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Abstract
Purpose: Currently, segmentation of individual retinal layer is possible using spectral-domain OCT (SD-OCT). The Ganglion Cell/

Inner plexiform layer (GCIPL) investigation has become one of the most useful tools in neuro-ophthalmic practice. In this review we
shall point out the value of this investigative tool in neuro-ophthalmology.

Methods: To evaluate the above-mentioned item based on recently published data.

Results: GCIPL analysis may provide earlier information about neuronal damage than retinal nerve fiber layer (RNFL) analysis in
neuro-ophthalmic disorders.

Conclusion: Optical coherence tomography GCIPL testing has proved to be an important non invasive less time consuming test in the
diagnosis, treatment, and follow-up of optic neuropathies.
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Introduction
Recent advances in OCT segmentation technology allows the

thickness of individual layers of the retina to be quantified. This,
in turn, can facilitate quantification of axonal loss (RNFL thinning)

and neuronal damage [ganglion cell inner plexiform layer (GCIP)
thinning] by various mechanisms causing damage to the optic
nerve, chiasm, and optic tract [1].

OCT measured thinning of the macular GCIP has been found

to correlate strongly with visual loss in a wide spectrum of optic
neuropathies including glaucoma, idiopathic intracranial hypertension (IIH) optic neuritis (ON), ischemic optic neuropathy, he-

reditary optic neuropathy, toxic optic neuropathy, and tumors of
the afferent visual pathway [2].

Idiopathic intracranial hypertension (IIH)
OCT GCIL layer measurements are used to monitor the integrity

of the optic nerve in the setting of papilledema.

Following the peripapillary RNFL thickness over follow up visits

may provide an indication of changes in the papilledema.

However, a reduction in peripapillary RNFL thickness in

papilledema can be either a result of improving papilledema or
progressive axonal loss from inadequate or improper treatment.
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Combining the macular GCIP thickness with the peripapillary
RNFL thickness allows one to evaluate the true degree of axonal
damage in the setting of papilledema [3].

Successful treatment with preservation of axonal integrity will

be identified on OCT as simultaneous reduction in the peripapillary

RNFL thickness with a preserved macular GCIP thickness. Howev-

er, a reduction in the RNFL thickness and macular GCIP thickness
simultaneously indicates progressive axonal damage and could be
an indication of improper or treatment failure for IIH [4].

Errors in segmentation of the GCIP in the setting of high degrees

of papilledema can lead to a falsely thin GCIP thickness giving a
false alarm of worsening disease if they are not recognized.

These artifacts can however, be identified because they result in

significant reductions in the GCIP thickness in an unusual pattern
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pronounced thinning of the macular GCIP when compared to MS
ON eyes [6].

OCT GCPI for localization and follow up of MS lesions at any
part of the afferent visual pathway
Lesions in the afferent visual system of MS patients are not lim-

ited to the optic nerve, but may also affect the afferent visual pathway back to the retrogeniculate regions.

MS patients with retrochiasmatic lesions may report symp-

toms consistent with homonymous visual field defects. A pattern
of hemiretinal GCIP thinning that corresponds to the hemianopic
visual field defect is usually present moreover, in cases of relapsing

disease, changes in GCIPL thickness persist even after visual function has recovered [8] (Figure 1).

[2].

Central nervous system (CNS) demyelinating disease
OCT GCIP layer thickness is not needed to diagnose optic neu-

ritis (ON), but it, however, may offer some prognostic information.

OCT measured RNFL values are initially elevated in acute ON, due
to axoplasmic flow stasis secondary to inflammation of the optic

nerve. This fact makes it difficult to rely on RNFL thickness to mon-

itor axonal integrity because it can often take 2 - 3 months for RNFL
thinning to manifest after ON.

On the contrary, however, OCT measured GCIP changes repre-

sent an early, sensitive, and reliable sign of retrobulbar neuroaxonal injury. It can be a true indicator for the quantification of neuronal
damage in the setting of demyelination of the optic nerve, chiasm,
and optic tract [1].

