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ABSTRACT | Evaluation of the optic disc is important for the
correct diagnosis and follow-up of optic neuropathies, especially
glaucoma. The characteristics of the optic disc depend on various
factors, including demographic and population aspects, and
analysis of these characteristics may vary according to the methods
used. The size and format of the neural rim along with the nerve
fiber layer are important to the clinician’s judgment regarding the
susceptibility of the subject to develop glaucoma. In this study,
we reviewed the literature to summarize the main methods and
its characteristics in the evaluation of the optic nerve head.

Keywords: Glaucoma; Optic nerve; Optic nerve disease; Optic
disk

RESUMO | A avaliagdo do disco 6ptico é de suma importancia
para o diagnostico correto e acompanhamento de neuropatias
Opticas, especialmente o glaucoma. Caracteristicas do disco
6ptico dependem de uma grande variedade de fatores, incluindo
aspectos demograficos e populacionais, e também podem variar
de acordo com os métodos usados. Tamanho e formato da rima
neurorretiniana junto com a camada de fibras nervosas sao
importantes ao julgamento clinico a respeito da susceptibilidade
do paciente desenvolver glaucoma. Nesse estudo, nés revisamos a
literatura para resumir os principais métodos e suas caracteristicas
para a avaliacdo da cabeca do nervo 6ptico.

Descritores: Glaucoma; Nervo 6ptico; Doenga do nervo 6ptico;
Disco 6ptico

INTRODUCTION

Glaucoma is a multifactorial optic neuropathy whose
diagnosis depends on the assessment of risk factors and
particularities of the eye examination™. The knowledge
of the nuances of the optic nerve head has played a main

Submitted for publication: July 1, 2020
Accepted for publication: May 27, 2021

Funding: This study received no specific financial support.

Disclosure of potential conflicts of interest: None of the authors have any potential
conflicts of interest to disclose.

Corresponding author: Carolina P. B. Gracitelli
E-mail: carolepm@gmail.com

role in the early perception of the disease, in addition
to the functional characterization of the visual field®.

Knowledge about the optic disc is extremely im-
portant for detecting optic neuropathies®. Evaluations
of the size and shape of the optic papilla provide in-
formation that increases the diagnostic chances and
helps monitor diseases such as glaucoma”. Anatomical,
epidemiological, and technical variations may interfere
in the evaluation of the optic disc and neuroretinal rim.
The size and characteristics of the disc influence the
probability of diagnosis of glaucomatous disease®*.

As one of the most prevalent optic neuropathies and
causes of blindness in the world, glaucoma became an
important condition that requires prompt detection by
structural analysis of the optic nerve head™. The cha-
racteristics of the papilla, such as its size and shape,
and its neuroretinal rim and cup may correlate with
glaucoma”. However, these variables may differ de-
pending on the evaluation method used®, which limits
comparisons between studies using different technolo-
gies. In this narrative review, we critically analyzed the
anatomical aspects of the optic disc and the tools for
proper evaluation.

SIZE AND FORMAT OF THE OPTIC DISC
Size

The disc area correlated with axial size and refrac-
tive error in some studies®?. After the age of 10 years,
age loses its influence on the anatomy of the optic disc,
and a previous study showed no relationship between
age and sex, height, visual acuity, and the depth of the
anterior chamber®. Zangwill et al. reported that larger
optic discs had a stronger correlation with African-
American ethnicity than with other races®. Previous
studies®® also reported that a larger disc has a thinner
neuroretinal rim and larger cup. On the other hand, the
Ocular Hypertension Treatment Study suggests that

This content is licensed under a Creative Commons Attributions 4.0 International License.

636 Arg Bras Oftalmol. 2022;85(6):636-43

http://dx.doi.org/10.5935/0004-2749.20220080


https://orcid.org/0000-0003-4259-5244
https://orcid.org/0000-0001-5086-9060

Machado LF, et al.

African Americans’ increased susceptibility to develo-
ping glaucoma is influenced by other variables, as this
study ruled out disc size as a risk factor of the disease.
With respect to the influence of sex on the optic disc
features, the literature is inconclusive about the existen-
ce of a disparity between the sizes of the optic discs in
men and women?.

