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Abstract: Optical coherence tomography (OCT) is a widely used non-invasive medical imaging technology

that has revolutionized clinical care in ophthalmology. New developments, such as OCT angiography (OCTA)

are expected to contribute even further to the widespread use of OCT-based imaging devices in the diagnosis

and monitoring of patients with ophthalmic diseases. In recent years, many of the disadvantages such as

limited field of view and imaging artefacts have been substantially reduced. Similar to the progress achieved

in the assessment of retinal disorders, OCT is expected to change the approach to patients seen in the neuro-

ophthalmology clinic. In this article, we review the technical features of OCT and OCT-based imaging

techniques, highlighting the specific factors that should be taken into account when interpreting OCT in the

field of neuro-ophthalmology.
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Introduction

Optical coherence tomography (OCT) is characterized
by the use of low-coherence interferometry to obtain
micrometer-resolution cross-sectional images from within
living tissue (1,2). The lateral resolution depends on the
spot size of the light beam and the depth resolution (or
axial resolution) depends mainly on the optical bandwidth
of the light source (3). In recent years, two main variants
have been developed: spectral-domain OCT (SD-OCT)
and swept-source OCT (SS-OCT). In both systems, the
reference arm length is fixed, and the depth information
of the reflected signal is analyzed with a spectrometer
using a Fourier transformation. In SD-OCT, the light
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source is emitted mostly below 100 kHz A-scans/s in the
visible infrared range (~800 nm), whereas SS-OCT uses
invisible light to the human eye (~1,000 nm), up to an ultra-
megahertz sample speed (4). Novel imaging modalities have
improved the visualization of the retina and the choroid
using enhanced depth imaging OCT (EDI-OCT), which
is acquired by placing the OCT device closer to the eyes
producing an inverted mirror image of the retina and
placing the outer choroid in closer proximity to the zero-
delay line. This improves choroidal visualization as the
choroid, compared with standard OCT, is characterized
by a lower frequency portion on the Fourier-transformed
interferogram (5,6). Choroidal thickness measurements
by EDI-OCT provided new insights into the changes of
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choroidal thickness between individuals which was shown
to depend on age, refractive index, and axial length (7-9).
Recently, OCT angiography (OCTA) was introduced as
an OCT-based technique capable of assessing the retinal
and choroidal vascular network and blood flow (10,11). This
technique is evolving at a fast pace as exemplified by the
description of new OCT image display techniques such as
volume rendering and virtual reality image display (Figure I)
(12-16).

The introduction of OCT and OCT-based imaging
techniques has already led to major developments in the
understanding of a myriad of neuro-ophthalmic disorders,
facilitating clinical diagnosis and monitoring (Video 1). In
the future, OCT is expected to serve as a highly reliable,
non-invasive biomarker for neurodegeneration and axonal
damage in multiple sclerosis (MS) (17). It is therefore of
paramount importance that clinicians are familiar with the
advantages and limitations of OCT in the assessment of the
patient presenting to the neuro-ophthalmology clinic and
that interpretation of findings takes into account the clinical
presentation and all factors that can affect image acquisition

and display.

Interpretation of the OCT image in neuro-
ophthalmology

Optic nerve head (ONH)

Imaging of the ONH can be performed in both two and
three dimensions (2D and 3D) using numerous protocols.
It is important to always repeat the same method in the
course of follow-up to enable longitudinal conclusions.
The radial 2D scan is composed from a number of cross-
sections centered at the level of the ONH at equal angular
orientation. Correct positioning of the scan is important
because otherwise incorrect measurements can easily be
generated. The 3D volumetric cube is obtained by raster
scanning of a square centered on the ONH enabling the
display of any slice of the cube of data acquired in the
scan. Figure 2 displays the normal findings in a healthy
subject with a minor cupping compared to a patient with
optic disc drusen (ODD). The retinal nerve fiber layer
(RNFL) exhibits a directional hyperreflectance, increasing
in thickness as it approaches the margin of the ONH. The
signal reflected from the RNFL decreases at the level of the
disc rim, because as the nerve fibres blend into the ONH,
they are no longer perpendicular to the incident OCT
optical beam. The RNFL covers a relative hyporeflective
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area of the ganglion cell layer (GCL) mostly visible towards
the macula. Due to the relatively high density of nuclei,
the inner plexiform layer (IPL) and outer plexiform layer
(OPL) are moderately reflective, while the inner nuclear
layer (INL) and ONL are weakly reflective. The inner
segment (IS) and outer segment zone (OS) is visible as a
thin, highly backscattering line immediately anterior to
the retinal pigment epithelium (RPE) which is visible as a
highly backscattering layer that abruptly terminates at the
margin of the disc. The choriocapillaris is represented as a
hyporeflective area which in healthy eyes is directly adjacent
to the RPE. The RPE terminates at the margin of the optic
nerve head and is commonly used as a landmark.

