EfRIERIZE 201 E8H 5% $£8H  www. 1J0.cn
E815.029-82245172 83085628

EE S5 :1J0. 2000@163. com

+ Original article -

Valid estimation of the optic disc: the case against using

cup/disc ratio

Hong Wei', Camila Zangalli®, George L. Spaeth’

'Department  of Ophthalmology, West China
Chengdu 610041, Sichuan Province,
China;’>Glaucoma Research Center, Wills Eye Institute/
Jefferson Medical College, 840 Walnut Street, Suite 1110,
Philadelphia, PA 19107 ,USA

Correspondence to: George L. Spaeth. Glaucoma Research
Center, Wills Eye Institute/Jefferson Medical College, 840
Walnut Street, Suite 1110, Philadelphia, PA 19107, USA.
gspaeth@ willseye. org
Received: 2011-03-28

Hospital ,

Sichuan University,

Accepted ; 2011-07-12

Abstract

e Glaucoma is a kind of progressive disease characterized
by distinctive defects of optic disc cupping and visual field
loss associated with or without intraocular pressure
elevated. The cup/disc ratio is the standard way to
describe the optic disc in the past 40 years. But the fact is
that there were cases in which glaucomatous visual field
loss was associated with a small cup , and cases in which
visual field loss was not present even though the cup was
large. The cup/disc ratio is less valid and reproducible
than new methods. The Disc Damage Likelihood Scale
(DDLS),
neuroretinal rim of the optic disc, corrected for the disc

which is based on the appearance of the

diameter, may be a better system to evaluate the optic
disc.
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INTRODUCTION

laucoma is a process in which the tissues of optic nerve
G become progressively damaged, partially related to
intraocular pressure. As the definition of glaucoma has
evolved over the last 2000 years, the importance of the
“characteristic appearance of the optic nerve” in glaucoma
has increased. Many recent definitions stress that glaucoma

1.2 .
121 Glaucoma is one

“is a characteristic optic neuropathy’
of many optic neuropathies; thus, the word " characteristic" is
the key in understanding what glaucoma is and how it can be
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recognized. Non arteritic anterior ischemic optic neuropathy
(NAION) "', anterior ischemic optic neuropathy ( AION)'* |
hereditary optic neuropathies such as Leber’s hereditary optic
neuropathy'™ , compressive lesions and methanol toxicity'®
are all conditions in which cupping of the disc can occur.
CASE REPORT

The cup/disc ratio After the ophthalmoscope was invented
in the middle of the 19" century, visualization of the optic
nerve became possible, and the association between a hard
eye and a “cupped” optic nerve became apparent. Less than
20 years later, Jaeger'’- published exquisitely accurate
pictures of “cupping” of the optic nerve, even indicating the
reversibility of the process. “Cupping” of the optic nerve as a
hallmark of glaucoma was commented by Elliot"®'; “Cupping
of the optic disc is, next to the increase in ocular tension, the
best-known sign of glaucoma” .

Science requires measurement, the more accurate the
measurement the better. A major advance in understanding
glaucoma occurred in 1969 when Armaly'®' described the cup/
disc (C/D) ratio system. Other authors had developed
clinically-useful systems of characterizing the optic nerve'"-
These did not become popular, perhaps because they were
fairly complex and did not provide the easy quantification of
the C/D ratio method. Armaly’s method was simplicity itself
estimate in tenths the proportion of the width of the cup of the
disc in comparison to the width of the entire disc. There was a
relationship between the C/D ratio and the amount of visual
field loss'""". The distribution of C/D ratio was described,
and it was concluded that C/D ratio greater than 0. 3 were
"M% Virtually, every paper
published on glaucoma since 1970 used the C/D system to

characteristic of “ glaucoma’

describe the optic nerve. The importance of C/D ratio in
defining, characterizing and following glaucoma became so
dominant, that some studies, such as the Collaborative Initial
Glaucoma Treatment system allowed the C/D ratio to be used
as a criterion for enrollment' "'

For over 100 years it has been noted that the relationship
between cupping and glaucomatous visual field loss is
complex. However, there is some relationship between the
size of the cup and the presence or absence of glaucoma; C/D
is related to glaucoma. ( As we will argue from here on, the

problem is that the relationship is not as close as believed,
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Figure 1

Changes of the optic disc of the patients with intraocular pressure A. An optic disc of the patient with intraocular pressures

ranging around 40mmHg; B: Progressive cupping of the optic nerve as seen in Figure 1B was noted 1 year after 1A.