Although a strong correlation was observed between
aging and the development of glaucoma, the rela-
tionship between age and increased or decreased optic
nerve dimensions has not been proven.

Regarding the refractive error, myopia is a well-
documented risk factor for development of glaucoma.
In comparison with emmetropic globes, myopic eyes,
mainly those with ammetropia >-5 diopters, may have
tilted, elongated, and larger optic discs, probably due to
the stretching during eye growth®+,

Optic disc and cup

The disc shape is slightly vertically oval and has no
correlation with sex, age, body weight, or height. A
study"? with an open-angle glaucoma group suggests
that glaucoma susceptibility does not depend on the
shape of the optic disc. Primary macrocups generally
lead to macrodiscs but may also appear as a glaucoma
disc. Highly myopic patients may present secondary
highly myopic macrocups due to the stretching of the
optic nerve head"?. The physiological cup tends to
have a horizontal oval shape, and the presence of a cup
augmented vertically cup or enlarged in all directions
are characteristics of glaucomatous neuropathy, as they
may suggest loss of nerve fibers. However, not all large
cups are representative of glaucoma, as a large disc may
have a large cup and a healthy neuroretinal rim. Thus,
classifying the size of the disc is fundamental for the
interpretation of findings under the suspicion of glauco-
ma. The proportion between the sizes of the optic disc
and its cup, so-called cup-to-disc ratio, is probably one
of the most popular features noted by clinicians in the
evaluation of the optic nerve head. Large cups in large
optic discs tend to be more frequently diagnosed as
glaucomatous nerves; however, small discs with initial
or even moderate glaucoma may be inadvertently con-
sidered as normal. According to Zangwill et al., the
cup-to-disc ratio is quite variable in the population®,
and when the cup-to-disc ratio is adequate, the pro-
portions of normal and glaucomatous eyes overlap.
The contour of the cup must be determined during the

background biomicroscopic examination to avoid re-
lying only on color and to monitor the paths of vessels
and their final kink on the cup edge.

NEURORETINAL RIM

Individuals without optic neuropathy usually have a
pink or orange neuroretinal rim of uniform diameter.
The rim seems to decrease with age and with increased
intraocular pressure. One of the findings of the study
by Jonas et al. that included normal eyes is the well-
known pattern of neural rim in which the inferior area
is larger than the superior area, followed by the nasal
and, finally, the temporal area, which is called the ISNT
pattern?”. The configuration of the neural rim may be of
greater value than the simple analysis of the optic disc
area in the detection of initial glaucoma. A generalized
decrease in the rim associated with increased cupping
may represent an early sign of glaucomatous damage.
The neuroretinal rim loss in the glaucoma disc generally
initiates in the inferior or inferotemporal and superior
or superotemporal sectors'?. However, as the anatomy
of the optic nerve head varies widely among individuals,
some features may confound the analysis of the neuro-
retinal rim. Oblique insertion of the optic disc in nearsi-
ghted individuals distorts the expected normal distribu-
tion of the fibers and may violate the ISNT rule, which
reduces the temporal rim, indicating localized thinning.
In addition, the gray crescent, most usually found in the
temporal or lower temporal region of the neural rim, is a
normal variation that can be interpreted as pathological
thinning and is more frequent in individuals of African
descent®. The neuroretinal rim is an essential parameter
for monitoring the disc, and the susceptible regions of
the rim must be carefully evaluated®.

