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The Optic Nerve in Glaucoma

Ivan Marjanovic
University Eye clinic, Clinical Centre of Serbia
Belgrade

1. Introduction

To recognize and to assess glaucomatous changes at the optic nerve, it is important to know
the characteristics of the normal optic disc. As in the other biological variables, the
appearance of the optic disc varies widely among healthy individuals. This fact is
complicate the recognition of the pathological changes.

‘Optic Disc’ is frequently used to describe the portion of the optic nerve clinically visible on
examination. This, however, may be slightly inaccurate as “disc” implies a flat, 2 dimensional
structure without depth, when in fact the ‘optic nerve head’ is very much a 3 dimensional
structure which should ideally be viewed stereoscopically.

Healthy ©hptac [hs

Fig. 1. Posterior part of the left eye. The veins are darker in appearance than the arteries.
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148 The Mystery of Glaucoma

The optic nerve itself is a cylindrical structure of approximately 50mm in length, between

the retina and the optic chiasm. This can be divided into 4 main parts:

1. Intraocular (the optic nerve head)

2. Intraorbital (between globe and optic canal)

3. Intracanalicular (within the optic canal)

4. Intracranial (between optic canal and chiasm)

The optic nerve head, or disc, is defined as the distal portion of the optic nerve extending

from the myelinated portion of nerve that begins just behind the sclera, to the retinal

surface. Typically, it is slightly oval with the vertical diameter being about 9% greater than

the horizontal. On average the vertical disc diameter is approximately 1500 micrometers,

although this may be greater in a myopic eye and less in a hypermetropic eye.

This can also be divided into 4 component parts:

1. Superficial nerve fibre layer - contiguous with the nerve fibre layer of the retina

2. Prelaminar area - consists of nerve fibre bundles and astroglia, which form sheaths
around each bundle

3. Laminar (Scleral) portion - contains a modification of sclera called the Lamina Cribrosa.
This is made up of sheets of connective and elastic tissue, and contains fenestrations
which give passage to the nerve fibre bundles and retinal blood vessels. It also serves to
maintain intra-ocular pressure (IOP) against a gradient between the intra-ocular and
extra-ocular spaces.

4. Retrolaminar portion - myelinated nerve fibres, circumscribed by leptomeninges of the
CNS.1

Fig. 2. The terminal portion of the optic nerve and its entrance into the eyeball, in horizontal
section.

Fig. 3. Schematic diagram of the human eye, with the optical disc, or blind spot, at the
bottom.
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The Optic Nerve in Glaucoma 149

Optic Disc Basic Examination

When assessing a disc for glaucoma there are many subtle characteristics which should be
examined. There are also various ways to examine the optic disc.
For an assessment of the optic disc, there is “the 3 Cs” rule- the cup, colour and contour.

The Contour

The borders of the optic disc should be clear and well defined. If not one becomes concerned
that the disc may be swollen such as in the case of papilloedema - disc swelling secondary to
raised intracranial pressure. Alternatively, the disc margins may appear blurred due to
presence of optic disc drusen.

The Colour

Typically the optic disc looks like an orange-pink donut with a pale centre. The orange-pink
appearance represents healthy, well perfused neuro-retinal tissue. There are many
pathological reasons why a disc may lose this orange-pink colour and appear pale ie optic
atrophy. These include advanced glaucoma, optic neuritis, arteritic or non-arteritic
ischaemic optic neuropathy or a compressive lesion.

The causes of an optic neuropathy can be remembered by NIGHT TIC:

Neuritis

Ischaemic

Granulomatous

Hereditory

Traumatic

Toxic

Irradiation

Compression

The Cup

The disc has an orange-pink rim with a pale centre. This pale centre is devoid of
neuroretinal tissue and is called the cup. The vertical size of this cup can be estimated in
relation to the disc as a whole and presented as a “cup to disc ratio”. A cup to disc ratio of
0.3 ( i.e. the cup occupies 1/3 of the height of the entire disc ) is generally considered
normal, and an increased cup to disc ratio may indicate a decrease in the quantity of healthy
neuro-retinal tissue and hence, glaucomatous change.
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150 The Mystery of Glaucoma

