers together since it is difficult to segment these
layers separately and there is no significant difference
in the diagnostic capability of GC versus GC+IPL
analysis.2 OCT can also assess for thinning of the
peripapillary/circumpapillary retinal nerve fiber layer.
It is recommended to utilize the 6x6 mm peripapillary
retinal nerve fiber layer (PP-RNFL) thickness and
deviation maps since they provide better spatial
information on the pattern and probability of RNFL
loss.
Current evidence suggests that OCT scans of
the macula have similar diagnostic accuracy to that
of peripapillary retinal nerve fiber layer (PP-RNFL)
thickness analysis.3 There are some instances that
GC+IPL analysis may be more useful than PP-RNFL
in diagnosing glaucoma, such as in high myopia, tilted
optic discs, or in advanced glaucoma. However, it is
preferable to use automated perimetry in monitoring
patients with advanced glaucoma due to the “floor
effect” of OCT measurements and the wider dynamic
range of perimetry in the advanced stages of the
disease.
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In eyes with or predisposed to macular disease,
such as age-related macular degeneration or macular
edema, PP-RNFL is recommended over GC+IPL. In
monitoring for glaucomatous progression, PP-RNFL
may be preferable to GC+IPL due to the robust PPRNFL progression analysis software in some of the
spectral-domain OCT machines that can differentiate
true progression from intertest variability.
The next generation of swept-source OCT
imaging machines have a wider scanning area that
merges the PP-RNFL and GC-IPL measurements
in one scan. This combines the advantages of the
two scanning protocols, potentially allowing earlier
detection and better monitoring of our glaucoma
patients in the future.
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