When interpreting OCT images, it is important to note
that the images are often axially stretched on the computer
display in order to improve the visualization of the different
retinal layers. The depth of the optic disc cup is thus
exaggerated. Quantitative morphometry of the images using
the correct axial and transverse scales is advised.

Structural OCT scans of the ONH are useful in the
assessment of lesions of the optic nerve, such as ODD and
peripapillary hyperreflective ovoid mass-like structures
(PHOMS), optic nerve hypoplasia, optic nerve tumors,
myelinated retinal nerve fibres, amongst others.

EDI-OCT should be used when analyzing the deeper
structure of the ONH, given that several features are
missed when using SD-OCT only. EDI-OCT captures
the entire ONH to the level of the lamina cribrosa and has
been shown to possess improved diagnostic accuracy in
identifying structural lesions of the ONH when compared
to ultrasound (18).

Assessment and diagnosis of ODD is one of the most
common indications for EDI-OCT of the ONH. The
guidelines for the assessment of ODD, published by
the Optic Disc Drusen Studies Consortium, include the
use of EDI-OCT of the ONH, alongside evaluation
of the RNFL, the macula (to assess for macular edema
secondary to papilledema), and autofluorescence (19).
Drusen appear as “discrete lump-like” hyporeflective areas
surrounded by hyperreflective borders or collections of
hyperreflectivity without the core (Figure 2C) (20,21).
The hyperreflective signal surrounding the hypoechoic
area is referred as the “cap” sign as the signal does not
penetrate deep enough to capture the core of the drusen
(20,21). Blood vessels, which appear as elongated tube-like
structures, are distinguished as they lack this hyperreflective
signal around them. Besides the clinical classification
of buried versus superficial drusen, Traber ez al.
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Figure 1 Evolution of OCT imaging and display technology representing the left eye in a glaucoma patient over 15 years follow-up. (A)
Traditional color fundus imaging shows a pale optic disc, with a large excavation (black star) and displacement of the vascular tree (arrow);
(B) stratus time-domain OCT (radial lines, scan length 4 mm) representing the distinct depth of the excavation (white star). The RNFL
is hardly recognizable and the vessels next to the lamina cribrosa are displaced due to tissue loss; (C) spectral domain OCT (Cirrus OCT
5000, 200x200 pixel) corresponding to the findings in (B). An improved depiction of retinal layers and lamina cribrosa can be appreciated,;
(D) volume rendered SD-OCT angiography complements the previous structural OCT technology by displaying the flow within the
vessels. Inside the optic disc, the vessels’ void area (secondary to tissue atrophy, white star) is shown; (E,F) novel interactive display of OCTA
information using virtual reality technology shown in stereoscopic image illustration. The conventional computer screen for image display
has been discarded and the user is immersed directly into the original OCTA volume data. On the left side the numerous optic disc vessels of
a healthy subject are shown with a raised vessel tree (white arrow). In contrast, the aforementioned glaucoma patient (right) shows a heavily
rarefied vessel architecture with preservation of only the larger vessel calibers. Profound OCTA vessel deficiency in the central optic disc
area is visualized. Both images can be fused for a 3D impression. OCT, optical coherence tomography; RNFL, retinal nerve fiber layer; SD-
OCT, spectral-domain OCT; OCTA, optical coherence tomography angiography.
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Figure 2 OCT imaging of a normal optic disc and in a case with superficial ODD in an asymptomatic 58-year-old female. (A) Swept source
cross-sectional OCT depicts a normal optic disc (OD) with a minor excavation; (B) corresponding colored image display of the same OD
as in (A). The vitreous is highlighted in blue. The RNFL is segmented in yellow crossing the lamina cribrosa (in violet). The ganglion
cell layer is only detectable towards the macula (green). The inner and outer hyperreflective plexiform layers are shown in light and dark
blue, respectively. The hyporeflective inner and outer nuclear layer were not segmented. The inner segment (IS) and outer segment (OS)
zone is visible as a thin zone (gold), which lies close to the thin RPE (red). The choroid is outlined as a broad layer ending at the optic
disc border (orange); (C) the ODD is characterized by a hyporeflective core surrounded by a hyperreflective signal (arrow); (D) EDI-
OCT imaging of PHOMS in an asymptomatic 23-year-old female. The lesions are located in the peripapillary zone and are defined by
moderate hyperreflectivity without defined margins (arrowheads); (E) correlation of autofluorescence imaging of superficial ODD (arrow)
from another patient and advanced volume rendered OCTA imaging (arrowheads); (F) combined 3D OCTA and segmented superficial
drusen from the same eye as in (E). Enhanced 3D imaging displays spatial interweaving of two drusen (arrows), which causes a decrease and
narrowing of the vessels (asterisk). OCT, optical coherence tomography; ODD, optic disc drusen; RNFL, retinal nerve fiber layer; EDI-
OCT, Enhanced-depth imaging optical coherence tomography; PHOMS, peripapillary hyperreflective ovoid mass-like structures; OCTA,
optical coherence tomography angiography.
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identified three OCT morphologic types, peripapillary
ODD, granular ODD and confluent ODD (22).
Confluent ODD appears hyporeflective and is associated
with worse mean deviation scores on visual fields (22).
It has subsequently been shown that the structures labelled
as peripapillary ODD in the study by Traber er /. are not
actually ODD but PHOMS (Figure 2D).

