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Abstract

Purpose To determine whether the optic disc

experiences cupping after an episode of optic

neuritis as assessed by optical coherence

tomography (OCT).

Methods A total of 50 patients with unilateral

optic neuritis and 50 age- and sex-matched

controls were studied. A complete

examination, including visual acuity (VA),

visual fields, and OCT scanning of the optic

nerve head was performed. Mean cup-to-disc

(C/D) ratios in the affected eyes were

compared with fellow and control eyes.

Results Mean C/D area ratio (CDAR), C/D

vertical ratio (CDVR), and C/D horizontal ratio

(CDHR) were significantly larger in the

affected eyes compared to fellow (Po0.001)

and control eyes (Po0.05). The asymmetry in

CDAR, CDVR, and CDHR between both eyes in

the patients with optic neuritis was equal to or

greater than 0.2 in 24, 28, and 30% respectively. A

significant inverse correlation was found

between the C/D ratios asymmetry and retinal

nerve fibre layer (RNFL) thickness (Po0.05).

Conclusion A significant increase in C/D

ratio can be detected by OCT after unilateral

optic neuritis, inversely correlated with RNFL

thickness, and VA.
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Introduction

Even though optic disc cupping is usually

identified with glaucoma, it may be seen in

other, less common optic nerve diseases, such as

congenital optic disc anomalies, ischaemic,

hereditary and traumatic optic neuropathies, or

in situations in which the anterior visual

pathway is compromised, such as intracranial

aneurysms or tumours.1–7 Although

traditionally it has been accepted that the most

common change in the optic nerve head (ONH)

after optic neuritis is optic disc pallor, previous

studies using optic disc photography have

found that patients with optic neuritis have a

larger cup in the affected eye compared with the

fellow eye.8,9 Rath et al8 described an increase in

the cup-to-disc (C/D) ratio of 0.1–0.2 in the

affected eye compared with the fellow eye; it

was also greater than in a group of age-matched

control subjects. In contrast, Radius and

Maumenee10 found no significant increase in

optic disc cupping. One drawback of these

studies is that the value of the C/D ratio

depends greatly on the experience and

subjective analysis of the evaluator. Trip et al11

using the Heidelberg Retina Tomograph (HRT)

found an increase in the cup-shape measure

after optic neuritis.

Optical coherence tomography (OCT) is an

objective imaging technique that can obtain

retinal images with a resolution of up to

10mm.12,13 The repeatability of the ONH

measurements with the Stratus OCT is

moderately good, although OCT tends to

provide higher C/D ratios than those estimated

by slit-lamp evaluation.14,15 The aim of this

study is to determine whether optic neuritis

leads to optic disc cupping using OCT to

measure C/D ratio in a group of patients with a

single episode of unilateral optic neuritis and in

a group of control subjects.

Material and methods

All patients with a single previous episode of

unilateral optic neuritis that attended in the
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Department of Neuro-ophthalmology of our centre

between 2000 and 2006 were identified through the

review of hospital records and invited to participate in

this study. The study was approved by the local ethic

committee and informed consent was obtained from all

subjects. The study adhered to the principles of the

Declaration of Helsinki.

The diagnosis of optic neuritis was based on clinical

criteria, including visual loss in the affected eye, the

presence of a relative afferent pupillary defect, a

visual-field defect, and pain that increases with eye

movement.16 Inclusion criteria were the presence of an

acute, unilateral episode of optic neuritis at least 6

months before the beginning of the study, no signs or

symptoms of a previous episode in either eye, and age

between 18 and 45 years. Exclusion criteria were the

presence of an ocular pathology other than optic neuritis,

intraocular pressure higher than 21 mm Hg and a

refractive error greater than 5.0 D of spherical equivalent

or 3.0 D of astigmatism in either eye.

All patients who met the study inclusion and exclusion

criteria underwent a complete ophthalmologic

evaluation including Snellen visual acuity (VA),

biomicroscopy of the anterior and posterior segments

(including clinical estimation of the vertical C/D ratio),

funduscopy, intraocular pressure measurement, and

visual-field testing on the same day as OCT imaging.

Patients underwent Humphrey visual-field testing, using

the Swedish Interactive Threshold Algorithm standard

24-2 strategy (Carl Zeiss Meditec, Dublin, CA).