The optic disc (or optic disk optic nerve head, optic papilla or blind spot) is the location
where ganglion cell axons exit the eye to form the optic nerve. There are no light sensitive
rods or cones to respond to a light stimulus at this point thus it is also known as "the blind
spot". A blind spot, also known as a scotoma, is an obscuration of the visual field. A
particular blind spot known as the blind spot, or physiological blind spot, is the specific
scotoma in the visual field that corresponds to the lack of light-detecting photoreceptor cells
on the optic disc. Since there are no cells to detect light on the optic disc, a part of the field of
vision is not perceived. The brain fills in with surrounding detail and with information from
the other eye, so the blind spot is not normally perceived.2

2. The glaucomatous optic disc and glaucomatous cupping

Considering that the axons of the retinal ganglion cells are lost, changes occur in the
structural appearance of the retinal nerve fiber layer and optic nerve head that often precede
the development of visual field defects. The most important characteristics of the
glaucomatous process are changes that occur in the optic nerve. Therefore, it is important
for the ophthalmologist to be familiar with the characteristic signs of glaucoma in the optic
disc.

The optic disc cupping has been recognized as an important characteristic of the
glaucomatous process since the 19th Century. Quantification of the size of the cup and its
relationship to the size of the optic disc, i.e the cup/disc (C/D) ratio, has been widely used
in the differentiation of glaucomatous from normal eyes. Vertical elongation of the cup is a
characteristic feature of glaucomatous optic neuropathy and the vertical C/D ratio is a
simple indicator of neuroretinal rim loss that can be assessed in clinical practice without the
use of sophisticated techniques or devices.!

Fig. 4. Glaucomatous disc progression and corresponding VF defects.

The diagnosis of primary open angle glaucoma (POAG) is traditionally based on the triad of
increased intraocular pressure(IOP),visual field changes and optic nerve head changes. It is
well established that IOP is only a risk factor, albeit, the only risk factor that can be
therapeutically manipulated. The fact that upto 50% of POAG patients can present with
normal IOP2 makes it imperative that the diagnosis of POAG be made independent of IOP
increase. Occurance of arcuate nerve fibre bundle visual field defects has been taken as the
sine qua non for the diagnosis of POAG. Studies by Quigley et al have shown that upto 40%
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of the axons could be lost before a visual field defect develops on Goldmann perimetry and
that 20% of axons are lost before a 5 db loss is detected on standard automated perimetry.3
The current research efforts in the early "preperimetric glaucoma" diagnosis are aimed
either at psychological tests or alterations in the optic nerve head morphology as assesed by
scanning laser ophthalmoscope, digital image processing of optic nerve head images or
optical coherence tomography.#> While these advanced technologies are relevant in
glaucoma diagnosis and research, they are not practical in routine clinical practice.

With some training it is possible to clinically evaluate the optic nerve head stereoscopically
and detect early glaucomatous disc damage.

Features of glaucomatous disc damage
Cup-disc ratio

Cup to disc ratio greater than 0.5:1 is the most often reported sign of glaucomatous disc
damage. In a given disc with a cup-disc ratio of more than 0.5:1, it is important to establish if
the cup-disc ratio has been large from the onset (large physiological cup) or if it increased
over a period of time. Increase in the cup-disc ratio (or enlargement of the cup) over a
period of time is diagnostic of glaucomatous disc damage even in the absence of visual field
defect. This definitive sign has practical limitation because one time diagnosis is not possible
and followup over a period of time is neccesary. The physiological variability of the cup-disc
ratio ocurs because of the large variation in the normal optic nerve head size.l

Though the normal optic nerve head size is reported to be 1.5 mm in diameter it can vary
from 0.96 mm to 2.91 mm.¢ As a result, the physiological cup can be as small as 0.1:1 or as
large as 0.8:1.

Fig. 5. Glaucomatous optic disc progression.

Neuroretinal Rim Evaluation

Loss of axons in glaucoma is reflected as abnormalities of the neuroretinal rim. Normally the
rim is widest in the inferior temporal sector, followed by the superior temporal sector, the
nasal and the temporal horizontal sector.” Since localised field defects restricted to one
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152 The Mystery of Glaucoma

hemisphere are an early sign of glaucoma, stereoscopic examination of the neuroretinal rim
in the superior and inferior poles comparing carefully their thickness, pallor and notching
can aid in the diagnosis of very early glaucomatous damage.

Contour Cupping vs Colour Cupping

To asses the width of the neuroretinal rim, the edge of the cup has to be clearly delineated,
the usual temptation is to equate the central pallor of the disc with cup, but atleast in some
glaucomatous discs there is a discrepancy between the extent of central pallor (colour cup)
and the site at which the vessels change their contour (contour cup). In the evaluation of
glaucomatous disc damage it is the contour cup that is of relevance and not the colour cup.!