A reduction in post acute OCT GCIP measures correlate with re-

duced high and low contrast letter acuity, color vision, and visual
field sensitivity testing in ON eyes [5].

OCT GCIP value in identifying the underlying etiology
Nearly all causes of ON lead to thinning of the GCIP layer, yet the

Figure 1: A 30-year-old woman with relapsing-remitting

multiple sclerosis; (RRMS) presents with difficulty seeing the
beginning of words caused by a left incongruous quandran-

tanopic visual field defect. The GCL analysis shows a pattern of

right hemi-retinal loss (arrows) correlating to a right optic tract
lesion [3].

amount of loss can be helpful in identifying the underlying etiology.

OCT detection of GCIPL thinning in non ON MS patients

myelitis optica spectrum disorders (NMOSD) patients have more

which may be one reason why they harbour reduced OCT meas-

Several studies have shown that optic neuritis eyes in neuro-

MS patients are known to have subclinical disease activity,
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ures of GCIP thickness, even in the absence of any past history of
ON.

OCT GCIPL thickness can also be used to quantify changes in

neuroaxonal integrity that may reflect retrograde degeneration
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glion cell degeneration (causing GCIPL thinning) and axonal loss
(causing RNFL thinning) in the optic nerve (Figure 3) finally leading to optic atrophy (Figure 4) [11].

from lesions anywhere along the course of the afferent visual pathway posterior to the optic nerve of MS patients [7].

Non-arteritic ischemic anterior optic neuropathy (NAION)
GCIPL thickness can detect axonal damage when the RNFL is

swollen, Kupersmith demonstrated that at 1 month, only 10% eyes
with NAION had RNFL thinning, while 76% had GCIPL thinning.
GCIPL measurements correlate with visual field parameters, both

in acute and chronic phase. Therefore, GCIPL measurements could
be a biomarker of early structural loss in AION [9].

Figure 2: Left anterior ischemic optic neuropathy. Top row:

One week after acute visual acuity loss. (A) Optic nerve swelling causes RNFL thickening that prevent evaluating if there is

or not associated axonal loss (B). However, GCIPL analysis (C)
shows an abnormal thinning that correlates with the inferior
VF defect (D). Bottom row: two months after the acute epi-

sode. Superior optic disk pallor (A), superior RNFL quadrant
thinning (B) and GCIPL thinning (C) with the corresponding
inferior VF defect (D) [10].

Leber hereditary optic neuropathy (LHON)
It is an optic neuropathy secondary to mutations in mitochon-

drial DNA and affects young men. It is associated with retinal gan-

Figure 3: In the acute phase and in the first 6 months of onset,
the RNFL analysis shows thickening in the upper and lower

segments, (red arrows). The OCT analysis of macular thickness

showed a thinning of the GCL (blue arrows) at the early stage in
the sectors of the inner ring [12].

More studies will provide information about if early changes

are present in carriers and in subacute or early LHNO cases [10].
Compressive optical neuropathies

Compressive optical neuropathies of the visual pathway can

lead to severe impairment of visual function if they are discovered
late.
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Figure 5: A, Thinning of the RNFL on OCT. B, Reduced GCL on
OCT [13].

Graves orbitopathy
Graves Orbitopathy is an autoimmune inflammatory disorder

that affects extraocular muscles and orbital fat, which are responsible for the dysthyroid optic neuropathy (Figure 6).
Figure 4: 24-Year-old male with Leber optic neuropathy.

Fundus examination reveals a bilateral temporal pallor of the

optic disk. GCIPL analysis (B) shows a bilateral severe thinning
that is more striking than thinning yielded by RNFL analysis
(A) [10].

OCT can be useful in the diagnosis, follow-up, and visual prog-

nosis in this group of patients through quantification of the degree

of axonal damage particularly by measuring the GCIPL thickness
[12].