Correlation of the optic disc size with the
neuroretinal rim

No consensus has been reached regarding the corre-
lation between the size of the disc and the amount of
nerve fibers. However, Jonas et al. suggested that the
larger the optic disc, the greater the number of layers of
nerve fibers?”. The large clinical trial Blue Mountains Eye
Study showed that the cup-to-disc ratio is positively as-
sociated with the diameter of the disc; thus, larger optic
discs also have larger vertical cup-to-disc ratios"®. The
disc size correction required for quantifying the optic
disc dimensions must be addressed when analyzing
these variables for the detection of glaucomatous da-
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mage"”. Whether disc size is an independent risk factor
of glaucoma is controversial®. The disc size is known to
vary widely between populations, individuals, and the
eyes of the same individual"®. An alternative to evalua-
tion method for the neuroretinal rim is the disc damage
likelihood scale (DDLS), a grading system for estimating
the degree of optic nerve glaucomatous damage®. The
scale divides discs into sizes and is based on the width of
the rim. A Brazilian study demonstrated good accuracy
in the evaluation of the vertical and horizontal cup/disc
in the discrimination of healthy and glaucomatous eyes
using the DDLS"®. The susceptibility to glaucomatous
neuroretinal rim loss may be partially caused by the dis-
tance to the exit of the central retinal vessel trunk on the
lamina cribrosa surface. The glaucomatous loss of the
neuroretinal rim can be related to the longer distance
to the central retinal vessel trunk exit®.

PALLOR OF THE OPTIC DISC

The area of the cupping and pallor of the optic disc
are usually considered the same in most normal eyes;
however, this cannot be true in eyes with glaucoma
or neurological disease. According to Schwartz"”, the
area of pallor is larger or equal to the area of the cup
in eyes with neurological diseases, and the opposite
occurs in glaucomatous eyes. In several glaucoma discs,
cupping extends to the area of color contrast. During
the ophthalmologic examination, the deviation of small
vessels indicates cupping, whereas the absence of these
vessels indicates pallor”.

LAMINA CRIBOSA

Some of the main signs of cribriform lamina are
represented by posterior protrusion, presence of stria-
tions, and pore exposition. Although they are more
commonly found in glaucomatous eyes, they are not
specific and can also be found in normal optic nerves.
The presence of these signs especially with other glauco-
ma signs such as cup asymmetry must raise a suspicion
of a glaucomatous optic nerve!'®'9.

VASCULAR SIGNS

The variability of the blood vessel position in the
optic disc does not allow a specific standardization.
However, some aspects such as a vascular trunk exit
dislocated nasally may be indicative of glaucoma. The
distance between the retinal vascular trunk and the neu-
roretinal rim may be one of the factors that affect the
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susceptibility to local rim loss. Vascularization of the op-
tic disc depicts some less-specific signs of glaucoma but
may help in the early detection of the disease. Some of
these signs are as follows®: 1) Baring of the circumlinear
blood vessels, which suggests rim loss in the sector. As
the cupping increases, the circumlinear vessel no longer
rests on the rim edge and becomes bared. 2) Bayonet
vessel: a sign usually observed in more advanced stages
of glaucoma in which the path of the vessel draws a 90°
angle when entering the edge of the optic nerve as a
result of substantial localized neural loss. 3) Overpass
vessel: vessel without support due to loss of neural rim.
4) Disc hemorrhage: rare in normal eyes, with only 4%
to 7% of glaucoma patients having intradisc or peridisc
hemorrhage over the course of the disease“”, which ty-
pically progressively disappears within a few weeks. Al-
though this feature is not pathognomonic of the disease,
it represents a major risk factor for developing glaucoma
in hypertensive ocular patients and for the progression
of glaucoma. Disc hemorrhage is strongly suggestive of
glaucoma diagnosis when associated with increased in-
traocular pressure; however, it is also a common feature
in normotensive patients with glaucoma®.

PARAPILLARY CHORIORETINAL ATROPHY

Peripapillary atrophy represents a complete loss of
the retinal pigment epithelium (RPE) and is one of the
disc characteristics that may be helpful in differentiating
between glaucomatous and non-glaucomatous optic
nerves and is associated with axial myopia®". Peripheral
peripapillary chorioretinal atrophy (alpha zone), an irre-
gular hypopigmentation and hyperpigmentation of the
RPE, and intimated thinning of the choriorretinal tissue
layer, are present in almost all normal eyes®?. The beta
zone, an inner atrophy of the RPE and choriocapillaris
but with intact Bruch’s membrane (BM), is more often
found in glaucomatous eyes®?. The gamma zone is pa-
rapapillary atrophy without BM and between the optic
disc border and the edge of the BM that may be more
associated to scleral stretching in myopia®?. Figure 1
lllustrates peripapillary atrophy alpha and beta zones
with disc hemorrhage in a patient with highly myopic
glaucoma. The bottom image shows the bayonet vessel.
The baring of the circumlinear vessels is also shown.