OCT scanning was performed with the Stratus OCT

(Carl Zeiss Meditec, Dublin, CA) after pharmacological

mydriasis. Image acquisition was performed with the

fast retinal nerve fibre layer (RNFL) thickness (3.46) and

the fast optic disc protocols. Good-quality scans (signal

score of 6 or higher) were saved as soon as they

appeared. The RNFL thickness values were obtained

with the OCT built-in software RNFL thickness average

analysis protocol and the ONH parameters with the

Optic Nerve Head Analysis protocol. Before recording

these values, the examiner checked that the OCT had

correctly identified the limits of the retinal pigment

epithelium and manually reset them when necessary.

The values recorded were the vertical disc diameter,

the disc area, the C/D area ratio (CDAR), the C/D

horizontal ratio (CDHR), and the C/D vertical ratio

(CDVR).

Optical coherence tomography evaluation and a

complete ophthalmological examination during the acute

phase were available for 13 patients with retrobulbar

neuritis. A separate, prospective analysis of these

patients was performed, comparing initial ONH

parameters with an evaluation performed 6 months after

the episode.

Age- and sex-matched controls subjects were recruited

from among the workers of our centre and the relatives

of patients. Control subjects had no previous history of

ocular diseases and no evidence of current pathology.

They underwent the same ophthalmological evaluation

as the patients. All the patients and the control subjects

included in this study signed an inform consent

approved by the Ethical Committee of the Institution.

Statistical analysis was performed using the SPSS 12.0

program for Windows (Inc., Chicago, USA). The

Kolmogorov–Smirnov test was used to verify that the

distribution of variable values was normal. A paired

t-test was used to analyse ONH parameters and RNFL

thickness differences between the affected and fellow

eyes. An independent t-test was employed for

comparisons with control subjects. The Pearson’s

correlation test was used to analyse the relationship

between variables. The total level of significance was set

to 0.05.

Results

A total of 50 patients fulfilled the inclusion and exclusion

criteria. Mean patient age at the time of the acute episode

of optic neuritis was 33.6 years (standard deviation

(SD) 5.9). The female:male ratio was 3 : 2. The mean time

between optic neuritis and study inclusion was 2.4 years

(SD 1.9). VA in the affected eye was 0.9 (SD 0.3) and 1.0

(SD 0.1) in the fellow eye. Visual-field mean deviation

(MD) ranged from �1.2 to �20.5 dB and �1.6 to �4.9 dB

respectively in the affected and fellow eyes.

Table 1 shows that, with no significant difference in

ONH size, all C/D ratios were significantly higher in the

affected eyes compared with the fellow eyes (Po0.001).

The mean difference in the C/D ratios between the

affected and fellow eyes was approximately 0.12. A

difference equal to or greater than 0.2 between both eyes

in CDAR, CDVR, and CDHR was found in 12 (24%), 14

(28%), and 15 (30%) of patients respectively. Similarly, on

slit-lamp evaluation mean vertical C/D ratio in the

affected eye (0.46, SD 0.18) was also significantly higher

Table 1 Comparison of optic nerve head parameters between
affected and fellow eyes

Affected eyes Fellow eyes P-value
Mean (SD) Mean (SD)

Disc area (mm2) 2.20 (0.56) 2.23 (0.70) 0.631
Vertical disc diameter (mm) 1.90 (0.27) 1.95 (0.29) 0.739
CDAR 0.29 (0.14) 0.18 (0.09) 0.000
CDVR 0.51 (0.13) 0.39 (0.11) 0.000
CDHR 0.55 (0.16) 0.43 (0.12) 0.000

Abbreviations: CDAR, cup-to-disc area ratio; CDHR, cup-to-disc

horizontal ratio; CDVR, cup-to-disc vertical ratio.
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than in fellow eye (0.36, SD 0.15, P¼ 0.000). In total, 15

(30%) patients had a difference equal to or greater than

0.2 in the estimated subjective vertical C/D ratio between

both eyes.

Mean overall RNFL thickness was significantly thinner

in affected eyes (81.89 mm, SD 22.6) compared with fellow

eyes (102.45 mm, SD 13.03, P¼ 0.000). Mean overall RNFL

thickness in the affected eyes was inversely correlated

with VA (r, �0.547, Po0.001). Mean C/D ratios in

affected eyes were inversely correlated with overall

RNFL thickness (Po0.01) and with VA (Po0.005) (data

not shown). A significant inverse correlation was also

found between C/D ratios asymmetry and RNFL

thickness overall and by quadrant (Table 2).