The etiology of PHOMS has not been elucidated,
but appears to be distinct from traditional ODD based
on their imaging features. They are located in the
immediate peripapillary zone, appear hyperreflective, do
not have clearly defined margins and lack a hyporeflective
core (19). They are neither captured by ultrasound or
autofluorescence and appear in patients irrespective of the
presence of ODD or papilledema (23).

In papilledema, assessment of the peripapillary RNFL
(pRNFL), which is described in the next sub-chapter,
can aid in the differentiation of mild papilledema versus
pseudopapilledema (e.g., secondary to ODD). From
a structural point of view, on EDI-OCT, the pRNFL
in papilledema appears swollen, often leading to the
disappearance of the normal cupping of the disc. Caution
should be exerted when assessing the RNFL in patients with
congenital crowded optic discs as the difference between
RNFL measurements has not been found to be statistically
significant (24).

In ONH sheath meningioma, the peripapillary RPE—
Bruch’s membrane complex surrounding the optic canal
opening becomes indented, creating an inverted U-shape
deformation directed at the vitreous that presumably reflects
the shape of the underlying load-bearing peripapillary
sclera. In healthy subjects the peripapillary RPE—Bruch’s
membrane layer bordering the optic canal creates a V-shape,
pointing away from the vitreous (25).

In optic nerve hypoplasia, OCT scans through the ONH
showed significantly smaller horizontal disc diameters,
horizontal cup diameters, and cup depths compared with the
unaffected eyes and eyes of healthy controls, highlighting
the reliability of OCT as a diagnostic tool (26). OCT can
also be used to differentiate between optic disc melanoma
or other infiltrative lesions and the relatively benign optic
disc melanocytoma. In the latter, the mass usually shows a
hyperreflective surface with smooth moderately reflective
internal architecture and dense posterior optical shadow.
Importantly, the choroidal and outer retinal architecture are
preserved (27). In cases of myelinated RNFL, OCT reveals
significant hyperreflectivity and increased thickness of the
RNFL in the area of myelinated fibers (28-30).
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Macular imaging

The introduction of OCT for the assessment and
visualization of the retina and choroid has had a tremendous
impact in the field of retinal diseases. Sampling of the macula
allows the visualization of all retinal layers and choroid,
reminiscent of an in vivo tissue biopsy. The macula can be
scanned by 3D cube, line and cross-line, raster, mesh and
radial scan patterns. Line scans, commonly used in clinic,
are obtained by the averaging of multiple scans at a similar
location, typically performed along a single location or along
several parallel lines. Mesh scan patterns include information
stemming from both horizontal and vertical orientations.
A relatively long temporal gap between adjacent points
perpendicular to the scan orientation is present, irrespective
of the scanning rate, leading to image distortion along
the slow axis of the scan. Simultaneous registration of the
horizontal and vertical scans improves the quality of the scan
by minimizing the distortion in the slow axis. Radial scans
acquire multiple evenly spaced linear scans intersecting at
the fovea, providing information from the macular region,
with increased coverage at the line intersection (fovea),
and decreased coverage near the periphery of the macula.
In radial scanning, the interspaces have to be interpolated