Disc

Fig. 6. Right: Cup/Disc ratio; Left: Glaucomatous cupping, change of colour and contour.

Myopic Changes vs Glaucoma

Myopic disc can cause difficulties in glaucomatous disc evaluation either because of the
oblique entry resulting in tilted disc or because of the peripapillary changes. A myopic disc
the glaucomatous damage is not obvious. The inferior peripapillary atrophy results in a
wrong estimation of the extent of the cup as this is mistaken for a part of the disc.
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Fig. 7. Degenerative myopic changes of the optic disc.

Fig. 8. A myopic disc with peripapillary atrophy(arrow) which can be confused as a part of
the disc, resulting in missing of the inferior notch (arrowhead) which shows the edge of the
disc where the vessel is changing contour.
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Careful evaluation reveals the edge of the disc to be more central with a change in vessel
contour at the edge of the disc revealing the inferior notch. The corresponding superior field

defect.

Fig. 9. Superior paracentral scotoma corresponding to the disc shown on previous photo.

Peripapillary Changes
Acquired peripapillary atrophy has been described to be secondary to glaucomatous disc
damage. Some authorities feel such changes may predispose to glaucomatous damage.

Fig. 10. Glaucomatous cupping in a small disc. Cup size is small but the inferior
notch(arrow) indicated by the change in contour of the infero-temporal vessel is typical.
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The zone closer to the optic nerve head with retinal pigment epithelial (RPE) and choroidal
atrophy with sclera showing through is called zone- 3. The more peripheral zone with only
RPE atrophy is called zone- a. Since these changes could be seen in myopia also appearance
of these changes de-novo or their occurrence in small discs or non myopic eyes is more
suggestive of glaucomatous disc damage. A correlation between the location of disc
haemorrhage and location of peripapillary atrophy has been reported. If this is so,
peripapillary atrophy could be a more reliable and permanent marker for progression than
disc hemorrhages.®

Nerve Fibre Layer (NFL) Changes

NFL atrophy is associated with a high risk for field loss. Localised defects are the easiest to
detect and may be very specific to differentiate early glaucoma from normal eyes. While
they occur in 10 to 20% of ocular hypertensive eyes they must be looked for in every
glaucoma suspect as the high specificity is clinically useful in identifying patients with
impending or established perimetric loss.

Fig. 11. Red free disc photo showing NFL loss in the inferior arcuate area (arrowheads).

Differential diagnosis

A large physiological cup. If one takes care to asses the neuroretinal rim carefully and
measures the optic nerve head size, one can be reasonably sure of a large physiological cup
in a large disc.

Congenital colobomas of the optic nerve head are some times easy to diagnose because of
the morning glory appearance or other associated colobomas. Optic nerve pit and conus of
the disc can some times cause diagnostic difficulties.

Pallor disproportionate to cupping, normal intraocular pressure or unusual history of onset,
progression and age should arouse suspicion of a neurological cause for the disc changes
and appropriate investigations should be carried out. Photo shows cupping and pallor
secondary to pituitary tumour which was mistaken for glaucoma. Also the correspoding
temporal hemianopia is shown.
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Fig. 12. A Large left optic disc.

Fig. 13. An Optic disc coloboma.
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Fig. 15. Temporal hemianopsia corresponding to the disc changes shown in previous photo.

Evaluation tehniques

The most important points in clinical evaluation of the Optic nerve head are a stereoscopic
view with magnification for proper evaluation of the neuroretinal rim changes and an
estimation of the optic nerve head size.

Stereoscopic view of the optic nerve head is possible by indirect ophthalmoscopy, central
part of goniolens, Hruby lens and Volk 90, 78 and 60 D lenses. Indirect ophthalmoscopy is
inappropriate for assesement of the optic disc in glaucoma. I prefer the Volk lens systems.
While the 78D lens provides a good balance between the field of view and magnification,
the 60D lens can make measurement of optic nerve head size simple.