To compare the characteristics of the ONH between

patients with optic neuritis and the control group, one

eye was randomly selected from each control subject

(Table 3). There was a significant difference between

affected and control eyes in CDAR, CDHR, CDVR, and

mean RNFL thickness. The asymmetry in C/D ratios was

also significantly larger in patients than in controls

(P¼ 0.0013). There were no significant differences

between control and fellow patient eyes in the ONH

parameters and mean RNFL thickness.

At the time of the acute optic neuritis, 26 (52%) of

patients had brain magnetic resonance imaging (MRI)

changes consistent with demyelinative lesions. There

were no significant differences between patients with

and without lesions on MRI in the mean RNFL thickness

of the affected eye (86.36±19.6 and 87.3±24.3

respectively) (P¼ 0.267) and of the fellow eye

(100.17±13.5 and 106.41±12.7 respectively) (P¼ 0.121).

No significant relationship was found between mean

CDAR, CDHR, and CDVR asymmetry and the presence

of lesions on MRI (P¼ 0.753, P¼ 0.852, and P¼ 0.594

respectively).

There was no significant difference between patients

with and without lesions on MRI in the visual-field MD

of the fellow eye (�1.6±1.5 and �0.7±1.4 dB

respectively) (P¼ 0.056).

In the 13 patients with retrobulbar optic neuritis, 6

months after optic neuritis, there was a significant

increase in CDAR (P¼ 0.004), CDVR (P¼ 0.013), and

CDHR (P¼ 0.008) in the affected eyes, with no significant

change in the fellow eyes (Table 4).

Table 2 Pearson’s correlation between C/D ratio asymmetry
and RNFL thickness overall and by quadrant

Mean CDAR
difference

Mean CDVR
difference

Mean CDHR
difference

r P-value r P-value r P-value

Overall �0.470 0.001 �0.482 0.001 �0.377 0.013
Superior �0.533 0.000 �0.522 0.000 �0.451 0.003
Inferior �0.438 0.003 �0.451 0.002 �0.374 0.015
Nasal �0.396 0.07 �0.312 0.037 �0.314 0.043
Temporal �0.538 0.000 �0.377 0.011 �0.415 0.006

Abbreviations: CDAR, cup-to-disc area ratio; CDHR, cup-to-disc

horizontal ratio; CDVR, cup-to-disc vertical ratio.

Table 3 Comparison of optic nerve head parameters and mean
RNFL thickness between affected, fellow, and control eyes

Affected eye
(n¼ 50)

Control eye
(n¼ 50)

Fellow eye
(n¼ 50)

Disc area (mm2) 2.20 (0.56) 2.26 (0.47) 2.23 (0.70)
P 0.200 0.232
Disc diameter
(mm)

1.90 (0.27) 1.94 (0.28) 1.95 (0.29)

P 0.770 0.716
CDAR 0.29 (0.14) 0.22 (0.15) 0.18 (0.09)
P 0.048 0.121
CDVR 0.51 (0.13) 0.40 (0.17) 0.39 (0.11)
P 0.018 0.245
CDHR 0.55 (0.16) 0.42 (0.11) 0.43 (0.12)
P 0.000 0.604
RNFL thickness
(mm)

81.89 (22.60) 104.51 (10.39) 102.45 (13.03)

P 0.000 0.419

Abbreviations: CDAR, cup-to-disc area ratio; CDHR, cup-to-disc

horizontal ratio; CDVR, cup-to-disc vertical ratio; RNFL, retinal nerve

fibre layer.

Values are expressed as mean (standard deviation).

Table 4 Cup-to-disc ratio change in eyes with retrobulbar optic neuritis

CDAR CDVR CDHR

Acute 6 months Acute 6 months Acute 6 months

Affected eye 0.22 (0.16) 0.31 (0.20) 0.42 (0.17) 0.50 (0.17) 0.47 (0.19) 0.58 (0.20)
P 0.04 0.013 0.08
Fellow eye 0.25 (0.25) 0.22 (0.20) 0.46 (0.21) 0.43 (0.13) 0.47 (0.19) 0.44 (0.16)
P 0.656 0.131 0.477

Abbreviations: CDAR, cup-to-disc area ratio; CDHR, cup-to-disc horizontal ratio; CDVR, cup-to-disc vertical ratio.

Values are expressed as mean (standard deviation).
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Discussion

Optic disc cupping can result from multiple disorders,

the most common being glaucomatous optic

neuropathy.1–7 To the best of our knowledge, this is the

first study to use OCT to determine if optic disc cupping

occurs after optic neuritis.