peripherally, but a major advantage lies in the fact that the
information density is accentuated towards the center.

RNFL

Assessment of the pRNFL thickness is one of the most
commonly used parameters in ophthalmology. This
measure represents the quantification of the axons of the
retinal ganglion cells that travel from the retina and form
the ONH. For this reason, changes in RNFL thickness
represent a structural marker of axonal integrity in many
pathological processes involving the optic nerve. This
measurement is calculated from a circle centered on the
ONH with a diameter of 3.4 mm. Misplacement of the
circle during repetitive scanning will result in increased
measurement variability and erroneous measurements. The
RNFL thickness may also be extracted from the 3D cube
scanning pattern, allowing repositioning of the circle if
necessary, and ensuring consistent tissue sampling location
through multiple scans. In OCT, the RNFL is visualized as
a highly backscattering layer at the vitreoretinal interface.
The image-processing methods required for RNFL
thickness measurements must be relatively insensitive
to changes in morphology and signal intensity. The
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anterior boundary is defined at the vitreoretinal interface.
The posterior boundary is determined as the detection
algorithm is moved backward to identify the second
point of increased signal intensity after identification of
the second highly reflected layer which is defined by the
photoreceptors and RPE. Adjacent A-scans assist in the
detection of the boundaries. Segmentation of the RNFL is
more sensitive to OCT image quality variations than the
total retinal thickness measurements, warranting caution
in interpretation of the findings put forward by automated
segmentation. SD-OCT devices record the average pRNFL
thickness measurements in four quadrants (temporal,
superior, nasal and inferior) and sectoral thicknesses at each
of the 12 clock-hours or in 16 equal sectors. The ISN'T rule
(inferior > superior > nasal > temporal) is followed, whereby
the inferior quadrant possesses the thickest RNFL, followed
by superior, nasal and temporal quadrants. Other devices
display the RNFL thickness as a color-coded thickness map
of the entire peripapillary region, which can be useful in the
assessment of small, localized areas of thinning outside the
sampling location.

Figure 3 shows the pRNFL scans obtained with the
Spectralis OCT, where the RNFL thickness is measured
by assessing a total of 2,324 data points along the sampling
circle. The built-in software constructs the final cross-
section by averaging 16 consecutive B-scans. The averaging
of multiple scans reduces the background noise and
improves the quality of the signal. The report displays
global average thickness, thickness in four quadrants and
thickness in six sectors. With the Cirrus HD-OCT system,
the deviation map compares the RNFL measurements at
each super-pixel with an age-matched normative database,
and locations under the lower 95% of the normal range
are signalled. Quantitative ONH parameters are provided
in the center panel of the scan report, with color-coding
reflecting the comparison with the age-matched normative
database (green depicts average measurements within
normal limits; yellow depicts average measurements within
borderline limits and red represents average measurements
outside borderline limits). Normal RNFL thickness is
approximately 105 pm with an estimated physiological
loss due to aging of about 0.017% per year from age 18
onwards, translating in a 10- to 20-pm loss over a period of
60 years (31).