With one of these lenses and slitlamp with redfree light source, it is possible to asses the
NFL abnormalities also, though specialised NFL photography systems are more sensitive.
Use of direct ophthalmoscope in serious glaucomatous disc evaluation is to be discouraged.
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Clinical estimation of optic nerve head size is possible with a Welsch Allen Ophthalmoscope

or with Volk 60D lens. The smallest white round spot of the Welsch Allen ophthalmoscope

usually illuminates a cone angle of 5° and casts a light of 1.5 mm in diameter on the retina.®

This retinal spot size remains constant in phakic eyes with refractive errors between -5.00 D

and + 4.00 D.

The location of the originating point of the light cone does not significantly affect the retinal

spot size as long as it is + 3mm from the anterior focal point of the patient's eye. Since 1.5

mm is the usual size of the optic nerve head, this can be used as a yard stick for measuring

disc size. Simplistically, in eyes with large physiological cups due to large discs the area

illuminated is less than the area occupied by the cup.

Disc diameter can be measured by adjusting the slittamp beam height to the edges of the

disc while viewing the disc with a 60 D lens.7 This measurement is roughly equal to the

measurement obtained by planimetry of disc photos with Littmann's correction.

A similar measurement of the vertical and horizontal disc diameter can be obtained with

other lenses by multiplying the measured value with the appropriate magnification factor:

Goldmann contact lens (1.26) and Volk superfield lens (1.5).7

It is useful to get habituated to a routine pattern of examination of the disc and look

sequentially for findings as follows:

1. Overall impression of the disc

2. Size and shape of the disc

3. Evaluation of the neuroretinal rim keeping in mind the variability of its thickness in
various zones mentioned in the text and also look for notch and neuroretinal rim
haemorrhage.

4. Peripappillary atrophy

5. Nerve fibre layer abnormalities

6. Vertical cup-disc ratio and asymmetry.

Stereoscopic evaluation of the optic nerve head with emphasis on changes of the neuro

retinal rim and not estimation of cup-disc ratio will aid in early diagnosis of glaucoma.

3. Neuroretinal rim loss and retinal nerve fiber layer (RNFL) defects

Examination of the neuroretinal rim is therefore of fundamental importance for the
identification of glaucomatous damage to the optic nerve, and its changes are closely related
to those occurring in the optic disc cup.!

The neuroretinal rim is the intrapapillary equivalent of the retinal nerve fiber layer, and
qualitative and quantitative changes in this structure reflect the nerve fiber loss that occurs
in glaucoma.

Glaucoma is a progressive optic neuropathy that is accompanied by typical changes in the
visual field.2 Progressive neuroretinal rim thinning, increased excavation, and diffuse and
localized loss of the retinal nerve fiber layer are all recognizable features of structural
damage in the disease.> However, their precise relationship with functional deterioration in
patients with glaucoma remains largely unclear.48

Regulatory agencies throughout the world generally have not approved structural
assessment of the optic nerve as a primary end point in clinical trials of glaucoma drugs and
devices.? The Food and Drug Administration has suggested the need to demonstrate that
structural measures are predictive of clinically relevant functional outcomes in patients with
glaucoma before they can reliably be used as end points in clinical trials. Currently
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acceptable end points according to the Food and Drug Administration include only
intraocular pressure (IOP) and methods for assessment of visual function, such as standard
automated perimetry (SAP). However, IOP is only a surrogate for clinically relevant
outcomes in glaucoma and its relationship with disease progression is certainly imperfect.10-
12 Also, although assessment of visual function is critically important for all patients with
glaucoma, there is evidence to suggest that many patients may show evidence of
progressive optic disc damage before functional loss is detected by SAP. Both the Ocular
Hypertension Treatment Study’® and the European Glaucoma Prevention Study!4
demonstrated that a substantial proportion of patients with ocular hypertension who
developed glaucoma showed a change first in optic disc photographs. However, despite
being included as end points for glaucoma conversion in these studies, progressive optic
disc damage has not yet been demonstrated to translate into worse clinically relevant
outcomes for these patients.

Fig. 16. NFL defect in glaucoma. Left: inferior NFL wedge defect; Right: corresponding
superior visual field defect.