Figure 2 The optic discs of a 50-year-old man followed up for over 20 years without the development of any visual field loss or

change in appearance of the optic nerves. Intraocular pressures have been consistently between 14 and 16mmHg in each eye. The

patient definitely does not have glaucoma.
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Figure 3 Three discs of average size and a large disc. The

cup/disc ratio of the three smaller discs are about the same.
But the second disc is probably healthy and the others certainly
abnormal. The C/D ratio does not tell the well from the sick.
The large disc has the biggest cup. It also has the greatest rim
area and of all the four discs is the most likely not to be

glaucomatous.

and that there are now better systems available. ) The fact,
then, is the relationship between C/D and glaucoma combined
with the ease of estimating the C/D ratio, resulted in the C/D
method becoming the standard way to describe the optic disc,
despite the fact that there were , on one hand, cases in which
glaucomatous visual field loss was associated with a small cup
(Figure 1), and on the other hand, cases in which visual
field loss was not present even though the cup was large
(Figure 2).

There are different ways in which the optic nerve can become

damaged in glaucoma. It is not merely cup size that is the

characteristic aspect of glaucoma; but rather, the pattern of
the cup is more important. Kirsch and Anderson, and others,
described vertical elongation of the cup as typically occurring

U5 The presence of a notched rim became

in glaucoma
popular as a method of distinguishing glaucomatous cups from
cups that were not glaucomatous. For example, the disc
graphically illustrated in Figure 3A is highly likely to be a
disc of a patient with glaucoma, whereas that in Figure 3B, in
which the C/D ratio is the same size, is not likely to be seen
in patients with glaucoma. The position of the cup, then, is
more important than the size of the cup in determining whether
a disc is glaucomatous or not.

A breakthrough came with the publication of papers noting
that the size of the optic cup was related to the size of the

optic disc'"®'.

By and large, big discs have big cups and
small discs have small cups. This observation explained why
many patients such as that illustrated in Figure 2 do not have
either glaucoma, or visual field loss. They have discs with
large cups, but the discs are healthy.

The disc shown in Figure 3B has a much smaller cup than that
in Figure 3D, but the rim area in 3D is actually larger than
that in 3B. 3D is less likely to be a glaucomatous disc than 3B.

Because the cup/disc ratio system does not take into account
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Figure 4

The Disc Damage Likelihood Scale.

(507 )

Figure 5 A disc with rim/disc ratio shown.

the position of the cup and the size of the disc, it is not a
highly reliable method of distinguishing normal from abnormal.

The Disc Damage Likelihood Scale (DDLS) In 2002, a
new method of evaluating the optic nerve head, the Disc
Damage Likelihood Scale ( DDLS) was described ( Figure
4)!"7 " This system relies on two characteristics of the disc:
the width of the neuro-retinal rim and the size of the optic
disc. The width of the rim is estimated in terms of a rim/disc
ratio (R/D). The widest possible R/D would be 0.5, the
narrowest 0.0 (Figure 5). Loss of rim tissue can progress to
the extent that there is no apparent rim tissue remaining. This
loss typically starts in one area and extends circumferentially.
Grading of the amount of damage is estimated in terms of R/D
ratio, or the amount of circumferential loss of rim in degrees
corrected for disc size (Figure 4). Where there is virtually no
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cup (R/D >4) the DDLS is 1 in an average sized disc, and 2
in a small disc. When the R/D is less than 1 R/D the DDLS is
5 in an average disc, 4 in a large disc and 6 in a small disc.
Where there is no rim for 1-45° the disc is a DDLS 6, 46-90°
a DDLS 7 , 91-180° a DDLS 8, 181-270° a DDLS 9 and
more than 270°, a DDLS 10. Because the R/D will be
affected by disc size, size must also be determined. The rule
is to add one DDLS unit for a small disc and subtract one unit
for a large disc.

SUMMARY

DDLS is mentioned here because it is easily learned and able
to be utilized immediately without any specialized equipment.
It is not mentioned in order to suggest that it is superior to
other present techniques that do not use the cup/disc ratio
system. In fact, the DDLS has the great disadvantage that it is
a subjective method and requires a skilled observer, usually a
specially-trained physician. There are other ways to measure
rim width, analyze the appearance of the optic disc and
measure disc size. For example, the size of the optic disc can
be evaluated by using a high-plus lens at the slit lamp'”-
using an ophthalmoscope ™', with automated image equipment

such as the Heidelberg Retinal Tomography'*"’

, or with
photographs that take into account the optical properties of the

camera and of the eye'” . All of these are highly satisfactory
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methods. This report is not a promotion for the DDLS. Tt is a
plea to stop using an outdated system ( cup/disc ratios) that
does not work as well as other available systems. It is
disrespectful to patients and to the professors to continue to
use an outdated method when newer, equally user-friendly
techniques are available and are no more expensive. The point
we make here, then, is that the C/D system, while a useful
method when other systems were not available, is less valid
than newer methods, and is neither easier to use nor

reproducible.
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