Ganglion cell—IPL thickness measurement and analysis

The inner retinal complex is defined as the combination of

© Annals of Eye Science. All rights reserved.

Annals of Eye Science, 2020

RNFL, GCL and IPL. In 1963, van Buren described the
development of retrograde trans-synaptic degeneration
incurred as a reaction to damage of the post-geniculate
afferent visual pathways (32). OCT segmentation
measurements of GCL thinning with subtle changes of the
INL provide a quantifiable measurement of pre-geniculate
visual pathway dysfunction, and may provide an indirect
visualization of retrograde trans-synaptic degeneration iz
vivo (33-35). Cirrus HD-OCT extracts the information
from an ellipse (vertical radius of 2 mm, horizontal radius
of 2.4 mm) centered on the fovea, providing a combined
measurement that includes the GCL layer and the IPL.
RTVue (Optovue, Fremont, US) segments the GCL
complex that includes the macular RNFL, GCL and IPL
layer. The data is captured from a 7-mm’ area centered 1
mm temporal to the fovea. Spectralis SD-OCT (Heidelberg
Engineering, Heidelberg, Germany) measures the GCL
layer via automated segmentation of perifoveal volumetric
retinal scans, usually comprising high resolution 20° x 5°
volume scans (49 B-scans 30 microns apart, 1,024 A scans).
Imaging quality is improved by automatic real time (ART), a
setting that reduces noise by averaging multiple B-scans and
an eye-tracking modality, Tru-Track, which improves the
reproducibility of the scan. Repeatability and reproducibility
of automated total retinal thickness measurements using SD-
OCT has been demonstrated in healthy individuals as well as
those with ocular disorders (36). Compared to other OCT
instruments, the Spectralis SD-OCT presents the highest
reproducibility of automated crude central foveal thickness
measurement (Figures 4-6) (37).

The most sensitive early indicator of early damage
to the anterior visual pathways is the assessment of the
macular ganglion cell inner plexiform layer (mGCIPL).
This is especially useful when assessing patients with optic
neuropathies, both in the acute and chronic stages and
disorders of the anterior visual pathways. Ganglion cell loss
has been reported to occur 6 weeks after the initial insult in
most cases (38). Thickness measurements of the mGCIPL
have been found to correlate better with structure and
function and the area of presenting visual field loss, at least
in part due the superior reproducibility of GCIPL over
RNFL thickness measurements (39,40).

In cases where optic disc edema is seen at onset, such as
in ischemic optic neuropathies and optic neuritis, the loss
of RNFL is masked by disc swelling, rendering mGCIPL a
more reliable indicator of early damage. More specifically,
in ischemic optic neuropathy, the thinning of mGCIPL
has been shown to occur as early as 2.2 days after onset
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Figure 3 SD-OCT RNFL exam report in a 66-year-old male with left compressive optic neuropathy. Supero-nasal RNFL thinning is
present in the left eye, correlating with the visual field deficit. OD, right eye; OS, left eye; RNFL, retinal nerve fibre layer; SD-OCT,

Spectral-domain optical coherence tomography.
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Figure 4 Display software of serial mGCL density SD-OCT segmentation analysis (1, 2.22, 3.45 mm volume scan) in a healthy,

asymptomatic patient. The average volume change shows no significant change in mGCL density. mGCL, Macular ganglion cell layer; SD-

OCT, spectral-domain optical coherence tomography.

of symptoms, whereas the mGCIPL map was abnormally
thinner in 62.5% of eyes at presentation (41). In 2017,
Petzold er al. (35) performed a meta-analysis of available
published reports on OCT in patients with MS and found
thinning of the pRNFL in eyes with a history of acute optic
neuritis secondary to MS (MSON) (mean difference 20.1
pm) and in eyes without a history of acute optic neuritis
secondary to MS (MSNON) (mean difference 7.41 pm,
8.98 to 5.83; P<0.0001). In patients with a history of acute

© Annals of Eye Science. All rights reserved.

optic neuritis secondary to MS, mGCIPL was 16.42 pm for
MSON eyes and -6.31 pm for MSNON eyes compared
with control eyes. These results correlate directly with the
earlier meta-analysis that described thinning of the pRINFL
in MSON eyes (35,42). As expected, no statistical difference
in the thickness of the combined outer nuclear layer and
OPL was observed when comparing MSON and MSNON
with healthy eyes.