Previous investigations have shown that cross-sectional baseline structural measurements,
either by expert assessment of stereophotographs or objective imaging methods, are
predictive of future development of visual field loss in those with suspected glaucoma,
suggesting a potential role for these measurements in early detection of disease.l5-21
However, measures of predictive ability reported in these studies have generally indicated a
low accuracy of cross-sectional structural measures for predicting individual functional
outcomes. This is likely due to the wide variation in the appearance of the optic nerve,
which makes it difficult to identify early signs of disease at one time. Although detection of
progressive optic disc change over time is likely to be a more specific indicator of the
presence of structural damage from glaucoma and to correlate better with functional
outcomes, the ability of progressive optic disc change in predicting functional outcomes in
patients with glaucoma has not been elucidated. The purpose of this study was to evaluate
the value of progressive optic disc damage detected by expert assessment of longitudinal
stereophotographs in predicting future development of visual field loss in suspected
glaucoma.

At times when pre-perimetric diagnosis of glaucoma is the goal, the search for the subtle signs
of damage in the NFL is of utmost importance. Retinal nerve fiber layer defects have been
shown to be among the earliest signs of glaucomatous damage, and they can indeed precede
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visual field defects.2223 They are especially helpful for early glaucoma diagnosis and in eyes
with small optic disks. The localized wedge-shaped defect of the NFL is usually seen in
association with notching of the neuroretinal rim, vertical enlargement of the cup, or following
disk hemorrhages. Nevertheless, in early glaucoma, bundle defects in the NFL may not be
associated with neuroretinal rim thinning because the initial damaged NFL is located in the
deep retinal layers. Hence, typical wedge-shaped defects can be found in disks with normal
appearance.2+-26 Since NFL defects are not present in normal eyes, they always indicate an
abnormality. Although typically occurring in about 20% of all eyes with glaucoma, they are
not pathognomonic and can also be found in other ocular diseases, such as optic disk drusen,
ischemic retinopathies with cotton-wool spots, toxoplasmotic retinochoroidal scars, long-
standing papilledema, or optic neuritis due to multiple sclerosis. The incidence is higher in
normal-tension glaucoma than in the other forms, which makes the differential diagnosis
somewhat difficult. Some authors have shown that NFL defects may be a common finding in
diabetic patients with early diabetic retinopathy, and one of the risk factors is concomitant
high blood pressure.?” Retinal nerve fiber layer thickness has been found to decrease with the
development of diabetic retinopathy and with impairment of metabolic regulation.?8 Cotton-
wool spots are frequently a feature of systemic arteriolar disease, most commonly
hypertension, diabetes, and collagen vascular disease; they represent infarcts at the nerve fiber
layer. Cotton-wool spots have been described to be followed in some patients by localized
NFL defects, with and without associated visual field defect.29.30

4. Peripapillary atrophy and optic disc haemorrhage

Glaucoma structural diagnosis has been focused on the optic disc and the peripapillary
retinal nerve fiber layer (RNFL). Objective and quantitative assessment of the optic disc and
the peripapillary RNFL is useful both in glaucoma diagnosis and monitoring of disease
progression.1-3

Evaluation of the glaucoma optic neuropathy may be done by direct or indirect
ophthalmoscopy of the optic nerve, optic nerve photography, or computerized imaging
technologies. Clinical features of glaucomatous optic neuropathy include atrophy of the
retinal nerve fiber layer, focal or diffuse narrowing of the neuroretinal rim, optic disc
splinter haemorrhage (DH) and para papillary atrophy (PPA).4-6

>

R

Fig. 17. Optic disc splinter haemorrhage (arrow).
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Fig. 18. a and P zones of peripapillar atrophy.
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Para papillar atrophy (PPA) is a form of outer retinal atrophy that abuts the optic disc and
can be divided into alpha(a) and beta(p) zones.”” Because this atrophy most often lies
adjacent to but does not completely surround the nerve, the term parapapillary may be
preferable to peripapillary atrophy, though they are used interchangeably in the literature.
In BPPA the sclera and large choroidal vessels are visible, as the retinal pigment epithelium
(RPE) and most of the photoreceptors are absent.”® In a PPA, there is an irregular
arrangement of RPE cells that can result clinically in both hypo- and hyperpigmentation.
The a zone is more peripheral than the 3 zone when both are present.