OPTIC DISC EVALUATION METHOD

The size of the optic disc image depends on the
magnification of the instrument and the properties of



Machado LF, et al.

Figure 1. Peripapillary atrophy: alpha and beta zones. Disc hemorrhage in a patient with highly myopic glaucoma (arrow). Bottom: Bayonet

vessel (arrow). Baring of the circumlinear vessels.

the eye itself. Refractive error, corneal curvature, and
axial length can affect measurements”. Some indirect
measurement methods are indirect biomicroscopy with
distinctive accessory lenses (78, 90, or 20 diopters),
ophthalmoscopy with confocal scanning laser, and
optical coherence tomography (OCT). The only direct
method of estimating optic nerve size would be during
vitreoretinal surgery. All methods have advantages, li-
mitations, and magnification corrections, which will be
described in the following sections and in table 1.

Slit-lamp indirect biomicroscopy

The procedure is performed dynamically with a slit
lamp by using ancillary lenses. The light beam is projec-
ted coinciding with the edges of the disc vertically and
horizontally, taking care to exclude the scleral ring. The
quantitative measurement can be obtained considering
the correction of each lens (90, 78, and 60 diopters).
The slit-lamp measurement is multiplied by 1.3, 1.2,
and 0.88, respectively®. This method magnifies the

nerve and provides good illumination and stereoscopic
vision, but can be difficult to perform in children and
non-cooperative patients. In such cases, indirect
ophthalmoscopy can be used, but important details
of the nerves may be missed. In 2019, Colicchio et al.
demonstrated better diagnostic accuracy for glaucoma
and visualization of the cup and disc when examining
the optic nerve with background biomicroscopy under
mydriasis, suggesting that this examination be perfor-
med with a dilatation of the pupil whenever possible®.

Stereoscopic photography

This is the most reliable method for documenting
glaucomatous optic atrophy. Comparison of serial-
colored stereoscopic photographs of an optic disc is
considered the gold standard for assessing the pro-
gression of glaucoma®?®. Surprisingly, studies have
shown that glaucoma specialists do not routinely obtain
stereoscopic photographs of discs in clinical practi-
ce®39, Two photos are taken in sequence with an Allen
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Table 1. Comparison between the methods

Advantages

Disadvantages

Slit-lamp indirect biomicroscopy - Stereoscopic vision

- Magnifies the nerve

Stereoscopic photography - Most reliable documenting method

- Gold standard for assessing progression

optic coherence tomography
reference plan

- Difficult to perform in children and non-cooperative patients
- May need mydriasis

- Interobserver variability
- High image quality required

- Fast, noninvasive, and noncontact-does not require a - Artifacts: speckle noise, segmentation and alignment errors, low

signal quality, and media opacities

- High sensitivity and specificity (90%)-good functional/

structural correlation

- Noninvasive method
- Accessible
- Useful in opaque media

Ultrasonography

- Few optic nerve details

separator or simultaneously with two cameras in slightly
different angles. The advantages of this method are as
follows: 1) not as expensive as other methods; 2) colors
help identify the limits of the cup and neural rim and
detect hemorrhages and peripapillary atrophies; and
3) allows comparison of the photos over time33". The
main disadvantages are the considerable interobserver
variability and high image quality required®". A recent
study by Mwanza et al. assessed the agreement between
indirect biomicroscopy and stereoscopic photographs
taken by glaucoma specialists. In this study, 505 optic
disc photos were analyzed, and a wide variation between
measurements was found, which suggested poor agree-
ment among almost all the parameters examined. Follo-
wing this rationale, the authors proposed that glaucoma
should be monitored with a single method instead of
migrating from one method to another®'=3¢,