As previously mentioned, the pattern of mGCIPL loss
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ganglion cell layer; SD-OCT, Spectral-domain optical coherence tomography.

is in keeping with the subjective and objective visual field
loss, which in itself can aid in the diagnosis. For instances,
in cases of compressive chiasmal compression, the pattern
correlates with the bitemporal hemianopic defect in most
cases. In cases of non-arteritic anterior ischemic optic
neuropathy (NA-AION), the mGCIPL thinning mirrors
the visual field deficit, which present often as altitudinal
defects (Figure 6).

© Annals of Eye Science. All rights reserved.

Besides its diagnostic value, assessment of the mGCIPL
is also useful in serial monitoring of patients. Documented
progression on OCT of ganglion cell loss in patients with
documented mGCIPL thinning should prompt further
assessment on possible causative mechanisms, in a fashion
that is more reliable than serial perimetric assessment. For
instance, in Leber hereditary optic neuropathy (LHON),

mGCL thinning has been shown to precede visual loss,
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while in the acute stages, the pRNFL is increased in
thickness. Therefore, assessment of the mGCL in a clinical
scenario where the pRNFL is thickened should raise the
suspicion of LHON (43).

Considerations when assessing pRNFL and GCL
measurements

Physicians should be aware of the limitations inherent to
automated GCL and pRNFL segmentation scans, taking
these into account to minimize erroneous assessment and
interpretation errors.

Automated segmentation may be affected by the quality
of the OCT image, below the acceptable range stated by the
OCT manufacturer (44). This should be considered when
examining individuals in whom the image quality is poor,
for example due to media opacities.

"The center of the fovea that is assumed by the OCT software
does not always correspond to the retinal locus of fixation (45,46),
with deviations of approximately 60+50 pm between fixation
and the center of the foveal avascular zone (47). In some cases,
manual location of the fixation point for foveal thickness
measurements should be performed in order to correlate
some measure of visual function at fixation with macular
structure at the corresponding retinal locus (37).

OCT segmentation software algorithm automatically
detects the pRINFL and GCL. In some cases, particularly in
eyes with ocular pathology, the software incorrectly detects
the correct boundary of the RNFL and GCL. In these
cases, it might be more appropriate to manually correct
the boundaries, which has been shown to have good inter-
observer repeatability (37). The use of the eye tracker and
retest software application has been shown to improve the
reproducibility of RNFL measurements (48).

Repeatability of automated segmentation measurements
has been demonstrated to differ across OCT devices and
employed scan protocol (49). It is thus paramount to
monitor patients using a constant method and similar OCT
device. Furthermore, ocular pathology and low vision affects
fixation and secondary measurement variability which could
be misinterpreted as true clinical progression (50). Likewise,
caution should be exerted when assessing retinal thickness
changes occurring away from the immediate foveal zone (51).

Finally, in GCL analysis, the assessor should be familiar
with the inner and outer retinal morphology of the macula.
The individual inner and outer retinal layers appear to be
symmetrical at low eccentricities, whereas at 5° eccentricity,
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significant differences are found in the thickness of RNFL,
GCL, INL, ONL and IRL.