However, there are no imaging devices to provide automated assessment of DH or PPA,
which at the present time are assessed either by patient examination or by photographic
interpretation. Interestingly, several studies addressing the topic have found that PPA and
DH tend to occur together in eyes and, additionally, tend to occur in the same regions of the
eye, leading to the possibility that PPA may be useful as an indicator of increased likelihood
of prior, present, or future disc hemorrhage.10-15> Because PPPA is present in 15%-20% of
normal eyes, its presence is less specific for glaucoma than DH, which occurs only in 0.6% of
healthy eyes.1416 Given that DH is transient, lasting weeks to months, and that PPA is stable
and progressive, it maybe advantageous to rely on PPA parameters for glaucoma diagnosis
and monitoring.11.15

aPPA and BPPA have been evaluated in glaucoma using quantitative analysis of optic nerve
photographs (morphometry) typically by manually outlining and measuring the area of
PPA using a slide projector, imaging processing software, or with confocal scanning laser
ophthalmoscopy.8-1017-23 Both aPPA and PPPA are larger and occur more frequently in eyes
with glaucoma than in normal eyes, though PPPA is more specific for glaucoma.8917.18 Using
these morphometric techniques, PPA has been reported to be helpful in differentiating
between normal and glaucomatous eyes.8917,18,24-27

While many morphometric investigations of PPA in glaucomatous and normal eyes have
reported significant differences between these 2 groups, there is a paucity of information on
how clinical evaluation of PPA may guide the clinician in the diagnosis of open-angle
glaucoma (OAG). Additionally, it is difficult clinically to estimate quantitative PPA
parameters, such as area of PPA, due to its heterogenous shape. Despite this, in a clinical
assessment using direct ophthalmoscopy alone, information including the PPA
circumferential extent and amount of neuroretinal rim narrowing increased the sensitivity
and specificity for detection of glaucomatous visual field loss.*

Disc hemorrhages seem to mean different things to different clinicians. Many see them as a
sign of glaucomatous progression. Some consider disc hemorrhages by themselves to
represent a diagnosis of normal-tension glaucoma. Others view the hemorrhages as an
indication of inadequate therapy. The development of these hemorrhages often is followed
by amplification in glaucoma therapy, either adding medications or performing surgery.
Hemorrhages occur in patients with glaucoma and ocular hypertension and, rarely, in
seemingly normal eyes. True glaucomatous disc hemorrhages typically occur at the
superior, superior-temporal, inferior, or inferior-temporal aspect of the disc. They typically
are small and reside in the retinal nerve fiber layer (RNFL), and they are contiguous with
the neuroretinal rim of the optic disc. They often occur in association with notching of the
neuroretinal rim or RNFL defects.

Hemorrhages that do not fit this clinical pattern are more likely caused by vascular
occlusion, posterior vitreous detachment, other optic neuropathy, or blood dyscrasia such as
anemia. Disc hemorrhages typically recur and in the same location on the disc. The etiology
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and pathogenesis of these hemorrhages remains unknown. It has been theorized that they
are the result of a microvascular occlusion of the disc blood supply.

Several well-known glaucoma studies have looked at the implication of optic disc
hemorrhages and virtually all indicate that the presence of one in a patient with glaucoma is
a risk factor for progression. These findings themselves are not without controversy,
however. For example, in the Ocular Hypertension Treatment Study (OHTS), patients with
ocular hypertension who developed a disc hemorrhage during the course of the study had a
nearly four-fold increased risk of progression to glaucoma compared with those who did
not. The increased risk of conversion to glaucoma was about 87% of eyes that demonstrated
a disc hemorrhage. That hemorrhages easily can be missed on clinical examination.

The Collaborative Normal Tension Glaucoma Study (CNTGS) found disc hemorrhages in
normal-tension glaucoma to indicate the greatest risk of progression of the disease. It also
discovered that reduction of IOP did not affect the outcome. Lowering IOP in patients with
normal-tension glaucoma manifesting a hemorrhage did nothing to halt disease
progression.

In the Early Manifest Glaucoma Treatment (EMGT) Study, disc hemorrhages, likewise, were
seen as a major risk factor for disease progression. As with the CNTGS, however, IOP
reduction was seen to have little benefit in altering the course of disease in eyes
demonstrating disc hemorrhages. Although the hemorrhages were predictive of
progression, IOP-reducing treatment was unrelated to the presence or frequency of
hemorrhages. These were equally common in both the treated and untreated groups of
patients in this study.

The EMGT seems to suggest that disc hemorrhages cannot be considered an indication of
insufficient IOP-lowering treatment and that glaucoma progression in eyes with disc
hemorrhages cannot be totally halted by IOP reduction.

It should be noted that none of the major glaucoma studies considered the development of a
hemorrhage to be a clinical study endpoint for glaucoma progression or conversion to
glaucoma from ocular hypertension.