Optic nerve meningioma
•

OCT GCIPL exam is important in predicting the visual prog-

•

After treatment, the group with normal GCIP experienced

Figure 6: MRI shows enlarged medial and inferior rectus

muscles. OCT shows normal peripapillary RNFL, normal macu-

lar full-thickness (A) and normal GCL (B). Expected good visual
prognosis if treated at this stage [14].

nosis: the less the GCIPL damage, the better is the visual
prognosis

more pronounced improvement in VA, color vision and visual
field, compared with the group with altered GCIPL [13].

Because prognosis is significantly improved when early diag-

nosis is made, patients with normal GCIPL measurements experi-

enced an improvement in VA and visual field after decompression
[15].
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Chiasmal lesions
Chiasmal lesions may be caused by various etiologies, most

common of which are pituitary adenoma, craniopharyngioma,
meningioma, and aneurysm. Chiasmatic lesions can cause various

degrees of damage to the GCIP layer that can be early detected by
timely OCT measurements.
Pituitary adenoma

The pattern of macular GCIP loss is helpful in detecting some

compressive optic neuropathies, by following a pattern similar to
the visual field defect resulting from the compression.

An example is chiasmal injury, which causes binasal thinning of

the GCIPL layer because the crossing nasal fibers are damaged with
compression of the chiasm [3] (Figure 7).
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The patient usually presents with variable degrees of severity

of painless, progressive, bilateral visual acuity decrease, dyschromatopsia, and central scotoma.

The pathogenesis is due to the damage of the papillomacular

bundle, which is more vulnerable to damage due to the large unmyelinated segment and thin gauge [18].

Toxic optic neuropathy due to ethambutol
It usually becomes clinically manifested between 2 and 12

months after the onset of treatment. It is reversible if it is recognized early, although permanent toxic effects may occur at physi-

ologic doses of 15 - 25 mg/kg/day. Ethambutol toxicity affects the
visual pathway from the retinal ganglion cells, to the optic tracts
[19].

GCIPL loss following ethambutol treatment, manifests before

visual dysfunction and is more sensitive than p-RNFL thickness
(Figure 8).

Figure 7: Pituitary macroadenoma causing chiasmal compression (red arrow). Binasal hemi-retinal GCIP thinning is seen
with chiasmal compression [3].

Defining the pattern of GCIPL loss can be useful in differentiat-

ing chiasmal compression from other optic neuropathies, such as

glaucoma for example, which tends to cause thinning of the macular GCIP that respects the horizontal meridian [16,17].
Toxic optic neuropathies

Toxic Optic Neuropathies occur due to either faulty inges-

tion of substances such as alcohol (methanol, ethylene glycol), or
over dosage of anti-tuberculosis drugs (Ethambutol), antimalarial
drugs, antiarrhythmic (digital, amiodarone), and antibiotics.

Figure 8: P-RNFL is normal in both eyes while GCIPL thickness
was significantly lower than normal primarily in nasal sectors
which is associated with the papillomacular bundles [20].

GCIPL measurements may as such indicate ethambutol with-

drawal before serious visual impairment occurs [20].
Neurodegenerative disorders

GCIPL measurements are now being considered as a “window

to the brain” and as a potential biomarker for neurodegenerative
conditions.

GCIP thinning was found in patients with Alzheimer’s disease,

Parkinson’s disease and frontotemporal dementia.
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More studies are necessary to assess whether GCIPL thickness

represents an adjunctive biomarker for the diagnosis and followup of these pathologies [10].

Conclusion

OCT GCIPL measurement offers the opportunity to study neuro-

logical diseases in an objective and non-invasive manner. As mentioned above it aids in the diagnosis, treatment, and follow-up of
optic neuropathies, in addition it can also have some prognostic
value.

As OCT technology continues to advance, it will undoubtedly

augment our ability to better understand the pathophysiology of
optic neuropathies with consequent better diagnosis and management.
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