Advances in OCT
SS-OCT

SS-OCT, a form of Fourier domain technology, obtains
time-encoded spectral information by sweeping a narrow-
bandwidth laser through a broad optical spectrum.
Compared to SD-OCT, SS-OCT is less prone to signal
attenuation along the axial path which in turn results in
better image quality along the axial path. Tissue penetration
is a major advantage of SS-OCT systems, due to the use
of a light source less sensitive to scattering, centered at a
~1,050-nm wavelength in contrast to ~840 nm in SD-OCT.
Visualization of deep structures such as the choroid (52-65)
and lamina cribrosa (66-70) is thus enhanced. Increased
scanning speed results in a shorter scanning time and
reduction in motion artefacts.

In neuro-ophthalmology, SS-OCT has been applied in
the visualization and characterization of patients with ODD
and in the differentiation between pseudo-papilledema
and papilledema (71-73). It has also revealed important
insights regarding the anatomy of the lamina cribrosa and
microstructural changes incurred upon RNFL thinning and
secondary visual field loss (74).

OCTA in neuro-ophthalmology

OCTA is a relatively recent OCT-based method that is
increasingly being used in the assessment of patients with
retinal vascular pathology. The use of OCTA in clinical
neuro-ophthalmology remains limited, however, this is
expected to change as the technique becomes more capable
of providing pathophysiological explanations for some of
the unanswered research and clinical questions in the field
of vascular neuro-ophthalmic diseases.

OCTA images are motion-contrast images that rely on
the variable backscattering of light from the vascular and
neurosensory tissue in the retina. The inherent movement
of the tissue dictates the intensity and phase of backscattered
light from retinal tissue changes. Repeated scans are
performed at the same location in order to differentiate
moving particles from static tissue and the ensuing temporal
changes of the OCT signal caused by these moving particles
generate the angiographic contrast. OCTA employs two
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methods for motion detection: amplitude decorrelation or
phase variance. Amplitude decorrelation detects differences
in amplitude between two different OCT B-scans. Phase
variance is related to the emitted light wave properties, and
the variation of phase when it intercepts moving objects.
In retinal tissue, most movement is generated by red blood
cells. After Fourier transform, the OCT signal contains
amplitude (intensity) and phase information. Different
components of the OCT signal are then devised by Fourier
transform. They can be separated into three categories:
phase-signal-based OCTA, intensity-signal-based OCTA,
and complex-signal-based OCTA. Two averaging methods
are applied to reduce background noise from normal eye
movements, the split spectrum amplitude decorrelation
technique and volume averaging. These OCTA algorithms
produce an image (3 to 12 mm’) that is segmented into four
zones: the superficial retinal plexus (including the superficial
radial peripapillary capillaries and inner vascular plexus
within the GCL), the deep retinal plexus, the outer retina,
and the choriocapillaris (75). A detailed description of the
principles of OCTA is beyond the scope of the article but
can be found in other sources (76).

The resolution and detail of the iz vivo vascular network
images produced by OCTA approach those of histological
samples. Significant advances in the understanding of the
retinal vasculature have been made based on OCTA findings.
In neuro-ophthalmology, OCTA assessment of peripapillary
radial capillary network is particularly relevant, considering this
is not visualized on fluorescein angiography (77). Peripapillary
radial vessels are located in the RNFL, superficial to the 3D
network of capillaries within the inner retina. In humans,
these capillaries are known to stem from circumpapillary
arterioles and not from vessels within the disc. They are
particularly susceptible to fluctuations in intraocular pressure
(IOP) and correlate with RNFL thickness (78). Figure 7
exemplifies the OCTA analysis display in a healthy subject.

As expected, most studies on ONH microcirculation
used glaucomatous optic neuropathy as a disease model.
Indeed, reduced perfusion and reduced vessel density of
the full-thickness ONH have been found to correlate with
RNFL, ganglion cell complex, visual field mean deviation,
and visual field index (79). A different approach assesses
the pre-laminar blood flow, and takes into account the
contribution of vessel area to the flow index of the ONH,
the so-called normalized flux (80). The peripapillary
(capillary) microcirculation is less prone to artefacts from
large blood vessels and ONH structural variation and thus
many studies described changes in flow and density with
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progressive glaucomatous damage. It remains unanswered
whether this occurs secondary to the loss of ganglion cells
or whether microcirculation changes could be used to
demonstrate early reversible changes that if left untreated
will lead to downstream ganglion cell loss.