In normal subjects, mean C/D ratio is approximately

0.3 and the difference in C/D ratio between both eyes is

less than 0.1 in up to 98% of cases.17–19 An increase in

C/D ratio in eyes following unilateral ON has been

suggested by several authors, although they employed

subjective methods to measure the C/D ratio. Rath et al8

found that after optic neuritis, the affected eyes had

larger cups compared with the fellow eye. All patients

had a C/D ratio greater than 0.3 in the affected eye

compared with 7.1% of the fellow eyes; the C/D ratio

increase after optic neuritis was 0.1–0.2 in the affected

eye. Trobe et al9 performed a study in which stereoscopic

fundus photographs of patients with several neuro-

ophthalmologic diseases were evaluated by experienced

observers, determining whether there was optic disc

cupping. Of the 14 eyes diagnosed with retrobulbar optic

neuritis, 16% were classified as having cupping.

Trip et al11 using HRT, found that the cup-shape

measure was greater in affected eyes compared to control

eyes. The cup-shape measure quantifies the three

dimensional shape of the optic disc, giving an indication

of the overall shape of the cup, but has no units.

In this study, we selected unilateral cases of optic

neuritis to compare ONH parameters between the

affected and fellow eyes. Mean CDAR, CDVR, and

CDHR as measured by OCT were significantly greater in

affected eyes compared to fellow eyes (Table 1) and the

difference was equal to or greater than 0.2 in 24, 28, and

30% of patients (Figure 1). There were no significant

differences in the disc diameter or disc area between both

eyes that could have been responsible for a difference in

C/D ratio or have interfered with the C/D ratio

evaluation.

Recently, several studies have focused on the

measurement of RNFL thickness after optic neuritis and

multiple sclerosis (MS). RNFL thickness may predict

visual recovery and lower RNFL values correlate with

impaired visual function.20–26 These studies have also

documented axonal loss in MS optic neuritis eyes,

unaffected fellow eyes of patients with MS optic neuritis

and MS without history of optic neuritis, suggesting that

OCT is a promising tool to detect subclinical changes in

RNFL.25,26 Thus, it is reasonable to suppose that in our

study, there also might be some cupping in the fellow

eye; therefore, we also included a group of control

patients. No significant differences in ONH parameters

and RNFL thickness (P¼ 0.419) were detected between

fellow and control eyes (Table 3).

In the current study, approximately 50% of patients

had cranial MRI lesions. Although patients with lesions

on MRI had a thinner mean RNFL thickness in the fellow

eye than those without MRI lesions, the difference was

not statistically significant (P¼ 0.121). Moreover, the

presence of lesions on MRI was not significantly related

to differences in C/D ratios between affected and fellow

eyes.

The mean visual-field MD of the fellow eye in patients

having MRI lesions was slightly worse than in those

having no lesions, but the difference was not significant

(P¼ 0.056).

Data were available from 13 eyes with retrobulbar

optic neuritis during the acute episode and up to 6

months later. A significant increase in C/D ratios

occurred only in the affected eyes (Table 4). This

strengthens the hypothesis that the difference in C/D

ratio is really due to optic neuritis and not by chance.

Figure 1 Marked asymmetry in cup-to-disc (C/D) ratio in left eye after optic nerve (ON) compared with normal right eye.
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A small increase in the C/D ratio can be expected

when the optic nerve loses axons in response to various

noxious stimuli. In optic neuritis, optic disc cupping may

be explained by the loss of retinal nerve fibres that has

been documented by several authors. Previous studies

found that OCT can detect axonal damage as early as the

third month after an isolated episode of ON even in the

presence of normal visual fields.20–24

In fact, in the current study, mean overall RNFL

thickness was significantly lower in affected eyes

compared with fellow eyes. Unsurprisingly, mean C/D

ratios in affected eyes and C/D ratios asymmetry were

inversely correlated with mean overall RNFL thickness

and VA.

Accordingly, in a process such as non-arteritic anterior

ischaemic optic neuropathy, in which the ischaemic

insult to the optic nerve leads to more intense damage

than after optic neuritis, our group recently found that the

CDAR increased 50% compared with the fellow eye.27

In the current study, we have documented with OCT

the presence of disc cup enlargement after a single

episode of unilateral optic neuritis. Affected eyes showed

a small but significant increase of the optic disc C/D

ratios compared with the fellow and control eyes. Optic

disc cupping is larger in eyes having lower RNFL

thickness and worse VA after optic neuritis. This leads us

to support that optic neuritis should be included among

the diseases that may cause non-glaucomatous optic disc

cupping, mainly in cases with worse recovery.
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