Disc hemorrhages themselves are not progression but are a significant risk factor for
progression

5. Progression of the glaucomatous optic disc damage

Insight of progressive glaucomatous damage to the optic disc is one of the most important
aspects of glaucoma management, yet it remains largely subjective and imprecise.
Progressive change in the appearance of the optic disc or retinal nerve fiber layer (RNFL)
often precedes the development of visual field defects in glaucoma. Because visual field
defects on standard automated perimetry may only be detected after a substantial number
of nerve fibers has been lost, assessment of the optic disc and RNFL is essential for
monitoring the initial stages of the disease. Before the development of visual field defects,
structural changes in the optic disc or RNFL may be the only evidence for the
ophthalmologist that the glaucoma is progressing and treatment needs to be intensified.
Even in the presence of visual field defects, progression of optic disc damage may occur
without any detectable evidence of functional deterioration.

Disc Damage Likelihood Score (DDLS)

Glaucoma is defined as a process wherein there is progressive loss of retinal ganglion cells
manifest clinically as loss of neuroretinal rim tissue from the optic nerve. In order to detect
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this, a clinician must have a method to identify these changes and distinguish them from
normal. There is also a need for a system to document any change in optic nerve appearance
with time in order to determine progression. The concept of cup:disc ratio(CDR) was
developed by Armaly in 1967! as a standardised way of documenting disc appearance in
order to address these issues. Whilst an enlarging cup:disc ratio is undoubtedly linked with
glaucomatous loss, this system does not take into consideration the influence of optic disc
size nor yet the focal changes seen in glaucomatous optic neuropathy. It is also well
recognised that there is significant intra and inter observer error with this method.

Fig. 19. Cup/Disc ratio progression in glaucoma.

The disc damage likelihood scale (DDLS) was devised by Spaeth et al in 2002 to incorporate
the effect of disc size and focal rim width into a clinical grading scale.2 It is highly
reproducible and does correlate strongly with the degree of field loss.> The system
categorises the disc as small (<1.5mm), medium(1.5-2.0mm) or large(>2.0mm). This ensures
that the disc size is measured thereby reducing misclassification bias based on disc size. Disc
size can be measured using a fundus lens at the slit-lamp. A slit beam is directed onto the
disc and the graticule at the top used to reduce the height of the beam until it corresponds in
size to the disc. The lens used will determine the correction factor. A 66D gives the exact
measure from the graticule.*

Correction factors for the other lenses are -

Volk
60D-0.88
78D-1.2
90D-1.33
Nikon
60D-1.03
90D-1.63
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The next stage is to measure the width of the thinnest part of the rim. This forces the
examiner to evaluate the rim throughout its entire circumference in order to identify the
area of greatest thinning. The measurement is expressed in rim:disc. Where there is no rim
present at the thinnest point the value is 0. The circumferential extent of rim absence is then
measured in degrees. Care must be taken when evaluating a sloping rim because a sloping
rim is not an absent rim.

Whilst simply documenting a CDR is quick, in the main it is of little use in either the
diagnosis or longitudinal monitoring of glaucoma. The DDLS not only forces the clinician to
determine the size of the disc, which by itself already is alerting the observer to which discs
are big and which are small but it also formalises the evaluation of the neuroretinal rim.
Because each grade is assigned a numerical value the system can then be used in research
settings to determine severity or degree of progression.

Optic nerve heads come in many shapes and forms. No method of classification will fit all
of these different patterns and forms. The DDLS cannot be used to evaluate certain types of
discs, such as those that are congenitally anomalous. Myopic discs may be difficult to grade.
Probably one of the first mental steps one takes when considering the nature of the optic
disc is, “Is this an anomalous disc? Is there any system that can be used to stage or
characterize this disc?” There will be those situations which the answer to that question is,
“No.” It is unwise in such situations to use any of the standard systems, such as cup/disc
ratio, HRT evaluations, OCT evaluations, or the DDLS.45

Another problem with the DDLS is that a disc may show progressive damage by having a
continuing generalized narrowing of the neuroretinal rim, but not have an increase in the
circumferential extent of rim absence. In such a situation the disc would unquestionably
have become worse, but the DDLS score will not change. Fortunately this seems to be a rare
occurrence.5

It takes some effort to learn it and initially a copy of the table should always be to hand.
However, given practice and used accordingly the DDLS is an excellent tool for classifying
and monitoring the optic nerve in glaucoma.
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