In neuro-ophthalmology, numerous studies have
emerged in which OCTA is applied in cases of ischemic,
inflammatory and inherited optic neuropathies. Reduced
perfusion has been found in MSON patients when
compared to MSNON and healthy controls (81). ONH and
peripapillary microcirculation reduction has been shown in
patients with NA-AION (82,83). In these patients, only the
peripapillary microcirculation correlated with pRNFL and
visual field deficit. Improvement in visual function has been
found to be associated with partial recovery of peripapillary
vascular flow, suggesting a possible clinical application of OCTA
to monitor visual recovery in NA-AION patients (84). In acute
arteritic anterior ischemic optic neuropathy (A-AION),
dilation of the superficial peripapillary capillaries has been
described as a non-specific sign, possibly due to short
posterior ciliary arterial compromise resulting in luxury
perfusion or hyperperfusion, or decreased optic nerve
perfusion leading to centrally-mediated autoregulatory
mechanisms. Focal non-perfusion of superficial and deep
retinal capillaries has also been reported in A-AION. The
combination of focal non-perfusion coupled with superficial
peripapillary capillary dilation on OCTA may provide
diagnostic clues when assessing patients with suspected
A-AION (85). In eyes with optic atrophy secondary to prior
papilledema (86) reduction in peripapillary microcirculation
was observed in keeping with the observed pRNFL
loss. In LHON and autosomal dominant optic atrophy
(ADOA), reduction in peripapillary perfusion is observed in
established cases as well as the typical telangiectatic changes
seen in acute cases of LHON (87-92).

Adaptive optics OCT (A0-OCT)

AQO is a technique that measures and corrects ocular
aberrations in real time using a deformable mirror.
Bypassing ocular imperfections across a dilated pupil,
to minimize diffraction, results in an unprecedented
lateral resolution (2-3 pm), enabling the visualization
of individual cells en face. This technique has become
a valuable ophthalmic research tool, and it is expected
that further developments will ultimately result in its
widespread use in the clinical setting.

The gain in axial resolution when AO is combined
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Figure 7 Display software of OCTA (3x3 mm) analysis of superficial vascular plexus of optic nerve head in a healthy subject acquired by
Zeiss Cirrus HD-OCT 5000 (Zeiss Meditec, Dublin, CA, USA) with Angioplex. OCTA, optical coherence tomography angiography.

with OCT, AO-OCT, renders a new way of studying the
3D microscopic structure of the retina, with reduced
speckle size and increased sensitivity to weak reflections.
AO-OCT combinations include time-domain en face (xy)
flood-illumination OCT using an aerial charge-coupled
device (CCD), time-domain tomographic scanning (xz)
ultrahigh-resolution OCT, time-domain en face scanning
OCT, high-resolution SD-OCT, ultrahigh-resolution
SD-OCT and SS-OCT. A detailed description of the
principles of AO-OCT is beyond the scope of the article
but can be found in other sources (93).

Besides its widespread use in the field of retinal research,
AO-OCT systems have been used to study optic neuropathies
(94,95). AO-OCT allows the capture of volume images of
structures that would otherwise only be visible with histology,
such as the RNFL, microstructures in the GCL and Henle’s
fibre layer and the pores of the lamina cribrosa.

© Annals of Eye Science. All rights reserved.

Conclusions

The capabilities and scope of OCT applied to neuro-
ophthalmology are expanding at a steady pace.
The implementation of OCT has revolutionized
ophthalmology and undoubtedly neuro-ophthalmology
will continue to benefit from continued application of
OCT in neuro-ophthalmic research and in the clinical
management of patients with neuro-ophthalmic disorders.
Selecting the appropriate OCT technique depends
on the specific clinical query. Despite the increasing
technological advances, critical questioning of computer-
generated information must be integrated into the clinical
context. This is crucial for the correct interpretation
of findings and optimization of diagnostic accuracy, so
that OCT leads to a paradigm shift in the diagnosis and
monitoring of neuro-ophthalmic diseases.
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