Optical coherence tomography

A low-coherence infrared light beam generates cross-
sectional images of the optic nerve head and forms a se-
quence of signals similar to that generated by a B-mode
ultrasonography device. It is a noninvasive, noncontact
technology and does not require a reference plane®”.
Although it allows visualization of the microstructures
in the optic nerve head and provides a different analysis
of the optic disc, the most used and studied parameter
in glaucoma is still the peripapillary retinal nerve fiber
layer thickness. In this analysis, the thickness measure-
ments of the nerve fiber layer around the optic disc in
each image were compared with those in the normative
database. The advent of spectral-domain OCT and then
Swept-Source OCT led to the enhancement of image
resolution, increase in the signal-to-noise ratio, reduc-
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tion in acquisition time, wide-angle scans with large
posterior pole areas, and improvement in measurement
reproducibility. Despite these improvements, OCT is
prone to limitations such as artifacts as speckle noise,
segmentation and alignment errors, low signal quality,
and media opacities®?. Ocular diseases such as myopia,
age-related macular degeneration, or macular druse
may induce other artifacts and lead to difficult inter-
pretations. Studies have reported that measuring topo-
graphic optic disc parameters and neurofiber thickness
may be less effective in the diagnosis of glaucomatous
or non-glaucomatous eyes with high myopia®”. Segmen-
tation of the optic nerve head has improved with a new
software reference of the fovea’s position and BM as the
anatomical parameter. The BM opening minimal rim
width has a close association with functional changes
and better ability of detecting early glaucoma®®. OCT
has a sensitivity and specificity of approximately 90%%"
and good functional/structural correlation, depending
on the number of patients included and the parameters
studied. Recently, an application of OCT has been exten-
ded to angiography and blood flow measurement. OCT
angiography (OCT-A) is used to evaluate retinal vascular
abnormalities and has been found to reduce retinal per-
fusion on the optic nerve head and peripapillary retina
in glaucomatous patients“?. The main limitations of
OCT-A are due to the artifacts from blood flow fluctua-
tions. Although OCT-A represents a new technology, its
clinic value to glaucoma evaluation remains to be deter-
mined. The consensus of the World Glaucoma Associa-
tion considers OCT as the best imaging device for nerve
fiber layer measurement to detect and monitor the optic
nerve damage in primary open-angle glaucoma. Figure 2
depicts an OCT Cirrus 500 printout.
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Figure 2. Cirrus 500 printout of the optical coherence tomography image.

Ultrasonography

Ultrasonography has been widely used in inves-
tigations related to the diameter and, contiguously,
sheath of the retrobulbar optic nerve in glaucomatous
optic neuropathy“'#¥. Reduced sectional dimensions
in patients with glaucoma as compared with healthy
individuals were attributed to the loss of nerve fibers
that occurs in this disease. It is a noninvasive and easily
accessible method, which can be used to investigate
the disease, especially in cases where the morphology
of the optic disc does not allow a conclusive diagnosis
or in the presence of opaque media, which makes

visualization of the optic nerve head difficult or even
impossible“**¥. Figure 3 illustrates an example of an
optic nerve head observed on ultrasonography.
Glaucoma is an ocular disease that ophthalmologists
must be knowledgeable of. The optic disc anatomy and
evaluation are key to obtaining useful information from
examinations. The aim of this study was to summarize
the current literature on the analysis methods used for
characterizing optic disc nerve head. Anatomy studies
reported little information about the evaluation of
the glaucomatous optic disc signs and epidemiology
but showed the great variability and evolution of the
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Figure 3. Ultrasonography image of the optic nerve head.

evaluation methods. Some authors first used slit-lamp
biomicroscopic examination and even ultrasonography
to analyze and establish a suspicion of glaucoma in the
optic nerve. Although stereophotos remain important
for the documentation and follow-up of the optic nerve
head, other examinations such as the more recent OCT
provide more advanced additional quantitative and
qualitative information about a suspected glaucomatous
optic nerve head. In conclusion, the combination of
careful anatomical examination and updated analysis
methods may provide the best glaucoma evaluation of
the optic disc.
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